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—  Horsepower    developed..  -t^r- 

—  H.jrsenower     for     steam      for"  kettle's'.  ^ 

— Inertia  in  boiler  room,     'fcrman 

— Inspecting_  return-tubular  boiler.s'."H"o" 

nart   'f...  Rav 

— Inspection   legislation.   X.  .1 

— Inspe.rors.   x:   v.   Boiler,  dine!! 

—  Insuring  heating  boilers  

— Inspection.s.    Boiler.    .Teter  "  649."  "BIow- 
pfT  valve  accid:>nt.  Copping.  .  . 


Mil 


6.S.-, 
.j60 


—Joint.  Safe  pressui-e  'for. .-t.iv 

— Keeler    boiler,     Lai-gest.    Nichols  '  c'o'p". ■' 

—Kerosene  in  boilers,     c.  X  +944 

— J'""?-,  ^'niform.   i-ecommended.  .'    '  '  oVoAn 
—Lehigh    Nav.   Elec.   Co.s   Hauto'n'lAnt: 

r„„o       •  *8<'4.    .S.-,l,    .879.    .914 

— Losses  in  oneranon.     Azbe.  41J0 

—Louisville   Ry.   Plant ; *66o 

-Magni-sia    vs.    lime-mortar    covering   of 

brickwork.      Plaisted ^  40. 

^    Inl^'^to*"",','''"  '"''•'f-''  suggestion- 6'p'enl 
of^,„h    VT  """'"P"  "^  steam  in  ease 

ot   tube   failures,   etc .740 

—Master  Boiler  Makers'  convention'.'."  '  .830 
~     Ed"''^'"'""'"''    '""'''''•       '^™™ft     '^^O. 
—Mine  and  other 'boiie'r'tiia'nt's.  "Rogers'    '  '" 
,,.  ,  *-<6.   .2.36.   *372.  '..-.no 

— Minn,   safet.v   law  decision .503 

— Moving  boiler— Iloi-se  sense  and  horse 

power  lacking 8'>1 

X.  Y.  Edison^s  solution  of  cinder  nrob- 
n,-^"i -l -•'•,!. -"•   *161.   'ISO.   .228.   *2fl6 

~>;-!-^^''','''ning  l.oiler  of +ion 

n' 'I''*"''  ''Oi'prs.   So.  Calif.   Edison's.  . '.'iinG 

— Oi     firing.   Busch-Sulzer  plant ..509 

— Oil  bring.     Mcintosh..      .3-'    146    »-,4 
^.,   ,     ,     „        .  *lfl5.   .I'SO.   .'1.58.  '.19.5 

Cree   i.  s"""'"®'  "^^  °^  targets,  etc. 

— Oil  fuel.  Chiiniievs  for'. 309 

—Oil    fuel     Evan,    tests    with,    cikla'. 'Ag.   " 
„.*=,-^l=;tli.  .Collea-e.     .Tablow *    6-'3 

—  J!    fii*'l-   Highest  efficiencies  with  t.5K7 

—  >1   n  bo.Iers.      itinns ""030 

—Overheating  boiler  sheet.     E    S    +7-,! 


I......        w  1        .   .  '     "-"».     l».o....|.v.  .  ,  , 

—si  ,■„"■","'''  ^  «."'"li"i"'"    plant.  .  .    . 
i,.-  ;      1.    "•'     '■■"'•'"'"K"    Itl'iK.    plant 

-hnwn.lll    boll,.,H,      VllllH. '...';: ,i.-= 

— N"-  liigM    an.l    .•lll.b.n.y.  ...         'r,Z 

-S,..,lng.    l.,-,.ve„tli.K  ,.,„,.Uk   ln."\'v'ak',.'- 

— setiingH: '  'Boii,:.'. ' '  T..'.imin ; .' .'  .':.'.':"■  '7  u 

— «•■     ngH.    High,.,-,    |.|,.„    for....    i,'' 

-S  ;      i.gH.   Stopping  ,.,a.kH   In.  .  .        '. '. '  x^hI 
— S.'tl  l..g    i,ay,.      .s;,.|„„.l<l..r s.iT 

~  in'«"""v.:ri;.'v  -r '"■";•'•  "'"•"■«=  '^"«- 

— S^.o  .    Ln.Mt   .,f.     Abady.    Marden ....     ,r, 

,L.^   '';•'",'.'""   '"  "'"""m.v;   tempera- 
t  II    s    o      111,,.    Kam-H    with    hand    and 

— St   ml  '."!'''"'\';"   •"'"'"•      ''Innker ..334 

—Stand,  i-,|     |,„||,.r     Hpecincatb.nH— A.     S. 

.^L    K.   comnillt.M-   r.j.ori .,4,, 

— Stan.a,-.ls.  Bolle...  Comparlnon  of.' (''an- 
ada  an.  .Mass.— Approval  of  d"- 
sgns.    stamping:    factor    of    safely : 

♦  19S        d'  7",'!r"T,    ""'■       Macdonald 
~     h",™^'    .'':'".".'■"•     '■*''     '■'■'•orders " for'.  "^ 

— Stay-bolt    f'r'a'cti'ire.'  'I'letect'lne +««! 

— Sta.v-bolt  Joint   packing     (•f;-M'---|?5^ 

—Slay-bolt    pressure.    Allowabl..         Itut 

-Stearn-boller    .onstr.iction  "and  '  i'nspe'c'.  ^  "*•* 

tion.        Baumhart '         ooq 

— St.'am  chart,  hand  Ihlng.     Ande,son  "  .4",3 
—Seam    b,.ade,-s.    I.,alnlng.      No  1,'  .849 

— Stean.    .aising   by    li.juid   fuel   |n   dlr'.-'cl 

contact    with    water "  „74 

~'      •p'.'.cta'D"''''  ""■   "'■"   '"»''"<'.' st<-amer 
—Stoker   tests,  'faylor.'  '  '.fiidd H?t7 

—  Sulzer    boilers,    fi'anspor'ting.'  .' •*«? 

— Suppoi-t.   Safe * Z,l 

—Suspended   boile,-.  Advanta'g<.'s'  'of'. '. '. '  "  411 

~'"^"^h''!;;;:ei-t'r''"''™'^"'"  ^'^'"»'  p'«»^l!! 

'■'j|io,r-^;;ji-rs.T'^'x;?n!;i" 
-Ti ;;;  iSi^-^^>/^- :^«8.592 

—  ube  taihiie.   Fatal.     Binns. .fsJ 

—  iube   sheet.    C-acked.      .1.   A. .  .  .  . '. n«7 

-V.'Ttkaf  iroilJi'"!''"    "•«t<-'-f"'e    boiler .'.'.596 
\ertK'al    boiler    horseijower.      E     B  t-'R." 

— \"latile  matter.   lutiuence  of.   on   com-'-**- 
- "9     F"lLt'"'°«'*  '■"''   ""v-grade  f.ll^l 

meThod-l"^-    .*'"'^     plant-Baffling       * 
mfv.^l^f  "'^"^  }"'■'■'  sas  temperaturesi 
"elm       ^"P"'''™**""     and     saturate.i 

""wn't^r!."',''^    ''""''''■    Bru'<.elSlaci.ef  ll :  .'  .'  .'mg? 
— \\  ater-column     connection.     Dauge,-ous. 

~^^"?4'V.'i;l,''' a'^"!''''     make-u'p'— 'View's  '  of***"^ 
laker.    Andrews.    Stott s->4 

B^mnH  V  ""'T^-  •''■"'°S  *■'"'•  Rockwell!. 679 
|'"Jads.^'l^bS.-^;,J-''a^'----^^^ 

Bol/^h'Vif^L^^;^""*^-  ''™'^''-     I'«-ttibone..828 
Booth.    \y.    11.    Central   'stations"vs    "i'nd'e- 
pendent  plants  552.  Fuel  pumps  and 
n..f™"'R''''*'-''°"'s    "^    ""    engines..       .  645 

Bos  ,"n  M "^'"";'r  '■'"''  dis^'ussion.   ::  794 

Boston  pumping-station  explosion.'.'."  tp 
Rv^r-  I^'"°>=e -}■«•  babbitt-lined.  Harris' ..sfiT 
R  »t^  ^'''?,?-''-  .Cooling.  Wilson .  .  ...  '  .  j  1 
Brakes.       Testing    arc-light    circuits  .407 

Brale.v.  The  .jungle  .i<.b.  .  .  .  :  ^^- '  ' -.^05 
^■ass^^furnaces     around     boiler     seiti'n'g.  ' 

B,a.sses.   To   detect' cutting   of .  "  ! .■^'if 

Brancher.      Feed    heating   by   live   sieam'.' 

"^"^m^n..  'I'*"'^^"'^  steam-en^:;^;  [^ 
Breathing       B<,iler      exnl'osion   "due     "to 

Breckenridge.      Dewey    Decimal    System'    t37 
Breeching    and    stack.     Laying    o.i't     etc 
(see    also    ■•i.'oil,.,-."  1    Monnett  '.80.8 

*S46.  '.92.3 
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I'AliE 
jJrenuaii.       Ciiiuia-cssed-air    starti'i-s     lUIi, 

Caibuii'lor     ti-oul)les :J«1,   GOl 

Brewstci-.      Kngine    aligning •145 

Brick,  Aimstiong  "Nonpareil"  insulating.*40G 

Brine  tanlc  joints.     S.  \V.  N t384 

Brine     temperature     was     liigh.     When. 

Wing    •828 

Brine,   Testing  for  ammonia   in 4.50 

Brinton,    Henry.    Deatli    of i!88 

Briiiuelli'     production n'M 

Briqui'tling    luilletin,    Uuri'aii    of    Mines.  .+.'520 

Bristo   safety   setsercw *ti'JQ 

Britisli.      See    "(Ji-eat    liritaiii,"    England. 

Bronii.      Life   of   the   eiigiiieei' 'CIS 

Bromley.  Coal  and  nsh  liandling,  Tierce- 
Arrow  plant  *4o.  Solving  cinder 
problem  at  Waterside  •12").  129, 
•Itn.  *ls'.i,  *L'L'.s.  *2()6.  Worcester 
Salt  plant  •l.")ii.  How  CO2  recorder 
works  *3;J8.  Kngine-turbine  units  or 
straiglit     turbines     3!).'S.     Boiler-room 

practice   .">12,    Depreciation 767 

Bronze    bearing    tests.    Frictionless,    Am. 

.Mi'tal     Co.'s 820 

Bronze-   vs.   babbitt-lined  boxes.      Harris. *861 

Brooklyn    jail    plant    started •739,742 

Brown,      C.      L.      Fitting     and      Erecting 

Engines    tl81 

Brown.    E.    Gas-producer   testing *544 

Brown  Inst.  Co.'s  continuous-chart  re- 
cording    instrument *414 

Bruce-Macbeth  waste-heat  boiler *467 

Briiuler  power  system 379 

Brushes.    Carbon,    Current    density    with.t244 

Brushes.    Effect    of    shifting +244 

Buckeye-mobile    in    service ^874 

Budapest.    I'iping  in.      Forbes 206 

Building  materials,  Transmission  of  heat 

through.        Busey *572 

Building    plant.    Railway    Exchange,    St. 

I,ouis.      Wilson ^722 

Buildings,'   Calculating   beat    losses   from. 

Hubbard     707 

Buildings.   Ix)ft.  Heating  and  ventilating. 

Hubbard     •439 

Buildings,     Office,     Testing     engines     in. 

Durand     *399 

Bureau     of     Mines    pubs.    208.     277,   320, 

I'ittsburgh    experiment    station Ti02 

Burton's    "Trigograph"    chart ^178 

Burwell.   U.  T.  Boiler  attachments 268 

Busch-Sulzcr  Diesel  engine  plant.  Wil- 
son   ...    ^506 

Busey.       Transmission    of    heat    through 

building   materials *572 

Bushing    piston-road    gland    *440,    Peter- 
son         641 

Butcher.      Automatic-cutoff   engines *848 

Butt-strap  joints.  Bending  action.     Dean.^437 
Buv,     How   to.      Schuler 344 


Calculating    machine.     Locating    decimal 

point   when   using.      Low 400,  .551 

ralori(\    Large   and   small +244 

Cambridge   Y.   M.   C-  A.   plant 684 

Canadian   boiler  standards *698,  710,  878 

Candid   chats *431.   452,   *6S» 

Caps   oil    separator *766 

Carbon  dioxide.     See  also  "Gas." 
i'arbon  illoxide  and  air  of  infiltration  57, 

.M.  1!.  Smith *72 

Carbon   dioxide   apparatus   benefits.      Mc- 

Crary     119 

<"'arbon    dioxide — Defray    boilers 205 

Carixiu    dioxide.    Excess    air    and.     H.    L. 

H.    Sinitli.    R.    A.    T'<>hling 131 

CarlioM   dioxide   readings.   Why   they   were 

low — "Leak."     Sandsti'om 457 

Carbon   dioxide   recorder,    How   it   works. 

Bromley     *33S 

Carbon  dioxide  recorder  or  Orsat.    Uchl- 

ing   97 

Carbon     dioxide     recorders     for     standb.v 

boilers.       Hurst 712 

Carbon     dioxide     recorders.     Two     years' 

exi)ei-ience      with.        Hickstein      *29. 

Cooper      280 

CaiiuMctor.     Harroun     kerosene *200 

Carburetor.    Kerosene.    Porter    or    Rider. 

Lucas    •14.    '■'ngelmann 132 

Carburetor     troubles.        Brennan.     Demo- 
rest    2S1.    Woolman i;(»l 

Carborundum  vs.  emery  cloth.      Pettibone   tUO 

Cards,  a.  Mprine  Diesel  engines 127 

Carnegie    Tech.'s    Stumpf   engine 847 

Carpenter.      Auxiliarv   economy   430.   452, 

713.    827 
Carroll.        Operating     condenser     without 

hot  well    pump. *75,   637 

Cassco    metallic    packing *S91 

Catalogs.   Filing.      Palmer 454 

Catskill    A(iueduct    compressor    plant.  ...  *154 

Census  statistics,  central  station 452 

Center    of    gravity — Study    course.  . '682, 

.Central    station    Census   statistics 452 

Central      station.      Develonment      of      the 

modern.      Moultrop.    Smith 500 

Central    station    vs.    isolated    plant    (see 

also   "Rate")    21 

— Beat  lug  <-eulral  station.     Hamlll 791 

— Boiler  ruiiui  iiractice.  Manning,  ctnl,.  794 
— Canihriclge.    Mass..    Y.    M.    C.    A. — Iso- 

liUi'd     plant     bests     central     station. 

Tinkham     684 

— Central       stations       and       independent 

plants.       Booth 552 


p.v(;k 
Central   slaticm — Cont. 

— Chicago    Federal    Bldg 'SSO,  599 

• — Department-store     power.       Rose     122, 

419,    Wendle    419 

— Designing     isolated    plants     for     eco- 
nomical    service 341 

■ — lOlec.   rate  discrimination.     .lackson.  ,  .  •462 
— From     lentral     station     to     consumer, 

Marshall   Field  store.     M.'.Xeill.  .733,   741 

—  Ice-making    jiowi'r   I'ost.      iiigelow 96 

—  Isolated   |)huit,    The.      Starkweather.  ..  •818 

—  Metropolitan   Realty   Bldg.   policy 871 

— N.  Y.  jail  plants,  etc •739,   742 

— Xon-peak   business,   etc. — -N.   E.   L.   A..    870 
— Remodeling   small   plant — Power   costs 

ligured     by     central  station     solicitor 
and   ciiusultiiig  eiigiueer.      .laeksoii..    274 

—  Removing     ol>stru<ti"iis     to     business — 

I'.uyiug  and   selling  old  engines 600 

— Self-iut  el-views — Cartoon     *321 

— Shori-si>;liied    engineer.      Lax 755 

— Sniiili   Inliriiiary's  operating  saving.  .  .   777 
— South.  Conditions  in.... 170,  204,  242,   345- 
— Springlield,     .Mass.,    municipal    scheme 

reliniiuished     894 

— What     engineers     want    to     know    93, 

Evans    311 

Centralizing    London's    electricity    supply   757 
Centrifugal  effect  to  open  switch  and  to 

short-circuit  commutator  bars.    Hor- 

ton    *784 

Centrifugal     pump.       See     "Pump"     and 

cross-references   from   it. 
Chain.   Bicycle,  as  oil  carrier.     Binns...^740 

Chain-drive  tightener.     Kjerluff *344 

Chalk  briquette  fuel.   England 705 

Chart,   Burton's  "Trigograph" •178 

Chart,    Diesel   pressure-temperature ^408 

Chart   recording  instrument.   Continuous, 

Brown,   Keystone •414 

Chart,  Steam  flow.     Foster ^374 

Chart,  Steam,  hand  firing.     Anderson.  .  .•453 

Cliarts — Curve  plotting 'SIS,   •346,  *385 

Charts,    Evaporation-cost.      Maynz *921 

Charts     for    closed    heaters.    Computing. 

Demorest    *479 

Check  and  float  tank  valve,  Fisher ^821 

Che<-k  valve.   Swing-gate.      Schmidt ^390 

Check  valves.   Hammering.     Walden  203, 

Whitaker   563 

Chemical,  Another  coal-saving 781 

Chicago  Fed.   Bldg.  plant.     Wilson. 'oSO,  599 

Chicago  section,  A.  S.  M.  E ^285,  464 

Chief    was    awav.    While.      Olliver    453, 

Ed.   451,   Plaisted.   Hawkins 712 

Chimney.      See  also   "Stack,"   "Smoke." 

Cliimney.   Hrick.   capacity.     .T.  (i t209 

Chimney  building.   Rapid.   St.   Louis 473 

Chimney  capacity,   waste  fuels.     Myers..    301 

Chimney   construction.     Tratman 538 

Chimney   draft — Temperature   fall   chart. 

Peabodv,    Miller *461 

Chimney.   Largest,  Gt.  Falls,  Mont 70] 

Chimneys  for  oil  fuel 309 

Cinder    problem    at    Waterside,    Solving. 

Itromiey.  .  .  .*125,    129,    *161,    •ISS, 

•228,   *266 
Circuit-breaker  hell   alarm.      Slerriman.  .*242 

Circulation.   Forced.     McGahoy *o66 

City  idant  started  up.  .; *739,  742 

Clamp.   Pipe,  Cast-iron.     Noble *928 

Clearance.  Keying  rod  affects +865 

Cleveland    rate    reduction   threatened....    503 
Click.    Encine.    Troublesome.      Eastwood..    53(1 

Clinker  on  sid'walls.  Salt  softens 933 

Clinkering.   Kinks  to  prevent 259 

Clinkers.  Cause  and  remedy.     Webster...    250 

Clippings.  Filing.     Courtenav ^829 

Clock.     Building  smokeless  furnace  •178, 

Shoemaker  574.   Safety  engineering  : 

stop    ".  .  *754 

Clutch.  Oil  in  the.     Horton 862 

COc.     See  "Carbon  dioxide,"  "Gas." 
Coal.     See  also  "Mine." 

(^oal    analysis 526 

Coal  and  ash  handling  by  suction,  I'ierce- 

Arrow  plant.      Bromley ^40 

Coal  and  gas  firing.  Alternate *674 

Coal,   Anthracite — Cartoons •257,   *655 

•  "oal  bins.  Steel.     Sandstrom •280 

Coal    hunker.    Suspended,   Worcester   Salt 

plant    •I 51 

Coal   buying  on  snecificatlon.     Lemke.  .  .    534 

Coal — Clinkers.      Webster 250 

Coal  clinkering.  Kinks  to  prevent 259 

Coal,   ('oiinnonw.'nlth   Edison's 320,   473 

Coal  eonsuiiii)tii  n,   nicbt  and  day ±26 

Coal   cniiv.yor.   .M<inorail *396 

Coal    dust    burning,    etc.,    Hauto    plant, 

*804,   *851,   •879,   ^914 
Coal.   Economical  burning  of — Texas  lig- 
nite, slack,  etc      Greenwood 260 

Coal  eflieiency — Ash.  moisture  and  hydro- 
gen charts.     O'Neill *704 

Coal    exhaustion 202 

Coal   field,   .\ntbracite.   B.  C 933 

Coal,    (iravifv    deliverv   of 600 

Coal    liatidliim.    I'.elleviie   Hospital •So 

Coal    handling.    Ilainnton.    Improved *325 

Coal  handling.   Haulo  plant •854 

Coal   handling.   Lardner's  Point ^224 

Coal  handling.   Louisville  Ry.  plant ^661 

Coal   handling.   Railway  Exchange  Build- 

inc.  St.  Louis  ;  coal  tests ^724 

Coal.   Illinois,   Tests   of  Natl.  Tube  Co.'s 

4-pass     Edge     Moor     boiler     with — ■ 

A.  S.  M.  E.  discussion,  Chicago ^285 

Ceal.     Low-grade — Volatile    matter    599, 

Flagg 'eOS 


1'.\i;k 

Coal   monopoly.   I'inchot  on 742 

Coal,  N.  Y.  City  s  buying •415,   490 

(oal,  -New  YorK  State  to  economize  on..   415 

Coal  per  hp.-hour J605,   tl>31 

Coal,  I'owaered,  under  boilers  69,  Evaus 
254.     ^470,     490,     Harrington     351, 

Brennan    g78 

Coal,  lower  plant  changes  save ;  what 
did  engineer  get'/  Itogers  *349, 
•  Klell  5l'S,  Ed.  561,  Newton,  Thorne, 
Wise    077 

Coal  production,  I'enn.  anthracite  200, 
Illinois  688,  Utah  877,  Alabama  907, 

British     733 

Coal  purchasing.     Bromley 515 

Coal     purchasing,     Govt.'s     B.t.u.     basis. 

Bryant   204 

Coal  saving  chemical.  Another ..'.'.    781 

I'oal.  Slack,  Hocking  Valley — Chart  of 
relation   between  heat  value  and  ash 

content.      Smith   *740,   Andrix 930 

Coal,  Soft,  Burning  without  smoke 709 

Coal  testing.  Laboratory,  Value  of.  Bar- 
ton 640,   Reardon,   Newton 787 

Coal  testing  retort,  Freer's ^657,  675 

Coal   unloading  cost.     Orrok 334 

Coal    Wiisliing,    III.      Lincoln t256 

Coal   waste.   Sloiipiug,   Holmes  on 277 

Coil,    Steam.    Trcniblesome.      Eastwoocl.  .  .  •52'7 
Coils,    Removing    frost   from.      Thurston, 
„  ,        „.,                                      *18,  242,  381,  530 
Coke,  I' liter.  Settling  chamber  for.     Feu- 
wick   •495,  Hawkins 638 

Coke-oven  gas  for  steam  generation,  New- 
castle        378 

Coking  fire,     .1.  G •t4'^l 

College-bred  engineer.   The .'  ^451 

Collins,      (ioodyear  plant  test *330 

Color  scheme,  piping  building  Lord  & 
Taylor  445,  Busch-Sulzer  plant  ^507, 

Hauto   plant *883 

Colorado  Riv.  storage  dams 800 

Columbia,  S.  C,  power  system ^84 

Columbus   rate   case 93    no 

Combination,  Power-plant.  Smith...'...'  74 
Combustion  cb.imber  bottom.  Sloping.  ..  J793 
Combustion,    Influence   of   volatile   matter 

on   599,    Flagg *608 

Commonwealth    Edison's    coal    320,    473, 

25.(i(Mi-kw.    turbine 870 

Commutator  bar.   Blackened.     A.   H +314 

Commutator     bars.     Short-circuiting,     by 

centrifugal  effect.     Horton ".  *784 

Commutator,    Emery    on    J26,    Gartmann 

279,   Pettibone 640 

Commutator   mica,    I'ndercutting.      Stark 

491.    Slotting   tool.   Curren ^715 

Cinimiutator  truing  rig.      Williams •48 

Commutators,  Care  of.     Curren 829 

Ccmmutators,    Crane    motor,    Sandpaper- 

^       ing    679 

Commutator,  Tightening,  in  use 876 

Commutators,    Fse  of  rectifying +384 

Compass  for  locating  ground.     Carr ♦61 

Comrieiisator.     Revolving,     G.     E.    3-wire 

generator    with »632 

Compound  and  interpole  motors.  Con- 
nections of.     Annett *SS3 

Compound,    Coal-saving 781 

Compound   feeder.    Holler.      Baker .  *827 

CoiiipouTHi  feeder.  Migh-pres.  Noble.  ...  *206 
('oiniioiiiidinL;-  simple  engines.  Morrison.  *70 
Compoundiiis  simjile  engines.  Bank  Wood 

.Mills.   Eng.      Leese 387 

Compression,  low-pressure  cylinder Jioo 

Compression   plant.   Starting.     Kell 771 

Compressor,  Air.     See  "Air." 
Compressor,    Ammonia.      See   "Refrigera- 
tion." 

Concrete  boiler  house,  Boston  pier 429 

Concrete    mixtures 76<J 

Concrete   i)ipe  conduits.     Down ^194 

Condenser.  Ammonia,  Block *121 

Condenser,   Ammonia,  trouble.     Solomon.  *708 
Condenser.     Ammonia,     continued     after 
"Condenser,  Steam." 

CONDENSER,    STEAM. 

See   also    "Pump,"   "Air." 
— Condensing    plant    suggestion — Dispos- 
ing   of    condensate    from    low    level. 

Hurst   789 

— Cooling  pond.   Spray,   Louisville ^333 

— Cooling  tower.  Large  Wheeler-Barnard. *632 
• — Cooling     towers.     Large     atmospheric, 

Webb  Cy..  Mo 'SOO 

— Disston's  mixed-flow  turbine  plant.  ...  *184 

— Ferrule  tool.  Condenser.     Lucas •312 

— Hauto  plant  condensing  outfit  ;  Le- 
blanc    condenser   hung   from    turbine 

casing,   etc •806,   *882 

— Head    pumped   against +865 

—  Injection   condenser.   Butler  Mill *259 

— I/Oiiisville     lly.     Co.'s     condensers,     cir- 
culating water  system,  etc.     Rogers.  •OlS 
— Manhole.    Condenser   over.      Connor.  ..  •420 
— Operating    condenser    without    hotwcll 

pump.     Carroll    *75,   Harrison 637 

— Refrigerating  plant  auxiliaries.  Gilbert  809 
— ^Screens.      Revolving     condenser-intake, 

Blackstone   Val.   plant ^691 

— Spiroflo  surface  condenser  and   Hydro- 

flo  dry-air  pump,   Batavia,  111 •650 

— Temperature  and  pressure.     Morrison  .  .   528 

— Tube    corrosion.      Morrison 95,     99 

— Tube      glands.      Tool      for     removing. 

Lewis     *243 

■ — Vacuum    breaker,    Auld 'SI 


POWKR 


January  I  lo  June  30.  I')I4 


ruNUKNsiMt   sii:am 

— Vnriiuiii   lirriikiT    Uh'iiIIihi.      IluiMi    :ii;t. 

Aliplliil  III  III  ■iiiicli-liHiT,  I-liiiiliiK.  •TH 
— Vnriiiiiii      iM|iiiil,      liiii'iiiiii'li'li'      ri'iiilhiKH 

<llirr|-rlll     J'JH 

—  Wi-Bilnclinum-   iiiiirlnc   iM|uliiiiirlit •7IWi 

«"iiiitli'ii«.i«.     Aiiiiiiiilila.       OplilllH •fllll 

«'iiii<lu<'llvliv.     ij'lii.    and    I  In.    pliitOH.  .  .  .  t  r.'l 

('(intliillM,    ('liii',    Ciiiu-ri'li'.      Howii •lul 

«'mn;i'i''"'    »"'l    WHli-r    pnxviTH .'11 '.i 

t'oniiiTiliiK  roil.  Ni'w.  iililnliiInK  IniKlli .  .  tT.'it 
Conn...  lliiK  roil,     WllllninM     ilupli-x     ••JOO. 

i-„:k '-i^ji 

ToiiMi  rviitliin.    Kiii'ls -77 

C'i)ii!<i-ivalli>ii.   Water  nowor   •311.   r>7.    lUO, 

i:tO.    W2.    J71.    Milt,    ar.ii 
Consiriirtlon  mid  wi'ar.  I'liimiial.     ("oiirlf- 

iin.v     •7.S!» 

ConsiiltiiiK   KukIiumtk.   Iiilornatloiial   C'<in- 

Kross    'wR 

Contliii'iilal    Motor    plaul.      Splllman  .  .  .  .  •3f)(! 

<\>ntraols,    ICIiTlrlc   power.      I'lilTrr US.' 

Control.    ('I'lilrallzid.    I'annnin    locks....    'lO 

Convortor.    llaiillii);.      ChaiulliM- •7S.''i 

Convorii-r.s.  Itolnr.v.  Self  synchronlzlnK.  .'K.")*! 
Convortors.   Sviu'lironous,  and  tliclr  opiM- 

nllon.      I.of •.^■^'.".   *•'■>«■« 

Cool  Jacket  wator.  nollors  to.  WoolmaH  501) 
ro4illH(,'.      Sco   also    ■■UpallnR   and    Veutl- 

lallon."    "("ondonsor,"    etc. 
Coollnc   compressed    air.      Hofmann    *r>\l. 

HIcliiirds    •52:? 

CooIIik;  lacket  water.  Hiiseh-Sulzer  plant. *.'in7 

<'oollnK  'piind.    Sprav.    Louisville *XiH 

«"oollnK,     rreveiits     preicnltion     b.v •241 

CoolhiK  pronv   lirake.      Wilson ^004 

roollni;  tower.  Largo  WheclerHarnnrd.  .  •GS^ 
Cooling   towers.   Large  atmospheric,   built 

bv    Mitchell  Tappan    Co.    for    S.    W. 

Mo.  R.  It.,  Webb  r.v 'sno 

Coon     Kapids    doveloiinient 'nOli 

Copper.    Klectrical    conductivity    of 7.')."> 

Copper     retinlnsr.     IClectrolytie.     Selecting        _ 

prime    mover    for.      Longwell .^l  < 

Core  water  cools  ammonia.      Uaker 5CC 

Corliss.     See  "Knglne,  Steam."  "Valve." 
Corrosion.       See     also     "Boiler,"     "Elcc- 
trolvsis."    etc. 

Corrosion.     Holler.       Da  vies 535 

Corrosion.       Holler.       during      shutdown. 

Worley    .">ri.-..    .Tames 745 

Corrosion — lioiler      Inspection.         ITobart. 

•6S,   270 
Corrosion.   Condenser-tube.      Morrison.!).").      09 
Corrosion.      Does     graphite     influence? — 
Tin   buckets,   Lovcll   38^   Pump   rod. 

Oartman    641 

Cost.  Power.  See  also  "Central  station 
vs.  isolated  plant." 

Cost.    Ice-making    power.      Bigelow !)fi 

Cost    keeping.     I'ower-plant 270.    70i 

Cost    of    compressing    air    by    electricity. 

Lancaster    *154 

Cost    of     oiierating     gas-producer     plant, 

A.  O.    Smith's.    Milwaukee.      Rode...    328 
Cost   of   oower-plant   supplies   and   equip- 
ment     • 57.J 

Cost.   Producer-gas  power.     Field i.t 

Costs.        Coventrv       municipal       station. 

.Teckell    412.    Pearce 715 

Costs.  Rngineers".  and  Economical  Work- 
shop Production.  .  Smith,  Pick- 
worth     tSOl 

Costs.   Evaporation.   Calculating.     Maynz.^fl21 

Costs — Goodvear   plant   test •330 

Costs.     Power — Remodeled     plant 274 

Costs.    PInins.    Keeping IfiO 

Cotton-mill    plant,    Warren '040 

Coupling.   SafetT   shaft.   Thomas •220 

Court  decisions.  Street  37.  76.  02.  131. 
1(!.-.      -i.-.r,     310.    3-27.    332.    340.    403. 

42S.     407.     503.     539.    013.     756.     837 

Courtenav.      Diesel    engine    chart *408 

Coventry' municipal  station.  .Teckell.  412.  715 
Covering.      Magnesia      vs.      lime-mortar. 

Plaisted   491 

Cracks      in      boiler     setting.      Preventing. 

Wakeman     *402 

Cracks    in    boiler    settings.    Stopning j?82 

Crane.   Electric,   troubles.      .Tahnke 670 

Crane.  T.oco..  with  magnetic  lift 103 

Crank  and  piston,  why  not  at  mid-stroke 

at   same   instant?      Will   Quizz.   .Tr...*S4.T 

Crank    effort    diagram.    Gas-engine ♦834 

Crank.    Stooping  position   of ■'••'>6i 

Crankpin    break.       Pagett *401 

Crankpin     failures.       Longrldse *43o 

Crankshaft.  Broken.  T'tz'.     Wilson.  Airey  'lO 

Cranksh.ift     forces— Problems ^643.    ^682 

Crawford.      Testing  ammonia   piping   *17. 

208.   Ammonia   nipe  fittings •B-O 

Crockett.      Lubricating     engine     bearings, 

•104.     •40.^.    oD.:> 
Cross-compound     on     light    load    08.    00. 

Crosslev   suction    producer.      Allen *3fi6 

Culpable    nractice,    end    in    sight <42 

Cultra.      Packing    elevator    valves    •oil, 

Kmergencv    repairs 665 

Curtis  mixed-ores,  tnrliine.  Butler  Mill.. '208 
Curve  plotting — Studv  course 'SI.";.  *346.   •38.t 

Cutoff,    ni.taining   shorter.      R.    T.    R t244 

Cutting-otf  and  reaming  machine.  Oster.  .•644 
Cylinder.    Pflfilv   cracked   pump,   repaired. 

■      Scholefeld' 'SSO 

Cylinder.    Broken     patched.       Ilarris •418 

Cylinder.  Cracked,  repaired.  Koppel .  .  .  •4.^4 
Cylinder.       Gas-engine.       Cyclical       temp. 

changes    in    ^^ 


I'Hil     ncilibiil.     Aminoiila 
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rlliiilir  liciiil.  Illi'korv.  Itllleltiiiyer.  .  .  417 
t  Milder     head     knocked    nlT.     Iliillenl k 

llldg 8H9 

t'ltiidi-r       head,       I'lNion       knockM      out, 

riiarlcM    I'y.,    la.       Hull 'ai:! 

rlliider    Joint.    Leaky  ;    damp.      Stewart 

•6ii;i.     l-earce 030 

illnil.r.    Larg...    w.  Idcil.      lUckxon •63S 

illiiiler  liibrlciilliik-  trouble.  KiihIiiuiii  .  .  4.'7 
illiiibi'  liibrlcalnr.  .leiiklnx  giaplille.  .  .  ^444 
tlliiil.r.  I'IkIuii  rings  wear.  llawklnH..  »T.\ 
tlliiders.    Engine.    Water    In.       Vaiiden- 

herg    2.} 

illiiilcrs.    .Iiickitlni;    for.      Maiden O.i 

vlliidi-is.     Large,      I  laiisport  liig •265 


1> 

Dalbv.      Diesel   engine   tests •073 

Dampers.     Monnett      Return-iubiilar  boll- 

(.1-8    'H.-iS.    Water-tube    hollers •721) 

Dams.    Court    decisions   on 332,   340 

Dams.    Teiiii.    Power   Co.'s *360 

Davles.      Itoller    corrosion 535 

DeLaiintv    gasoline    iiiglne ^736 

Del.aval    puni|>    for    Iniv.    of    III 607 

Dean.        Iti.nding      action      of     luitt-strap 

Joints    •4.37 

Deaths    In     11113 22 

Decimal     dasslttcatlon     for     power-plant 

data.      ,I(mes    75 

Decimal  Svstem.  Dewev.  Applied  to  Engi- 
neering.   Itreckenrldge,     Goodenough..    t37 

Degen.      oil    fuel.    Kl.    Baker ^438 

Delrav   boil.'r   operation.    Pox   20.".    Parker  464 

Demo'rest.       Closed    heater    charts •470 

Dennlnglon.        Boiler     explosion 34 

Deiiartmeiit  store.  Cliicago — From  cemrni 

station    to    consumer 733.   741 

Department  store  power.      Rose  122.  419, 

Wendle 419 

Depredation   and   how   applied.      Bromley  767 

Depreciation — Plant     accounts 271 

Designing  engineer   coming   to   his   own..    849 
Deterioration.     Engine    and    boiler.       Ing- 
ham         240 

Detroit.    Boiler  explosions   at 838 

Detroit— Delrav     boilers 205,  464 

Dewey     Decimal     System.       Breckenridge, 

f'loodenough    t37.    (.\nother)    .Tones..      75 

Dienicr.      I'aetory    Organization t357 

Diesel    engine,    Fulton    Iron    Wks." ^43 

Diesel    engine.    Fulton    Mfg.    Co.'s •Sll 

Dieselengine  plant.   Busch-Sulzer ^.506 

Diesel  engine  pressure-temperature  chart. 

Courtenay    •408 

Diesel    engine    railroad    motor   car.    Elec- 
tric   .    876 

Diesel    engine    tests.    Small.      Dalby ^613 

Diesel  engine  troubles.  Marine.  Milton.  810 
Diesel    engines    in    marine    work.       By    a 

chief    engineer 020 

Diesel   engines.    .Marine.      Cards 127 

Diesel    engines.    Misstatements    regarding, 
in   Bureau  of  Mines  bulletin.     Went- 

worth     208 

Diesel   engines.    Pan.-Pac.    Expo 217 

Tiieselmvtiius.     Der.     Lueders t467 

Dill.    Columbus.   Death   of ^304 

Disinfecting  bv  steam.  J.  A.  G i421 

Disston's   steam-turbine  plant.     Rogers..  *184 
IJistrict   of  Columbia   electric-service  con- 
tract         804 

Diversitv   factor.      P..    B J4o8 

Dog.    Pump    piston-rod.       Rough *204 

Dohertv.       Public-utility    securities 130 

Donald'sville.    La.,    plant.      Ivens *432 

Doors.    Fire.    Safety *372.    *8S8 

Dow.      Pontchartrain    Hotel    plant •S"" 

Down.       Concrete    pipe    conduits •194 

Draft.      See   also   "Boiler."    etc. 

Draft — Adapting    fan     to     boiler     loads. 

Dietz     ....     fiSO 

Draft.    Chimnev.      I^eabody.    Miller ^461 

Draft.     Electrifying.       Connor 864 

Draft    for    smokeless    combustion.      Mon- 
nett      *808.   ♦846 

Draft    gage.      Plaisted ^78.T 

Draft  gage  connections  tight t384 

Draft    gage    piping.       McGregor '735 

Draft — Heated    air.       Odell.    Fisher 637 

Draft    loss    through    boilers.       (See    also 

"Boiler.")      Monnett ^768 

Draft    over    the    fire 013 

Draft.    Stack.    Device    improves ♦.564 

Drafting  square.    Steamfitters'.   Tedesco's.^880 

Draining  steam    headers.      Xoble *840 

Drawbar  pull,   different  speeds t200 

Drive,     Lennix.       Rogers ^349 

Dry   pipes.    Boiler.      Hawkins •344 

Drving   out   generators   and   motors.      Mc- 

Lellan     486 

Drummond  Collieries  boiler  explosion.  .  .  .•ilO 
Durand.      Steam  pipe  sizes  from  chart  '33. 
Economizer     on      hot-water     heating 
svstem  ♦320.  Testing  engines  in  office 

buildings    *300 

Dutch-oven    furnace.       Fulweller •426 

Dvnamo.       See    "Electricity." 

Dynamometer,    Alisorptlon,    Griffin •ISS 

E 

Eastern    Ice    Asso *121 

Eccentric.  Measuring  eccentricity  of....i.i->] 
T^conomical  burning  of  fuel.  Greenwood  260 
Economics,     Power-plant 894 


i-Aiii: 

Kllldency    wllliout J20I) 

II   hut  wuler   Ileal liiK 
I'dy.     &     .Mach.     Co. 

•320 

IN   cinder   caiclierM.  ..•IKll,    •228 

Lariliier'K    I'olnl,    Phlln •221 

741.   7:».! 


Iconiiiiilz 
Economizer,    ruing 

HyBtein,     Fiiri 

Dura  mi 
Ccoiioniizerr 
Cconoiiilzer* 
Oconoiiiy  or  piii'diiiHi.d  current? 

economy,    real    and   raiicled 310,   31V 

Odge  Moor  boiler  lent •UhS 

Edliibiirgli   new   central   Hiatlmi 28 

:ducatlou      Eiigli i'k    training 342 

Edinalloii      V'ocailoiial    iralnliiK 82.1 

Olllcleiicv   I'lxiiohliloii,  l''lrHl  .Null 4611 

:iglil   dollarM  a  week 201 

;jector  for  Hlplionliig  hatlerlen •74.'i 


ELECTItlCITY 

S ilso    "Central    Hliitlon,"    "Water 

power.  "    etc. 
. — All-  compressing  by  electricity,  CoBt  of. 

Lancasler    •I.'i4 

—Air  gap   ei|UMlizallon 774 

— Allernalors,    Blast  furnace   gaa   englncH 

driving,      (iasche •83.1 

— Alteinatoi-B.   Il|>.  of.      T     P.   .M tia.'. 

— Am.    liiKt.    Ebc.    lOnglneers.  .203.    317, 

•440,    •8.33 

—Ammeter   I  rouble.      Morton •COS 

Arc-light    circuit    Icsilng.      Brakes •407 

— Armature.    Ri-palr  lo.      lllnchdllT 740 

— Centrllugal    effect    lo    open    bwIIcIi    and 

to     shrjrt-drcult     commuialor     barH. 

Morton    '784 

— Clrciiil  breaker  bell  alarm.     .Merriman  .  ^242 

—  -ComiJiutator  mica.   Indcrcuttlng.  .Stark 

491,    'rool    for    slotling    commutator, 

lurreii    ^71 5 

--Commutator  truing  rig.     Williams....    ^48 

— Commutators.    Care   of.      Curren 82!l 

— Commutators,  Tightening,  In  use 876 

— Composite  generating  plant,  P.   R.  11. 's 

Trenton    shop.      Secor '143 

— Converter.    Hauling.      Chandler ^785 

— ('Oliver  I  I'l-s.  Rotary.  Self -synchronizing. '858 
— C(  nvcrters.      Synchronous,     and      their 

operation.      Lof •.")55.    •o84, 

— Crane    troubles — .Motors  :    sandpapering 

commutators,  etc,     .lahnke 67fl 

— Donaldsvllle,        La.,       lighting      plant. 

Ivens     ^432 

— Dvnamo.  Emery  around  t26,  (jartmann 

279,     Pettibone 640 

—  Electrodes.    Distinguishing  the.      G.   K.tl.'{5 

—  I-:iectiolyiic    copper    relining.    Selecting 

prime  mover  for.     Longwell 317 

— Electrolytic  deposition  of  metals. 
Power  problem  in — ICngineers'  dis- 
cussion         146 

— •T^quallzing-rlng   reciuirements •807 

— Exciter,    Belted — Rod    connection    with 

alternator.      Fox •aoS 

— Fan  motors.  Direct-current,  on  alter- 
nating current.     Spivens 714 

—  Far;iicrs,    Klec.   power  for 611 

— Field   rhi'ostat  trouble.      Morton '639 

—  Furnace   air.    Electrifying.     Connor...    864 
— (ienerator  accident — Engineer's  respon- 
sibility        380 

— Generator  converted  Into  motor — Direc- 
tion of  rotation.     (Juizz 666 

— Generator,      Converting,      into     motor. 

,Tiistus     ^494 

— Generator,  Flat  compounded.  V.  S.  .  .J384 
— Generator.      Frost-covered.        Albrecht 

♦492.    Pearce 828 

— Generator.  Large  Westlnghouse.  Short- 
circuit   test  of ^339 

— Generator  temperatures.  High-speed, 
determined  by  thermometer,  resist- 
ance   and    temperature-coil    methods. 

Long    814 

— Generator.      3-wire.      with      revolving 

compensator.    Genl.   Elec ^632 

— Generators    and    motors.    Drying    out. 

McLeilan    486 

— Ground.  Compass  for  locating.     Carr.  .    ♦Ol 

— (Jrounding  methods.     Randolph •376 

— Grounds    on    transformer    secondaries. 

Locating.      Oberschmidt 133 

— Hampton     ry..     e\pr.     and     ice-making 

plant,    remodeled •322 

— Handbook     of     Flee.     Methods,     from 

"Electrical    World" t287 

— Heating   school   from   Minidoka   dam — 

."fl.OO   per   kw.-hr 858,  867 

— Hoisting,   Elec.,  Cost  of.      ,1.  W.   B ?26 

— Hydro-electric     development.     Tallulah 

Falls.       Rogers ^114 

— Ilvdro-elec.  developments.  Southern — 
"Ga.-Car.  (^o.'s.  on  Stevens  Creek  : 
Parr    Shoals    Co.'s   on    Broad    River. 

Shedd    *8.3.  392 

— Hvdro-elec.  plant  efficiency +681 

— Hvdro-elec.    plants.    Tenn.    Power    Co. 

"Rogers    *360 

— Locomotives.     Side-pusher 792 

— Locomotives,    Towing,    Panama    Canal. 

•624.  66,5 
— Machine  shop.  Elec.  drive  to  speed  up.  872 
— Magnetism  and  Electricity.  Elementary. 

.Tansky    •^653 

— Mine  locomotives.     Rogers *772 

— Motor  clutch.  Oil  in.      Horton 862 

— Motor.    Induction.    Unbalanced    phases 

with.      Switzer ♦281 

Motor.     Internole.     Reversing     rotation 

of.      Horton ^864 
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I'AGB 
ELECTKICITV 

— Motor,    Old.    drives    improvised    ornery 

wheel,      llawltius 132 

— Motor,   The   induction.     Annett .  . . '86, 

•:ilH.   '441 
■ — Motor,     Type     of.     Determining.       An- 

nett   '690 

— Motors,  Compound  and  iuterpole.  Con- 
nections of.     Annett *883 

— Motors,   Series  and  shunt,   Connecting. 

Annett    'TTS 

• — Motors.  Shunt.  Speed  variations  of — 
Temperature  elfect  :  load  variation  ; 
commercial   applications.      Phillips.  .    912 

— M(j|ors,  .Submerfjed.      Weigand •529 

— Miuisc   Kuaws   insulation.      Greenlees..      97 

— Municipiil  electric  plants 489 

— Municipal    station,    Coventry.      Jecliell 

412,    I'earce 715 

— Natl.   i;iec.   Light  Asso 869 

— Oil,  Dynamo  throwing.     Burns 243 

— Overmotoriug    481 

— Oversight — Oil  ring  omitted.  Levy.  .  .  49.j 
— I'anama  locks.  Centralized  control  *10, 

Gatun  hydro-elec.  plant *908 

- — Phase  advancer.  Kapp.     Allen •664 

— I'ower   contracts.      Puffer 685 

■ — I'ower  in  alternating-current  circuits. 
Calculating — Power  factor,  wattless 
current,  self-induction.  Meade  *232, 
•272.      •336,      (self-induction  ;      gas 

lighter)   Dodds   •SeS 

— Progress  in  1913 20 

— Rate   regulation   news 256,   503,  872 

— Rates.  Discrimination  in.  Jackson. ...  ^462 
— Reactances,  Power-limiting.     Randolph. *519 

— Reid.    Murdoch's   plant.      Wilson *840 

— Rheostats  to  control  alternator  volt- 
age        876 

• — Safeguard   wires.   Duty   to 76,  131 

— Safety — Tagging    swdtch 276 

— Spark-gap      gage      for      high-potential 

testing.        Nichols ^296 

— Starters,  Split-phase,  Applying  instru- 
ments  to *481 

— Stcam-elec.     plant,      Hauto.        Rogers, 

•804,    *851,    *879,   ^914 

— Steam-ry.   electrification.      Ewing 355 

— Storage-battery   cells.   Cleaning *745 

— Substations,   Outdoor.      Macombor 293 

— Switch  connection.  Paradoxical.  Thur- 
ston     •171 

— Switch,  Kmergency  lighting.  Patter- 
son     ^680 

— Switch.   Zigler-Holden  safety •48 

— Telephone-booth    light.      Quinn ^457 

— Testing,  Wagner  manual  of t540 

■ — Transformer      connections.       Common. 

Meade     ^627 

— Transformer,  Rotary  :   motor-generator.t244 
— Transformer,      Sluggish      constant-cur- 
rent.     Horton *928 

— Transmission  span,  951-ft.,  Vancouver.  674 
— Turbo-generator    alignment    and    care. 

McLellan     536 

— Water-level  indicator.     Thurston ^133 

— Winding  changes.  Ill-advised.  Horton.  527 
— Wireless  transmission,  elec.  energy...  278 
— Wiring.     J,ight     and     Motor.       Kirch- 

gasser    t613 

Klectrolysis.   Committee   on 540 

Klevator        gate.        Collapsible        safety. 

Knight     ." .  *226 

Elevator    safety    device    could    not    hold. 

Cultra     ^780 

Elevator  valves.   Packing.     Cultra *511 

Elevators.    (Jearless    traction    electric.    In 

Chicago   bank 659 

Elevators,     I'awled,     Releasing.       Kavan- 

agh    ^770 

Emmet's      mercury-vapor      boiler      *449, 

Ed 379 

Emerv  around  dynamo.  W.  .T.  N.  5:26, 
(lartmann     279.     Carborundum     vs. 

emery    cloth.    Pettibone 640 

Emery   wheel.   Improvised.      Hawkins....    132 

Emergency  Dower  plant.   I'nique 234 

Employer.   Your,   will    know •ISS 

Emporium  department  store  power..  122,  419 
Emptying  ammonia   system.     Thurston.  .  *197 

ENCINE,   INTERNAL-COMBUSTION 

Se,p  also  "Turbine."   "Gas,"  etc. 

^Acetylene  gas,   T'se  of $865 

— Blast-furnace  gas  engines  driving  al- 
ternators :  steam  turbines  compared  : 
power  for  steel    mills.      Gasche *833 

— Briinler    system — Boiler-furnace     prod- 

dncts   used   with   steam 379 

— Carburetor  trouble  —  Back-firing 
through  intake.  Brennan,  Demorest 
2.S1,    Woolman 601 

— Cost  of  i)owpr.  Estimating,  In  pro- 
ducer gas  plant.     Field 15 

— Crankshaft,      Broken,     T'tz'.       Wilson, 

Airev    •le 

— Cylinder,  Gas-engine,  Cyclical  tem- 
perature changes  in.     Coker.  Scoble.      88 

— Diesel  engine  plant,  Busch-Sulzer :  ex- 
haust-gas heaters,  jacket-water  cool- 
ers,   etc.      Wilson ^506 

— Diesel       engine       pressure-temperature 

chart.     Courtenay ^408 

— Diesel      engine     railroad     motor     car. 

Electric    S76 

— Diesel    engine   tests.    Small.      Dalbv...^673 

— Diesel  engine  troubles.  Marine.     Milton  819 
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ENGINE,    INTERN AI.-CO.MP.LSTION 

— Diesel  engines,   in   marine  work.     By  a 

chief  engineer  on  a  Diesel   ship....   920 

• — Diesel    engines,    Marine.      Careis 127 

— Diesel  engines.  Misstatements  regard- 
ing,   in    liureau    of    -Mines    bulletin. 

Wentwortli    208 

— Dieselmythus.    Dor.     Lucders t467 

— Flywheel    explodes.    Oil    engine,    Carbo 

Steel    Post    Co 756 

■ — Fort   I'itt   Hotel   combined  steam-   and 

gas-engin(!     plant •SSO 

■ — Friction  horsepower  with  gasoline  and 

alcohol.      Scliaphorst •783 

— Gas      engine.      Wrecked,      in      Mexico. 

Wayland     *49 

— Gasoline,   Consumption   of.      C.    H.   L..t244 

— Gasoline    engine,    DeLaunty ^736 

— Gasoline   mine   locomotive.      Rogers.  ..  ^774 

— Ignition  trouble  remedy.     Barton 639 

— Indicator  diagrams.  Gas-engine. 

Miicnch    *775 

— Jacket  water.  Boilers  to  cool.  Wool- 
man    566 

— Kerosene  carburetor,  Ilarroun *200 

— Kerosene   carburetor.   Porter   or   Rider. 

Lucas    •14,    Engelman 132 

— Locomotive,        Gasoline-elec,        Lauch- 

hammer   720 

— Loses,  Gas-engine,  Calculating.  Muench.*248 
— Magneto,   Slow-speed.      Aitkenhead.  .  .  .•173 

— Oil   engine,   Blackstone.      Seager ^227 

— Oil  engine  diagrams — Exhaust  muffler 
vs.  back  pressure.  Hay  *172,  Wil- 
son    •382 

— Oil    engine,    Encouragement    for 782 

— Oil   engine  injection  water t26 

— Oil  engine.  Prevents  preignition  in,  by 

cooling   nock.      McGahey ^241 

— Oil    engines,    Donaldsville,    La *432 

— Oil  engines,  Fuel  pumps  and  compres- 
sors of.      Booth 645 

— Oil  engine.  Fulton  Mfg.  Co.'s •Sll 

— Oil    engine,    Pulton-Tosi    (Pulton    Iron 

Wks.')    ^43 

- — Oil-engine-driven  air  compressor,  Inger- 

soll-Rand     *886 

— ^Piston  rings.  Long  service.  Johnson.  .•529 
— Pontchartrain       Hotel's       Nash       gas 

engine     ^877 

— Power  plant  combination,  Olympia — 
Ammonia  condensing  water  in  gas- 
engine    jackets 74 

— Progress — Indiana    Engineering    Soc.  .   320 

— Progress     in     1913 20 

— Release  pressure,  Gasoline  engine.  ..  .{681 
— Selecting  prime  mover.  Longwell....  317 
■ — ^Starters,  Compressed-air.  Brennan..  123 
— Stopped  when  speeded  up.  Hudson.  .  280 
— ^Trouble     man's     experience,     Ga.soline- 

engine.      Mihieder 281 

— Volumetric    efficiency   and   compression 

ratio.       C.    P.    R t282 

— Waste     heat     for     steam     generation, 

Cockerill    plant 499 

— Wristpin  brass.  Replacing ;  removing 
piston    rod    w-ithout    gland    packing 

collapsing.       Pagett •746 

Engine,    Mercury   vapor 379,   *449 

ENGINE,   STEAM 

See    also    "Valve,"    "Piston,"     "Cyl- 
inder,"   "Indicator,"   etc. 

— Aligning  engine.     M.  O.   D 1531 

— Aligning,      Transit      and      level      for. 

Brewster    *145 

— American-Ball     4-cyl.     triple-expansion 

engine    •560 

— Automatic-cut-off  engines.  Butcher.  .  *848 
— Bearings.  Lubricating  engine.     Crockett 

•1(14,    Farnsworth    *403.    Pearce.  .  .  .    863 
— Blowing   engine.    New.    Holman's    *297, 

Ilamkens    *7-l3.    Holman 744 

— Blowing   engines.    Record   large   Jlesta. 

tin-   Woodward   Iron  Co ^402 

— Bcjston    Opera    House — Preventing    vi- 

bi-ation     •553 

— Breakdown,      Interesting.      of      engine 

coupled    to   waterwheel.      Williams.  .    789 

— Buckeye-mobile    in    service *874 

— Chicago     Federal     Bldg.'s     Harrisburg 

engines    ^580 

— Click.   Troublesome.      Eastwood 530 

— Coal   consumption,   niglit  and  day t26 

— Composite   generating  plant.      Se'cor.  . .  •143 
— Conipoiind  engine  exhaust  pressure.  ..  .4531 
— Compound    engine    powir.    Com])uting.  .$135 
— Compounding     simple     engines.       Mor- 
rison        ^70 

— Compounding     simple     engines.     Bank 

Wood    Mills,    Eng.   Loose 387 

— ^Construction  and  wear.  Unusual  ; 
Peculiar     connection     of     piston     to 

crosshead.     Courtenav   ^789 

— Continental    Motor    Mfg.    plant *396 

— 'Corliss      engine      wreck,      Athens,      O. 

Wilkes    ^230 

— Corliss   engines   at   colliery.      Rogers..  ^373 

— Crank.  Stopping  position  of +567 

— Cross-eomiMiund  on  light  load.  Rollins'. 
Moore     98.     Vradenburgh     99.     Bonn 

173.    Ramsey.    Merriam 203 

— (\vlindor.    Large,    welded.      Dickson ...  ^638 
— Cylinders.    Water   in.      Vandenberg.  .  .  .      2.'7 
— Deterioration.  Engine  and  boiler.     Ing- 
ham        249 

— Efficiency    and    friction    hp +100 

— Engine  rooms.   Not  all  dirty — Cartoon. ^721 
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— Engine-turbine  units  or  straight  tur- 
bines.     Stott.    Bromley 398 

— Engines,  Buying  and  selling,  by  cen- 
tral   stations 600 

— Fitting  and  Erecting  Engines.  Brown. tl81 
— iForces — Study  course.  ...  ^459,  ^496,  •532 
— Fort   Pitt    Hotel   combined  steam-   and 

gas-engine    plant •850 

■ — Horsepower    rules $282,   $421 

— Inspection,    Engine 310 

— Isolated-plant  performance.  Stark- 
weather     •SIS 

— Leaked,  "Tight"  engine  that.  Mc- 
Gahey     *171 

■ — Lentz     engine     tests.       Moyer,     Rosen- 

zweig   749 

— 'Piston  and  crank.  Why  not  at  mid- 
stroke  at  same  instant?    Will  Quizz, 

Jr •845 

— Piston     knocks     out     cylinder     head, 

Charles   Cy.,    Ida.    Hull •SIS 

— Piston     rod    connection    to    crosshead, 

Peculiar.      Courtenay •789 

— Pound,  Cause  of.     Jahnke 383 

— Power   of   engine.    Increasing.     G.   J... $531 

— Progress  in  1913 19,     20 

— Reid,   Murdoch   &  Co.'s   non-condensing 

plant     *840,  860 

— Rod.   A   magic 202 

— Rolling-mill  reversing  engine.  Economy 

of,    Youngstown    Co.'s    Mesta *388 

— Rotation,  Reversing  direction  of $209 

— Selecting  prime   mover.      Longwell....    317 

— Speed    variation 820 

— Stop,    Automatic   safety.      Clock ^754 

— Study   question — Loads,   etc *643,  *682 

— Stumpf    engine,    Carnegie    Tech 847 

— Temperature       variations       in       steam 

plant     (with    insert) *240 

— Testing      engines     in     oflJce     buildings. 

Durand    *399 

Engineer — Abilit.v  vs.  appearance 277 

Engineer,  Chief,  Changes  made  while  he 
was    away.      Olliver    453,    Ed.    451, 

Plaisted,     Hawkins 712 

Engineer,  Designing,  coming  to  his  own.  .  849 
Engineer   graduates.    Occupations    of .  .  .  .    550 

Engineer  hero — "Monroe"   disaster 202 

Engineer.    Life   of    (poetry.)    Bromi *615 

Engineer,    Responsibility    of...^359,  379,  380 

P^ngineer,   Short-sighted.     Lax 755 

Engineer,     The     college-bred 451 

Engineer,  The  operating 416 

Engineer   wanted — .$8   a   week 201 

Engineer,   What   did   he   get?    Odell   528, 

Ed.   561,   Newton,   Thorne,   Wise 677 

Engineering     Congress,      Internatl.     429, 

576,   838,  860 

Engineering    Index    Annual t429 

Engineering    progress.    Mechanical 320 

Engineering   salesmen 839,  860 

Engineer's     fairness     to     successors     and 

understudies     341,     Williams 530 

Engineer's   future.   The.      Parsons.  .  .839,  860 

Engineer's    training.    The 342 

Engineers.  See  also  "American,"  "Re- 
frigeration," "Heating  and  Ventila- 
tion." etc. 
Engineers,  Am.  Soc.  Mech. — Rope-driving 
efficiency  *199,  Chicago  Section  ses- 
sions *285,  464,  758,  Prime  movers 
317.  Line-shaft  bearing  friction  *353, 
Engines  and  turbines  398.  Phila. 
meeting  500.  Short  form  for  boiler- 
test  report  592.  .Spring  meeting  940, 

Notes    354,   926 

Engineers  and  engineers ;  one-sided  de- 
velopment   41(i.    Bonn 345 

Engineers.    Machinist    926.    Thorn 930 

Engineers       on       Interstate       Commerce 

Comm 22 

Engineers  want  to  know.  What  93.  Evans  311 
Engineers',    British,   benevolent  fund....      88 
Engineers'    Costs   and   Economical    Work- 
shop      iiroduction.         Smith,       Pick- 
worth     t801 

Engineers'    examination    questions 310 

Engineers'    license   law  needed.   West  Va. 

Behen    563,    Keech,    Ellethorn 745 

Engineers'    licenses,    N.   J 342,  824 

Engineers'  study  course  27,  ^64,  *101, 
•1.36,  169,  *175.  ^207,  *210,  *245, 
283.  *315.  *346,  ^385,  •422,  *459, 
•496.  ^532,  *568,  *606,  ^642,  *682, 
695,    ^716,    ^752,    *790,    •SSO,    •See, 

•895,   932 
England.     See  also  "Great  Britain." 
England,  Smoke  abatement  in.. 629,  662,  824 

English    gas    producers.      Allen *366 

Equivalent    evaiioratioii    table 369,   592 

Equalizing  ring     reciuircments •807 

Erosion.    Fiunncc  arrh.      .Smith ^672 

Erwood,  .lohu.   Death   of 759 

Europe.  Smoke  abatement  in.     Kershaw.    662 
Evans.   I.   N.     Hot-water  boilers  vs.  live- 
steam    heaters    128.    Solicitor's   expe- 
rience         311 

Evans.   W.   A.      Powdered   coal 254. 

•470.   490 
Evaporation    costs,    Calculating — Charts. 

-Mavnr    ^921 

Evaporation,    Equivalent,   table 369,  592 

Evaporation  questions $63,  $865 

Evaporation  unit  and  factor $531 

Ewing.      Stoam-ry.   electrification 355 

Examination    questions 310 


POWER 


January  I  to  June  30.  1914 


''^«'"',";-     ''"li l-.l     .nnn.T ,     ,vi,h''""' 

llltfllllllnr.        r„x ""    .,,,„ 

KxrItiT,  Hi.vil-m-,1  p.-lttrllv  i.fV. I'lii 

r'ur.-..^.  '••'""'"«''"'•""'         "nj.'oto" 
lOxluiuM    muiili.;-  •  v,;;  i,iu.k'  j;rV«iiro."  '  'liny  *°^'' 

i';xi.uii>.i..i,  Joint  nil  ,,ir  iiiii.. .::;:: ,'i?,r 

hxploHlon.  Sw  "llolliT."  "1.-1VIV  ,  ...1  •'• 
•Ash  tank."  ••A|,„l.>..  ••  -(/..'i."  •;  a, 
•  v  liul.T."  ••Aniin...il«  (-..inproM or  • 
•I'limpltiK  siatlou"  (uiHlor  •rmup") 

I' 

Factor  of  nnfi"tv ,,. 

{•n.t.iry   llrifiuilzalloii.      l')i,:,i,;.',.' i./- ? 

i.?m    -\"'i"'»«.  .<"  l'"llor  loads.     LtlVti::   est. 

viuIlKr:ui;'''''f''  ^''"■''>»»''^  «»  uiv- 

11  K  1  uiii'iii.     splvcns 7ii 

I'oJ.Tal    UWk,    plant,    ci.u.ago.      Wilson; 
Feed.        See      also      -Wai,-.-."      •■l^mm"'   '''•''' 
I.V...1    ••>'"  V'V,    ■■'•'l"'>«."    "llolloi/'  ..,"'.■ 

iiak.T        '''"'^'""'''"""''-      •"^'"''''"    *-""■ 
J ;;;';'i i"«  iy'i'ii.;vru I'liiK  VoiiV. ' ' HaaVi ." ! .' ! ;  *4w 


;,    !"«  <iii:iluvs.      I'alnior 

I-   ',"*•'    ^\^''i"       •'oiirti'nnv 

UltiM-    roki     settling    ehainbor. 

■"'■'•     IlawUins 

I'i  tor.   Slmpl,.  oil.      Wilson....', 
j'i  ti'iyil   oil.    Ilot.'l    .McAlphK'.  . 
I-Jll.'ilnK.    Oil.      Hopkins 

■door  fraiuos.   \ontilatod 


Fire 
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liremen.  Cheai> :   Deans  remarks    . 
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1  lunar,,    pier    lowers   evap.irathm.'   ".Now- 
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<:"^e  ;;^^y^: /i;!i;;L"f!;;«   Anderson...;. 4? 
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;age  hand  jack.     Schwartz .  .  .V.;; .787 
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Firing       See   "also    ••Boiler 

references   from  it. 
tiring.   Alternate.     C.  .T.  .  .  +7r;i 

J  inug.   Amomatically  timed.  .■.".;; i{?,h 

tiriig  boilers— Cheap   labor.      Scheuck"   788 

ifiek'fe'],?-.^,*^  r^''      ^^'-      '-^"orders.    '^"^ 

Jliekstein   J'I,   Cooi>er oon 
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conilmstion     •ros     mm 
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Flywheel.    Burst— Parabola .347 
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1-  lywheel     explosions.     One     cause  '  of—     ~ 
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.  rtanner  l>,ivle«  a«ii  HyHtem  ...;;;;;"  .Jt  , 
•.land.    ItiiKhlng  plHion-rod    .440.      Peter'- 

*""'£.  '"'{"iir''' '■'"■•  ''^'"•'  ''"'■'  i''™'>V-,"" 
fjlobe   valves   for '  snj.ei-heat','  o'e'rmarly  '  " 's'llil 

f.oldenAuderson    trip    valve ^       '  .4,,, 

J.oodvear  plant   test.      Collins "  '    *Vu) 

.0 iilds  centrifugal  (ire  pump.  .  .  .  '    "..jiu 

'     ,'!n',lr,f  .  ""■'^'""'•'*'"'     automatic-cutoff 

.overnor   balls,    Increasing   welgh't ?•'« 

Governor  belt  breaks.    If, ''  .7    (t     Jr.'{ 

.overnor  bells.   Keeping  oil   froin.  "Low'e'i041 

c    res     '^(l"":   /''""'"«•      Vblock      bef 
cuies.     \\  i-bster ,«/,.. 

Cn^:,^!;i,""'  (•"■<-<-f~^tudy  course..  ...-ys'f.'.SUS 
(.overnor    guards,    steel    Corp.'s...  »7oo 

cr,y,?'!',?''u ""^;! t""K.  Operation  of ;  ; ; ; mi 

(.ladenwitz  Tran.sportation  difficulties 
•r"  I  ■  *"''■"»  marine  turbines  •290, 
jMrliine-drlven     compressors.  »40-. 

'"•"",'Vv'n ''w'T  /.^     '""i-ence    corrosion v" 
I.  nell   .!.S,!.   Cartman (141 

Graphite    for    oioe-ihread   Joints   i7-,h 

J  i-aphite     lubriealor.     .lenki. i.s.    ;  ; I444 

'"«!.V;i'„''V!.'-V-   ';;•■■      •^"'•«''<^^   •Ta>ne8"2'5; 
Kojie      I,.,    i{„s.sell    'Sll.    Willlam.s 

"i-'w.      Iw'CKOI' _  _  4'|0 


as^'     d'  c^  fl'^'fir?^''   ^'""""'e-ssor;  ;;;;;;  ^im       «''''•;   salesman,    Intervewng.'  '  'Rlchk'rds  % 

S.fford"hir,^      ^'    Alternate,    South  Gravity    delivery    of   coal.  .^ ....'''"" "''  f;oo 

Oas    ,    .Me  .*',';.','.,•..•  •••  •.•.;;  ■  •  •  •  • •C74        '"■f  as  0    cup.    Keystone    ••Orean"    re^t  h'.    '"" 


761.    781, 


.fi4: 


930 
t751 
4.56 
701 
'230 

930 
695 
506 


.fi8!l 
.43,S 
*S5(1 


Vibrating   rim.      Shires.. 
Flywheel.    Noise   in. 
Flywheel  repair.     Chapiii'a'n.'. 
Flywheel.   Travels  of  a. 
Flywheel   wreck.  Athens.   6'.'. 
Foot   of  the   ladder — Cartoon 

Martin     

Force  components  mav  exceed  it 
Forced  circulation.     McGahey 
Forces — RIementa'-v    me'-hanics. 

*45!(.    .-I!);:.    ..■i?t2.    .568.    *60fi 
.682.    095.    .716. 
Forehanded  m-.m.  Th? 

Fort  Kaker.  Oil  fuel.     Degen 

Fort  Pitt   Hotel  plant.. 

Fosters  stea-n-flow  chart.  . -1,4 

— Imnroved  slide  rule *'r,37 

Foundations.   Turbine.  Disston  plant        '.ISO 

Fowlers     hioks '  '  '  tjei 

FHction.   Heat  expenditure  bv;  ' 'r/ 'l  '  Y  tsiJ 
Friction    horsenower    with    gasoline    and" 

alcohol.      Schaohorst *7^^ 

Friction.     Line.shaft    beartngs.      Thomas'      " 

Maurer.    Kelso '.q-i'^ 

Friction — Studv    course '.'so'V   939 

Frost-covered   generator.      Albrecht   .49''*   "    ~ 

Pearee    

Frost  remn.-al  from  '  dii-e'ct-exnan'sion 
cois,  Thurston  *1S.  Keil.  Solomon. 
onnuls  242.  Sehliemann.  Solomon 
•iSl,    Everett 


Gas  ''cokeov'.'M"'f°'''-  ':-*''''■'•'  '  iiorr'o'w;  ;.*640 

Newcasne                    '""^    generation, 
''"'  '■^:^k^!^^''''^'^-"'-^^-^on  'on  ^ 
Gas  e.\plosiou  in  muffler  pit.' '  o'e'tt .(;o" 

"ioke  •■^V.';,".',^"  .;''arhon   dioxide."  *'"" 
Mnoke.        Poller.      I'tc 

■'''(Jriffith""''''^'^'''''  I"'" ^"^'d  worth  while. 

''""■  fi..S"^i;i^S°^^ " '  "'^''^'^^''  ■  ■  ^«^'^*'!! 

Gas,    Flue— Influence   of  '  vol'ati'le' mat't'ei. 
,•„,  '"i.,'^^°'"'',"sf'on   599.   Flagg...  *608 

A/be'T ,'"''"'    '"    l>oil«-r    operation;     ^ 
Gas.   Flue.   T.ow'  i,'.m'p'e'n'itures"o'f;  'by  'bat-   '*'^" 

Gas'  K,^"~,„  ''';'''•'   ""''"r"''.     IJi-omley..    512 
c«s"     I.-  ,?~  I  ^"',  ""'"■'•     IleGraflf.  .....  .174 

<.a.^.     Hue— Solving    cinder    problem    at 
A\aterside.  ...125,    129.    .161.    *1S9. 

^^^""■..ullt-    ff'ni'f-atures    with    hand'and*"*^" 
cleaner-blown    tubes  .'•!.! 

peranii7''.'!'."''''~^'''^"'™''"*°s'  '  '^^^'-...l. 

Gas  heat  value.     H    H ^lol 

^"^  phuu  ^''''^^'      '■■^'^'»"^f''  ' '  Bvisch-'Svil'zer  "' 

Gas  lighter:  'Ele'ciric:  '  'flodds'.'. 1^21 

Gas  meter  correction.     II,   H.       *%',. 

Gas.  Natural,  compared  with  coal'.; tfos 

Gas.  Natural.  Heat  value..  "ifto 

"■  Mm?nen     '"    ''^"'"•»-f"l>"'a'i-'   bdrier's; 

^''^  lii^^::^':.^i;'™"»'-''i"«taiiAtk^;  ^'*' 

194 


''''"'^fugal"'?;    '■^^'■^"^""^    ••Organ"  '  'ceiitri-^ 

rl'.'?,l  V.'''.l"'."'.  '  ^''•>'  also'  ■•En'glkn'd;-''  "  "  '"■*'"' 

Great    P.ritam's    eoal    output.     7-j.s 

(■r'.'Vr  ii''.'!".'"  ""W'-  Pi-oduction.      Hiller'.4!.S 

Great  P,n tain  power  statistics tu 

Greater  than"  sign,  etc jlj-ii 

Green  hot-blast  heater i'iU 

■'"'^nrmen,,  nr-'-  ,?tand-by    sta'ti'on  '  im'- 

pio\ements.       Rogers •^40 

Greenlees.     Burning  oil   fuel .siT 

Greenwood,  .T.  P.     Economical  burning'  of 

Gri^f\^'^S:?'^;;::i;!^^«■-«"^''ter: : : ; ; ; ;  :.?|g 

Grinder— Improvised    <.merv  '  wheel l."!'* 

Ground    (  nmpass  for  locating.     Carr.    "    .(i7 
Grounding  methods,      Randolph .  '  »37fi 

Grounds      on      ti;ansforin<.r      .scconda'ries. 

Locating,        Oberschmidt r{-{ 

Guard.      See   "Safety"  

(Jusset    sta.v.    Vnl(.an '  flexible.     .  .j.^y, 


f 'r7i^U,g^"^e:'''"M?^n^^' ;  '.T"''^!'*; 


828 


530 


SmHi-,*"''-!?'/"^^'  /'"^'   "'f' oneratiiig— 
dunrs      '^'''"■aiikee,  with  AVood  pro- 
Gas.        I'rodu'cer.'  '  '  p]aWt'  '  '  'Estimating  '^"^ 
power   cost   in.      Field  >• '"<iun„        _ 

Gas  producer  testing.     Brown :  : tnl'l 

Gas  producers.  English.   Imnrovemeiit's'  in 
r.       — I'-Pi-Pel.v  Crossley:   Moore.      Allen   .-^66 
Gasche.     Steel-mill  power  f-io 

Gases   and  vanors— nififeience; ; +ino 

kins'.nu   "l'',"^''-   ««'   molds." 'Haw'-'""' 
kins  .(104.  .Tohnston..,  roo 

Gaskets.   Seating  manhol, — Iner't'ia s'li 

(.asoline  eneine.      See   --Pngine.   Inte'rn.-il'- 

Gasoline.   Consumption   of.      C.   H    L  +044 

Gasoline.    Production   of,      Blair 'fi04 

Gate.  (  oll.iosible  safety  elevator,    'kiiight'  'o'o,, 
t.atun  h.vdro-electric  plant..  .nijs 


Hnmiii''°*'b    Operating  centrifugal  pumps 
Hamill.      Beating  central   station 

Hamniel    oil    burner .141     .iW  ' 

Hampton  r.v.    elec    and  ice'-makin'g  pl'a'n't. 
remodeled.       Rogers.... 

Hands  off 

Harnist.      Absorption'  p'laii't'  log;  ; 

Harroun   kerosene   carburetor 

Harvard     and     Mass.      Tech.  '   .3.5.'  '  I's'o; 

Hauling.     Heavy,     with     block    and    fan; 

c  iianaier    

Ilauto.  I'enn..  plant.     Rogers' ^804; '.'s'o'l 
Ha.ves   oil    burner.  *8(9. 

K"-'^-    -V.  "'•    fuinace    Efficiency;  ;:;:;  " 

Wilson'''^''''     ^"'*"dei-  Eb.  Parker  'sg; 

Heat  conductivi't.v'  ot'pl'a'tes; ; ; 

lleat   radiation   from   oilv  surfaces""'' 
Heat  transmission  differences.   Relative" 

teriars'""  BuL^ev'.'!''.''."^.''.   ""'^'^'"^  '"''- 

Heat  unit  conversion  factor 

Vent  "^^*'     "'*""     ""''*'''     "Heating'  '& 
Heater.  Closed.   Feed-water  temp 
Heater.   Feed-water.   .Saving  bv.     " '-f^'s'o" 

Heater.    Multihead.    Alberger ' 

'ra''to\^''"^'""'''  ^""^d-water.  and 'oil  s'ep'a- 

Hea ters— Vuxi liar.v' Vcono'iny;  '  'car'p'e'n't'er 

«6.    Ed     4.i2.    Everett   713,   Circular 

letter  of  C    H.   Wheeler  Mfg    Co    on 

rating,   surface,    etc ..;...      8'>7 
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342 
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*140 
t801 

.747 
t421 
a3S4 

tioo 

.572 
904 


±209 
+567 
.648 
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January  I  to  June  30,  1914 


POWER 


Heaters,    Closed,    C'otiiputiug    charts    for. 

Demorest   •479 

Heaters,       Closed,       Experience       with. 

Waldron    •483 

Heaters,   Feed-water,   Hating tG3 

Heaters — Heat    transmission   rate J865 

Heaters,     Live-steam,     Uol-water     boilers 

vs.       Evans    128 

Heaters — .Sett line;  chamlier  for  Alter  coke. 

Feuwick    *-l'J.'p.    Hawkins 638 

Heaters,    Water   control    for.      Lewis.  ...  •826 

Heaters,    etc. — Water    softening •163 

Heating    feed    by    live    steam.     Braucher 

r,i)o,    Strohm 784 

Heating  more  than  feed  water,  Using  ex- 
haust   for J681 

HEATING  AND  VENTILATION 

— Air   velocit.v,    Enterin.g.     M.    N +63 

— Auxiliary    economy.      Carpenter   et   al., 

436.    452,    713,   827 
— Boiler     explosion,     St.     Johns     Church, 

Ues    Moines •022 

— Boilers,  Heating,  Should  they  be  in- 
sured ?    63.'i 

— Buildings,  Calculating  heat  losses  from. 

Hubbard     707 

— Check  valve  condition.  Determining.  .  .1^567 
— Check     valves.     Hammering.       Waiden 

203.    Whitaker 563 

— Electrically    heated   school.    Idaho. 858,  867 
— Exhaust  gas  and  steam  heaters,  Busch- 
Sulzer    plant    *.")07.    Chart    of    heat 

losses    from    buildings •SIO 

— Exhaust-steam      heating,      Reid,      Mur- 

dock's   plant.     Wilson ^844,  860 

— Factory  buildings  heating-surface  ratio. t384 
— Heat  transmission  through  building  ma- 
terials.     Busey ^572 

- — Heater.    Hot-blast,    Green *777 

— H.  &  V.  Engineers'  annual  meeting — • 
Ilouse-heating  boilers ;  model  venti- 
lation law ;  hospital  ward-cooling 
plant :  country  residence  cooling ; 
pressed-steel  radiator  heat-transmis- 
sion coefficient :  life  of  building 
power  plants :  effect  of  time  in  de- 
termining radiation :  flow  of  steam 
In  nipes.  etc.  179,  Use  of  pltot  tube 
•23.1,    Measuring   air    velocities    308, 

Note     408 

— Heating.  Elements  of — Air,  steam  and 
water  :  tables  for  losses  from  build- 
ing     and      lor      radiating      surface. 

Irwin    ; 89 

— Heating  Systems  and  Design  of  Hot 
Water  and  Steam  Heating  Appa- 
ratus.    Raynes tl81 

• — Hot-water       iioilers       vs.       live-steam 

heaters.      Evans    128 

— Hot-water  heating  system,  Using  econ- 
omizer on  Farrel  Fdy.  &  Mach.  Co.'s. 

Duraud     *329 

— Loft  buildings.  Heating  and  ventilat- 
ing.     Hubbard *439 

— Mass.  school-house  ventilation  bill....  468 
— National   District   Heating  Asso...502, 

611.   832 

• — I'ii)e.   Steam,   radiating  surface 5:60n 

— Pitot  tubes  for  air.     Lyle *235 

— Radiation     for     steam     and     hot-water 

heating.    Calculating.      Hubbard....    737 
— Sarcii   rnom-ti'inpcrature  regulator  and 

mixing   valve *624 

■ — Steam  I'oil.  Troublesome.  Anderson.  .  *527 
— Steam  riM|uired  —  Fireman's  complaint. *431 
— Steam    required    for   heating   industrial 

plants.       Spillman 275 

— Steam  supplied  to   tenant.  Hp.  of t751 

• — Thermostatic  valve.  New  Monash *671 

— Vacuum  heating — Isolated  plant *818 

— Water-valve  shutofE.  Automatic. 

Seward    *861 

Heck.      Ilandv   lifting  .lack •211 

Helping  hand.  A .  .  . *359,   379,  380 

Helnlng    the    helper 635 

Hickory  cylinder  head.  Rittelmeyer.  .  .  .  417 
Hickstein.     CO;  recorder  experience.  *29,  2S0 

Iliirh-water  alarm.     Long *862 

Ililler.  Power  production.  United  King- 
dom  *498 

Hobart.  Inspecting  return-tubular  boil- 
ers ^67.  Rav 279 

Hocking    Val.    slack    coal.      Smith    *740. 

Andrix     930 

Ilofmann.      Comnressed-air   moistui-e.  .  .  .    •."i2 

llos-an.      Comparing  boiler  laws S7S 

Hoisting.   Flee.   Cost  of.     .1.   W.  B J26 

Hoisting      Engineer.      Hunter.        Rogers, 

•40.    *2.36.    •.372.    *.590.    *772 

Hoisting  sienal.  Kennedy  mine 182 

Ilolman's   blowing   engine •297.    *743 

Holmes.     Stnppinsr  the  wastes 277 

Honest  goods  sold  by  honest  methods.  .  ^541 
Hook.      Indicator      cord,      Baumeister's. 

Schneider     ^172 

Iloppes  V-notch  meter  recorder  and  in- 
tegrator      *445 

Horner.     Gear  Cutting t801 

Horse  sense  and  horse  power  lacking....   821 

Horsepower.   French.   Value  of }458 

Horsenower.   Friction,   with  gasoline  and 

alcohol.      Schaphorst *7S3 

Horsepower   rules $282,   J421 

Horses — They  also  serve '395 

Hose.      Steam,      Malconrov's    "Dvnamltc" 

flexible     metallic ^424 

IIo.«!e.   Steam,  Wear.     B.   F.  G J63 


V\r,E 

Hospital   plant,   Hellevue ^78 

Hot-blast  heater,  Impvd.,  Green ^777 

Hot  water.  See  "Water,"  "Healing  & 
Vent." 

Hotel  plant,   Pontchartralu.     Dow ^877 

Hot  well  pump.  Operating  condenser  with- 
out.    Carroll  *75,  Harrison 637 

Houston,  E.  .!..  Death  of 394 

Hubbard.  Heating  and  \ciililating  loft 
buildings  *439,  Ilciii  |..ss.s  from 
buildings  7(l7,  Calcubi  i  iiig  radiation 
for  steam  and  hot-waier  healing...    737 

Humphrey  pumps  tested 103 

Hunter,  .T.     Steam  power-plants 465 

Hunter,  Tom,  Hoisting  Engineer.    Rogers, 

•46,  •236,  •372,  •.590.  ^772 
Hydrant   discharge   Increase   for  increase 

of    pressure J931 

Hydraulic  elevator  valves,  Packing.    Cul- 

tra     *ol\ 

Hydro-electric.  See  "Water  power," 
"Electricity." 

Ilydroflo  dry-air  pump *657 

Hygrometer.  Improved  recording,  Indus- 
trial  Inst.   Co.'s ^66 

Hyperbola.    I'lotting ^347 


I 

Ice.      See   also   "Refrigeration." 

Ice,  Effects  on  Stream  Flow.     Hoyt t287 

Ice  plant's  capacity  low.  Why.     Baker.  .   639 

Ignition   trouble  remedy.      Barton 639 

Ignorance  is  folly.  Where  562,  Wing.  .  .  .   864 

Illinois  coal.  Boiler  tests  with ^283 

Illinois  coal   production 688 

Illinois   Public   Service  Commission 468 

Illinois  Univ.  pubs..  etc...t37,  t256,  348,  607 
Illumination     intensity,     different     pres- 
sures      t458 

Impedance — Calculations.      Meade ^272 

"Imperator,"   Concerning   the   21,    22,   35, 

Her  low-pres.  turbine •290 

Index   Systems.   Decimal t37,     75 

Indiana    Engineering   Society 320,   355 

INDICATOR.  STEAM-ENGINE,  GAS- 
ENGINE.  ETC. 

• — Diagram — Flickering  lights.  Wake- 
man    *455 

• — Diagram.  Up.  per  sq.  In.  of.  H.  J...t384 
— Diagrams,  Indicatou — Valve  setting  by 

ear   782,   Smith *783 

— Diaiji-ams — What  was  wrong':'    Russell  *927 
— (Jas  i'ui:ii:c  iiulir.-il  nr  diagrams.    MikmicIi  *77,'> 
— lln,,U,    C.nl.    r.Miiincislcrs.     Sclmeicler .  *172 
■ — Oil   cugine  diagrams.      Hay    "172,    Wil- 
son  *382 

— Snrings,  Calibration  of.  Baldwin....  474 
— Valve  setting  with  indicator.  Munson.  ^2 
Indicator.   Water  level.      See  "Water." 

Inductance — Calculations.      Meade *272 

Inductance.   Ex])ression  for.      F.   G.  K...t681 

Induction  motor.  The.     Annett *8G, 

•213.    *441 
Induction  motor.  T'nbalanced  phases  with. 

Switzer     *2S1 

Inertia  In  boiler  room.     Terman 311 

Infiltration,  Air  of  57.  Smith *72 

Ingersoll-Rand  oil-engine-driven  air  com- 
pressor     *886 

Ingham.  Deterioration,  engines  and  boil- 
ers         249 

Initiative.      Goodwin *113 

In.jector,   Exhaust-steam.     C.   F $458 

In.]ector,    Exhaust-steam.      Pearce •524 

Inspecting  return-tubular  boilers.  Ho- 
bart *67.  Ray 279 

Inspection.    Engine 310 

Inspection.    Inside 630 

Inspections.   Boiler.     .leter 649 

Insi)ector's  oualifications,   Smoke.  Pitts.  .    201 

Inspectors.   N.   Y.   boiler,  dine 357 

Insuring  heating  boilers 635 

Integer  places  In  product  or  quotient, 
To  And  number  of.  Low  400,  Rich- 
ardson        551 

Integrator,   Iloppes  V-notch  meter  and  .  .  *445 

Interborough's  turbines.     Bromley 398 

Inlernalional  Cork  Co.'s  Buckeye-mobile.  *874 
Interiiole    motor.    Reversing    rotation    of. 

llorton     *864 

Trwin.     Elements  of  heating 89 

isolated    plant    vs.    central    station     (see 

also  "Rate")    21 

— Beating   central   station.      Hamill 791 

— Boiler-room  practice.  Manning  rt  al .  794 
— Cambridge  Y.  M.  C.  A. — Isolated  plant 

bests  central  station.     Tinkham....    084 
— Central  stations  vs.  independ'-nt  jilants. 

Booth     552 

—Chicago  Federal  BIdg •.580,  599 

— Department-store     power.       Rose     122, 

419,    Wendle 419 

— Flee,  rate  discrimination,  .lackson.  .  .  *462 
— From     central     station     to     consumer. 

Marshall   Field   store.      IMcNeill.733.  741 

— Ice-making   power   cost.      Bigelow 96 

— Isolated  plant.  The — Ri'cord  and  cost 
keeping  :  performance  curves  of  en- 
gine    in     connection     with     vacuum 

heating  system.      Starkweather •SI.S 

- — Metropolitan   Realty  Bld.g.  policy 871 

— Municipal  iso.  plant  scheme  relin- 
quished. Springfield.  Mass 894 

— N.  Y.  .Tail  plants,  etc *739,  742 

■ — Non-peak  business,  etc. — N.  E.  L.  A.  .    870 


Isolated    iilant.    etc. — 'Cont. 

--Pontchailraiu  Hotel  plant.  Dow....^877 
-  Remodeling  snuill  plant.  .Jackson....  274 
--Removing    obstructions     to    business — 

Buying  and  selling  old  engines 600 

— Self-iuicrvii'Ws     Cartoon    •321 

— Shcui  siyliti'il   engineer.     Lax 755 

— Smith  liilirinarys  operating  saving...  77V 
— Souili,  Conditions  in  ...170,  204,  242,  345 
--What     engineers     want     to    know     93, 

Evans     311 

Isolated  plants.  Designing,  for  economical 

service    341 

Ivens.      Donaldsviile,    La.,   plant '43:^ 


.lablow.      Oil    fuel    tests 623 

.lack,    (iage    hand.      Schwartz ^787 

,Tack,    Handy    lifting.      Heck *211 

.Jacketing    for    cylinders.      Marden 95 

Jackson.       Remodeling    small    plant    274. 

Flee,    rale    disciiinination *462 

Jam     nuts.       .Manning 98 

Janskv.         Elementary      Magnetism      and 

Electricity     1653 

Jackell.     Coventry  municipal  station. 412,   715 
"Jefferson."   Explosion  aboard.. 741,  740,  757 

Jenkins   graphite   lubricator ^444 

Jeter.      Boiler    inspections 649 

Johns-Manville  lire  extinguisher 387 

Johnson,    E.   O.   Fishing  for   well   pipe..^510 
Johnson.   J.    S.   A.   Instruction   in    refrig- 
eration      •124 

Joint,    Van-stone,   tests,    Simmons   \Vks..*856 

Joints,    Van-stone ^887 

Jones.     Decimal   classification  for  power- 
plant    data 75 

Judd.      Taylor   stoker   tests 897 

Jungle    lob.    The.      Braley ^905 


K 

Kansas   Cy.   municipal   plant   trouble....    756 

Kapp   phase  advancer.      Allen 664 

Kavanagh.      Releasing  pawled   elevators.  *770 

Keeler   boiler.    Largest *404 

Keil.      Starting   compression   plant 771 

Kellev.    J.    C.    Death    of 218 

Keokuk  water  power   238,  319,  465 

Kerosene    carburetor,    Harroun •200 

Kerosene     carburetor.     Porter    or     Rider. 

Lucas  •14,  Engleman 132 

Kerosene   in   boilers.     C.   N 1:244 

Kerpely   gas   producer.      Allen *366 

Kerr    multi-stage    turbine ^477 

Kershaw.      Smoke    abatement,    Europe.  .   062 

Kewanee    Wks.'    boiler    test *285 

Key    soot    blower 435 

Keying   rod   affects   clearance $865 

Kilovolt  ampere.      T.    H.    Y $209 

Kintore,  Dinner  to  Earl  of 148 

Kirchgasser.      Electric  Wiring t613 

Knight.     Collapsible  elevator  gate ^226 

Knocks.  Ammonia  compressor.    Thurston.     06 

Knocks   in    pumps.      Wilson 95 

Koerting   oil-firing  system •lOO,   •142 

Koppel    ash    car .  *189 

I. 

Labor.     Che.-ip.       Schenck 788 

Laidlaw,    Walter.    Death    of *504 

Lampblack   as   .iacketing.      Marden 95 

Lamps.    Flickering.    Cause.      Wakeinan.  .  *455 
I^ancaster.       Air-compressor     testing     *5. 
Cost    of    compressing    air    by    elec- 
tricity  •154 

Lardner's   Pt.   pumping  plant.      Rogers.. *220 

Law   decisions.      Street   37.    76,   92,    131, 

1(55,    256,    316,    332,    340.    428.    467. 

503.    539,    613.    756.    837.    On    boiler 

explosions    327,    Right    to    water    of 

streams    403 

Lax.       Short-sighted    engineer 755 

Lead,  Neutral,  Size  of $793 

Lead-pouring    kink.      Nordstrom 455 

Leak.  Ammonia.  Stopping.  Johnson.  ...  *601 
Leakage.      Measurement,      Steam.        Bol- 

linckx     ^481 

Leakasre.  Testing  valve  for.     McRae  ^96, 

Cooil     382 

Leakage.  Thread,  prevented.  Koppel  •382, 

Benjamin     383 

Leaked.  Tight  engine  that.  McGahey .  .*171 
Leaks,  .\bsorptlon-plant.  Stopping.    Luck- 

enbach    ^703 

Leaks.    Closed    heater.      Waldron *485 

I.eaky    cylinder    .ioint :    clamp.      Stewart 

•603.    Pearce 930 

Leese.        Compounding     simple     engines. 

Bank   Wood,    Eng 387 

Lehigh  Navigation  Elcc.  plant  ^804.  *851, 

•879,    ^914 

Lemke.       Buying    coal 534 

Lennix    drive    ^ipplieal  ion.      Rogers ^349 

Lentz  engine  ir^i-.  .\I(.yer,  Rosenzweig.  .  749 
Level    for   eiiuiiie    ali:;ning.      Brewster ...  ^145 

Levers— StmU     e,,iuse '8,30 

Lifting  iack.   Ilandv.     Heck ^211 

Light.     Telephone-booth.      Qulnn ^457 

Lighting  switch.  Emergency.  Patterson.  *680 
I/ightning  arrester  coiicrete  registers...  182 
I.,ights.  Flickering.  Cause.  Wakeman.  .  .  ^455 
Lignite.    Texas.    Burning.      Greenwood..   261 
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I.OK.     A   .8.MI.I1,,|,      ,,|„„|  IlilnilKt      »7R4 

I    «»..„•  '"<IkI)Ii)<-  colors 445 

i.os.  AiigWi.s  ijowci-  plums  70.  (i52    Muni- 

lipal     ownership .  "o-.  Muni-  _^_ 

Losses     noller    opi-nitlon.      Akb^!.' is-i 

I.ossos,  OalculntliiB  Kas-ngine      Muoi'ich"    ■>4H 

UNWll''"""*''    "'"^    ""    '■'■nniiements. 
I.oiilsville  Ky.'  Co>s"  t'lii'miioV.lnMt'  VtoemV 'fiiM 
Loiiisvl    0  spray  coolliii:  pon  •"i'«    .  ,• 

Low,     NVorking   „p   borior   test  Im.U'-    ''*'" 

im-Im h!I.    '"'"""'■•."f  '"<esor  places  In 

pliKiut    or    (|iiotleiit    400    f-.M 

Lul.r.nj,i„g    engine     hearings.       Crl.ckeU     ^ 

'KM.    l-arnsworth    •403.    Pearee  siri 

Lubricating  trouble.  Cylinder.     KasVinan'    4"? 
L   Ir  ca  Ing  turbine  packing.      Ha  n,  "on   .4:,', 

Lubri::;;?;::?;:  ;(^r'?!,;^"-  i'-t.i.r-.^i^ 

Lubri.  at,.r.     (Jrapliite,    Jenkins:  ".  ! !  !  '  "  •  "  .444 

L   bruai..r-(  rgan    grease    cup  .64^ 

Lubricators  tilled  from  force  pSmp.     Dun- 

FJI*"!!*-  ,  ''"'nue  keioseiie  carbiii-etoV  '  •lU'   1^5 

LuckenbrnMi.         Uefrigera. Ion-plant    's,  «:  ^  " 

fro.  ;i  ;•   nnV"-     «';?''-'S"'-«tiuK    plant 

tiouble.s   and    remedies   (!;i:{,    Erratum 

plant     '"'''""*■'    ''■"'^'*    ">    iibsorption 

Luedeis.      I'ler'  jiies^lmTthiis.'  '.'. fifi? 

Luminator  wafr-softening  process: ! ! ! ! !  'lo.l 
l->  10.  J.   L     I  se  ot  pitot  tube »235 


31 

|;^:^"''{^.n,SiSf::::: 71^ 

Mcfiinniss    safety     fire-dooi-:  !  !  !  ! *8SS 

McOregor.      Draft-gage   pinine    .2?- 

Mclntosh       Fuel  ofl  ?ro  »■?  fe^s"  *h2    Uii       '^^ 
I'urcliase      specifie.Vtions      'S?       Oil 
s  orage    an,i     piping;     .105,     Burners 
^_13»._Mirnace  design  .158.  Operati:l| 

'^''''motors  4s?'"^n'"!'*  '  ge^^ratoVs-  'and  ^"^ 
^,  ^  ;ne"^r''an'd''i:arf".'"°:^-"'''-'''--  «"S-  .3, 
McM.l  an   smokeless   furnace. ■.■.■.". Jrj! 

sXuations         •  ^^'i'=<"°''er.    Outdoor 
McSw,.,.„y,    1:.. ■  Death  "df. ".'.".■.■.■.■ i^c 

''"-Pla'i^ted"-  "— ""ar'^"co;ering.  '"' 
^'"^ JanskV  """    KK'i^tricity,-  ElementarV.  '^^^ 

|a&^^;r^i';;£:;ijS^"t^^ 

\fo-;„    "a-   "V'''^'^'"'"™   practice 7Q4 

Marne  Diesel  engine  troubles.     Mi  ton"'    k^t 

Marine   explosion— "San   Gregorio"  h^l 

Ma  ■  ne  "ork"  Dferl'''"''''*-  ">tinghouse>762 
iiiaiine  noik.  Diesel  engines  in.  Qon 

Marks-Davis    tables   usid    in    boiler "  iesV-  ^"^ 

Marks.  W.  D..  Death  of .  .'.•. ^^^'  ^^~ 

Mason.     Arithmetic.   Steam  Boiler tlS? 

JJass.  air-tank  regulations.  .  .  '70! 

Mass^    boiler    standards.      .Macddnkid  '  rt 
Mass.  inst.ofTech.-.-.-.-.-.V-.i^f,?;   ^4""   ^JS 
Master  Boiler  Makers'  Convention  *Uk 

'''venfion'"  *  Ho'^ater  Fi'ttTrs'  Von-  ^"'^ 

■•Mauretania."  ' Explosion  on.'.'. *q2o 

Meartp-      P*  """'.""."^  evaporation   coVti !  '  *9o" 
Meade.      Calculating    power    in    alternaV- 
ing-current      circuits      .0.30^'^  ,.?3.V 

cdlilfectionf '     ^'""■"°°     tra-nsforme7 
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Melei-      I,      ,,'~ ',',"«' •'•"     <ll«c.i«slou..    I40 

M..(..,.       I  1       *".•    .•^-    *•    '•■•llsoll f>(f> 

\    I     ■    '-'"I!''''.    Leineri ^Vr 

.\  e  er  reading.   Dead  power  factor tvl. 

V.nou;i;"""'-    "'"'   '-'''■B™"„r!"Vlopp;.s*"'**' 

•Meier.     Venlui-r.'.'.  ■.■.'.■.■. lit?, 

.Mexl.^,.^^\Vreeked    gas    engi,ie -In.- '  Way--  ^-' 

■^''' ^liir'c'ur.i'"'"'  ■Uniler-VutVliig:  "  Stii-k   *"" 

Mllesion'es  of  pn.cress' *IJ5 

•Mill  of  life    The  '^7 

in(.s,  etc.     Rogers •40,   •o;jg 

•^""^'      ver     Plant.      Haut::"-,^'*''^ 

^liners-   „„„    .Mechanics* -l'^stl?u'tcs  *"''  '•^l^ 

■M  nneai.ol  s   water-power  ptant        .onr 

MissLssfppi   ,1am.   Keokuk.    .-Jsh- Vin    4«^ 

■M  stake  avoided,  A ~  **'   •^^^'  |SS 

Ml.\ing  valve.   Sarco.  ..  .'.■.■.•. .SS? 

Mo.sH„.e  determinatlou-rroduce-r-iest-  ^^* 
''"'Itl^hfl^dJ^"'"'''  '  «'^'"  "ofi^iani-  -.^'"^ 
MonmlV  »'";r!rtaiic  Valve.- New. ■.•.■.: ; ;  'Mlf 
Monnett.      IJoilers 'e.-jg.  676    •702 

::Monroe.".E„gln*e^%;."o''tf  't^'  •"'"•  ''^o'l 
^pll?r^:J"TK«P~b,:Wsses•on:g| 

.Moore   oil.|i,i„^,   system  ...    ,f^S 

"^S?ac^.,ihcs^^..<^--'^"-'-P-P. 
"'■'rosk.'n-'-   "■   ^-     t'ondenseV-tubeVVV-  ^^^ 
'""■gfne"s  '^-  "■•'■*^"°"PO"nding-simpreen:     ^^ 

Mother  Ilubbard'cartwmV.'. Vo'tV   sno 

"'"'•Watc^'^?.      ••Klectricity,-----.-.Engi^;,^!  "^^ 
MouHrop       Boston    boiler    practice    464 

Mou,[r\;^l;:!l-';!.4,?^-5^'^tatio^.^«Soo 

M    d  earned   into  cylinder      .T    W  "l''  '  " '  tits 
M.Knch.      (Jas-engine   losses  24S    Gas-en* 
Ar„rn?  '"'t^'7'^"'^*"'"  din^iiams.    .  '.  _     ""^  .77, 
-MuMler._Exl^s^^vs.  back  pressure.' "  iiay    '^" 

Mnfller  pit.  Gas  explosion' in.'  "  Gett *fin> 

Multiplieation-Fiiiding     intege?'  places,  ^°- 

Mu',n-;.i,"^'   '','"•*'■•''■  P'a"t  trouble..... ^''°'   ^U 

.^  un  (   p.-i     electric  plants iiA 

Miniiripal   ice   plants..... i^?^ 

''n,,'M,'e^''«-'''''''-g'''"t     '^ch'eme  "  'reiin- 
M„n  r^'    •^"'V'Sfiplcl-    -Mass.....    .        894 

-Munic  pa     ownership.  Los  Angeles 7^7 
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Munic^,smionmmJe',VpkV.'Covint?^;  "^ 
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Diirand    .  "-"isiuiB     in. 

;:|';':'|''<..i  ste ur'bi„;.s.v.'.-. •:«•!' 

Ohio    .Soc.     Mech..    etc..    EnglnVerA '  897    "**•* 

*"'•  •■i';'^.n?.'^",n;"'^''"-r''"--"  ••••'••oiour'  '■""' 
iMic.aing'-"-',",';;:^'.!,':^""""^"""'"  ■•^^"- 

"""'  suXe;:''"'1*''T'''','V'"''»«  '--O"'  '^'■'ght 
oil    can.    Will  J'35 

oil  :k^  te'^^So^:  :■«'--• -f 

?.   •    ^>U'">'o    throwing.      Bu -ni /H 
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.1'  ;^  •  "'"^    P'P'ig    'lO.i,    Burners 

""'    wUh'^-ift'e,?  ^t*^-"   in   direct 'contaci  ''"^ 

Oil   fuel.    Stack   size'  'u's'lng". '. ". .511 

OH  tuel^service,  Pt.  Baker^;  stoVa'ge're's'e'r: *"***■* 
Oil    ^handling. ' '  Hydra'ulic, '  '  Busch:s.;i'^er*'"* 

Oil  in  the  clutch.     Ilortdn  B?, 

O      pumps.   Fuel.     Booth ...    2?= 


Oi  separator.   Caps 

Oi  separator.  Home-made.     Binns 

OH  separator    location.      Sprague' 

Durand    .-,6,i.    White     .      T 

O  separator,   Natl,   heater  and!" 

O  tank   water  alarm.     Long. 

Oil  vs.   water  pumpage.     I    £>    « 

•m^adee'''''^h'fdu"^^«^  i-afdiation  from ! 
UKaoee      blowoff    valve.... 

OKla.    Ag.   &   Mech.   College    
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One-sided    development;  

Operating  engineer.   The 
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vo^!"""    'iC'''t"  and  oil  separator *fi^l 

Thow^"^'""    r--^'^-hiti"°    and  ■  Power  ^'^^ 

National  Tiibe  "cd.'s  'boiler  't'e'st .9^1 

Natural   resource.   Utilizing  grekt too 

Necrology  of  1913.  ..  .  siedi ijy 

Negl igence.     Accid'e'n't'    as"  cvi'd'e'nce  '  'of.     "" 
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,.       guage  of  3,S0,  392.  Snfith  '  ^cc 

Oregon    Hydm-Electric    cZmi'sVion ^76 

of.?   ^''"tr.fugal   grease   cup    ..°° .fiif 

Sr;:ro^°^^^?,^e^re?{i«r'^"'-'''l 

Overall  washer.   .Steam.     Wells Ilia 
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Oversight.    An.    'Levv.' ffl 

Overtravel,   Meaning -of.    '  J."m'.'. '.  l! '.'.'.  493? 
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Packing,   Cassco  metalii'c 

Jacking  hydraulic-elevator  v'a'lves 'Cuit'ra' 

Packing,    Metallic,    recipe.     Pearce 

I  ack'ng   troubles.    Pump.      Kumme'r'er"  ' 

P'namf'  Co^n.'l";-  L"bri/'ating'.'""Ham'ps'o'n'.' 
i  anama  Canal  towing    ocomotives     *R'>a 

P^i;''"°''T^^?f"'"    hydro-ele?  plant  '  '■ 

Panama   locks.  Centralized  control 

P»''«.,'2af.acific  Exposition  56,°  •216,'  '2'l'7'. 
263,    293,    429,    576,   631,    *652,   832. 

Parabola.     Plotting...  ^^^^ 

Parker      .Spheres  and  convex  he^ds 

Parr  Shoals  development.     Shidd    

1  arsons.      The    engineer's    future    

Pass   It   on   415.    Htrschberg.  

Pawtucket   Water-Wks,    report.       

Peabody  and  Miller.     Chimney  draft"" 
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POWER 


TAGE 

J'cabddy   oil   Imruei-s 'HO,   'iri!) 

roarce.      Exhaust-steam    iujootoi- *5i;4 

IVlton   wheel.   Large.   Switzei-land 229 

I'enn.    K.R.'s    Trenton    shop    plant    •143, 

Employees'    elee.    instiiietion ^37 

I'enstoek    Imrsts.    .Spiers    Falls B52 

I'ei-kins,    Oscar,    enni'ieer    lu'rci 202 

"Perniutit"    wator-sol'teiilnK   process •Ki.l 

I'erpetualmotion   machine.   Bevins" 432 

retroleum     fuel     properties.        Mcintosh, 

*32,   •.">4 

I'etroleum  production  hy  states 200 

I'haso  advancer,  Kapp.     Allen *664 

rhila.    pumping  plant,   Lardner's  point..  *220 

rhila.  &  Reading  loco,  explosion •612 

rhillips,  Franklin.  Death  of •288 

I'hilliiis.  II.  M.    Speed  variation  of  shunt 

mot.Ts    912 

I'hillips.   \V.   B.  Fuels  Used  in  Tex t688 

I'ickworth.      Engineers'     Costs t801 

Pier     in      furnace     lowers     evaporation. 

Newton    678 

rifrce-Arrow   plant.   Coal   and   ash   hand- 
ling.      Bromley *40 

I'inchot  on   coal   monopoly 742 

PIPING 

See   also   "Heating   and   ventilation." 
"Valve."    etc. 
— Ammonia  pipe  fittings.     Crawford.  ...  •620 
— Ammonia    piping.    Testing.      Crawford 

•17.  Baker   208 

— Arteries.     I'ower-plant 709 

• — Boiler  piping  notes.      Burwell 268 

— Colliery    pipe    lines.      Rogers *590 

— Color     scheme.     Ashley's,     for     piping 

I.oi-d   &   Taylor   Bldg 445 

— Coldis,    Huscli-Suli'.er  plant *507 

— Colois,    Uauto    plant '883 

— Conduits.    Concrete.      Down '194 

— Costs.    Keeping    piping 169 

- — Covered   pipe   radiation    loss t63 

— Cutting-ofC      and      reaming      machine. 

Oster    *644 

—Draft-gage     piping.       McGregor     *73.5, 

Plaistcd   785 

• — Urv  pipes.  Boiler.     Hawkins *344 

— Flange    standards 112,  392,  940 

— Friction.  Too  much — Pumping +681 

— Hauto   plant   piping ^879 

— Joints — Discussion    of    Maw's    letter — 

Thread    leakage    prevented    by    lead 

filler.       Koppel       •382.       Peened       vs. 

soldered   flanges,   Benjamin 383 

— .Joints.    Van    stone '887 

— Joints.     \'an     stone,     steel     pipe     and 

oxvacetvlene    welds    tested    at    Sim- 
mons    Wks *856 

— .Joints.   White   lead   vs.   graphite  for...t793 

— Oil.    Fuel,    Piping.      Mcintosh *105 

- — Pipe  work   and  fittings.      Hoffman....    134 
— Power-plant     piping     in     Budapest — Y- 

connections.  Forbes 206 

— Pressure   loss.    Relative,   using   2-in.   or 

3-in.  supply  pipe J865 

— I'ulsation.    Steam-pipe.    Preventing.  ..  .4:860 

—Screws.    Pipe.    Taper   of.      W.   J +751 

— Steam    flow    chart.       Foster *374 

— Steam    flow   formula.     S.   E.   B +421 

— Steam    headers.    Draining.      Noble.  ..  .*849 

— Steam   pipe   expansion.   .1.    S.    II t314 

— Steamiittcrs'     drafting     square,     Tedes- 

co's *889 

— Steel  pipe  mfr.     Walker  651,  Correction  738 

— ^Steam  pipe  radiating  surface +605 

- — Steam  pipe  sizes  from  chart.     Durand.    ^33 
— Troublesome    pipes — Feed    and    blowoff 

connection     with      boiler.        Schwes- 

singer    *788 

— T'nrierground      pipe      repair — cast-Iron 

clamp    for    water   main.      Noble •928 

— Vnioii.  Ilockwood  pressed-steel *276 

— -Water-column     connection.     Dangerous. 

Binns    ^929 

— Water  valve    shutofT.      Seward 'Sei 

— Well   pipe.    Fishing   for.      Johnson.  ...  *510 

— Wrench.   Gealy   chain   pipe •les 

Piston     and     crank,     why     not     at     mid- 
stroke  at  same  instant?     Will  Qulzz. 

Jr *845 

Piston  knocks  out  cylinder  head,  Charles 

Cv..    la.      Hull *343 

Piston"  ring  diameter.     M.  O.  D 1:314,  +531 

Piston  rings.  Gas-engine,  Long  service  of. 

Johnson     •529 

Piston   rings.   Proportioning *69 

Piston  rings.  Snap,  Position  of  .joints  in. 

Pagetf    418 

Piston    rings   wear   cylinder.      Hawkins..    *23 
Piston      rod     connection      to     crosshead. 

Peculiar.       Courtenay *789 

Piston    rod    dog.    Pump.      Rough •204 

Piston  rod  gland.  Bushing  •440,  Peterson   641 

Piston    rod    lubricating   ring •lOS 

Piston     rod.     Removing,     without     gland 

packing    collapsing.      Pagett ^746 

Piston.  Wooden  emergency  pump.    Bedore 

•491,     Cultra 665 

Pistons.    Fitting :    failure    of    rod    rivet- 
ing.    Clarke  62.  Strachan  98.  Pearce.^527 

Pitot    tube.    Use   of,   for   air.      Lyle *235 

Pity   of   it  ! '579,   600 

Plant    changes    save   coal.      Rogers    *349, 

What    did    engineer    get?    528,    561,  677 
Plant     conditions.     Undesirable.        Sand- 

strom     160 

Plant    details.    Memorizing 525 

Plant.   lOxistlng.   Analyzing.      Monnett .  . .  *923 


Plant.       Uemndeling      small       belt  driven 

steam.      Jackson 274 

Plant    test.    (Joddyear.      Collins '330 

l'lun.gers.   Wooden  emergency  pump.^491,   66.) 

I>ole.s.    Joint    use    of 539 

Ponchartrain    Hotel  plant  records.   Dow.^877 
Poi)ular      misconception.      Another — Car- 
toon     *721 

Poi-ous    brasses.    Treating 548 

Porter   or    Rider   carburetor *14,    132 

Pound   in   engine.   Cause   of.    Jahnke....   383 
Powdered    coal.    Burning    69,    Evans    254, 
•470,     490,     Harrington     351,     Bren- 

nan    678 

Power.    Application    of,    to    Road    Trans-^ 

port.      \Vimperis t613 

Power  cost.     See  "Central  station  vs.  iso- 
lated  plant,"   "Cost."   "Rate,"   etc. 

Power  cost.   Ice  making.     Bigelow 96 

I'ower   cost,    Producer-gas.      Field 15 

Power    factor.    I^ow.       Horton 929 

Power  for  steel   mills.      (Jasche ^833 

Power     in     alternating-current     circuits. 
Calculating.        Meade      ^232,      •272. 

•336,     Dodds ,.  .  •  ■  ••>63 

Power   limiting   reactances.      Randolph.  .^519 

Power   plant   accounts 270 

Power      plant      auxiliaries.         Carpenter 

ctal.    436.    452,    713,   827 

Power   plant.    Boston   Opera    House ^553 

Power     plant     changes     to     save     coal. 
Rogers  ^349,  What  did  engineer  get? 

.528,   561,   677 
Power     plant     combination.     Economical. 

Smith     74 

Power      plant      conditions,      undesirable. 

Sandstrom    160 

Power  plant  data,  Decimal  classifications 

for     t37      75 

Power   Dlant   depreciation.      Bromley....   76( 

Power    plant    economics 894 

Power-plant   operating   reports.    Summar- 
izing    . 85^ 

Power  plant  selection.     Longwell 31 1 

Power     plant     supplies     and     equipment, 

Cost   ^'J' 

Power  plants.    South   African *405,   *822 

Power  problem   in   electrolytic  deposition 

of    metals — Engineers'    discussion..  .    146 
Power  production.  United  Kingdom.    Kil- 
ler     *498 

Power     station     transportation     problem 

201.    Reardon    352 

PowEtt — Use   of   blue  pencil 824 

Practical     Refrig.     Engineers     •35,     119, 

153.   260,   26S 
I'reignition    in    oil    engine.    Prevents,    by 

cooling   neck.      McGahey *241 

Pressure,  Mercury  or  water t751 

Pressure.   Safe,   for  boiler  joint +793 

Pressure-temperature         chart,         Diesel. 

Courtenay   *■*!'§ 

Pressures.    AI)Solute.      E.   P :i:135 

Prime    mover.    Selecting.      Longwell.. 317,   31tl 
Pritning  circulating  pump.     Hoffman....    134 
Producer   gas.      See    "(ias."    "Engine,    In- 
terna l-coiuliustion." 
I'rodiict.    I-'iniliii.;   integers   in.      Low   400. 

Richardson    551 

I'roflitt.       Starting    and    stopping    absorp- 
tion  refrigerating  plant *547 

Progress  In   1913 19 

Progress.  Milestones  of ^77 

Prony  brake.  Ccwling.     Wilson *6()4 

Protective    apparatus    in    power    plants. 

Long     ^862 

Prutzman,   P.    B.     Turbine-valve   lubrica- 
tion     *813 

Public-utility   securities 130 

Puffer.     Elec.   power  contracts 685 

Pulley    and    belt    selection.     Economical. 

Schaphorst    *588 

Pullev    repair.    Emergency.      Raymond.  ..  *828 
Pulleys,   Locating,   for  quarter-turn   belt.t605 

Pulleys — ^Study    course •866,  ^895 

Ptilsation.    Steam-pipe.    Preventing t865 

Pulsometer  trouble.     G.  M $63 

PUMP 

See   also   ".4ir,"    "Well." 

— Air  chamber  on  suction t384,  681 

— Air  compressor,  Steam  pump  as.     Hud- 
son *715.  Richards 927 

. — Air    chamber.    Pressure    in.; t567 

— Ammonia-compressor    pump-out ^197 

— Boiler-feed  pump  capacity.     G.  C }:458 

— ^Brooklyn  pumping  station.  Old,  may  be 

abandoned    503 

— Centrifugal     pump     operating     charac- 
teristics.      Morrison ^166 

— Centrifugal   pump.  Wilson-Snyder *570 

- — Centrifugal   pumps.    Efficient   operation 

of.       Ilaent Jens 922 

— Condenser     circulating     pump.      Prim- 
ing.     Purcell,    Hoffman 134 

— Condenser — ^ilead  pumped  against J865 

— Condensing  plant  suggestion — Disposal 

of    condensate 789 

— Cylinder.     Badly     cracked     pump,     re- 

■  paired.        Scholefeld '929 

— Deliverv  of  centrifugal  pumn  increased 

by    throttling   suction.      Williams...    863 

— Deliverv   of  j)ump +282 

— Discharge.    Velocity    of i314,   t.531 

— Donaldsville.    La.,    water    works '432 

— Efficiency.   Ptimp.     S.   K +100 

— Elevator-pump   valve  repair.     McGahey^602 


l-Ai;i; 
I'UMP 

. — Feed     ptimp.      Emergency     repair     to. 

Bonn    *62 

— Fuel  pumps.   Oil  engine.     Booth 645 

— Goulds    ceutrifttgal    fire    pump ^919 

— Hot    feed    water    trouble.      Wight    343, 

Vorke   863 

■ — Hotwell     pump.     Operating     condenser 

without.      Carroll    •75,    Harrison....    637 

— Humphrey  pumps   tested 103 

—  Knocks  in  pumps.     Wilson 95 

— Lardner's    Pt.    pumping    plant,    Phila. 

Rogers    ^220 

— Largest  pumping  station — Louisiana.  .    837 

— ^Lift  of  pump.      n.  A.   (i Wl  4 

— Lubricators     filled     from     force    pump. 

Dunbar     •98 

— ^Oil  vs.  water  pumpage.    I.  D.  H ^314 

— ^Packing  troubles.      Kummerer 786 

— Pawtucket    Water-Wks    report 889 

— Pipe  friction.   'I'oo  much .t681 

— Piston,     Emergency     wooden.       Bedore, 

•491.     Cultra 665 

— Piston   rings   wear   cylinder.      Hawkins   ^23 

— Piston-rod    dog.      Rough •204 

— Pump   valves.    Testing +209 

— Pumping    against    2250-lb    pressure    to 

top    of    -Mt.    Wash 9 

— Pumping  station  explosion.  Boston....  872 
— Repairs,  Temporary — Bolting  stuffing- 
box.      Schneider ^825 

— Rod  corrosion.      Gratman 641 

— .Rod   spool.   Resetting.     .M.    O.   D +531 

— Safety    guards.    Steel    Corp.'s 'SOO 

— .Selecting     a     pump — Data     on     volute 

centritugal.       Webster •670 

— Slip,   reciprocating   pumps.      Nickel   23, 

Baer     205 

— Spider,    Cracked.      Solomon 173 

— Submerged  pump  lifting  capacity :i:458 

— Suction  and  discharge  line  sizes tl35 

— Suction   indii-atnr.      Hurst 714 

— Sucti(.iu  piije  hammering.     M.  B $135 

— Trouble.     Peculiar — Valve    lets    in    air. 

Solomon     241 

— Valve  reseating  tool.     Hawkins ^312 

— Valve    seat    dresser.      Chandler '381 

— Valve  seats.  Tool  for  removing.     Noble. *383 

— Valves,  Effect  of  soda  ash  on $751 

— Valves,    Tryon    &    Reid ^539 

— Water   cylinder    length.      J.    li +567 

Purcell.  Water-power  plant  indicator.  .  •102 
Pyrometer,  Continuous  chart  recording.  .  ^414 


(Juizz,   Will,  Jr tj«6,   676,   695,   •SIS 


R 

Radiation  for  steam  and  hot-water  heat- 
ing. Calculating — Direct  and  indirect. 

Hubbard    737 

Railwav      Exchange     Bldg.,      St.     Louis, 

plant    ^722 

Railway  plant,  Hampton.     Rogers *322 

Railway.    Steam,    electrification.      Ewing  355 

Rand  power  plants •41)5,  ^822 

Randolph.        (Jrounding     methods      *376, 

I'ower  limiting    reactances *519 

Rate  case,  ('(.lumlius 93,   110 

Rate    regiihition    news 256,    320,    503,   872 

Rate  disiriniiuatiou.  electricity.    Jackson. ^462 
Kates,    Elect  ric   power,   Municipal   regula- 
tion of.     Street 428 

Raymond   St.   jail   plant  started.  ...  ^739,   742 

Raynes.     Heating  Systems ilSl 

Reactance — Calculations.     Meade ^272 

Reactances.   Power-limiting.    Randolph..  .  ^519 

Reading  habit.  The 823 

Reading,  Penn.,  ordinance 380,  392,  566 

Reardon.     Transportation  problems 352 

Receipts  and  recipes 94 

Record,   Absorption-plant.      Gibson ^313 

Record,   Can  he   beat  this? •I,     19 

Recorder,    CO2.      See    "Carbon    dioxide," 
"Gas." 

Recorder.  Hoppes  meter •445 

Recording   instrument.    Continuous-chart, 

Brown,   Keystone ^414 

Reduction  gear,   Westinghouse ^764 

Reed.     Thermometer-stem  corrections. ...  ^516 
Refractory       materials.       Selection       of. 

Smith    646 

REFRIGERATION 

— Absorption      plant      leaks.      Stopping; 
water     tests  ;     cleaning     pipe,     etc. 

Luckenbach    ^703 

— Absorption  plant  log.     Gibson ^313 

— Absorption  plant  inii.     Ilariiist ^754 

— Absorption    n-fiiKeratiiui    ijhiut.    Start- 
ing and  stopping.      I'lotlitl ^547 

— American  Soc.  Refrig.  Engineers ^306 

— Ammonia    compressor    accident,    Cleve- 
land    ^630 

— Ammonia    compressor   knocks.    Elusive. 

Thurston    60 

— Ammonia  conden«er.  Block ^121 

— Ammonia    condenser    water    for    house 

purposes.     Z'Tnmer *678 

— Ammonia  ondensers  —  Distinctive 

features  ;  heat-distribution  diagrams  ; 
relative     efficiency     as     cooling    and 

liquefying  apparatus.     Ophiils '?1*| 

— Ammonia.  Core  water  cools.     Baker.  .  .   566 
— Ammonia   in   brine.  Testing  for 450 
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Viiiiinmlji  l.'iik.  SiiiiipliiK  .liihiiHi.ii...  .•tl«U 
Aiiiiiioiilii  |il|M-  niiliiK",  Ciiiwtiiril.  .  .  .•il'.'ii 
Alum. Mini    i>i|>liitt,    li'Kiliitt.      l'rnwfi>ril 

•17.  Iliik.'i' j"f; 

Aiiiiii.inlii.  rrii|iiirtl»'H  of i.'.t 

Aiiiiuiiiiiii     H.mii'iii.     Kinpiylnit :     <'<>in- 

III.  Hsiii'         |iiiiii|i mil         cimni'i-tltiiiH. 

Tliiirwt.iii    •11'J 

—  Aiixllliiil.'.s.  K.oiiMinlciil,     ClIliiTl Hull 

■  ,.1'lli'Viif  ihwiilliil  i-.'fi'lm'nilliiK  d.VHliMii.   •K-J 
-4.rlii.'  liiiik  J.iliiU.      S.   W.   N t:!."! 

—  ».IMIr    lillllM'Tlllllir    WIK    lllcll.     W  lli'll 

riiiik  I iiixi II.    Will'," •>:';>> 

-("oni|if.'h»liiii   liliilil.  SlilltlliK-      Ki'll...-     I'l 

—  KnK.iu-.i».   Am.  Sue.   Itfrilts ••Ii'<' 

-  KcrdliiK  r-ll-ljI.TiilliiK  rolls.      IlaiUH.  .  .  .  •.l«M. 

■  l.'rost     iriiiiiviil     from     dlrcrt  rxiniiisloii 

,olN  riiiirslon  'IS.  Koll.  Solomon, 
(iphilN  Jl-.  SililliMiiniin.  Solomon 
.■•.M.  llvr,!!    •''•'"' 

lliiiii|iloii   1  I'  miikliiK  pliiiit.     UoKfin.  .  .•.'(-! 

Ui'OI      IrniiKuilsslon     iIii'oukI<     1»iII<1Iiik   __ 

uinltM'iiilH.      llusi'.v .  .  '.m'.' 

-loi'   iilaiit,   Compri-.-wlon   or   iibsor|illnn. 
Nonlm.'.v.T    .■,;;' 

\if  pliiiii  »  iiipiK-lty  low.  Why.     Hakfi-.   i..t'.i 

In'  plums.  Xlniili-lpiil  — Ui-port  to  N.  \.  _  _  _• 

Iiisini,  liuii     in    'ii.fi-li.'.-niii.m.    VlrKliiin 
l'..l\  I..,  Ii.  ;     l.'siliiK    coiiipn-ssloii    iind 
nli^uriiiioii    plniils:    (li.|..niilnlnK    ""•,,, 
liviliiuis  aniMioiiln.      .lolinson •1'-) 

—  rower  cost.  In-  niakliif;.      llliu'low !_••> 

—  rowiT-plani  conililnallon.  Olympln....  it 
— I'rn.tlral      Ui-nin.      I'liKl"""''";'..  .Ass.j. 

m.-.-tlnt;.   Palla-i.  .  •;{.'.,   IISI.  l.>:t.  -Jt)!).  Ji.^ 

_rroj.Mvss    In    1  !i  1 :! ;  • , ,■-;"' 

— Puuip  troulilf.  CoollnKwator.     Solomon   J4J 
— K.-frfci'ra lion  plant   suitB.-stlons— Wator 
Impurities:  ammonia  pumps;  gas  by- 
pass :    shaili'il    fondousiT   coils :    tbiT- 
inoiiK-lrrs  :    iloaulnj;    oipilpmout.    ^tc. 

I.urki-nl.a.h    *iV- 

— Held.    Xliirdoiirs  Cnrbondale  plant '>^-i-> 

— Troulili's    and    remedies,    UefrlR.    plant 
Weak  ammonia  :  dirty  iee  ;  pulIiiiK 
troiililes  ;    lillinK   rans.    etc-.      I-ueken-   _ 

baeli  ii.'{:i.  I.'.rratum ',)-"; 

Tunlni;  up  refrineratinK  plant <_>-5<; 

UeKUlalor.    S-C   vertleal   feed-water ''J.^ 

Keid.   Murdochs  plaut.      Wilson •N4l'.  .M><' 

Keniodellni;  small  bolt-driven  steam  plant.  ^_ 

.Jackson   •  ■  ■. -' ;» 

Itemoving  ohsi  ructions  to  business blii^ 

Repair  suiiDlles—i'artoon  *S7S,  Kd....  ..    .^J.^ 

UeDairs.   Kmercency.   in  early  days.    Cul- 

jra    R6o 

Hepairs,  Kmermicy — ruiley.  Havmond.*S2S 
Repairs   should   duplicate   originals.     Mc-   „_., 

flahev    •(•OJ 

Reports.  I'iant.  SummarizinK S.">0 

Reseatin-T  tool.  Valve.     "a"Vins    ..  ....»•"-' 

ResponsiMlitv    of    ensineer ••^^9.    3.n.   SSO 

Retort  for  coal  samples.  Freer  s "'"•.X.V,' 

•Return  flow"   turbine.  Terry '-•^l 

Return  pipes.  Wet  and  dry Il""' 

Rheostat  trouble.  Kiehl.     Uorton. *«;<[; 

Rhi'ostats  to  control  alternator  voltage.  .  Sib 
Rieliards.  F.  Comnressed-air  moisture.  . 'o-li 
Richards.  R.  O.    Interviewing  grate  sales-     ^ 

man   ,•••••••■•.• 

Richardson.       Fix'ne    decimal     point     in   __ 

slide-rule  calculations -i-il 

Richmond — Staten    1.    explosion -iJ 

Itider  or  I'orter  carburetor iC|- 

Riveted   ioint  tables •  ■•  •     <'2'' 

Rivets,  forroded       Hobart *C,K   2.9 

Itoanoke  dam  bill •^•'l; 

Robie.     Softenin'-'  feed  water i;^-; 

Rockwood  pressedsteel  union -';• 

Rod,  A  magic , .;  •  •    -^'- 

Rodo.        Gas-producer      plant      operating 

cost    ■  •  ■  : V.V 

Rogers.  Hunter.  Hoisting  T.  ngmeer  *46. 
•■2.'?fi.  •■372.  •.")r>0,  *772.  TalUilah 
Falls  development  *1]4.  31.S,  Piss- 
ton's  model  mixed-flow  steam-tur- 
bine plant  *1S4.  Gardner's  I'oint 
pumping  plant  *220  Butler  Mill 
mi\ed-pres.  turbine  »2.=iS.  Hampton 
plant  remodeled  •322.  riant  changes 
to  save  coal  *349.  Hvdro-elec. 
plants.  Tenn.  Power  Co.  *36n.  Im- 
lirovements  in  stand-bv  station, 
Greenfield.  Mass.  *.i42.  Warren  Mfg. 
ro."s  nlant  ••^40.  T.ouisville  Ry  Co  s 
turbine  plant  'niO.  •f,6p,  Rlack- 
stone  Val.  G.  &  i^.  station  'OOi  . 
Steam-clec.  plant.  """f^s'-V  "479    *ni4 

Roller-bearing  friction  tests. *353 

Rollinsr-mill    reversing    engine     Economy 

of.  Younestown  Co.'s  Mesta ^-ioo 

Rope-drive  trouble.     L.  I • :^*'^ 

Rope  drivine  efficiency— Tests  of  Am.  and 

Eng.   svstems.      Ahara •  •  •    !■'■' 

Rope,    (letting,    over   stack,      Balliet    20o.   _ 

Cooil    • '^'^ 

Rope.  Manila.  Power  transmission  b.v — 
Charts,  formulas,  drives,  etc.    Traut- 

schold :•  ■; "i.7 

Rope,   fncoiline,  without  kinking li. 

Rope,  Wire,  Care  of ■•  ■  ■    4-j> 

Rose.     Department  store  nower 122.  41 J 

Rotary.         See      "Transformer,"       "Con- 
verter." ,.     .„     X     ,     •    .. 
Rust.     See  "Corrosion.     "Mectrolysis. 


SC    full  water    leKlllillor..      •SI*' 

SuleU        .Vii  Klein      pn-Vellt  l<IU f>J<l 

Siil'etv    di'vlce.    Kb'viilor,    could    lliit    lluUI. 

I'lilini    •7K«1 

Safeiv    iievlceH,    I'owiT'tiliitit,    L'.   8.   Btei'l 

(  or|.,« •:iiM' 

Safely    elevator    Kllte,     Kul|{llt '^-'Il 

i  aieiy  eiiullieerliiK  lu  power  plant;  uuto- 

lunllc  Hliip.     Clock •'•'>4 

Safety,   Factor  of t'4 

Miieiv  lin-  doiUK •!{";!,  •KHH 

Sai.ty   llrii oil" 

saiitv  HetBcrew,  ItrlBio •Hl»l 

Siiie.V   Hliiift   eouplliiK.   ThoiunK •■-211 

>aiily  NiiUKi'Slloii,   .Marine  liolliT ♦7411 

SiUelv    siH!KestlojiH   Iff  ellnlniMT 2ill 

S.ilely    ««neli,    /iKbr  lloldeii •4.S 

.Salely    v.llvi'.      See    •Valve." 

M    .loliiiK  Cluirch  boiler  expUmiou •1122 

St.    I.oiils    powi'r    Ntatlou.      llnnlur    4<l.'i, 

N,  i:.  I..  A.  report «7ii 

St  l.oiils  Ry.  Kxcliange  llldg.  plant.  Wil- 
son     ^722 

St.   Paul  elei..  power  rntCH S72 

Salesmen,    KnglneerlnK S31»,   Nliu 

Salt     |i!iiil,    Woieestir,       Kidinli  y •l.i" 

Salt   soiteiis  clinker  on  sidewnlls i»33 

Saiii|illti>:  npparaiiis  lor  oil •■">4 

Skti    Hiego    l.,xp.isltlon 3U."> 

San   I'ranclsco   lOxiiositlon .".G,   •210, 

217.    21)3,    2113,    42!l,    .'>7t),    U31,    •Ii."j2, 

K32,     838,   800 
Saudstidin.     C.     O.        Cndislrable     power- 
plant     (■ollllltlollS lOii 

Saiisii  liv  s   oil    purllier •82(1 

Sarco     icioiu  temperature     regulator    and 

mixing    valve '624 

Sawmill    boiler   explosion,    Miley,     Wlse.,^120 

Sawmill    boili'i-s.      Willis •oDS 

Scale  In  blowolT  valve.      Noble 45l> 

Scale,  water,  graphite,  etc,  Speare, 
.lames  2.'.,  Roliie  •102.  (Feeding  com- 
pound 1  Noble  •:;(I0,  Haker  •827, 
(Kerosene)  C.  N,  J244,  Russell  •311, 
(Graphite  and  corrosion  i  Lovell 
.'i.s:!,    Gartman    041.    Williams    •4.'jO, 

Pecker     492 

Schaphorsi.  Fconomical  pulley  and  belt 
selection  •."iSS.  Centrifugal  effects  in 

belting    •W)2 

Sihaum  \   riiUnger's  expedient 234 

Sclimidt.      Swiiif.gati'    cheek    valve •39(i 

Schmitz'   refrigerating  coil    feed •307 

Schutte  &   Koirtiiig  vaciiiiin   breaker  •51, 

Flow-regulating  valve *'M 

Scientilic  management,     Ponu  34.">,   Ed.  .    410 

Scode.      Composite  generating  plant ^143 

Screens,      Cinder,      etc..      at      Waterside, 

•101.   •ISO.  •228,    ^200 

Screens,  Revolving  condenser-Intake •091 

Seager.     l{la:-kstone  oil  engine ^227 

Securities.    Public  iitilitv 130 

Self  induclicin.      Mead  ■   •233.  Dodds *oG3 

Self  interviews — Caii.ion    ^321 

Self-sviichronizing  rotary  converters •8.58 

Selkirk  tunnel.  To  electrify olO 

Separator  gage  glasses *831 

Separator  glasses.  Breakage.     Hawkins.  .   4nr> 

Separator.   Oil.   Caps ^700 

Separator.  Oil,   Home-made.     Binns ^494 

Separator,    Oil,    location.      Sprague    •4.55, 

Uurand  .lO.".,   White 037 

Separator,  oil,   Xatl.  heater  and *G31 

Setscrew.  Brlsto  safety *89G 

Settling   chamber.    Filter   coke.      Fenwick 

•495.    Hawkins 038 

Settings.  Higher.   Plea  for 490 

Settling  travs.      Schneider 861 

Shaft  couiiling.   Safety.   Thomas *229 

Shaft  failure.  Cyas-engine ^49 

Shearman.  .1.   F..   Death   of *430 

Shedd.  Southern  hydro-elec.  develop- 
ments     *83,   392 

Sheldon's.  Dr..  25th  anniversary -lO^ 

Ships — Monuments  of  the  seas 893 

Shoemaker.  F.  A.  Building  smokeless  fur- 
nace      574 

Short-circuit   test,   large  generator *3.3P 

Short-sighted  engineer.     Lax 755 

Shovels."  Sprinkler.  Fell's  "Fire  King"...*424 
Shutoff.     Automatic,     for     water     valve. 

Seward    *S01 

Signs  of  the  times *7-32 

Simmons  van-stone  joint  tests •S5fa 

Siphon.  Water.     C,  G.  L t567 

Siohnnage,  Height  of.     B.  A.  N 1531 

Sinhoning  batteries.  Ejector  for *745 

Skill  as  an  ass-t 807 

Slack  coal  burnine.     Greenwood 262 

Slick's  blowing  tub *743 

Slide   rule.    Improved.      Foster *n37 

Slide   rule — Study   course.  ..  .•210.   *245,   283 
Slide    rule — To    find    number    of    integer 
places  in  product  or  quotient.     Low 

400,  Richard.son 551 

Slip,     reciprocating    pumps.      Nickel    23, 

liaer    ■    205 

Smith,  A.  O..  gas-nroducer  nlant 328 

«')iifh,   T\       Engi-ieers'  Costs.... t801 

Smith,    H.   K.      Water-power  waste 271 

Sm'th  Infirmary's  operating  saving 7ii 

Smith  M  P.  Air  of  infiltration  *72. 
Fd.  57.  Selecting  rr>fra"torv  materials 
04(i      Fu-"a''e     arch     erosion     •072. 

Hocking  Val.  slack *740.   9.30 

Smith,    W.    .T.      Economical    power-plant   ^_ 
combination    '  * 


TAOB 
Slllllll,      W.      \.        Celllllll     ntlltliill     divelop- 

meiii    BOO 

Siiioki'    iibiilemi'iii    In    I'IiikIiiuiI 0211,   824 

Siiioki.    iilmleiiient    iiniveiiieiit    III    Europe, 

progrcHK   lit.      Ivei'nliaw 002 

Smoke   iibiit'i I,    St.    Paul 408 

Smoke  and  volmile  matter.      Fliigii •OiiM 

Smoke,    Itlirillllg    soft    eiilll    wit! I 7ll!l 

Smoke  foriiiiitlon  iiinl  preveiillon 3*8 

Sniiike,    Furnnce    alterHtlouii    to    prevvul. 

lilcHKlnK    '713 

Sni'ike.   Fiirnnei-  pier  cniiMen 078 

Siiii>ke      SolvliiK    cinder    prohletn,    WoliT- 

hI.I  ■.  .  ,  ,»I25.  129,  •101.  •1N9,  •228,  'JOO 
Smoke      IllHIiector'H      ipllllllleallollH,      PlltH- 

biirgli    201 

Siiioki.  nieiiiiH  waMie •211t,   23l» 

Smoke  iiulsiinees.   II.   U.'m  mum  Htop 087 

Smokeless   eoinliiisiloii.    Draft    for.      .Mon- 

n.'it    '808 

Smokeless  riiriiiiie,  BiilUlliiK.     Cluck  *178. 

Shoemaker  574,  MIsomiow 747 

Smokel(.ss  furnace,  .McMillan 'SSO 

Snap  rings.  Posit  Inn  of  JolntH  in,     Pagctt.  418 

.Soda   ash  edeet    on   |iiim|i   vaiven J761 

Sofii.ning  feed  water.      Roble ♦102 

"Sol"  engineers  advice •803 

Solilered     llanges.       Iteiijaiuin     383,     Kop- 

pel    •382 

Solicitor's   exiierience.      EvaiiH 311 

Sidomon.      Alr-comiiresKor    troublcB    ♦4U1, 

Ammonia  condenser    trouble •708 

Soot  blower.    Key 43.'^ 

Soot,    Effect  of.     Abady,   Mardcn 1)5 

Soot      In     relation     to     boiler     economy. 

I.lnaker   ^334 

South   African  power  plant '822 

-    X'lctorla   Falls  rotary  compreusors ^405 

South,     I'ower-plant     r.ondltlons     In     170. 

Somers  204.  345.  Stebblns  242,  .Tones  345 
South  power  station.   Blackstone  (;.  &  E, 

Co.      Rogers •OHO 

South  StalTordshire  .Mond  Gas  Co.'s  tiring 

svsti'm    ^074 

South     West      Mo.     R.     R.     Co.'s     cooling 

towers    •SnO 

Southern  Calif.  Edison's  oil-lired  boilers. 'lOG 
Southern    hvdro-elec.    developments.  .  ^83, 

•114,   313,   392 

Southern   rivers.  Water  resources 320 

Spark-gap  gage,     Nichols •290 

Speak    tin  1 "'6 

Si)ecilic:itiiins,    Writing.      Lewis 528 

S|)i'i(l  rii'  rotor  without  induced  current.  .1:209 

Son. (I    vniiation.    Engine 820 

Sliced    variation    of   shunt    motors,      Phil- 
lips        912 

Spheres    and    convex    heads.      Vander    Eb 

•59,    Parker    59.    Wilson ^747 

Spider,    Pump.    Cracked.      Solomon 173 

Splllman.     Steam  required  for  heating  in- 
dustrial     plants      275,      Continental 

Motor    Plant ^390 

Soirollo  surface  condenser.   Batavia •650 

Sijrav  (iiider  catchers.  Waterside.  .  •228,  *266 

Sunn    ciinliuL'  pond.  Louisville ^333 

Spring.    Making    coiled.      Card *495 

Springfield,        Mass,       municipal       plant 

scheme   relinquished 894 

Sprinkler  shovels.  Fell's  "Fire  King".  .  .  ■•424 
Sprinkler  systems.  Care  of.  Burrill.  .  .  .•82i 
Square.  Steamfitters'  drafting.  TedPSCo's.*889 
Stack.       See    also    "Chimney."    "Smoke." 

"Boiler." 
Stack    and     breeching.    Laving    out,     etc. 
(see    also    "Boiler,")     Monnett    •SOS, 

•840,    *923 

Stack   d'-aft.   Device   improves •564 

Stack,    Getting    rope    over.      Balliet    205.   _ 

Colli     ^'IJ 

Stack    ioints.   Lap   of Jioo 

Stack  size  using  oil  fuel .1384 

Stacks      and     breechings.      Selection     of: 

diagram.       Nelson •448 

Stacks.    Table  for  calculating  weight  of.     _ 

Courtenav      '3 

Stand-bv    station    improvements.    Green- 
field.     Rogers     •  •  •  •  *^-\'- 

Standard    fittings,    etc 112.    392,    940 

Standard    Oil    Co.,    of    Calif 34'2 

Standards.    Public    utility,    w-anted 22 

Standing     charges.        Somers     204,      .34.1, 

.Tones      34^ 

Staples   and    Pfeiffer   burner •140 

Starkweatlier.      Isolated  plant *^V* 

Starters,    Compressed-air.      Brennan 12.i 

Starters.     Split-phase,     Applying    instru- 
ments    to.. •■■.- 481 

Starting   compression   plant.      Keil iii 

State  or  Federal   control'? 2(_l2 

Staten    Island   explosion.      Terman 2^9 

Stav-bolt    failure    causes ^(J- 

Stav-bolt   fracture.    Detecting i8(J.T 

Stav-bolt   Ioint  packine.      C.    L.   M J4o8 

Stay-bolt    pressure.    Allowable ^Zna 

Stav-bolt   l.^ad   tables '06 

Steam.        See     also     "Boiler,"     "Engine," 
"Turbine."  "Pumn."  "Pining. 

"Valves,"  "Gage."  "Hose."  "Super- 
heater." "Trap"  "Separator."  "Heat- 
ing  and    Ventilation.'    etc. 

Steam   chart,   hand   firing.      Anderson •4.5.3 

Steam    chest    explosion.    San    Gi-egorio.  .  .    2.^.^ 
Steam    coil.    Troublesome.      Anderson.  ...  •o27 

Steam.    Density    of.       H.    T.. 113.^ 

Steam,  Disinfecting  bv,     J.  A.  G +4.ii 

^^^'^Rot'et^"''        ""'''''.'•  S04.'''2s51.  "ffiT^'.OM 
Steam    flow    in    pipes — Formula t421 
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steam   flow   in  pipes    -Foster's  chart  from 

Herggreu's     equation •:!74 

Steam    flow    through    orifices i;681,   J!i:n 

Steam  from  cubic  inch  of  water JOW") 

Steam    headers,     Drawing.      Noble ♦849 

Steam      hose.      Malconroy's      "Dynamite" 

flexible    metallic *424 

Steam    leakage   measurement.      Bollinckx. '481 

Steam    line.    Ilighpres.,    Relieving $100 

.Steam.  Live.   Feed  heating  by.     Braucher 

."ili.l,    Strcihm    784 

Steam,    Moisturi'   in +244,   t4.'j8 

Steam   overall   washer.   Wells •418 

Steam,   I'er  cent,   quality   of $931 

Steam    plant.    Temperature   variations   in 

(with    insert  I '240 

Steam    plants.    Some.      Willis '.jOS 

Steam   jiower   plants.   Large — A.   S.   M.   10. 

discussion.    Chicago 404 

Steam  pressure  and  velocity Jl.'fo 

Steam    raising    by    liciuid    fuel    in    direct 

contact   with    water ('i74 

Steam     required     for    heating    industrial 

plants.       Spillman 275 

Steam   required  for  kettles.      !•;.   C J384 

Steam,  Saturated,  From  superheated  sup- 
ply   +.>31 

Steam.  Superheated  and  saturated,  mixed, 

Warren     plant *.549 

Steam,  .Superheated,  Does  it  dissociate?  8.o!t 
.Steam,  Superheated,  Globe  valves  for.  .  .  .    890 

Steam   supplied   to   tenant.    Hp.   of +7.")1 

Steam  table — Equivalent  evaporation. 309,  592 
Steam  vapors,  ICliminating.  ("onnor.  .  .  .  *420 
Steamfitters'  drafting  square,  Tedesco's. .  *889 

Steamship,     World's     largest 043 

Steel,  Cast,  and  steel  castings :!:751 

Steel   mills.    Power   for.      Oasche '833 

Steel    pipe   mfr.      Walker   G."!!.    Correction   738 

Steinmetz  on   ele<'tric   vehicles 870 

.Stevens  Alumni   midwinter  meeting 112 

Stevens   Creek   development.      Shedd.*83.  392 

Stirling   boiler   dampers *731 

Stirling  boilers.   Delray.     Fox 205 

Stoker    chain-and-sprocket    shield *301 

Stoker,    Taylor,    tests   in    moderate   sizes. 

.Tndd     897 

.Stokers,      Furnace      arch      erosion      with 

Roney    and    Murphy •672 

Stokers,    Mechanical,    marine   service.  ..  .+421 

Stop.    Automatic    safety.      Clock •754 

Stop  valve.  Strong  auto,  non-return.  ...  •SSO 
Stopped      when     speeded      up,      Gasoline 

engine.      Hudson 280 

Storage-battery    cleaning.      Gibson '745 

Store.  Department.  Chicago — From  cen- 
tral station  to  consumer 733,  741 

Store,  Emporium  dei)artment.  Plant  vs. 
purchased  power  in.    Rose  122,  419, 

Wendle    419 

Stott.      Engine-turbine   units   or   straight 

turbines     398 

Street.  Roller  explosions  327,  Right  to 
stream  water  4"3.  Misc.  court  de- 
cisions 37.  70.  92.  131.  105,  250, 
310,    332,    340,    428,    407,    503,    .539, 

013,    750,   S37 

Strohm.      Passing   of   bad    Bill 534 

Strong  auto,  non-return  stop  valve.  ... '880 
Studv  course.  Engineers'  27,  *fl4,  *101. 
•130,  109,  *I7.5.  •207.  *210.  *245, 
28.3.  *315.  •340.  *385,  •422,  •459, 
•490,  ^532,  ^508,  *000.  ^042,  *082, 
095,    ^710,    *752,    •790,    *830,    •SOO, 

•895,   932 
Stuffing-box   repair.   Pump.      Schneider.  ..  ^825 

Stumpf    engine.    Carnegie    Tech 847 

Submerged   motor.      Weigand ^529 

Substation.   Largest.   Atlanta •IIO 

Substations,    Outdoor.      Macomber 293 

Successors.  Fairness  to  341.  Williams.  .  530 
Suction    coal    and    ash-handling    system, 

Pier<'e-Arrow  plant *40 

Suggestions.    Two    startling 379 

Sulzer    machines.    Transporting.     Graden- 

witz    *2fi4 

Sun   power   plant,    Shuman's 427.  490 

Superheated   and   saturated   steam   mixed. 

War.-en    plant ^549 

Superheated   steam.    Does   it   dissociate — 

Views   of  GeoiKhegan.   Gill   ct   al.  .  .  .    859 

Superheater,   Starting  boiler  with J531 

SMi)i'rhcaters,      Safetv      valves      on      130, 

Linderhurst     132 

Superheating  steam  in  English  loco- 
motives.      Fowler 212 

Supplies    bought    and    sold    451 

Swan.   .Tos.    W..    Death   of 838 

Swing-gate   check   valve.      Schmidt *390 

Switch.    Automatic    telephone    light ^457 

Switch  connection.  I'aradoxical.  Thurs- 
ton     *171 

Switch.  Emergency  lighting.  Patterson. *G80 
Switch.   Zigler-llolden,   Automatic   Safety 

Elec.       Switch    Co.'s ^48 

Switchboards.   (Jatun   hvdro-elee.   plant.. *910 

.Switches.    Oil,    Ilauto  plant *915 

Synchronous  converters.  Lof....^555,  ^584 
S.ynchronous    motors.      Jleade *330 

T 

T-souare.    To    make.      Curren 829 

Tables,    T'se   of.      Thompson 172 

Tackle.    Hauling    converter   with *785 

Taking    the    floor 240 

Tallulah      Falls      development.        Rogers 

•114.     Daugherty 313 

Tan  bark.  Chimneys  for.     Myers 301 
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Tank.   Oil,   water  alarm.      I-ong ^802 

Tank    valve,    Fisher   check    and    float.... "821 

Tank    water    control.       Lewis *820 

Taylor    stoker    tests.      ,ludd 897 

Taylor,   W.   T.   Transformer   Practice 1393 

Tee  S(iuare,  To  make.     Curren 829 

Telephone    booth    liglit.      guinn *457 

Temp"rature  eflect  on  shunt-motor  speed 

variations    912 

Temperature  fall   in   chimneys *401 

Temperature      in      gas-engine      cylinder, 

Cyclical  changes  of.     Coker,     Scoble.      88 

Temperature    regulator,    Sarco    room ^624 

Temperature    variations    in    steam    plant 

(with    insert) *240 

Temperatures,       high-speed       generators. 

Long    814 

Temperatures — Thermometer-stem  cor- 
rections       ♦olO 

Template    for    producer    lining ^295 

Tenn.    Power    Co.'s    plants.      Itogers ^360 

Terman.      Purchasing    boilers 625,   7'27 

Terry   "return-flow"    turbine ^231 

Test.    Boiler.    Working    up.      Low.... 308,   592 
Test,  Goodyear  plant.   Results.     Collins.  .  ^330 

Testing  arc-light  circuits.     Brakes ^407 

Testing  engines   in  oflice   buildings.     Du- 

r,-ad   .     ♦.399 

Testing  gas   producers.      Brown ^544 

Testing  refractory  materials.      Smith....    640 

Tests.   Tavlor  stoker.     .ludd 897 

Texas.   Fuels   in.      I'hillips.   Worrell 1688 

Textile    Exhibition.    .National 085 

Theory    and    practice •359.   379.   380 

Thermometer    stem    corrections,    Comiiut- 

ing — Charts.      Reed ^510 

Thermometers,    Refrigeration-plant 411 

Thermostatic   valve.    New    Monash ^071 

Thev    also    serve •395 

Thomas,  C.  C.  Friction,  lineshaft  bear- 
ings     •SoS 

Thomas     Coupling     Co.'s     safety      shaft 

coupling    ^229 

Thread   leakage  prevented.     Koppel   •382, 

Benjamin     383 

Thurston.  Removing  frost  from  coils  ^18, 
242.  381,  530,  Ammonia-compressor 
knocks  06,  Emptying  ammonia 
system   •197.   Air-compressor  trouble.^857 

Timer",     Firing,     Automatic *192 

Tin  bucket  corrosion.      I^oyell   383,   Gart- 

man    041 

Tinkham.      Isolated    plant    bests    central 

station     084 

"Titanic"  engineers'  memorial 652 

Tool  for  removing  condenser-tube  glands. 

Lewis     *243 

Tools,   Deep-well    repair.      Scott *001 

Tosi.    Fulton,   oil   engines *43 

Trade   paper — Pass    it    on 415,  712 

Training.    The    ongineer's 342 

Transformer  cases.  Grounding.  Randolph. ^370 
Transformer         connections.         Common. 

Meade    *e27 

Transformer  connections  for  synchronous 

converters    *584 

Transformer    Practice.      Taylor 1393 

Transformer.  Rotary,  and  motor-gener- 
ator— Difference    1244 

Transformer         secondaries.  Locating 

grounds    on.      Oberschmidt 133 

Transformer.     Sluggish     constant-current. 

Ilorton     *92S 

Transformer  station.  Largest.   Atlanta  ... 'llO 
Transfiu-mers   in   outdoor   sulistations.  .  .  .    293 
Transit   for   cugiue   aligning.      Brewster ..  ^145 
Transportation      difticultiis — Sulzer      ma- 
chinery.     Gradenwitz    *204 

Transportation     problems,     Power-statiim 

201.   Reardon 352 

Trap,   One.   does   work   of   two.      I,ewis..*417 

Trap,    Simple    steam.      Wilson •203 

Trautschold.      Rope    transmission •OOO 

Trays.    Settling.      Schneider 861 

Trigonometrical  functi(ms.  Graphical  de- 
termination      ot — Burton's       "Trigo- 

graph"     chart ^178 

Trigonometry  data  sheet.     Sandstrom  .  .  .  ^207 
Trigonometrv — Studv      course      27,      *04, 

•101.     *130.     109.     ^175.     *50S.    •OOO 
Trip    valve.    Double-cushion    quick-closing 

Golden-.Xnderson     ^410 

Tryon  &  Reid  pumi)  valves •539 

Tube.     See  also  "Boiler"  "Condenser." 

Tube  failure.   Fatal.      Finns *7S8 

Tube  sheet.   Cracked,   .7.    A :i:507 

Tungsten  resistance.   High   temperature..    177 

Tt'RBINE.    INTERNAL  COMBT'STION 

— .\utomobile    tvn'liini'    jjrize    offer 218 

TT'RBINE.    STEAM 

— .\ir  compressors.   Turbine-driven   rotary 

A.    E.    G.       Gradenwitz •4li5 

— Blackstone  Val.  G.  &  E.  station •OOO 

— Ratavia.    111.,    turbine   nlant •OSO 

— Blade  vibration  and  failure 354 

— Casing.     Turbine,     deformed ^029 

— Commonwealth       Edison's       25.0il(i-kw. 

Parsons   turbine   performance 870 

— Composite  generatinfr  plant.   P.   R.   R.'s 

Trenton    shop.       Secor ^143 

— Engine-turbine  units  or  straight  tur- 
bines   — ■    Interborongh's        practice. 

Stott.     Bromley 398 

— Goodvear  plant  test — Low-pres.  tur- 
bines      ^330 


TCRlilNi;,    STEAM 

. — Hampton   plant,    Remodeled.      Rogers.. '322 

— Hauto     plant    equipment     '804,     'Sol, 

•879,  *'.)-[-l 
— Louisville  Ry.  Co.'s  plant.  Rogers.1016,  *000 
— -Marine  turbine,   Hoisting    -Cartoon.  ...  ^289 

—  Mercury      vajior      and      st.'nm      turbine 

svste'm,    Emmefs    *t41i,    Ed 379 

— Mi.xed-flow     plant.      Model,     Disston's. 

Rogers    ^184 

— Mixed-pres.  Curtis  turbine,  Butler  Mill. 

Rogers    *258 

—  Multi-stage   "Economy"   turbine,   Kerr. '477 

— Oerlikon    steam    turbines 583 

— Packing,    Gland,    Lubricating.      Hamp- 

son      : '420 

— Progress   in    1913 19 

— St.  Louis  Ry.  Exchange  Building  plant. 

Wilson     *722 

— Selecting  prime  mover.  Longwell.-..  317 
— Size   limit,   large  turbines 252 

—  Stand-by  station  improvements,  Green- 

field. '    Rogers    *542 

— Steel    mill    power — 'Turbines    compared 

with      blast-furnace      gas      engines. 

Gasche    *8.33 

— Tallulah    Falls    turbines,    Rogers    •114, 

Higher-powered    ones,    Daugherty...    313 

— Terry     "return-flow"     turbine ^231 

— Turbines    w-hich    displace     roomful    of 

engines     •732 

— Turbo-generator    alignment    and    care. 

McLellan     5^6 

— Valve    lubrication.      Prutzman *813 

— Vulcan    marine    turbines    for    "Imper- 

ator,"    etc.      Gradenwitz ^290 

— Westinghouse  marine  equipment,  collier 

"Neptune,"   reduction    gear,   etc *702 

TIRBINE.    WATER 

See  also  "Water  power." 

— Gatun   hydro-electric  plant ^908 

— Highest    powered    turbines,    Morrisr...    500 

— Tenn.    Power    Co.'s    plants •SOO 

Turbo.       See     "Turbine."     "Pump."     "Air 

pump." 

U 

I'ehling.     Orsat  or  CO2  recorder  97,   Ex- 
cess air  and  CO2 l-^l 

Unbalanced  phases  with  induction  motor. 

Schwitzer     '281 

I'nderstudies,  Fairness  to  341,  Williams.  530 
T'niou    E.    L.    Co.'s   boiler-firing   method..      *4 

I'niou,     I'ressed-steel.    Rockwood *276 

I'nited  Electric.  L.  &  P.  station ...  .210.  310 
United    Kingdom.      See    "Great    Britain." 

"England." 
U.    S.    Bureau    of    Mines    208.    277.    320. 

Pittsburgh    experiment    station 502 

U.    S.    Govt,   power   plant.   Wash 217 

T'.   S.    Steel   Corp.'s  safety   devices *3()0 


Vacuum    ash-removal    system '473 

Vacuum  breaker,  Auld.   Schutte  &  Koert- 

iiig    Co.'s *51 

Vacinim     breaker     location.       Hurst    313. 

Fleming     •71 4 

Vacuum  equal,  baro.     readings  diff t244 

Vacuum,  Inches  of,  for  1  lb.  absolute.  .  .  .+793 

VALVE 

See  also   "Fittings."   "Piping."   etc. 
— Automatic    vs.    mechanically    operated^ 

valves     J681 

— Blowing     engine,     Holman's :     various 

types    of    valves    discussed.  ...  ^297. 

•743,   *744 

— Blowoff   valve   accident.    Copping 786 

— Blowoff   valve.    Calking    tool    in.      Van 

Keuren     313 

— Blowoft  valve,  "Okadee" •891 

— Hlowoff   valve.    Scale   in.      Noble 456 

— Check  and  float  tank  valve.  Fisher.  ..  *821 
— Check  valve  condition.  Determining.  .+567 
— Check     valves.     Hammering.       Walden 

203,   Whitaker 563 

— Clearance  with  pressure  plate +384 

— Corliss   valve   gear.   Negative   lap   with 

double      eccentric      1244,      Obtaining 

shorter     cutoff t'-44 

— Elevator   valves.   Packing.      Cultra.  .  .  .  ^511 

— Flow-regulating   valve.    Schutte ^50 

— Globe  valves  for  superheat.  Germany ..  ^S96 

— Lap    and    lead.      C.    F +005 

— Lap     plates     broken     off — Diagrams — 

What    was    wrong?      Russell ^927 

— Leakage,     Testing     for.       McRae     •96. 

Cooil     382 

— Leaked.  Tight  engine  that.     McGahcy.*171 

— Alixing  valve.   Sarco *fl24 

— Aloveiiient    of   valve.    Greatest +421 

— I'onpet  valves.     M.  O.  D :i:531 

—  Pump-valve  seat  dresser.  Chandler.  ..  ^381 
— Pu'nn-valve   seats.    Tool    for    removing. 

Noble    *SR3 

— Pump  valves.  Testing t209 

— Pump  valves.  Tryon  &  Reid '539 

— Reducing  valve.  Heat  passage  through. t458 
— Renairs      should      duplicate      originals. 

McG.nhey    •fi02 

— Reseating  tool.      Hawkins •312 
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Siit,|>    HiiiJKi-MlliiiiM      TiiKH.   otc ::70 

Siii.-ly   valve  iinliin.      lltiHtlliipi,    <;rcfii- 
iiiiiii     i;H 

siifi'ij    viiiv.'.  Aiiiii'H •:,;t7 

Siifi'ty       viilvi-       (liKi'liarKlliK       tliruiiKli 

aimtliiT     IJSU' 

Siiifiv    v)ilvi>   l.vi-r  hall   piiNtilun ii;iri 

Sillily    viilv.'    iioli-M.       lliirnrll •JIIM 

Siifrly    vnlvi'  Hi'al.    Ili-vcli>il t'l.'tl 

— Safi'ly    valvr     Sliidy    i-i>iirH<> •n;ii,  NtHi 

— Safi'ty   valvf,   TryliiB      How   nfti'ii  V.  .  .  .  t4lM 
— Safi'ty      valvi'M.      Iifi-rrt      vs.      Iiiillrcct 

spiliiK   loadnl,      .1.   C.    A tr>(17 

—  Siil.'ty      viilvrs     on     Hii|ii>rlifal<'i-K      l.'tO, 

Minlrriiiiist     i;tj 

— Si'iilnu  .•iiKliii-  valvcd.   I'sc  of  Inillcator 

In.      Miinson *'2 

— Si'tlUiK    vnlvrs    tiy    i-ar.       Smith    •7S;i, 

IM 7S2 

— Slldi"    valvi',    Krai'ntluK JU'O 

— St.in    w.-ar,    n.-.lnilnK.      Hlolil »-J-, 

— Stop  valvo.    StronK  niilo.    non  rotnrn. . 'SSU 
— SwInK-Kiiti'     rlirck      valve,      NolsonKr- 

wood.       Schmidt •:«)() 

— Thi'i-mostatli-    valvo.    New    Monnsli.  .  .  .  •tl71 
— Trip    valve.    |)oiihle-ciishlon.    iiiilekclos- 
Ini:.      <-leetiUally      operated      Golden- 
Anderson     •41(1 

— Tinhliie  valve    Uibrioatlon.      I'rntzninn.'Sia 
— Water    valve    shutolT.    Automntlc.      Se- 

war.l     •8(il 

••\  an  Uroek.  I'eter."    Death  of •4:!0 

\an  stone  joint    tests.   Simmons   \Vks....»856 

\  an  stone     Joints •SH7 

Veiinlni;    sei-tional    water-tnbe    holler.  ...  •5!)l! 
\  eiiiiliition.      See    "lleatlnK    and    vent." 

\  eiitiui     meter •423 

\iliration       prevention,       Boston       Opera 

Iloii.se    plant 'S-'l^ 

Victoria    Kails   power  plant *S'22 

-  Rotary    compressors *405 

Visllnnce.      Kternal      4.'51.      Olllver      453, 

riaisted,    Hawkins    712 

\  ilia   paid   for  motor.   How GST 

Viru'inia    I'olytecli.      refrigeration    course. *124 

N'ocatioual     training 823 

Vidatile    matter.     Influence    of,    on    com- 

linstion    .">!>!».    Kiagg •608 

Vulcan    tlexihle    cnsset    stay •ISS 

Vulcan    marine   turbines.     Viradenwit/..  .  .  •290 
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\\'.ildrMn.  Closed  iieater  experiences.  ...  •485 
Walker.  Steel  pipe  mfr.  6.51.  Correction  738 
Wannre   halts   enslueering   i)rogress.^579,   600 

Wanvn    .\lfir.    Co.'s    plant.      Rogers *o49 

Wjisher.    Steam    overall.       Wells •418 

Waste      fuels.      Chimnev      capacilv      for. 

M.vers     301 

Waste-heat    boiler.    Bruce-Macbeth *467 

Waste.   Water-power.      Smith 271 

Wastes.     Stopping    the 277 

Water.       See     .tlso     "Heater,"     "Heating 

and    Vent.,"    "Pump."    etc. 
Water.    Ammonia    condenser,    for    house 

purposes.      Zimmer •678 

Water      column      connection.      Dangerous. 

liinns    ^929 

Water.    Compressibility    of.      E.    R +384 

Water     control     for     tanks     or     heaters. 

Lewis    *82G 

Water.    Distilled   make-up 824 

Water.   Keed.  air  extractor.  General  Con- 
denser  Co.'s    "Airex"    automatic.  ...  •3.5.T 
Water.    Feed,    regulator,   S-C   vertical.  ...  •SIS 

Water.   Feed.   temp.,   closed   heater +20!> 

Water  hardness.  Determining.     Geare...    T.'^.l 
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Water.     Iliuli.    nbirin.       l.onK 'Mti^ 

Waiei.    Hoi    f I.    eaiiHed    iMinip    trouble. 

WlKht   ;il.l.    V.irke 8li:t 

Water,    Hot,    hi'atliiK   HyMlein,    Kconoinlxer 

on        Dnraiid     •321) 

Wal>-r  hydriiiit   dUcharKc  IncrenHe  for  In- 

■•n>»Hi'    of    pr.'KHure J031 

Water  III  engine  eyllndem.  VnndenbefK.  25 
Water,  .hickel,  Itidlera  to  coid.  Wool- 
man     500 

Water.      Jacket,      CouMng,      Kunch-Sulzer 

plant     ^507 

Waler  level  Indicator.  IClec.  ThiirHton .  . 'Kta 
Wali'i-     level     Indicator,     Steam     giige    nH. 

niiins    343 

Water    level    liidlcatorK,    I'nnama •13 

Wilier   main    repair.      Noble ^028 

Wati'r     meter     recorder    and     Intcgrntor, 

HopiieH     V-notcb ^445 

Wnli-r  —  Nonfreezlng    compound.       W.    D. 

(J t282 

Water    pipe    line    head JOB 

WATKR   I'OWFIt 

— Calif,   water  rights  decision 823 

— Colorado    River   .storage    dnms 80U 

— Control   of   water  powers   •39,   57,    129, 

130,   202 
— Coon      Rapids     develoi>ment — Northern 
Stales   I'ower  Co.'s.   to  serve  Minne- 
apolis      •906 

— Development    and    Congress 310 

— Development.  Cheat  River  56,  Los 
Angeles  atjueduct,  etc.  70.  (!52.  Nor- 
way and  Oregon  70,  Western  Wash, 
project  121.  578,  Vancouver  293, 
Wlnnli)eg  .■!58,  Roanoke  dam  356, 
Calabria,  Italy  47s,  Alaskan  water 
power    urgetl    Oil,     Southern    Calif. 

organization    (ill,    Winnipeg 644 

— Gatuu    hydro  elec.    plant *SOH 

— Govt,    water    privileges--I.,aw   case....    540 

— (Jreenlield    stand-by    slation •542 

— High     heail.     Switzerland 571 

— Hydro-electric  plant   efliclencv t681 

— Keokuk   plant 238,    319,  465 

— Nevada,   I'ower  site  reserve 187 

— Pelton  wheel.  Large.  Switzerland.  .  .  .  229 
— Plant  indicator — Pressure  difference  in 

wheel-pit  and   head  race.      I'urcell.  .•102 

— Progress     in     1913 20 

— Roanoke   dam   bill 356 

— South.  ('(iiKlilions  in  ;  cost  of  power 
fidni  hydroelectric,  stations  170, 
Somers  204,  345.  Stebbins  242, 
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for   Columbia.      Shedd    •SS,   Augusta 

plant    started 392 
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•114,         Higher-powered        turbines. 

Daugherty   313 

— Tenn.    Power   Co.  plants.      Rogers 'SOO 

— Turbines,   Highest-powered.   Morris....   560 

— Waste  of  water  powers.     Smith 271 

— Water  motors.  .Small — .Measuring  water 

power    with    gage.      Reardon •826 

— Waterwheel.      Breakdown      of      engine 

coupled   to.      Williams 789 

— West   Va.    water-power   control 137 

Water  pressure   loss   using   2-in.   or  3-in. 

pipe    +865 

\\ater.     Softening     boiler     feed — ^Various 

methods.      Robie •I  62 

Water    sprinklers.    Care   of *827 

Water.   Steam   from   cubic  inch  of }605 

Water    tests.    Absorption    plant 703 

Water    valve    shutoff.     Automatic.       .Sew- 
ard     'SGI 
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Welier.    (Jeo.   .(..    D.'alh    of 218 
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Well    pliie,    FlHhing    for.      .lidiiiHon •SIO 
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In     repairs.       Scott •(I(»l 

West     Va.    engineers'    llceiiHe    law    needed. 

Belien  5(13.   ICIIethorn 745 

West    Va.  rate  (Ixing  powers 320 

West    \'a.    water-power    control 137 

WestlnghouHe  geni-rator,  Largi-,  Short- 
circuit  test  of  •339,  Marine  turbine 
e(|iilpinent    •702.    Veterans    organize.    357 

Westlnghouse.   (ieorge.   Death   of ^429 

What    are   you    working    for'? 489 

What    was    wrong'/      RuHsell ^927 

Wheel.   Fly.      See   "Flvwheel." 

Wheel.    .Mesta    triple  staggered ^247 

Wheel --Pulley    repair.      Raymond ^828 

Wheel    repair.    (Mick.      Parfltt ^24 

Wheeler   C.    &   K.    Co.'s   Wheeler-Barnard 

cooling  tower   •632 

— Turbo    air    pumn •770 

Wheeler.  C.  H.,  Mfg.  Co.     Circular  letter 

on  heaters;  auxillarv  economy,  etc..   827 

White    lead    for    steam    Joints t793 

Wilkes,     (^'orliss  engine  wreck •2.30 

Will    oil    can ^428 

Will   Quizz.  ,Ir 060.   076.   695,   •845 

Williams,  A.  D.  Commutator  truing  rig.  .    '48 
Williams.       T.,       connecting-rods       •200. 

Falk    ^454 

Willis.      Some  steam   plants •.598 

Wilson-Snyder    centrifugal    pump •570 
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•722,  Reid.  Murdoch's  plant.  .  •840,  860 
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Winding  changes.    Ill-advised.      Horton..    527 
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gasser    t613 

Wise.      Sawmill    boiler    explosion ^120 

Wood,  Boiler  setting  for.     Rockwell.  ...  •679 

Wood  vs.   coal — Economy +100 
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Worden   oil    burner •ISO 
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Youngstown    rolling-mill    engine ^388 

You're    next •655 


Zigler-llolden  safety  switch. 
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I5V    ClIAKI.CS    MlNSON 

SVXUl'SlS — Slioiriiit/  llif  iiiiiiinlniiir  of  iinii>n-  ralrc  Ihc  Ixiilcr  pressure  was  ]'M)  II).  per  nq.in.  The  (lilTereiiee 
nfllintj  of  a  compound  air  coniitrrKsor,  also  tlir  fjjccl  on  in  pressure  in  the  two  ends  of  tlu;  ( yliniler  whs  due  to  the 
llir  indiralor  tliayranis  irilli  difjvreni  adjnshncnl  of  llir  fnet  lli:il  ihc  luad-i'iid  vidve  did  ikjI  cipm  wide  enoufrh 
ralt'c.s.  Till'  Nrti'/;///  in  sli>ani  consunijilion  irilli  jiroju'rhj  to  permit  tljr  pro-uic  to  luiiid  up  in  liie  cylinder  ahovo 
adjuslril  ralrvs  over  thai  iisrd  with  Ini iirofirrlii  scl  ralrr.s  !)()  jh.  The  ;!i)dl).  drdp  in  pressure  hetween  the  hoilers 
is  also  shown.  and  (lie  ivlii'der  occurred  hecause  the  speed  of  tlie  coin- 

All  of  the  acconipan\  inu-  indicator  diajiranis  were  taken 
w.hile  seltiui;  the  valvcf-  mi  a  rr(i>s-conipoiind,  two-staj^e 
air  compressor.  As  the  load  was  fairly  constant  they 
clearly  show  what  olTect  the  various  adjustments  have  on 
the  steam  distrihntion  in  the  cylinders;  also,  the  elTect 
proper  valve  adjustment  has  on  the  steam  economy. 

'Phis  eompres.sor  had  an  18  and  30  by  32-in.  steam 
cylinders  and  tiO.xiri-in.  air  cylinders.  The  speed  was 
about  (iO  r.p.m.  Kach  cylinder  had  a  2%-in.  piston  rod 
p«l^■sina;  through  hoth  heads.    The  valve-gear  was  a  modi- 
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fied  form  of  the  Myers  gear  with  riding  cutoff  valves. 
Both  the  main  and  au.xiliary  valves  were  driven  by  ec- 
centrics, cast  .solid  with  each  other.  The  cutoff  could  be 
adjusted  to  suit  the  load,  while  the  compressor  was  in 
ojieratiou,  by  turning  a  haudwheel  on  the  cutoff  valve 
rod.     The  steam  pressure  was  130  lb. 

In  Figs.  1  and  2  are  shown  the  condition  of  the  valve 
setting  in  the  high-  and  low-pressure  cylinders,  respective- 
ly, before  any  adjustments  were  made.  Referring  to  Fig. 
1,  the  head-end  diagram  shows  very  late  admission  and 
full  steam  pressure  is  not  admitted  to  the  cylinder  until 
the  piston  has  traveled  approximately  20  per  cent,  of  its 
forward  stroke.  This  also  accounts  for  the  negative  loop 
at  the  beginning  of  the  admi.ssion  line.  Cutoff  does  not 
occur  until   nearly  the  end  of  the  stroke,  the  auxiliary 
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pressor  was  controlled  by  the  throttle  and  not  by  adjust- 
ing the  cutoff.  Although  cutoff  occurs  much  earlier  in  the 
crank  end  than  in  the  head  end  the  indicated  horsepower 
of  both  ends  of  the  cylinder  is  the  same.  Comparing  the 
total  indicated  hor.sepower  of  the  high-])ressure  cylinder 
with  that  of  the  low-])ressure  cylinder  the  former  is  doing 
moi'c  work  because  too  low  a  receiver  pressure  was  being 
carried. 

Adjustment  was  first  made  to  equalize  the  events  in 
the  two"  ends  of  the  high-pressure  cylinder.  The  main 
valve  rod  was  shortened  two  turns,  making  the  head-end 
admi.ssion  earlier  and  the  crank-end  admission  later. 
Fig.  3  .shows  the  result  of  this  adjustment.  The  negative 
loop  of  Fig.  1  has  disappeared  and  full  admission  pressure 


Fig.  2 

valve  being  so  adjusted,  as  to  be  useless.  The  crank-end 
diagram  is  better,  altbough  far  from  being  good.  The 
principal  fault  is  a  late  admission. 

Initial  steam  pressure  on  the  head-end  diagram  is  only 
90  lb.  per  sq.in.  and  on  the  crank-end,  100  lb.,  although 


Fig.  I 

occurs  at  about  12  per  cent,  of  the  stroke.  A  small  nega- 
tive loop  has  appeared  at  the  beginning  of  the  admi.ssion 
line  at  the  crank  end  and  full  admission  pressure  does 
not  occur  until  approximately  15  per  cent,  of  the  stroke. 

Admission  pressure  in  the  head  end  has  been  raised 
from  90  to  95  lb.  and  in  the  crank  end  the  initial  pres- 
sure has  been  dropped  from  100  to  90  lb.  Fig.  3  also 
shows  that  the  valve  rod  was  shortened  a  little  too  much 
and  its  length  was  increased  one-half  turn  before  the 
diagrams  shown  in  Fig.  4  were  taken.  To  make  all  events 
in  both  ends  of  the  cylinder  occur  earlier  the  eccentric 
was  advanced  about  2  in. 

As  both  the  main  and  cutoff  eccentrics  are  cast  in  one 
piece,  both  eccentrics  were  advanced  the  same  amount. 
The   cutoff   valves  were  then   adjusted   to  equalize  the 
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iiitofr  and  the  diagrams  shown  in  Fig.  4  were  taken.  The}' 
sliow  a  much  earlier  admission  and  release  than  those 
in  Fig.  3,  and  that  some  compression  has  been  added. 
The  load  between  the  two  ends  has  been  nearly  equalized 
and  the  initial  pressure  raised  to  100  lb.  on  both  ends. 
The  peculiar  expansion  line  of  the  crank-end  diagram  is 
due  to  a  leaky  valve,  caused  by  changing  the  travel  of 
the  valve  and  taking  the  indicator  diagram  before  it  had 
worn  down  to  a  tight  seat. 

After  advancing  the  eccentric  1/2  in.  more  the  diagrams 
in  Fig.  5  were  taken.  In  getting  these  results  no  changes 
were  made  in  the  low-pressure  valve  setting  nor  was  the 
cutoff  in  the  high-pressure  cylinder  made  earlier.  After 
adjusting  the  low-pressure  valves,  the  low-pressure  cut- 
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off  was  made  earlier,  and  the  receiver  pressure  was  in- 
creased, the  low-pressure  cylinder  doing  a  larger  propor- 
tion of  the  work.  At  the  same  time  the  work  done  in 
the  high-pressure  cylinder  was  decreased.  The  throttle 
was  then  opened  wide  and  the  high-pressure  cutoff  oc- 
curred earlier,  thereby  keeping  the  speed  of  the  machine 
constant. 

Fig.  6  shows  the  results  obtained.  These  diagrams  were 
taken  after  all  adjustments  were  made.  The  initial  pres- 
sure has  been  increased  to  120  lb.  and  the  back-pressure 
raised  to  37  lb.  The  indicated  horsepower  has  been  re- 
duced from  114  to  108.91.  In  Fig.  2  is  shown  the  low- 
pressure  diagrams  before  adjusting  the  valve  setting.  Ad- 
mission and  release  are  both  late  and  the  crank-eiul  cutoff 
is  much  earlier  than  in  the  head  end.  The  low-pressure 
valve  rod  was  shortened  to  equalize  events,  and  the  ec- 
centrics advanced  about  1  in.  to  make  all  events  occur 
earlier.  After  adjusting  the  cutoff'  valves,  diagrams  were 
taken,  as  shown  in  Fig.  7. 

Admission  and  release  are  still  late ;  more  so  on  the 
head  end   than  on  the  crank  end.     Cutoff  is  also  later 


Fig.  6 

on  the  head  end  than  on  the  crank  end.  The  valve  rod 
was  shortened  about  three-quarters  of  a  turn  and  the  ec- 
centric advanced  I/2  in.  more.  The  diagrams  shown  in 
Fig.  8  were  then  taken. 


These  adjustments  have  raised  the  Initial  pressure 
about  2  lb.,  but  more  work  is  being  done  in  the  high- 
pressure  cylinder  than  in  the  low.  The  cutoff  valves  were 
further  adjusted  and  the  cutoff  was  nuule  to  occur  earlier 
until  the  receiver  pressure  was  raised  to  37  lb.  per  sq.in. 
Diagrams  sh^^n  in  Fig.  !)  were  then  obtained. 


Fk;.  7 

The  speetl  of  the  ((jnipi'essor  has  been  reduced  from 
60  to  55  r.p.m.,  although  the  total  indicated  horsepower 
is  practically  the  same  as  at  first.  Before  the  diagrams 
shown  in  Figs.  6  and  9  were  taken,  the  air  valves  were 
cleaned  and  new  piston  rings  put  in  both  air  pistons. 
This  so  reduced  the  leakage  that  the  speed  could  be 
dropped  5  r.p.m.  and  still  carry  the  load. 

In  order  to  show  more  clearly  the  effect  of  these  various 
changes.  Figs.  1,  2,  6  and  9  have  been  combined  in  Fig. 
10.  The  clearance  was  found  to  be  api)roximately  7  per 
cent,  for  each  cylinder.  The  cylinder  ratio  is  30-  to  18' 
or  2.77.  The  total  volume  of  the  high-pressure  cylinder 
referred  to  the  low-pressure  cylinder  is 

(1  -f  0.07)  -^'2.77  =  0.386 
and 

0.38G  —  0.07   =  0.316 

In  other  words,  the  end  of  the  high-pressure  diagrams 
should  be  plotted  at  31.6  per  cent,  of  the  low-pressure 
diagrams.  Dividing  the  high-pressure  volume  by  the  cyl- 
inder ratio  2.77,  and  drawing  ail  four  diagrams  to  the 


Fig.  8 

same  pressure  scale.  Fig.  10  is  obtained.  Dotted  lines 
show  the  diagrams  taken  before  setting  the  valves  and 
the  full  lines  indicate  those  taken  after  all  adjustments 
had  been  made. 

Particular  attention  is  called  to  the  increase  in  initial 
pressure  in  the  high-pressure  diagrams,  decrease  'in  the 
drop  in  pressure  through  the  receiver,  higher  receiver 
pressure  and  lower  release  pressure  in  the  low-pressure 
cylinder.  This  last  point  shows  that  the  expanded  steam 
has  been  carried  further  and  consequently  better  economy 
has  been  obtained. 

The  following  figures  will  give  an  approximation  of  the 
saving  which  has  resulted  by  having  the  valves  properly 
set.  At  point  A,  Fig.  10,  which  is  90  per  cent,  the  head- 
end stroke,  and  90  per  cent,  of  the  volume  of  the  low- 
pressure  cylinder  plus  the  clearance,  7  per  cent.,  makes 
a  total  of  97  per  cent,  if  the  low-pressure  cylinder  is  filled 
with  steam  at  13.3  lb.  gage  or  28  lb.  absolute.  This 
steam  contains  more  or  less  moisture,  due  to  cylinder  con- 
densation.    However,  it  is  impossible  to  determine  what 
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tlu-  pi'iiTiitiijjp  of  intMstuit'  is  from  the  ordinary  iiuliciilur  ((lia^fraiiis  Ki^'H.  1  and  'i)  \\^^•n•  '^(M).     'I'lic  dry  hicam  per 

diagram,  so  it  is  assiiiiicd  (o  l)c  dry  at  this  point.     Tliis  indicated  liorsfpown-  ju-r  hour  ccpials 

iiHSuniption  will  not  alT<'(t   (he  actual  saving;  as  tiic  same  f)  I  H)  ~  '<!((!)  —  '-itiMCJ  lb. 

assumption  is  mailc  in  calculating'  Ili4>  steam  consumption  In  llic  same  way  the  dry-sleam  consumption  after  set- 

afti-r  settinjj  the  valves.     It  will  make  the  steam  consumj)  lin^  llu'  valves  was  calculated  to  he  .WIMM  Ih.  |M'r  hr.,  tht; 

tion  per  indicali'd  horsepower  lower  than  actual,  howevci'.  indicaled    horsepower   vKl,  and   the  dry  steam   per  indi- 

Froni  the  steam  tallies  it  is  found  Ihal  the  wci^ihl  of  a  caled  horsepower   ITT);")  Ih.     .\t  tin-  plant  in  (piestion  HJ) 

c\diic   foot   of  dry  steam   at    VS   Ih.   per  s(i.in.  absolute   is  Ih.  of  water  were  evaporated  per  pound  of  coal.    The  eom- 


().0(i,s    Ih.      'I'lic    MiluMic    of    the    low-pressure    cvlinder    is 
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rJ.!)!)  cu.ft.  after  deducting  the  volume  of  the  piston  rod, 
which  is  2%  in.  in  diameter  there  remains, 

().i»7  X  Iv.i'i'  =  ]2.(\ni.fl. 
The  total  weijiht  of  steam  in  the  head  end  of  the  cylinder 
u|)  to  ])oint  .4  is, 

ll'.ti  X  (».()68  =  0.85G8  //;. 
at  the  l)eginning  of  the  .stroke  B,  the  clearance  space  is 
filled  with  steam  at  1.5  Ih.  gajje  or  16.2  lb.  ahsolute.  The 
weight  per  cuhie  foot  of  dry  steam  at  this  pressure  is 
0.041  lb.  and  the  volume  of  the  clearance  is  7  per  cent, 
of  12.!>!t  or  0.91  cu.ft.  The  total  weight  of  steam  in 
the  clearance  then  is 

0.041   X  0.91  =  0.0;57;5  Ih. 
This  steam  is  already  in  the  cylinder  when  the  admis- 
sion valve  opens  so  that  the  only  steam  admitted  at  tlie 
head-end  .stroke  is  the  difference  between  that  shown  at 
A  and  li  or 

0.8.568  —  0.037;5  =  0.8195  Ih. 
In  a  like  manner  the  pressure  at  C  is  23.7  lb.  absolute, 
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and  the  weight  per  cu.ft.  is  0.058  lb.     At  D  the  pressure 
is   17   lb.   absolute   and   the   w^eight   0.043   lb.   per  cu.ft. 
Therefore,  the  steam  used  at  the  crank-end  stroke  is : 
(12.6  X  0.058)  —  (0.91  X  0.043)  =  0.6917  Ih. 
The  total  steam  per  revolution 

0.8195  +  0.6917  =  1.5112  Ih. 
Dry  steam  per  hour  equals 

1.5112  Ih.  X  60  v.p.m.  X  60  min.  =  5440  Ih. 
The  total  indicated  horsepower  before  setting  the  valves 


jircssor  runs  for  about    !<'  Iir.   pci-  day  for  .'100  days  per 
year.     The  steam  saved  |)er  iiour  is 

5  1  10  —  ;{«8S  =   1752  Ih. 
and 

1 752  -^  8.5  r=  206  //;.  of  coal  per  hr. 
In  other  words,  during  a  day  of  ten  hours  about  a  ton  of 
coal  was  saved  as  a  result  of  properly  setting  tlu;  valves 
on  this  ((Mupressor. 

QtuiicR  Firim^g^  of  Ststm^dllby  Boilers 

.V  n(i\t'l  niclluid  ol'  (pink  liring  U<v  hoili'rs  is  descriiicd 
in  the  Eli'clrical  World  Un-  Dec.  (i,  with  reference  to  the 
.\shley  Street  steam  |)lant  of  the  rnion  Klectric  Ijight 
&  Power  Co.,  of  St.  Louis.  This  company  pur(;hases  elec- 
tricity from  the  Mi.ssissij)pi  River  Power  Co.,  at  Keokuk, 
Iowa,  to  supply  part  of  its  system,  but  to  guard  against 
interruptions,   should   the   hydro-electric  power  fail,  the 


Method  of  Keeping  Watek  Hot  ik  Boiler 

steam  station  is  operated  in  such  a  maimer  as  to  be  able 
to  take  over  the  entire  load  in  a  few  minutes  in  an 
emergency. 

This  state  of  readiness  is  accomplished  by  keeping  the 
20  extra  boilers  full  of  water  at  212  deg.  and  with  fuel 
ready  to  ignite  on  the  grates.  The  grate  is  first  covered 
with  a  high-grade  nut  coal  to  a  depth  of  about  7  in.  and 
three  rows  of  oily  rags  are  then  placed  in  cross  trenches. 
Another  row  of  rags  extends  down  the  middle  to  carry 
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along  the  flame  to  all  parts  of  the  grate.  On  top  of  tiiese 
rows  of  rags  is  laid  kindling  wood  soaked  in  kerosene, 
while  a  few  gallons  of  fuel  oil  are  sprinkled  over  the  en- 
tire bed  of  coal.  This  produces  a  hot  fire  very  quickly 
and  the  best  time  made  thus  far  in  getting  a  boiler  on 
the  line,  starting  from  zero-gage  pressure,  has  been  16 
min.  This  is  a  much  shorter  time  than  is  required  to 
get  a  boiler  up  to  pressure  from  a  banked  fire. 

The  method  of  keeping  water  hot  in  the  emergency 
boiler  is  shown  in  the  illustration.  The  common  blowoff 
header  connecting  the  boilers  in  service  was  connected 


to  the  lower  ])arl  of  one  of  the  two  blowoff  tanks  in  the 
basement.  This  header  serves  to  bring  the  cool  water 
from  the  lowest  part  of  each  boiler.  In  the  tank  is  in- 
stalled a  coil  through  which  the  waste  steam  from  one 
of  the  large  steam  headers  is  caused  to  flow,  thus  serving 
also  to  drain  the  header.  The  steam  heats  the  water 
in  the  tank,  sets  up  a  circulation  and  delivers  hot  water 
to  the  steam  drum  of  each  boiler.  The  water  is  thus  kept 
at  practically  the  boiling  point  at  a  coal  expenditure  of 
only  1^.5  lb.  of  coal  per  boiler  per  day  as  compared  with 
;n(i()  11).   with   iiaiikcd    fires. 
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SYA^OPSIS — Compressor  efficiencies,  data  from  test  of 
a  motor-driven  two-stage  compressor  and  the  computa- 
tions necessary  to  obtain  the  results. 

Competition  anioni;-  air-compressor  builders  has  been 
so  keen  in  recent  years  that  the  wouid-be  purchaser  is 
often  perplexed  by  the  mass  of  data  and  technical  fig- 
ures presented  by  the  manufacturer.  Confusion  lies 
chiefly  in  the  question  of  efficiency.  The  mere  statement 
that  an  air  compressor  has  an  efficiency  of  so  many  per 
cent,  is  not  sufficiently  definite.  To  be  clear,  the  kind  of 
efficiency  that  is  meant  must  be  stated  since  there  are  sev- 
eral different  kinds  all  applicable  to  air  compres.sors. 

"Volumetric  efficiency,"  or  "delivery  efficiency"  as  it  is 
sometimes  called,  is  the  ratio  of  the  volume  of  free  air  at 
intake  temperature,  actually  delivered  by  the  compressor 
l)er  unit  of  time,  to  the  displacement  volume  of  the  low- 
pressure  cylinder  in  that  time. 

"Mechanical  efficiency"  represents  only  the  loss  due  to 
the  friction  of  the  machine  and  heating  of  the  air  and 
jacket  water.  It  may  or  may  not  include  the  !)elt  or  gear 
loss,  if  either  of  these  drives  is  used,  or  it  may  include 
the  friction  loss  of  the  steam  engine  if  the  compressor  is 
directly  connected  to  one. 

"Compression  efficiency"  is  a  term  sometimes  used  to 
express  how  close  the  actual  compression  line  of  a  com- 
pressor comes  to  the  isothermal  line.  If  the  isothermal 
line  is  drawn  on  the  indicator  card  from  the  beginning  of 
the  stroke  to  the  theoretical  delivery  line,  the  compression 
efficiency  is  the  area  under  the  isothermal  and  theoretical 
delivery  lines  divided  by  the  actual  area  of  the  card. 

"Electrical  efficiency,"  of  course,  has  nothing  to  do  with 
the  air  compressor  itself,  but  applies  to  the  losses  in  the 
electric  motor  if  used  to  drive  the  compressor. 

All  these  various  efficiencies  are  of  much  interest  to  the 
mechanical  engineers  who  design  air  compressors  and  to 
the  manufacturers  who  build  them,  but  to  the  man  who 
pays  the  bills  for  coal  or  electricity  to  run  his  plant  they 
are  usually  only  confusing.  What  he  is  really  interested 
in  is  the  number  of  cubic  feet  of  air  per  minute  actually 
delivered  by  his  compressor  per  horsepower  input.  This 
represents  the  true  economy  of  the  compressor.  It  can  be 
stated  somewhat  differently,  as.  for  instance,  "the  kilo- 
watt-hours input  per  1000  cu.ft.  of  free  air  delivered"  or 
"the  cubic  feet  of  air  per  pound  of  steam,"  or  "the  kilo- 
watt input  per  100  cu.ft.  of  free  air  per  min.  delivered." 
IBut  all  these  are  merely  differcnit  ways  of  stating  the  re- 


lation between  the  amount  of  air  actually  compressed  and 
pumped  out  by  the  compressor  and  the  energy  required 
to  accomplish  it.  This  is  what  the  air-compressor  op- 
erator really  wants  to  know  about  a  compressor  before  he 
makes  the  purchase,  as  upon  this  relation  depends  the 
amount  of  money  he  will  have  to  pay  out  year  after  year 
for  power  to  operate  it. 

After  a  compressor  has  been  installed  it  is  therefore 
desirable  to  run  a  test  to  determine  exactly  what  the  econ- 
omy of  the  compressor  is,  both  as  a  check  on  the  manu- 
facturers' guarantee  and  for  the  information  of  the  owner. 

A  method  of  making  such  a  test  that  has  been  found 
satisfactory  by  the  writer  will  first  be  described,  and 
then  as  an  illustration  an  actual  test  will  be  worked  out 
in  detail.  So  much  has  already  appeared  in  the  technical 
press  on  the  subject  of  steam-driven  compressors  that  this 
article  will  be  confined  to  those  driven  by  electricity. 

The  two  most  important  measurements  to  be  made  are : 

a.  The  number  of  cubic  feet  of  free  air  actually  de- 
livered by  the  air  compressor. 

b.  The  power  input  into  the  motor  that  drives  the 
compressor. 

Other  measurements  that  will  serve  as  a  check  on  the 
above  and  give  additional  information  about  the  com- 
pressor are : 

c.  (1)   Indicator  cards,   (3)   intercooler  air  pressure, 

(3)  intercooler  air  temperature,   entering   and   leaving, 

(4)  intercooler  water  temperature,  entering  and  leaving, 

(5)  high-  and  low-pressure  jacket-water  temperature,  en- 
tering and  leaving,  (6)  amount  of  cooling  water  used  in 
each  cylinder  jacket  and  intercooler. 

Taking  up  these  measurements  in  the  order  named,  it 
has  been  found  that  the  quantity  of  air  flowing  through 
an  orifice  varies  directly  as  the  area  of  the  orifice  and 
the  absolute  pressure  and  inversely  as  the  square  root  of 
the  absolute  temperature.  For  pressures  in  the  reservoir 
greater  than  twice  the  atmospheric  pressure  this  relation 
is  expressed  mathematically  in  Flicgner's  formula  as  fol- 
lows : 


G  =  0.53  i^ 


V  y 


(1) 


where 

G  =  Flow  of  air  in  pounds  per  second ; 
F  =  Total  area  of  all  the  orifices  in  square  inches ; 
P  =  .\bsolute  pressure  in  pounds  per  square  inch  in 
the   orifice   chamber; 
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7' =  Al)(*i)liilu  t('m|icniliirc    Falirciiln'it    of   lln-  coin-  niKJiiiit  of  liirfrc  currcnlM  or  lii^h  voltii^jc  lo  iiiwrl,  eitliei 

pn'sM'd   ail'   III    llic  onlirc  ilniiiilu'r.  ciiirciit    or    Nolta^r    liaiisforiiK'iH,    or   liolli,    l)(!twceii    thd 

For  lar;;r  air  i-oiii|ircssors  a  iiiimln'r  of  oriliccs  aif  ic-  motor  ciicnii   ami   the  iiiHlriiiiirnl.      If  thin  in  doiie  ihta 

qiiind.     The  orilicOH  sliituld  iu'  iinir  lIu'  coiiiprt'SMtr  ami  imlcr   ri-adiii^js   iiiiif-t    l»c   iiiiilli|ilii-d    l»v   the   ratio  of  fho' 

u  |>i|K'  of  lar<;«<  diainctcr  ami  a.x  strai^lit  »s  possililc  iincd  IraiisforimT,  or  l>v  llic  ))ro(lii('t  of  the  two  ration  if  hotli 

to  t'oiiiu'ct  the  iliscliarp'  oponiiif;  to  tiii'  oriUcc  manifold.  (  iirri-nl   and   potential   Iransl'ormcrs  an-  umimI. 

Till'     Mrifii>iw      lint     iii-f'ii  I'liti'l  v      irrniiiifl      iti      liiirili>iiiul.utf>fil 


Tlic  orili<i'.<  art'  aituratt'lv  ;;roiind  in  lianU'iicd-stct . 
pliiti's  of  from  -j.s  to  VI'  i".  Iliitkncss  willi  (lie  in.niiU! 
i'd.<:r.<  of  the  orilicc.x  roiindnl  to  a  radiii.><  of  ,'„  in.  less  tliaii 
tile  tliiiknc,<.<  of  llic  plate,  leaving,'  i'^  in.  of  tlii'  lioU^ 
straif;lil.  'I'lic  sliap*'  of  thvsr  oriliccx  is  illii.«it rated  in 
Fi;r.  I  and  the  method  of  assenihiiii'j  them  with  the  valves 
and  manifold  is  shown  in  Fi.ir.  V.  These  plates  with  dif- 
ferent sizes  of  orifices  are  placed  in  the  manifold  and  the 
vahes  opened  and  clo.-ied  nntil  just  the  rif^lit  oriliccs  are 
found  which  will  hold  the  pressure  at  whatever  value  it 
is  desired  to  make  the  test. 

A  thermonieti-r  is  in^eilcd  in  the  tliei  iiKiiiicter  well 
provided  in  the  orilice  manifold  and  a  i)ressiire  f^'aj^e  con- 
nected.    Tlie  compressor  is  run  nntil  all  parts  are  heated 


Fig.  2.  Orifice  Maxifold 

up  and  tlicn  readings  are  taken  at  .«hort  and  regular  in- 
tervals until  the  pressures  and  temperatures  become  con- 
stant. The  amount  of  air  discharged  can  then  be  figured 
by  the  use  of  equation  (1).  The  writer  believes  that  this 
method  can  be  relied  u]i(in  to  give  results  accurate  within 
about  2  per  cent. 

The  power  input  to  the  motor  is  obtained  by  inserting 
suitable  electrical-measuring  instruments  into  the  motor 
circuit.  If  the  motor  is  a  direct-current  machine,  an 
indicating  voltmeter  and  ammeter  will  be  required.  It 
will  usually  be  found  that  two  ammeters  will  be  needed, 
one  to  read  the  current  at  full  load  and  the  other  for  the 
current  when  the  compressor  is  "on  a  vacuum,  as  in  this 
case  the  current  is  so  small  that  the  ammeter  large  enough 
to  show  the  current  at  full  load  would  read  too  low  on  the 
scale  for  accuracy.  The  power  input  is  the  product  of  the 
current  and  voltage.  Several  successive  readings  should 
be  taken  at  the  same  time  that  the  readings  of  the  pres- 
sure gage  and  thermometer  on  the  orifice  manifold  are 
read,  and  these  readings  averaged. 

For  a  three-phase  motor,  either  a  three-phase  watt- 
meter or  two  single-phase  wattmeters  can  be  used.  If 
the  latter,  the  power  is  the  algebraic  sum  of  the  watt- 
meter readiiigs.     In  either  ca.«e.  it  may  be  necessary  on 
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For  two-phase  circuits,  two  wattmeters  are  used,  the 
power  being  the  arithmetical  sum  of  the  wattmeter  read- 
ings nuiitiplied  by  the  transformer  ratios. 

Indicator  diagrams  should  be  taken  on  every  test  and 
if  possible  four  indicators  should  be  used  so  as  to  obtain 
simultaneous  cards  from  each  end  of  each  cylinder.  They 
are  useful  to  show  whether  the  valves  were  properly  set 
during  the  test,  and  also  to  give  the  compression  and  me- 
chanical efficiencies. 

The  method  of  figuring  the  compression  efficiency  has 
already  been  described.  The  overall  mechanical  efficiency 
is  the  ratio  of  the  indicated  horsepower,  obtained  in  the 
usual  way  from  the  indicator  diagrams,  to  the  horsepower 
input  into  the  motor.  If  it  is  desired  to  obtain  the  me- 
chanical efficiency  of  the  compressor  only,  it  can  be  done 
quite    accurately   in   the    ca.se   of   direct-connected   com- 
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jjix'ssors  by  making  due  allowance  for  losses  in  the  motor 
froiu  the  motor  builder's  efficiency  curve,  but  for  belt- 
driven  compressors  it  is  difficult  to  separate  the  belt  loss 
from  the  friction  losses  of  the  machine. 

Readings  c,  from  2  to  6  inclusive,  should  all  be  taken, 
as  they  show  the  performance  of  the  intercooler  and 
cylinder  jackets.  The  amount  of  cooling  water  required 
is  an  important  item  in  the  operating  e.\]jense  of  an  air- 
compressor   plant.      Wliile   usually  snuill   c()in|)arc(l    wilii 


Calcuj.ations 

With  a  low-pressure  cylinder  of  2Gxl8  in.,  the  displace- 
ment per  revolution  is  19,021.11  cu.in.  The  speed  in 
revolutions  per  minute  is 

(157,G()5  —  153,032)  h-  25  =   185.3 
'i'lic  displacement  equals 

19,021.14  X  185.3        „,.„.  „ 

— =  203!).^  ''ii-Jf-  per  mm. 

1728 


i''i(.:.   1.    Moroi;-l)i;ivi-x  Tw o-Sr aci:  An;  ('(»mi>I!kss(ik,  vloo  Cu.Ft. 


the  cost  of  power  to  drive  the  compressors,  it  is,  neverthe- 
less, quite  appreciable,  whether  the  water  be  purchased 
from  city  mains  or  pumped  from  a  near-by  source  of  sup- 
ply, and  should  always  be  carefully  reckoned  in  consider- 
ing the  economy  of  an  air  compressor. 

Test  of  Motok-Dkivex  Ajr  Compuessok 

The  test  run  that  will  be  recorded  and  then  worked  out 
as  an  example  of  the  method  described  was  made  on  a 
26x1 5^2x1 8-in.  Sullivan  two-stage  compressor  direct  con- 
nected to  a  400-hp.,  three-phase,  60-cycle,  synchronous 
motor  mounted  on  the  crankshaft.  The  voltage  is  2200 
in  the  stationary  armatiire  and  the  revolving  field  is  ex- 
cited by  current  from  a  small  generator  belted  to  the  fly- 
wheel. A  wiring  diagram  of  the  motor  is  given  in  Fig.  3. 
There  are  two  Corliss  inlet  valves  on  each  cylinder,  moved 
by  eccentrics  on  the  crankshaft.  The  air  is  discharged 
through  poppet  valves.  There  is  an  unloading  valve  on 
the  inlet  of  the  low-pressure  cylinder,  operated  by  air 
pi])ed  from  the  receiver  and  so  adjusted  that  it  will  oj)- 
orate  within  a  range  of  pressure  of  5  lb.  This  valve  is 
either  fully  open  or  tightly  closed,  so  that  the  compressor 
is  operating  either  at  full  load  or  at  no  load. 

This  air  compressor  is  one  of  a  number  installed  in  the 
compressor  plants  for  the  construction  of  the  tunnel  un- 
der Mount  Royal,  Montreal,  now  being  built  for  the 
Camidian  Northern  Ry.  A  view  of  the  machine  as  it  is 
installed  is  given  in  Fig.  4. 


The  area  of  the  orifices  is  as  follows : 

One  |-in.  orifice,  sq.in 0.3068 

Ti^faa    l.in      i^yHi,,^^     crifr.  0.58905 


Three  ^-in.  orifices,  sq 
One  J-in.  orifice,  sq.in 


0  04908 


Total,  sq.: 


The  al)solute  pressure  of  the  atmosjihere,  with  a  barom- 
eter of  29.9395  in.  equals 

29.9395  X  0.4908  =  14.694  lb.  per  sq.in. 
Adding  to  this  103  lb.,  which  from  the  log  is  the  pres- 
sure at  the  orifice,  gives  117.694  lb.  per  sq.in.  abs.  as  the 
pressure  in  the  orifice  chamber. 

The  temperature  in  the  orifice  chamber  from  the  log 
is  227  dcg.  F.  Adding  460  to  fiiul  the  absolute  tempera- 
lure  gives  687,  and  the  square  root  of  687  equals  26.216. 

At  the  intake  temperature  of  59  deg.  F.  the  weight  of 
1  cu.ft.  of  air  is 


W  = 


1.325  X  B       1.325  X  29.9395 


460  +  t  460  -j-  59 

From  Flieguer's  fornnila 

G  =  0.53  F-^ 
V  T 


=  0.07643  lb. 


G  = 


0.53  X  0.94493  X  117.694 
26.216 


=  2.248  lb.  per  sec. 


=  1764.75  c7i.fL  per  mm.  of  free  air  at 


2.248  X  60 
0.07643 

59  deg.  F. 
The  volmnetric  or  delivery  efficiency  equals 
1764.75  -^  2039.7  =  86.5 /jcr  cent. 


I'o  w  !•;  i{ 
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A  motlioil  iiftcM  iiscil  to  li^furt'  llic  voliiint'tric  cllirifiuv 
is  to  tlivuli'  llif  lriij,'lli  of  llu>  line  «/»,  V\^.  T),  l>y  Ilic  IimikIIi 
of  till'  atniosplu-rii'  liiii'  (n:  This  mctlinil,  however,  ffives 
t(M)  lii^h  a  value  as  it  <loes  not  aUow  for  sii|i|ia^e  at  the 
ili^ehar^e  valves  ami  leaka;;e  past  the  |>istoM.  It  iiii^'ht 
more  i>roperiy  he  called  "intake  etlirieiicy"  when  llf^iireil 
this  way. 

For  the  test  lousidered,  the  volumt'trie  ellieieiuy  11;;- 
ured  in  this  manner  works  out  as  follows:  For  the  eraiik 
end  III)  -i-  ar  =  I'G.!*  per  cent.,  and  for  the  head  end, 
i'S.H  {KT  cent.  The  avera;je  of  these  is  !»?.85  per  cent., 
which,  when  coni])ared  with  the  value  HCtS)  per  cent,  found 
ahovo,  illustrates  clearly  what  a  widely  different  result 
nniy  he  ohtained  hy  the  iiulicator-dia^rani  method. 

At  111  Ih.  per  sq.in.  terminal  pressure,  the  average  of 
the  hi.'st  three  readings,  the  power  input  was  .'iKJ  kw.  He- 
dmiug  this  to  100  Ih.  j)er  sij.in.  t<'rminal  pressure,  on  the 
assumption  that  the  ])ower  is  proportional  to  that  re- 
quired for  adiahatic  compression  (which  is  a  sutliciently 
clo>e  approximation), 

aiti  X  ,''-■,'.  =  -i^-'--^  ^■"•-  =  -i"!-^  '';'• 

It).!.-)  ^ 

Kw.  input  p«-r  UK)  cu.ft.  imt  niiii.,  fnv  iiir  nt  lIKWh.  e!>K<"  output  =16  OB 
Hp.  input  per  1(H)  ou. ft.  p«T  tnin..  fn-c  air  at  I()(l-lb.  k"K<'  output  =22.  7.5 
Cu.ft.  por  niin  .  fn'f  nir  output  nt  1(K)  lb.  gafv,  per  k«  -hr..  input  =-   4  39.'> 

Kw  -hr.  |M>r  UKH)  cu.ft.  fni>  air        2  8.3 

Cu.ft.  \XT  min..  fn'o  air  output  at  ItX)  11).  gage,  p<T  kw  -hr.  input.  =353..') 
PowtT  input  at  no  load  with  the  ooniprt».s«or  opemting  at  full  Hpt-ed,  but  with 
the  intake  cut  off  and,  tln'rcfort'.  pumping  no  air,  kw 38 


High  Pressure  Cylinder 

Head  End 
Spring,  60  lb. 
Area.ZAli    Sqln. 
Un^h,S.6-Hn. 
ME.P-    S4.5 


Low  Pressure  Cylinder 
Crank  End 
■  Spring,  50  lb. 
Area,   2S86  Sq.In. 
Length,  2.9  In. 
liEP  24.75 


Low  Pressure  Cylinder 
Head  End 

{Spring,  50  lb. 
Area,  2.-t33  Sq.In. 
Len^h.  2.35  In^ 
M  E  P  ?-f.  75 


Fig.  5.  Typical  Ixdicatok  Diagiiams  fhom  Comphk.ssok 

Typical  indicator  diagrams,  taken  during  the  test,  are 
shown  in  Fig.  5.  The  indicated  horsepower  of  the  low- 
pressure  cylinder  equals 


24.75  X  530.9.3  X  1.5  X  oTl 
33,000 


=   ITo.OK 


The  indiialed   li(>ise|M>wer  of   the   high-prcBMure  cylinder 
eipials 

.'.3.4a  X  1K8.«1»  X  1.6  X  371 
33,(»()0 

.Vddiiig  gives  .•!!M.<;  i.hp.     The  t(,|jil   inpiil  3 10  kw.  = 

I '.'{.<!  lip.     Tiicii  the  iiieclninical  clliciency  equals 
31)1.(; 


423.0 


=  \)'i.t\  prr  mil. 
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Kl'KKIKNCY    C'l-1!VK    OF 
MOTOK 


lOO-Tf  I'.   SvNcniio .vol's 


221.55 


From  the  efiiciency  curve  of  the  motor,  furnished  by 
the  motor  manufacturer,  Fig.  (5,  it  will  he  noticed  that 
the  electrical  or  motor  efiiciency  at  423. C  hp.  input  is 
94.6  per  cent. 

Since  the  overall  eniciency  has  been  found  to  be  92.5 
per  cent.,  the  mechanical  efficiency  of  the  compressor  ex- 
clusive of  the  motor  is 

0.925  -:-  0.946  =  0.977  =  97.7  per  cent. 

SUMMARY  OF  TEST  RESULTS 

Hp.  input  per  100  cu.ft.  per  min.  of  free  air  at  lOO-lb.  Kaee  output.  ...  22.75 

Cu.ft.  per  min..  free  air  output  at  lOO-lb.  gage  por  hp.  input 4.395 

Kw.-hr.  per  1000  cu.ft.  free  air 2.83 

Power  input  at  no  load,  kw 38.00 

Overall  mechanical  efficiency,  including  motor,  per  cent 92.5 

Mechanical  efficiency  exclusive  of  motor,  per  cent 97.7 

Volumetric  or  delivery  efficiency,  per  cent 86.6 

Cooling  water  during  test,  cu.ft.  water  per  1000  cu.ft.  air 1.00 


By  R.  0.  Richards 

"Why  do  my  grates  deteriorate  faster  at  the  front  than 
at  the  back  end  of  a  furnace?"  the  chief  inquired  in 
the  course  of  conversation  with  the  visiting  grate  sales- 
man. 

"Because,"  the  salesman  replied,  tipping  his  hat  to  the 
back  of  his  head,  "in  ordiuar}'  firing  more  pounds  of 
coal  per  square  foot  of  gi-ate  surface  are  consumed  there, 
while,  relative  to  the  rate  of  combustion,  less  air — the 
grate-cooling  factor — passes  through  tlu  air  spaces.  The 
\oluuie  of  air  which  passes  through  the  body  of  the  fire, 
immedialely  after  a  fresh  charge  of  fuel  is  fed  to  the  fur- 
nace, i£  insufficient  for  complete  combustion,  and  the 
au.viliary  supply  admitted  through  the  grating  of  the  fur- 
nace doors,  is  so  limited  in  volume  that  only  the  fuel 
immediately  back  of  the  doors  is  benefited.  Consequently, 
the  front  part  of  the  fire  reaches  incandescence  sooner 
than  any  other  part  of  the  furnace,  with  the  possible  ex- 
ception of  narrow  strips  placed  next  to  the  heated  side 
walls. 

"Air  admitted  above  the  fuel  is  not  a  grate-cooling 
factor,  and  the  air  supplied  through  the  ashpit  doors  is 
retarded  somewhat  from  reaching  the  front  quarter  of 
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the  grates  because  of  the  sharp  iletlectioii  in  the  (lircctioii 
of  its  How. 

It  is  not  difficult  to  conceive  that  a  .strip  of  grate  in 
the  front  of  the  furnace,  varying  in  width  from  1  to  2 
ft.  is  subject  to  comparatively  high  temperatures,  and 
therefore  deteriorates  more  rapidly  than  the  rest  of  the 
grate.  For  this  reason  I  recommend  either  slightly  closer 
air  spaces  in  the  rear  grates,  or  more  cooling  surface, 
greater  depth  of  bar,  in  the  front  grates. 

"Although  I'.olding  that  the  lack  of  sufficient  cooling 
surface  is  the  chief  cause,  T  am  of  the  opinion  that  an 
unequal  and  slovenly  manner  of  firing  is  also  a  fruitful 

X.oked  Cod 
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Path  of  Cooling  Currents 


Fig.  1.  All!  Path  through 
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source  of  grate  deterioration.  When  a  hole  is  burnt  in 
the  body  of  the  fuel  most  of  the  air  will  pass  through 
this  point  of  least  resistance,  and  consequently  the  rest 
of  the  gi'ate  will  suffer  from  the  heat.  Especially  is  this 
true  -.Villi  heavy  fires,  light  steam  demand  and  partly  open 
danipej'. 

'■'If  the  fireman,  instead  of  leveling  the  fire,  fills  the 
hole  with  green  coal,  the  draft  will  be  almost  checked 
there,  and  this  green  spot  will  soon  suft'er  from  excessive 
heat  by  the  coking  of  the  coal  on  top,  and  its  ignition  by 
convection  near  the  grate.    Fig.  1  makes  this  point  clear." 

"Now,  tell  me,"  said  the  chief,  "why,  when  a  grate-bar 
warps,  it  burns  and  breaks  sooner  than  a  bar  that  has 
not  warped,  but  is  otherwise  not  in  as  good  condition. 
What  is  the  reason  ?" 

"That,"  replied  the  salesman,  "occurs  most  frequently 
to  a  bar  that  has  arched  upward  than  to  one  that  has 
sagged.  One  of  the  principal  factors  of  grate  economy 
is  the  maintenance  of  an  even  surface — one  without  ir- 
regularities in  either  the  bars  or  the  finger-pieces.  In 
general,  the  bars  wear  evenly  relative  to  oric  another,  and, 
if  they  be  so  maintained,  good  service  may  be  expected, 
though  they  may  have  sagged  considerably  at  their  mid 
lengtii.  But  when  they  are  disturbed  and  replaced  with- 
out regard  to  their  former  evenness  of  surface,  you  may  be 
sure  that  they  will  soon  be  destroyed. 

"It  is  as  important  to  number  the  bars  of  a  grate  when 
it  is  being  removed  as  to  mark  the  parts  when  disjoining 
any  apparatus  in  the  engine  room.  If  this  is  not  done 
the  grate  surface  will  be  uneven  (Fig.  3)  when  replaced 
and  from  the  moment  the  furnace  is  lighted,  the  fire  on 
the  one  hand,  and  the  fireman's  slice-bar  on  the  other, 
will  contend  M'hich  shall  level  the  most  projections  in  tlie 
shortest  time." 

"Which  is  the  better,  a  thick  bar  or  a  thin  one?"  asked 
the  chief,  as  he  stabbed  a  blotter  with  his  new  fountain 
pen.  '']\Iany  engineers  infer  that  since  less  grate  surface 
i?  in  contact  with  the  fire,  a  thin  bar  is  preferable,  but 
reliable  tests  have  proved  that  the  grate  receives  heat  as 
much  from  radiation  through  the  interstices,  as  from  di- 
rect contact  with  the  burning  fuel.  Consequently,  there 
being  less  material  and  only  the  same  amounts  of  cooling 
surface,  a  thin  bar  miist  become  many  degrees  hotter  than 
a  thick  one,  and,  not  having  the  rigidity  of  the  latter,  will 


soon  bend  sidewise,  so  that  two  or  more  come  in  contact, 
causing  wasteful  enlargement  of  the  air  space  on  one 
side  and  serious  diminution  of  the  cooling  surface  on 
the  other. 

"01  her  considerations  favorable  to  the  use  of  thick 
grate  bars  are  that  they  better  sustain  a  layer  of  pro- 
tective ash,  and  maintain  the  line  of  fire  farther  removed 
from  their  own  surface. 

"What  factors  govern  the  depth  of  a  bar,"  wa.s  the 
chief's  next  inquiry,  to  which  the  salesman  replied  with- 
out hesitation  : 

"The  length  of  the  bar,  the  amount  of  fuel  burned  per 
square  foot  per  hour,  and  the  width  of  the  air  spaces.  The 
latter  consideration  is  rarely  taken  into  account  in  grate 
do.^ign,  but  is  a  factor  that  materially  influences  the  tem- 
pcratme  of  the  grate.  Grates  between  which  are  wide  air 
spaces  are  subject  to  more  radiation  of  heat  than  those 
having  narrow  air  spaces  between  them  and  they  should 
show  more  cooling  surface  or  a  greater  depth  of  metal  in 
the  bar. 

"In  this  country  cast-iron  grates  have  little  or  no  com- 
petition; but  in  Europe  steel  and  wrought-iron  grates  are 
used  in  plants  that  consider  length  of  service  and  not 
initial  cost,  as  the  true  measure  of  grate  economy.  The 
most  common  form  is  a  series  of  straight  bars  extending 
nnbroken  from  the  front  arches  to  the  bridge-wall,  and 
supported  at  the  center  by  a  girder.  The  bars  arc  gen- 
erally forged  -t  in.  deep,  and  about  three-quarters  of  an 
inch  thick.  They  are  tightly  packed  latitudinally  by  dis- 
tance pieces,  but  are  free  to  expand  lengthwise,  being 
anchored  near  the  bridge-wall.  (See  Fig.  2.)  Their  chief 
advantage  is,  that  war]jed  bars  may  be  straightened  and 
impaired  bars  welded  and  reforged.     Thev  have  a  smooth 
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Fig.  3.  Uxeven^  Grate 


Fig.  4.  Slice  Bar 


surface  and  the  fires  are  more  easily  barred.  The  fire 
end  of  the  slice  bar  is  forced  so  that  the  lower  lip  slides 
between  two  bars  and  cuts  all  clinkers  that  may  adhere 
to  the  sides."  (See  Fig.  4.) 

Just  then  the  whistle  blew  for  dinner  and  the  sales- 
man, losing  all  interest  in  talking  grates,  caught  a  trol- 
ley headed  for  the  hotel  dining  room. 


Water  used  by  the  rack-an(l-cog-ty])e  locomotives  that 
haul  cars  to  the  top  of  Moimt  Washington,  X.  11.,  take 
water  from  a  pipe  along  the  track  instead  of  carrying  it 
in  a  tender. 

The  water  is  pumped  to  the  top  of  the  mountain  by 
duplex  pumps  near  the  base.  The  pressure  pumped 
against  is  2250  lb.  The  steam  cylinders  of  the  pump 
are  16  in.  in  diameter  and  the  water  cylinders  are  3  in. 
in  diameter.  The  stroke  is  18  in.  The  discharge  pipe 
is  2  in.  in  diameter  and  1/2  "i-  thick  for  half  its  length 
and  %  in.  for  the  remainder.  The  intake  pressure  is 
80  lb.,  furnished  by  a  dam  in  the  Ammonoosuc  River. 
The  pumps  are  located  2540  ft.  above  sea  level  and  pump 
water  to  the  summit  at  an  elevation  of  6280  ft. 


*Excerpts   from    "Engineering   Record." 
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Centralized  Control  Systemni  for 
Panama  L/Ocks 

Till'  (iponitioii  of  llio  PuiiiimM  ('niuil  locks,  tcriiiiiials 
mill  ;ui\iliiuv  t'(|iii|)iiu'iit  utilizes  electrical  ciierL'.v 
tliniiifiliout.  with  the  |ireseiil  exce])tioii  of  the  raiuuiia 
Hailmad.  the  electrilicatioii  of  which  is  under  coiiteiiipla- 
tioii. 

(IkNKUATTOX    AM)   DlSTIUni'TION 

I'ower  for  the  operatioii  of  the  lock's.  towin<T  locomo- 
tives, lifihts,  etc.,  is  to  ho  furnished  hy  a  7500-kv.-a..  2200- 
volt  hydro-electric  ])laut  at  the  (ialuii  Dam;  the  steam 
plant  at  Miratlores,  which  snp])lied  ])ower  for  construc- 
tion work,  will  serve  as  an  emerjreiicy  plant.  These  will 
su])ply,  throuf,di  22()()/U,()()0-volt  transformers,  two  par- 
allel, three-phase,  44,()00-volt  transmission  lines  extending 
across  the  Isthmus  from  JJalhoa  to  Cristohal,  where  suh- 
stations  step  down  to  2200  volts.  The  electricity  at  these 
points  is  used  for  operating  the  coal-handling  plants,  the 
machine  shops,  dry  docks  and  for  general  lighting. 

Thirty-six  2200/240-volt  substations  .supply  the 
three  sets  of  locks.  Gatun.  Pedro  Miguel  and  Mirafloros, 
with  power  and  light.  In  addition  there  are  three  2200/ 
220/110-volt  transformer  stations  for  tlio  control  boards 
at  the  locks. 

The  following  list  gives  an  idea  of  the  number  and 
sizes  of  motors  to  he  controlled  in  operating  th(>  lock  ma- 
chinerv : 

Motors,  Xiimbcr  of  Motors 

Machine  Pedro  Mir.i-  Tot.il 

Marhinos  and  Operation            and  Hp.  Gatun  Miguel  florcs  Hp 

Mitir  Kate.  movinK.  each  leaf                1-25  40  24  2S  2,300 

Aliter  gate,  miter  forcing 1-7  20  12  14  322 

Fender  chain,  main  pump 1-70  16  IG  10  3.3f50 

Fender  chain,  operating  valve 1-}  16  16  16  24 

Rising  stem  gate  valve 1-40  .56  24  36  4,640 

Cylindrical  valve 1-7  60  20  .40  840 

(luard  valve 1-25  6  6  6  450 

Auxiliary  culvert  valve 1-7  4  4  4  84 


Total. 


218 


122 


160 


12,020 


This  does  not  inilude  a  number  of  smaller  motors, 
such  as  those  for  the  spillway  gates,  the  hand  rails  on  the 
'iter  gates  and  the  sump  pum])s.  The  motors  are  started 
iirough  contactor  panels  located  near  them,  but  con- 
trolled from  the  central  control  house.  The  smaller 
motors,  including  those  for  cylindrical  valves,  auxiliary 
culvert  valves  and  miter  forcing,  are  started  by  being 
thrown  directly  on  the  line.  Two  double-pole  contactors 
are  used,  one  for  forward  and  one  for  reverse.  In  the 
case  of  larger  motors  for  miter-gate  moving,  rising-stem 
valves  and  guard  valves,  a  starting  point  with  resistance 
ill  two  legs  of  the  three-phase  circuit  is  provided. 

In  all  cases  the  contactors  are  operated  from  the  con- 
trol boards,  to  be  described  later,  by  three  wires,  one  for 
forward,  one  for  reverse  and  a  common  return.  In  the 
case  of  panels  having  a  starting  point,  the  period  during 
■which  the  motor  remains  on  the  resistance  is  automatical- 
ly controlled  by  a  dashpot,  so  that  the  starting  operation 
at  the  control  house  is  the  same,  simply  energizing  a  for- 
ward or  reverse  wire  as  the  case  may  be. 


Location    a.nd    Ori.UATio.N    of    iiO(  k    .M  a(;iiini;iiv 

•From  an  operating  standpoint  the  inachiiiery  was 
jilaced  hclow  the  coping  of  the  lock  walls,  thus  alfonling 
a  clear  space  for  maneuvering  ships  and  protecting  tlu! 
ap])araliis  from  the  weather  without  (M'ecting  numerous 
iuuiscs. 

The  miter  gates  consist  of  two  massive  leaves  pivoted 
on  the  lock  walls  and  o|)eratiiig  independeiiliy  of  each 
other.  A  pair  of  gates  is  located  where  each  change  of 
level  occurs  and  divides  the-locks-iiito  1000-ft.  cham- 
hers.  In  addition  at  the  lake  and  ocean  ends  are  dupli- 
cate pairs  .serving  as  guard  gates.  To  handle  the  vessels 
of  \arioiis  sizes  with  the  minimum  use  of  water,  similar 
initcr  gates  are  placed  in  intermediate  positions  dividing 
the  l(M)()-ft.  locks  into  two  compartments. 

On  the  top  of  all  miter  gates  a  foot  walk  with  hand 
rails  is  provided.  When  the  gates  are  op"n  and  in  the  re- 
cesses in  the  lock  walls,  these  hand  rails  would  interfere 
with  the  pa.ssing  of  the  towing  locomotives;  therefore, 
they  are  raised  and  lowered  by  a  motor  under  the  foot 
walk,  controlled  from  the  lock  wall  by  a  foot  push  con- 
troller. If  the  hand  rails  happen  to  be  left  up  and  the 
gates  are  opened  by  the  operator  in  the  control  house,  they 
will  be  lowered  automatically. 

Chain  fenders  are  stretched  across  the  canal  in  front 
of  all  miter  gates,  which  can  be  exposed  to  the  upper- 
lock  level  and  also  in  front  of  the  guard  gates  at  the  lower 
end.  These  are  maintained  taut  when  the  gates  behind 
are  closed,  and  are  lowered  when  the  gates  are  opened  for 
the  pa,ssage  of  a  ship.  The  chains  are  raised  and  lowered 
liy  a  method  similar  to  that  followed  in  hydraulic  eleva- 
l(Hs,  with  the  additional  feature  that  if  a  ship  approaches 
the  gates  at  a  dangerous  speed  and  rams  into  the  chain, 
the  latter  is  paid  out  in  such  a  way  as  to  gradually  stop 
the  ship  before  it  reaches  the  gates. 

The  filling  and  emptying  of  the  locks  is  accompli.«hed 
liy  three  culverts,  one  in  the  middle  wall  and  one  in  each 
side  wall,  the  flow  of  water  being  controlled  by  rising-stem 
valves.  These  are  located  in  the  culverts  at  points  op- 
])osite  each  end  of  each  lock  so  that  the  culvert  can  be 
shut  off  at  any  desired  point  for  filling  a  lock  with  water 
from  above,  or  upstream,  or  for  emptying  it  by  allowing 
it  to  flow  out  and  down  to  the  next  lock.  Lateral  culverts 
conduct  the  water  from  the  main  culverts,  under  the  lock 
chambers,  and  up  through  openings  in   the  lock  floors. 

The  rising-stem  valves  are  in.stalled  in  pairs,  and  each 
])air  is  in  duplicate;  also  each  culvert  is  divided  into  two 
])arallel  halves  by  a  vertical  wall,  which  reduces  the  size 
of  each  valve  and  makes  it  nrore  easily  operated.  One 
pair  of  duplicates  is  left  open  as  an  emergency  or  rever.se 
pair.  The  culvert  in  the  middle  wall  must  serve  the  locks 
on  both  sides  and  to  control  this  feature  cylindrical  valves 
are  placed  in  the  lateral  culverts  that  branch  out  on  each 
side. 

Centralized  Control  and  Indicating  Ry.'5te:\'- 
As  the  flight  of  locks  at  Gatun,  for  instance,  extends 
over  approximately  6200  ft.,  and,  the  principal  operating 
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machines  are  distributed  over  a  distance  of  about  -1000  ft., 
it  will  be  seen  that  a  centralized  electrical  control  is  es- 
sential. 

The  control  boards  arc  insialli'd  in  control  houses  (see 
Fig.  3),  located  on  the  middle  walls  at  points  which  af- 
ford the  best  view  of  the  locks,  although  this  view  is  not 
depeiuled  on  to  know  the  position  of  the  gates  or  other 
apparatus,  as  there  are  indicators  on  the  control  hoards. 
These  boards  are  operating  miniatures  of  the  locks  them- 
selves, and  are  arranged  with  iiulicating  devices  which 
show  the  position  of  valves,  lock  gates,  chains  and  water 
levels,  and  with  the  exception  of  such  machinery  as  needs 


Hat  top  of  the  control  board  is  occupied  b}'  the  contact 
fingers  of  the  control  switches,  mounted  on  the  operating 
shaft,  synchronous  receivers  and  their  cable  connections. 
The  receivers,  transmitters  and  lamps  are  operated  at  110 
volts,  while  the  control  circuits  are  at  320  volts,  both  us- 
ing 25-cycle  alternating  current. 

The  synchronous  indicators,  which  were  developed  es- 
pecially for  this  undertaking,  consist  of  a  transmitter  lo- 
cated and  operated  by  the  machine  in  the  lock  wall,  and  a 
receiver  operating  an  indicator  at  the  control  board.  Both 
transmitter  and  receiver  have  a  stationary  and  a  rotating 
part.     The  stators  have  three-phase  Avindings  with  leads 


Fig.  1.  C'oKTwoL  Boako  fou  Miraflores  Locks 

only  an  open  or  closed  indication,  the  indications  will  be  brought  from  the  transmitter  and  connected  to  three  cor- 

synchronous  with  the  movement  of  the  lock  machinery.  responding   equidistant   points    of    the    receiver.     These 

The  control  boards    (Fig.   1),   are   of  flat-top   bench-  stator  windings  are  not  connected  to  a  source  of  power, 

board  type,  33  in.  high  by  54  in.  wide,  built  in  sections,  but  are  energized  by  induction  from  the  rotors.     The  lat- 

with  total  lengths  as  follows :  ter  are  bipolar  and  are  connected  in  multiple  and  ener- 
gized from  a  110-volt,  25-cycle,  single-phase  source. 

r^<hoyiisuc\  '..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  36  ft!  Movement  of  the  lock  machinery,  with  the  connected 

Miraflores 52  ft.  transmitter  rotor,  induces  voltage  in  the  transmitter  stator 

The  side  and  center  walls  of  the  locks  are  represented  coils.     This   induced   current  is   transmitted  to  the  re- 

by  cast-iron  plates  and  the  water  in  the  locks  l>y  blue  ceiver-stator  coils  and  du])licates  in  them.     The  rotor  of 

Vermont  marble  slabs.  the  receiver,  being  energized   by  the  external  source  in 

The  control-switch  handles  are  mounted  above  the  sur-  the  same  direction  as  that  of  the  transmitter,  is  reacted 

face  of  the  board  and  operate  through  an  angle  of  00  deg.  upon  by  the  polarized  receiver  stator  until  the  magnetic 

They    are    provided    Avith    nameplates    for    the    "open"  axes  coincide  and  the  rotors  of  both  transmitter  and  re- 

and  "closed"  positions.   The  space  immediately  below  the  ceiver  are  in  the  same  relative  ]iosition.     Any  difference 
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ill    llic    piisiliiiii    (if    till'    Inui-millcr   miil    n'c<'i\cr    iiilni>  In    ilir  ,n>r  nf   ilic   iiiili-r  ^alfs,   tin-   vertical  <i|MTaliii 

cansrs  a  ililTcrciui'  of  |iii|t'iilial  lu'twccn   llic  slalor  wiixl-  h-liafi    in  < oiiiicctcd   to  ii  sliaft  wliiili  <i|icrali-H   the   Iran 

iii;;s    witli    a    f(iiisr(|iiciil    lldw    ol'    riirri'iil    ami    n'sullaiit  iiiiltcr  iiiacliiiic.     'riic  latter  Kliaft  in  threaded  and  carri' 

ttirtiiie,  wliieli  aj^'am  iiiii\es  li\e  Hdivt  r  intcir  tn  llir  -niin'  a    niil    on    «lii(li    is   iiKHiiited   a    nn  k.      'I'lie   nick   eii;,'a;^c 


Fig.  2.  Ixterlockixg  System  uxdek  Control  Board.   Fig.  3.  Control   House  on   Center  Wall  of  Upper 

Locks.    Fig.  4.  Water-Level  Indicator.    Fig.  5.    Control    Switch    and    Interlock    Mechanism. 

Fig.  6.  Miter-Gate  Transmitter.    Fig.  7.  Miter-Gate  Index.    Fig.  8.  Chain-Fender  Index 


relative  position  as  that  of  the  transmitter  rotor.  The  re- 
ceiver rotor  follows  closely  and  smoothly  the  movement 
of  the  transmitter  rotor,  and  consequentlv  imparts  to  the 
position  indicator  a  movement  identical  with  the  move- 
ment of  the  lock  machine,  althonjrh  on  a  scale  reduced  to 
the  requirements  of  the  contrdl  board. 


a  gear  on  the  rotor  shaft  (Fig.  6),  and  this  turns  the 
rotor  as  the  gates  operate.  The  miter-gate  indicator  (Fig' 
7)  comprises  a  pair  of  aluminum  leaves,  shaped  to  cor- 
respond to  the  plan  view  of  the  top  of  1he  gate,  which 
travels  horizontally  just  above  the  top  of  the  board,  the 
hinge   ends   being  connected  to   shafts   extending   down 


througli  the  surface  of  tlie  board  where  they  are  geared 
to  the  receivers  by  bevel  gears. 

For  the  chain  fender,  the  position-indicator  transmitter 
is  driven  by  the  shaft  which  operates  the  limit  switch  that 
controls  the  stroke  of  the  piston.  The  indication  on  the 
board  is  given  by  a  small  aluminum  chain  (Fig.  8)  which, 
like  the  large  chain,  is  raised  and  lowered,  each  end  oper- 
ating independently. 

As  the  rising-stem  valves  occur  in  pairs,  their  position- 
indicator  machines  occur  in  pairs  also.  The  transmitter 
rotor  is  driven  by  a  shaft  and  gearing  similar  to  that  de- 
scribed for  the  miter  gates.  Each  indicator  is  similar  to  a 
small  elevator,  a  car  being  used  to  indicate  the  position  of 
the  valve  gate.  Both  front  and  back  of  the  shaft  are  fitted 
with  opal  glass  marked  with  black  lines  for  the  i/4,  V2  ^"'^ 
%  positions.  A  small  aluminum  cage  moves  up  and  down 
in  each  compartment. 

Water-Level   Indicators 

The  specifications  covering  the  water-level  indication 
required  an  accuracy  of  V20  of  a  foot  in  actual  water  level. 
In  the  transmitters  and  receivers  for  the  machines  de- 
scribed previously,  the  rotors  turn  less  than  180  deg.  with 
an  inherent  lag  of  li/^  per  cent,  between  the  transmitter 
and  receiver  rotors  in  this  distance,  which  obviously  pre- 
vents this  arrangement  from  being  employed  to  give  the 
water-level  indication. 

It  was  found  that  if  the  rotors  were  revolved  ten 
complete  revolutions,  the  required  accuracy  could  be  ob- 
tained; but  since  this  makes  it  possible  for  the  rotors  to 
be  in  synchronism  every  180  deg.,  or  in  twenty  different 
positions  for  the  entire  travel,  the  indicators  would  not 
indicate  correctly  if  for  some  reason  the  transmitter  ro- 
tors were  turned  more  than  one-half  revolution  with  the 
power  off.  Therefore,  the  required  accuracy  was  obtained 
by  two  sets  of  transmitters  and  receivers,  one  set  con- 
nected to  a  fine  index  in  which  the  rotors  make  ten  com- 
plete revolutions  and  the  other  set  connected  to  a  coarse 
index  operation,  less  than  180  deg. 

The  fine  index  is  a  hollow  cylinder  carrying  a  pointer, 
the  length  of  the  cylinder  being  such  that  when  an  alum- 
inum ball  representing  the  coarse  index,  which  can  be  de- 
pended upon  for  coarse  indication,  is  within  the  limits  ot 
the  cylinder,  the  reading  of  the  fine  index  is  correct  with- 
in the  limits  specified.  The  scales  are  illuminated  by 
lamps  in  both  base  and  top  caps  of  the  indicator. 

For  water-level  indication,  walls  36  in.  square  in  the 
lock  walls  with  communication  to  the  lock  by  a  small 
opening  at  the  bottom  of  the  wall  to  dampen  surges  con- 
tain a  welded-steel  box  float,  30  in.  square  by  9  in.  deep. 
A  nonslipping  phosphor-bronze  belt  transmits  the  move- 
ment of  the  float  to  a  sheave  fitted  with  pins  on  the  trans- 
mitter mechanism,  the  pins  registering  with  holes 
punched  in  the  belt. 

Mechanical  Interlocking  System 

To  make  it  necessary  for  the  operator  to  maneuver  the 
control-switch  handles  always  in  a  certain  order,  corres- 
ponding to  a  predetermined  sequence  of  operation  of  the 
lock  machinery,  and  to  prevent  the  operator  in  control  of 
one  channel  from  interfering  with  the  machinery  under 
the  jurisdiction  of  the  operator  controlling  the  other  chan- 
nel, these  control  switches  are  provided  with  interlocks, 
as  shown  in  Figs.  2  and  5.     These  are  in  two  vertical 


racks  under  each  edge  of  the  board  and  some  distance 
l)eIow,  so  that  they  may  be  easily  inspected  and  oiierl. 

Vertical  shafts  operated  by  connecting  rods  from  the 
(ontrol-switcli  shafts  extend  downward  past  the  electrical 
parts  for  the  operation  of  the  interlocks.  The  interlock 
system  is  essentially  a  bell-crank  mechanism,  connecting 
the  shaft  of  the  control  switch  through  a  movable  horizon- 
tal bar  to  a  vertical  operating  shaft,  which  can  or  cannot 
move,  according  to  the  relative  positions  of  the  interlock- 
ing bars  and  dogs. 

Interlocks  prevent  the  chain  fender  from  being 
lowered  until  adjacent  miter  gates  have  been  opened,  and 
also  prevent  the  gates  being  opened  until  the  chain  is  in 
the  raised  position.  After  the  miter  gates  are  closed,  a 
miter  forcing  machine  is  operated  by  a  control  handle 
and  locks  the  ends  of  the  gates.  This  machine  cannot 
be  operated  until  the  gates  are  closed. 

Also  the  rising-stem  valves  of  the  side  wall,  next 
above  or  below  a  miter  gate,  must  be  closed  while  the 
miter  forcing  machine  is  open.  As  the  miter  forcing  ma- 
chine cannot  be  closed  until  the  gates  are  closed,  this 
means  that  the  valves  either  above  or  below  the  gate  must 
remain  closed  until  the  gate  itself  is  closed,  thus  pre- 
venting the  operator  from  creating  a  current  of  water 
around  the  gates  while  tliey  are  open,  or  being  moved  in 
opening  or  closing. 

Either  pair  of  rising-stem  valves  may  be  opened  first, 
the  interlock  becoming  effective  when  the  first  valve  of  the 
second  pair  of  duplicates  is  opened.  The  cylindrical  valves 
are  interlocked  so  that  if  those  on  one  side  are  opened, 
the  ones  on  the  other  side  will  lock  the  opposite  ten.  This 
])revents  careless  cross  filling  between  locks,  which  ojiera- 
tion  might  be  combined  with  the  regular  method  and  pro- 
duce flooding.  However,  there  may  be  times  when  it  is 
desirable  to  employ  cross  filling  to  economize  in  the  use 
of  water  from  Gatun  Lake  in  the  dry  season.  For  this 
reason  this  interlock  is  made  removable  by  the  use  of 
a  Yale  lock,  the  key  being  retained  by  the  chief  operator. 

In  most  cases  the  locks  are  divided  into  two  unequal 
parts  by  the  intermediate  miter  gates.  This  makes  it 
necessary  to  divide  the  ten  cylindrical  valves  into  two 
groups  of  seven  and  three,  respectively,  for  the  long  and 
short  lengths.  A  selecting  lever  is  provided  for  these  in- 
terlocks and  may  be  set  as  indicated  by  a  nameplate  on 
the  lever  to  "three,"  "seven"  or  "ten,"  respectively; 
whereupon  the  corresponding  valves  are  subject  to  that 
interlock,  and  the  others  of  the  group  of  ten  are  locked 
closed  if  three  or  seven  only  are  used. 

To  withstand  the  humid  atmosphere  of  the  Isthmus, 
every  insulated  part,  such  as  solenoid,  relay,  circuit- 
breaker  and  other  coils,  was  impregnated  with  nonhy- 
groscopic  compounds.  All  small  parts  were  made  either  of 
brass,  copper,  Monel  metal,  bronze  or  of  sherardized  iron 
or  steel.  Mica  and  treated  asbestos  lumber  were  used 
largely  in  place  of  fiber  or  wood. 

Nearly  two  thousand  special  drawings  were  required  in 
the  fabrication,  and  in  the  construction  of  the  boards 
there  was  employed  more  than  2',  miles  of  interlocking 
rod,  about  six  million  feet  ol"  control  leads,  732  indicator 
motors,  and  464  control  switches. 

All  the  lock-machinery  motors,  control,  panels,  central- 
ized control  boards,  power-station  generating  apparatus, 
switchboards,  transmission-line  substation  equipment  for 
the  wharf  terminal  cranes,  etc.,  were  manufactured  by  the 
General  Electric  Co. 
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A  'UffTviotie  Kerosene  Cctrbtiretor  -'mi''  iii«'  iHiuciiiics  ni'  niMTJiiidn,  howi'vcr,  is  workMi  iiy 

i<)iii|)ii'ss('(l  air,  llic  nllicf  ni'  wliirli  is  tu  atoiiii/.c  tin;  Jvcm- 

'  '  ^^  sciic   lis   tlio    iiiiliiii   sti'p   ill    tlu!    process.      'I'lio  iitoiiiizcd 

It  IS  giMicrnlly  iitiictMlcd  hy  tliti.M'  who  liaAc  ac<|iiinMl  kerosene  (willimil  tli(!  a|)|(licatioii  of  In^al )  issues  in  a 
experience  in  tlio  kerosene-carimretor  Held  tiiat  (lie  !i|>-  spray  wliicli  uill  i:i|iidly  coii(iens(!  on  llie  hand  and  drip 
plication  of  heat  at  soni(>  i)eriod  of  the  travel  of  the  fuel  ulV.  'I'lie  instant  a  Ihiine  is  applied,  however,  under  tiie 
from  the  tank  to  the  motor  is  necessary.  The  application  |pinper  condilions  of  mixture,  the  characteristics  of  tiie 
of  lieat,  however,  must  ho  carried  out  with  extreme  \ai)or  are  entirely  (^han^ed,  and  it  iMMomes  a  thick,  while 
delicacy  for  if  there  is  insiillicient  heat  the  process  of  vajjor,  slroiifjly  reseml)lin<j  steam,  and  the  most  interest- 
vaporization  is  liiit  sli^hily  riiithered.  while  if  there  is  inir  thiiifi  about  it  is  that  it  is  decidedly  dilliciilt  to  (;on- 
loo  much  lu  ;it  a  chcniirMl  action  known  as  "crackinj;^'  dense.  It  floats  in  the  air  like  smoke  and  disai)|H!arK  in 
l;ikes  place,  the  kerosene  splits  up  into  its  coni|)oneiits,  the  .same  <jradual  way. 
and  llie  result  is  poor  combustion,  an  odoriferous  e.xhaust  The  ])ure  vapor,  close  to  the  discharj^e  |)i|)c,  cannot  be 
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i^nd   an    ainindant   deposit   of   carbon   in   the   conibustiou 
chambers  and  other  parts. 

To  tliose  familiar  with  the  more  conventional  lines  of 
endeavor  that  have  been  followed  in  many  attem])ts  to 
solve  the  kerosene-carburetion  problem  the  idea  of  apply- 
ing heat  by  starting  a  fire,  so  to  speak,  in  the  mixing 
chamber  of  the  carburetor  itself,  doubtless  appears  revolu- 
tionary. Yet  it  is  by  this  very  process  that  Alexander  E. 
Porter,  of  171  Broadway,  New  York,  has  succeeded  in 
producing  a  kerosene  vapor  that  differs  widely  from 
vapors  formed  by  more  familiar  processes. 

PRELiiiixART  Experiments 

Before  describing  the  construction  of  the  apparatus  it 
might  be  well  to  mention  some  of  the  preliminary  results 
of  its  peculiar  action. 

While  the  carburetor  is  in  actual  service  it  is  operated 
in  the  usual  way  by  the  suction  of  the  motor.  The  ex- 
nerimontal  carburetor  employed  on  the  bench  to  demon- 


ignited  with  a  naked  flame.  Further  out,  however,  where 
there  is  an  admixture  of  air.  it  can  be  ignited  with  a 
match,  and  burns  with  a  reddish  fiame.  It  is  notable, 
however,  that  the  flame  gives  off  no  smoke  and  produces 
no  deposit. 

The  same  procedure  in  the  case  of  the  raw  spray  of 
kerosene  results  in  the  usual  smoke  and  shower  of  small 
particles  of  black  carbon  in  the  air.  The  vapor  is  easily 
caught  in  a  wide-mouthed  bottle  held  over  the  discharge 
pipe  of  the  carburetor,  and,  despite  the  coldness  of  the 
glass  walls,  remains  visible  in  the  bottle  for  14  min. 
by  the  watch. 

If  a  bottle  of  the  white  vapor  is  opened  for  a  momeiit 
and  a  little  air  admitted,  a  match  applied  to  the  mouth 
will  ignite  the  mixture,  which  will  burn  very  rapidly  and 
with  a  slight  puff  of  flame,  but  without  any  deposit  of 
carbon. 

The  conclusion  naturally  drawn  from  these  demon- 
strations is  that  by  this  method  it  is  possible  to  produce 
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a  kerosene  vajtor  tliat  is  &iilfieieiitly  stal)le  to  witli^taiul 
condensialion  coiisideral)ly  longer  than  i?;  necessary  to 
get  it  into  the  cylinders  of  a  cold  engine  and  ignite  it. 
Furthermore,  it  woukl  appear  that  under  normal  condi- 
tions combustion  should  take  place  without  smoke  or 
odor  and  without  leaving  deposits  in  the  cylinders. 

Referring  to  the  illustration,  showing  a  section  thro\igli 
the  carburetor  and  various  details,  the  kerosene  enters 
through  a  float  valve  A  into  the  chamber  B,  thence  through 
the  passage  C  to  the  needle  valve  I)  and  passage  E  to  the 
atomizing  chamber  F.  Atomizing  air  is  drawn  in  by  suc- 
tion through  the  passage  G,  past  the  needle  valve  //  and 
lip  through  I,  where  being  directed  against  the  jet  of 
kerosene,  breaks  it  up  into  a  spray.  Air  is  also  drawn  in 
through  the  passage  J  past  the  needle  valve  K  and  up 
througli  passage  L,  thence  through  the  annular  holes  AI, 
as  indicated  by  the  arrows,  and  into  the  atomizing  cham- 
ber F. 

The  spark  plug  ignites  a  small  portion  of  this  atomized 
kerosene  mixture  which  burns  as  a  small  ball  of  fire  and 
may  be  seen  through  the  mica  window  iV.  The  screen  0 
prevents  any  flame  from  extending  to  the  upper  part  of 
the  carburetor.  A  single  screen  M^as  first  tried,  but  this 
was  found  to  heat  up  after  a  few  minutes  and  ignite  the 
vapor  in  the  upper  chamber.  The  double  screen,  however, 
prevents  this. 

Because  of  insufficient  air  in  the  chamber  F  only  a  very 
small  portion  of  the  kerosene  burns  and  furnishes  just 
enough  heat  to  break  up  the  remainder  into  the  form  of  a 
dense  white  vapor  as  previously  mentioned.  The  propor- 
tions of  air  and  kerosene  entering  this  chamber  are  con- 
trolled by  opening  the  needle  valves,  D,  H  and  K,  which 
ai-e  connected  through  gearing  K  (maintaining  a  constant 
ratio),  the  movement  being  controlled  by  a  lever  S,  which 
ojievates  in  unison  with  the  throttle. 

The  auxiliary  air  for  supplying  the  proper  mixture  to 
the  engine  cylinders  enters  through  the  sliding  throttle 
7',  and  up  into  the  mixing  chamber  P  as  indicated  by  the 
arrows. 

The  spark  plug  is  operated  from  an  independent  spark 
coil  with  a  switch  on  the  dash,  and  after  the  carburetor 
has  been  in  operation  a  few  minutes  the  current  may  be 
turned  off  and  the  ball  of  fire  will  continue  to  burn  in 
chamber  F  and  the  carburetor  will  -work  as  usual  for  a 
long  period. 

The  motor  starts,  when  cold,  on  the  kerosene,  apparent- 
ly as  easily  as  ou  gasoline.  There  is  this  difference  be- 
tween gasoline  and  kerosene,  however : 

Judging  from  the  running  of  the  motor,  the  kerosene 
burns  more  slowly  than  gasoline,  there  being  apparently 
more  gradual  expansion  and  less  of  the  explosion  effect. 
The  correctness  of  this  would  seem  to  be  borne  out,  in  a 
measure  at  least,  by  the  fact  that  the  motor  will  throttle 
down  to  a  hiwer  speed  than  with  gasoline  and  will  "bang 
on"  when  climbing  a  grade  on  high  gear  in  a  way  that  is 
rather  surprising.  While  the  speed  of  combustion  is  quite 
sufficient  for  all  ordinary  purposes,  when  a  motor  is  raced 
to  an  excessive  speed  the  power  falls  off  sooner  than  with 
gasoline. 

No  trouble  has  been  experienced  from  deposits  in  the 
cylinders  or  on  the  spark  plugs  except  when  the  flame  in 
the  carburetor  has  been  momentarily  extinguished  and 
raw  kerosene  vapor  has  been  drawn  in. 

The  vapor  at  the  point  of  combustion  is  too  rich  to 
buru  rapidly,  burning  beyond  the  screen  is  impossible  and 


a  backfire  from  the  motor  would  have  a  tendency  to  ex- 
tinguish the  llaine  monu'iitarily.  Hence,  there  is  nj  dan- 
ger from  the  flame. 

Most  of  the  road  test  work  with  this  kero.sene  car- 
buretor has  been  with  a  large  and  heavy  six-cylinder  car, 
which  is  notoriously  wasteful  in  the  matter  of  fuel  con- 
sumption, and  the  manufacture  of  which  has  been  discon- 
tinued. The  motor  is  rated  at  60  hp.  Running  on  gaso- 
line the  best  average  that  could  be  made  was  five  miles 
to  the  gallon  of  fuel.  On  kerosene  with  this  carburetor 
the  average  rose  to  10. .5  miles  per  gallon,  and  the  motor 
showed  an  appreciable  increase  in  ])o\ver,  especially  on 
hills. 

Pir©dl^ceip°Gsvs  Plasatt 

By   (;.   A.   Field 

The  following  is  a  preliminary  estimate  of  the  costs 
of  a  300-hp.  gas  engine  and  producer.  The  engine  is  as- 
sumed to  be  a  three-cylinder,  vertical  type  and  the  pro- 
ducer to  be  of  the  bituminous  water-sealed  type  with 
superimposed  vaporizer.  The  estimate  includes  the  first 
cost  of  the  engine  and  producer  erected  on  foundations, 
together  with  all  piping  and  gas-cleaning  apparatus  and 
coal-handling  machinery,  also  the  annual  cost  of  opera- 
tion. 

It  is  understood  that  the  factors  and  assumptions  used 
will  vary  through  a  wide  range,  depending  ou  the  fol- 
lowing : 

1.  The  nature  of  the  service  required,  whether  to 
drive  electric  generators,  air  compressors,  ordiii  iry  mill 
machinery,  etc.  Jn  many  of  these  cases  it  might  be  ad- 
visable to  plot  the  load  curve  before  deciding  upon  the 
size  of  the  units. 

2.  The  quality  or  grade  of  bituminous  coal  to  be  used. 
This  has  a  nmrked  influence  upon  the  quality  and  class 
of  labor  required,  the  efficiency  of  the  producer,  the  cost 
of  the  gas-cleaning  apparatus,  the  cost  of  disposing  of 
the  tar,  etc. 

3.  The  charges  in  first  cost  to  freight,  and  incidental 
expenses  will  obviously  depend  largely  upon  the  location, 
shipping  facilities,  etc. 

4.  The  load  factor.  The  fuel  consumption  per  brake 
horsepower-hour  increases  as  the  load  decreases  from  full 
load.  The  other  operating  costs  per  brake  hoisepower 
also  increase,  though  in  different  ratios. 

As  a  result  of  these  variable  conditions  each  case 
should  be  treated  in  a  more  or  less  special  manner  to  g^c 
the  best  si-.tisfaction  to  the  parties  concerned. 

The  estimate  does  not  include  the  cost  of  the  water 
required  for  the  plant.  This  may  be  easily  determined 
for  the  particular  case  by  allowing  10  to  13  gal.  per 
b.hp.-hr.  for  the  engine  and  3  to  4  gal.  per  b.hp.-hr.  for 
the  producer. 

The  cost  of  the  building  and  land  is  also  omitted. 

Detkemination  of  Size  of  Producer 

The  B.t.u.  in  the  gas  required  per  brake  horsepower- 
hour  from  full  load  to  three-quarter  load  is  assumed  lo- 
be 12,000. 

300  hp.  X  13,000  =  3,600,000  B.t.u. 
required  in  the  gas  per  hour.     Assume  the  producer  ;ia- 
ciency  to  be  6.5  per  cent. 

"  3,600,000  H-  65  per  cent.  =  5,538,461  B.t.i  . 
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ill  loal  per  hour.     As^llm^  lln'  Ih'iiI   valm'  of  loal   Id  Ik; 
l.l,r>n(i  H.i.u.  |ifr  III. 

.•i,r,,!s.i(ii  -r-  la.noo  -=  110.2:.  ih. 

of  ciiiii  |Hi  limir.     Assume  n  jjasilictilioii  of  in  lli.  (if  roal 
|H'i-  sqiiart'  fnot  nl"  j^rati'  area  per  hour 

■ll().•^">  H-  1(1  ^   ll.<i-'  sii.fl. 
of  '^YwW  aii'a.     All  iiileiiial  iliiiiiicter  of  '    fl.  .'i  in.  wniild 
satisfy  this  re(iiiiremeiit. 

Alternate  inetluMJ:  .Vs  in  tlir  alidxc  mse  llie  iS.t.ii.  re- 
(piireil  in  tlie  jjas  per  lumr  e(pial.>-  ;i,(Hi(t.()(it».  .\.s.<'inie  gn- 
at  IMT)  I?.t.u.  Jier  ell. ft.  (low  vahu-). 

;5.()()(t.(io(i -;-  v.\h  —  ■,'(;,()()(;.()  cu.fi. 

of  yii.-  |)er  hour.     .Assume  (i.")  lU.ft.  of  f;as  geneiiilcil    pt  r 
ill.  of  coal  per  huiir. 

■J(),()(;(i.(i  -^  (i.-)  =    IIO.-J")  Ih. 
loal  per  hour.     Assume  a  jriisifieation  of  l(t  II).  of  coal  pi'r 
sq.ft.  of  urate  area  per  hour 

410.-^r)  -f-  10  =  41.()-^  sq.fl. 
of  grate  area,  which   is  satisfied  hy  an  interiinl  (liaiiictcr 
of  7  ft.  :5  in.     This  rejjresents  a  gasilication  of   l..')(i  lb. 
per  b.hp.-hr. 

FlUST  COST  OF  PHODLCER  AND  ENGINE 


Producer  ("   $2  25  per  lip 

ProiliiciT  liiiiiiK  (<"  0  2.'>  |)ir  hp 

Labor  for  liiuiii;  Oi'  0   10  pi-r  hp 

Blower  (or  .-lartiiiK  (n    0    10  per  lin 

Ci'iitrifuKul  .scrubber  C«    1   .50  per  np 

IntermediiUe  scrubber  (<i)  0    10  per  hp 

Tower  .scrubber  @  0. 60  per  hp 

PipiiiK  and  auxiliaries  (blasO  (<•)  0  50  p<'r  hp. 

Moisture  separator  @  0.  20  per  hp 

Water  and  Kas  piping  @  0.00  per  hp 

FillinK  for  .scrubbers  @  0.25  per  hp 

Erection  ("■  1   25  per  hp 


Total 

Coal  handling  apparatus  @  $6  IK)  per  hp. 


Add  for  starting  up,  auxiliaries,  freight,  travel,  manufacturer's 
profit,  etc.,  about  :«)  per  cent,  of  $4200.00 


Total  first  cost  of  producer  and  equipment. 
Cost  of  engine  on  foundation 


;«) 

00 

:)0 

(Kl 

150 

00 

120 

00 

ISO 

00 

l.'jO 

(10 

(iO 

00 

180 

(K) 

75 

(K) 

375 

00 

$2400  00 

$1S00  00 

$4200 

00 

1260 

00 

$5460 

00 

$13,000 

00 

Total  first  cost  of  engine  and  producer    $18,460  00 

First  cost  of  engine  and  producer  per  hp $61   53 

OPERATING  COST  OF  PRODUCER 

Coal  gasified  per  hr.   = ^^S  H^  S- 

Standby  loss,  2  per  cent,  of  410  25  = 8  20  lb. 

From  these  figures  any  variation  in  loss  in  fuel  due  to  shut-down  of  engine  may 
be  calculated.  ,      „  „   ,  ,    , 

.\ssume  a  special  case  calling  for  ser\ace  10  hr.  a  day  for  313  days  of  the  year; 
overhauling,  etc.,  to  be  done  Sundays  and  at  night. 

313  davs  (a:  10  hrs.  a  day  =  ,  3130  hr. 

3130  X  410.25  =  1,284,082  lb.  of  coal  converted  into  power  per  year. 

Total  number  of  hr.  per  year  =  8760 
8760  —  3130  =  5630  standby  hr. 
5630  X  8.2  =  46,166  lb.  standby  cost  per  year. 

Total  consumption  per  year  in  tons  of  2000  lb.   =  665   12. 

Coal — 665. 12  tons  (a)  $2  00  per  ton  = 

Repairs  and  maintenance  C*  1   75  per  cent,  of  5460.00  = 

Interest,  depreciation,  taxes,  insurance  fe  13  per  cent.   = 

Supplies,  about 

Labor  ©4.00  per  day  (365  days)    


$1330 

24 

05 

60 

709 

80 

30 

(M) 

1460 

(H) 

S3625 

64 

Total  annual  cost  of  producer  = 

()PEK.\TING  COST  OF  EXGI.NE 

300  b.hp.  for  3130  hr.   =  939,000  b.hp.-hr. 

First  cost  of  engine  erected  on  foundation    = $13,000  00 

$1300  00 

281.70 

375.60 

1408.50 

650  00 


Depreciation  @  10 Tc  of  13,000.00  = 

Supplies  @  0.03c.  per  b.hp.-hr.   =     

Lubricants  @  0  04c.  per  b.hp.-hr.   =   

Repairs  and  maintenance  @  0  1.5c.  per  b.hp.-hr 
Interest  (gi  5  per  cent 


Annual  cost  of  engine  = 

Annual  cost  of  producer  = 

Total 

Power  required  to  operate  centrifugal  scrubber  i 
output. 
Cost  per  year  for  operating  scrubber  =   

Total  annual  operating  cost  of  plant  = 

Total  annual  cost  per  b.hp 

Operating  cost  per  b.hp.-hr 


7641.44 
per  cent,  of  total 


$8023  44 
$26  74 
0.85c. 


[The  low  cost  i)cr  brake  horsepower-hour  of  0.85c.  is  due 
largely  to  the  high  load  factor  assumed  during  the  hours 
of  regular  operation.  The  same  method  of  fipiring  the 
results  is  applicahlo  to  other  load  conditions. — Editok.] 


CORRESPONDENCE 


Broken  CranksKaft 

ifeferriiij.^  lo  the  hrokeii  crankshaft  (loscnhed  liy  M.  W. 
t't/..  in  the  Dec.  it  issue  of  l'()Wi:ii,  and  shown  af^aiii  liere- 
with,  the  fact  that  the  shaft  hroke  at  point  .1  does  not; 
pi(p\c  that  the  hreak  was  caused  hy  an  exc(!ssive  torsional 
strc.-s,  hilt  the  writer  is  inclined  to  think  that  such  slresi* 
conihiiied  with  the  possihle  disalignment  may  iiave  coii- 
trihuted  considerahly  to  the  failure. 

The  writer  has  never  favored  gas-en/^ine  desig^ns  of  the 
tyi)e  shown,  where  heavy  flywheels  are  placed  on  hoth 
sides  of  the  crank.  If  two  flywheels  must  lie  ii.sed  for  the 
sake  of  bettering  the  balance,  there  is  no  good  rea.son  why 
the  idle  flywheel  should  not  be  made  considerably  lighter 
than  the  belted  one.  AVhere  the  idle  wheel  is  just  as 
heavy,  it  stores  just  as  much  energy  as  the  other,  and  dur- 
ing the  lyi  Ic  ill  which  it  gives  u|)  its  energy  to  the  driven 


CifANKsH  MT,  Showing  Loca'iion  of  Fhactuhes 

machine  or  Tnachincs  that  energy  must  be  transmitted 
through  a  long,  crooked  shaft,  as  clearly  shown  in  Mr. 
Utz's  drawing.  AVhere  a  load  is  suddenly  applied,  or  in 
sudden  binding  or  catching  of  the  driven  machines,  as 
often  occurs,  there  is  a  possibility  of  crankshaft  failure, 
even  though  the  load  which  is  being  pulled  is  light  nor- 
mally. 

Where  a  single  flywheel  is  used,  or  where  the  idle  wheel 
is  small,  this  danger  is  ])ractically  eliminated.  True,  a 
gas  engine  looks  better  with  two  equal  sized  flywheels, 
even  though  the  load  which  is  being  pulled  is  light  nor- 
mally 

Xew  York  City.  S.  F.  Wilson. 

From  the  letter  on  "A  Broken  Crankshaft,"  printed 
in  the  i.xsue  of  Dec.  i),  page  82.5,  it  appears  likely  that 
synchronous  vibration  played  a  part  in  the  accident. 
There  would  he  two  critical  speeds  for  the  engine,  one 
affecting  the  torsional  moment  and  the  other  the  bending 
moment.  The  sketch  looks  as  if  the  latter  were  the  trouble. 
.\s  a  check  to  this  it  would  be  interesting  to  know  if  there 
were  any  signs  of  torsional  fracture  at  A.  The  fact  that 
the  engine  broke  when  carrying  no  load  is  strong  evidence 
in  support  of  .synchronous  vibration. 

The  engine  was  probably  running  below  the  critical 
speed  normally.  Some  of  the  babbitt  being  wiped  out  of 
the  bearing  would  weaken  the  directional  restraining 
power  of  this  bearing  and  consequently  increase  the  period 
of  natural  vibration  of  the  shaft  or  reduce  the  critical 
speed,  making  it  come  down  to  that  of  the  engine  speed 
or  dangerously  near  to  it. 

John  Airey, 

Ann  Arbor.  Mich. 
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By  Gilbert  Chavvfoi!!),  ,7  k. 

Reoeiitly  tln'  ninmonia  pipe  coils  in  a  new  freezing  tank 
were  in  place  before  the  compressor  was  entirely  erected. 
It  was  desired  to  test  these  coils  immediately  so  that  the 
framework  could  be  placed  on  the  tank.  As  there  was 
no  air  compressor  available,  the  erectors  had  to  find  some 
method  of  getting  a  test   pressure.      Someone  suggested 


PosiTiox  OF  Ammonia  nRUM 


that  a  little  ammonia  be  injected  into  each  coil  in  turn, 
and  a  test  for  leaks  made  with  the  ammonia.  This  sug- 
gestion was  taken  as  a  starting  point  and  a  plan  was  de- 
veloped for  the  easy  and  economical  testing  of  each  coil 
with  ammonia  vapor  pressure. 

Instead  of  attaching  a  cylinder  of  ammonia  to  each 
coil,  a  connection  was  made  between  the  expansion  valve 
of  the  first  coil  and  the  vapor  space  of  the  cylinder.  In 
this  way  vapor  could  be  passed  into  the  first  coil  at  a  pres- 
sure corresponding  to  the  temperature  of  the  liquid  am- 
monia in  the  cylinder.  The  cylinder  was  so  placed  that 
no  liquid  could  pass  out  through  its  valve.  In  this  way 
tlie  minimum  of  ammonia  was  used  to  ])roduce  the  pres- 
sure. 

Fig.  1  shows  how  the  cylinder  was  placed  so  that  only 
vapor  could  be  drawn  therefrom.  In  the  position  shown, 
it  was  easy  to  make  the  necessary  pipe  connections  to 
the  first  coil  through  the  expansion  valve  A'^.  Fig.  3 
shows  the  general  layout  of  the  coils.  The  liquid  header 
was  not  used  for  the  test,  and  is  not  shown.  The  expan- 
sion valves,  with  the  exception  of  that  connected  to  coil  1, 
were  used  as  blowoff  valves,  for  allowing  the  air  to  be 
expelled  from  each  coil.  The  expansion  valves  are  repre- 
sented by  X^,  X2,  X3,  etc.,  while  0^,  G.,,  G^,  etc.,  repre- 
sent the  gas-return  valves.  The  main  gas-return  valve 
is  shown  at  G. 

In  making  the  test  all  the  valves  were  closed  except  G^, 
A',  and  G  which  was  "cracked"  a  little.  By  opening  the 
small  valve  at  the  cylinder,  ammonia  vapor  pas.scd  into 
the  first  coil,  driving  the  air  l)efore  it  out  through  Gj 
and  G.  When  ammonia  was  detected  escaping  at  G.  this 
valve  was  closed.  The  vapor  from  the  cylinder  continued 
to  pass  into  coil  1  until  the  pressures  were  equalized.  This 
condition  was  known  to  cxis     when  (ebullition  ceased  in 


the  cylinder.  Coil  1  was  then  carefully  inspected  for 
leaks,  every  joint  being  examined. 

When  it  was  certain  that  there  were  no  leaks  in  coil  1 
valve  A%  was  opened  slightly,  then  Cr,.  This  allowed  the 
pressure  from  coil  1  to  drive  the  air  from  coil  2,  after 
which  X..  was  closed.  After  the  pressure  in  coils  1  and  2 
and  the  cylinder  equalized,  coil  2  was  inspected  for  leaks. 

For  testing  the  next  coil,  a  slightly  different  procedure 
was  followed.  Valve  X^  was  closed,  Z,  was  opened  a  lit- 
tle, then  G-,.  Part  of  the  gas  from  the  first  two  coils 
passed  into  the  third  coil,  driving  the  air  ahead  of  it  out 
through  A^3,  after  which  A'.,  was  closed.  The  gas  pressures 
in  the  three  coils  now  equalized  at  a  pressure  less  than 
that  in  the  cylinder.  Coil  2  was  cut  off  from  the  others 
by  closing  Go.  Then  A'j  was  opened  and  the  pressure  in 
the  cylinder  equalized  with  coils  1  and  3.  Coil  3  was 
then  inspected  for  leaks. 

Coil  2  now  contained  gas  at  a  pressure  lower  than  that 
existing  in  the  cylinder.  By  closing  all  valves,  then  al- 
lowing coils  2  and  4  to  equalize,  then  shutting  oft'  coil  2 
and  opening  up  coil  3  until  coils  3  and  4  were  equalized, 
then  shutting  off  coil  3,  it  was  possible  to  fill  coil  4  with 
gas  at  a  pressure  nearly  equal  to  the  cylinder  pressure. 
The  final  increment  of  gas  was  supplied  from  the  cyl- 
inder. 

This  method  was  followed  with  the  remaining  coils 
of  the  tank,  so  that  at  the  end,  the  last  and  the  first  coils 
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were  filled  with  gas  at  the  pressure  existing  in  the  cylin- 
der, while  the  other  coils  contained  gas  at  various  lower 
pressures. 

As  the  liquid  in  the  cylinder  was  at  a  temperature  of 
65  or  70  deg.  F.  at  the  beginning  of  the  test,  and  as  it 
did  not  cool  much,  a  pressure  in  the  coils  was  obtained 
of  from  103  to  114  lb.  per  sq.in.  gage.  The  coils  in  the 
tank  amounted  to  4800  ft.  of  iy_i-m.  pipe,  having  an  in- 
ternal volume  of  about  50  cu.ft.  This  volume  of  gas  at 
the  above  mentioned  pressure,  saturated,  would  weigh 
about  21  lb.  As  the  gas  was  considerably  superheated, 
and  as  all  the  coils  were  not  filled  with  high-pressure  gas 
at  the  end.  no  such  quantity  nf  amnuinia  was  used. 
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liiiltT  oil  I.  Miakt'  Mil  •  tlinl  lliis  text  was  i  ()mi|>I<Ic  an 
air  anil  aniiii(i..i.i  pn'.-^Miic  of  v'.'ii)  Hi.  |'fr  sq.in.  was  iip- 
jilii'd  (d  tlu'  (tills  and  nut  a  leak  iliscdvcii'd.  Tlii"  cukI  of 
tliJH  tost  ill  tiiMO  anil  aiiiiiiuiiia  wuh  small,  ami  llir  rrsiills 
wi'if  satisf.i^Iorv. 

» 

Reinmovrmf^  Ff«j«t  from   Directl- 
F.:bpair&s&'an  Coils 

|!v    'I'lloMAS  ll.  TlIlitSTON 

As  oviTV  rii>,'ini!or  knows  who  lia.-  opi'nitcd  a  dircct- 
I'Xpansion  systi-m  a  lieavv  coaliiifi  >f  frost  on  tin-  cxiian- 
sioii  roils  irivatly  rt-diu'es  their  lainuiity,  tlic  frost  acting 
as  an  insulator  tlu  same  as  any  otliur  nipo  covering.  By 
far  tlu'  liost  iiu'tiiod  to  remove,  the  frost  is  to  ])iimi)  hot 
iras  direct  from  mc  niaihine  into  the  coil  or  coiKs  to  he 
defrosted.  The  aceonii)aiiying  sketch  shows  connections 
for  accomplishing  this  purpose. 

.\  line  is  run  from  the  gas  header  on  The  condenser,  or 
from  any  convenient  Jilace  in  the  discliarge  line  from  the 
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compressor,  to  the  liquid  Hue.  To  remove  '  ae  frost  from 
a  coil  close  valve  A  in  the  liquid  hi.e  aud  pump  the  ex- 
pansion coils  and  liquid  line  down  to  zero.  Shut  olf  the 
water  from  the  condenser,  oi  en  valves  B  and  0  in  the  hot- 
vapor  line  and  let  the  hot  gas  blow  through  the  liquid 
Hue  until  the  liquid  is  blowi.  out.  This  will  be  indicated 
liy  the  frost  disappearing  on  the  low-pressure  side  of  the 
expansion  valves.  Then  close  the  expansion  valves  D  on 
the  coils  which  do  not  need  defrosting,  and  on  the  coils 
from  which  the  frost  is  to  te  removed  close  the  suction 
valves  E  until  they  are  barely  cracked  oif  the  seal.  Open 
the  expansion  valves  wide  en  these  coils  and  run  the  ma- 
chine slowly.  The  frost  will  loosen  and  come  off  in  a 
short  time. 


hiiriniT  Ilii'Hi!  opcralions  Iho  coiidciiM'r  jircssiirc!  imi>t 
III-  wali'licd  as  in  a  short  lime  it  is  liaiilc  to  run  up  hi;.'li 
enough  to  lilow  the  relief  valves.  If  the  eondeiiHer  pies 
sure  riiiiH  11)1  to  the  limit  liei'ore  the  litpiid  line  and  coils  ^ 
are  pumped  down  to  /.ero,  Id  it  go  al  that,  as  it  is  not 
alisniiili'ly  necessary  to  |iiiin|i  down  to  ^ero  pressure.  1 1 
llic  loiidenser  pressure  lieiomes  too  high  while  piimpiiiu 
hot  \apor,  turn  siiltieieiit  water  on  the  condenser  to  keep 
it  down. 

After  Ihe  coils  have  heen  defrosted  turn  the  water  on 
the  condenser,  close  the  valves  in  the  hot-vapor  eoiinei-- 
tion,  elo.se  tlii'  expansion  valves  on  the  defrosted  coils, 
open  them  on  the  other  coils  and  open  valve  A  in  the 
liquid  line  at  the  reieiver.  After  Ihe  machine  is  running 
normally  o|ieii  gradually  the  siiilioii  valves  E  on  the  ile- 
frosted  coils,  as  considcrahli!  liipiid  acciiiiiiilates  in  the.se 
coils  during  the  cleaning  process.  If  the  valves  are  openeil 
wide  at  once  the  liipiid  will  he  carried  hack  to  the  nui- 
chine  before  it  evaporates  and  freeze  the  machine  uji  if 
notliing  worse. 

Another  and  safer  way  to  proceed  after  the  coils  are 
defrosted  is  to  lurn  tlic  water  on  the  condenser,  shut  \\\< 
valves  on  the  hot-gas  connection  and  open  the  expansion 
valves  on  tlie  coils  not  cleaned.  Then  operate  the  ma- 
chine and  draw  the  liquid  accumulated  on  the  defrosted 
coils  tlirough  the  liquid  line  into  the  other  coils  luitil 
frost  shows  again  on  the  cleaned  coils.  Then  set  the  ex- 
pansion valves  on  the  latter  coils  for  regular  running,  ! 
open  their  suction  valves  and  the  main  liquid  valve.  This 
way  of  removing  the  liquid  from  the  defrosted  coils  i-s 
safer  than  the  method  just  described. 

Tn  case  there  is  no  hot  gas  connection,  the  hot  gas  can 
be  pumped  through  one  of  the  condenser  coils  and  the 
liquid  receiver  by  closing  the  liquid  valves  F  between  the 
condenser  coils  and  liquid  header  on  all  the  coils  but  one. 
Clo.se  the  gas  valve  G  on  this  coil  and  pump  the  coil, 
liquid  header,  receiver,  liquid  line  and  expansion  coils 
down  to  zero  if  the  head  pressure  will  permit.  The  con- 
denser coil  which  is  used  for  this  purpose  .should  have 
the  water  drained  from  it  in  case  the  conden.ser  is  of  the 
doul)le-pipe  tj'pe ;  otherwise  it  is  liable  to  freeze  while 
pumping  out,  or  when  pumping  hot  gas  the  water  will 
condense  some  of  the  gas.  After  the  system  has  been 
pumped  out,  open  the  gas  valve  G  and  proceed  as  before. 

On  a  large  number  of  modern  compressors  a  separate 
pump-out  line  is  run  from  the  suction  side  of  the  machine 
to  the  condenser,  liquid  receiver  and  liquid  line.  In  this 
case  the  pump-out  line  can  be  used  for  a  hot -gas  line. 
The  section  of  the  line  to  the  compressor  is  shut  off  and 
a  couple  of  valves  opened  on  the  pump-out  line  on  the 
condenser  coils  and  the  pump-out  coimection  to  the  liquid 
line.  This  allows  the  hot  gas  to  flow  through  the  con- 
denser pump-out  valves  and  the  .section  of  the  pump-out 
line  between  these  and  the  liquid  line  pump-out  valve  in- 
to the  liquid  line.  Tiiis  holds  good  only  where  the  pump- 
out  connection  is  at  the  top  of  the  condenser.  If  it  is  at 
the  bottom  one  of  the  coils  will  have  to  be  pumped  out 
and  the  hot  gas  pumped  through  it  into  the  pump-out 
connection. 


AIOHka's  Coal  Development  Retardeil — The  development  of 
the  coal  resources  of  Alaska,  according  to  the  United  States 
Geological  Survey,  has  been  held  hack  on  account  of  the 
lack  of  legislation  permitting  the  exploitation  of  the  known 
extensive  and  valuable  fields.  In  1!)12  the  commercial  prod- 
uct of  coal   in  Alaska   amounted  to   onlv  355   tons. 
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]t  is  ill  the  stcain-turl)ine  field  llial  tlic  most  rapid 
development  lias  l)een  made  in  the  eajjaeity  of  a  single 
nnit.  Kot  long  ago  a  ^0,000-kw.  unit  was  considered 
the  last  word  in  lurliiiie  design.  During  the  year  a 
unit  of  this  size  aud  one  having  <i  eapafity  greater  hy 
5000  kw.,  liave  been  installed  and  advance  reports  state 
that  orders  have  been  placed  for  four  30,000-kv/.  units 
and  one  h.aving  a  capacity  of  35,000  kw.  In  these  larger 
sizes  it  is  of  interest  to  note  that  all  are  horizontal  ma- 
chines, even  at  the  Fisk  Street  station  of  the  Commou- 
wealth  Edison  f'o.,  of  Chicago,  where  all  of  the  previous 
units,  aggregating  120,000  kw.,  are  of  the  Curtis  vertical 
type. 

jSTaturally  these  giant  units  call  for  large  auxiliar- 
ies. The  condenser  for  the  25,000-kw.  turbine  men- 
lioned  above  iias  39,300  sq.ft.  of  tube  surface  which  will 
condense  300,000  lb.  of  steam  per  hour,  and  the  con- 
denser for  the  20,000-kw.  unit  has  35,000  sq.ft.  With 
the  former  unit  the  usual  aJr  pump  has  been  replaced 
by  the  kinetic  air-ejector  for  the  first  time  in  this  coun- 
try. A  small  gain  in  vacuum  means  a  great  deal  on  so 
large  a  turbine  and  the  operation  of  the  new  apparatus 
will  be  watched  with  interest.  Temporarily  the  gener- 
ator is  the  largest  alternating-current  machine  in  the 
field,  and  in  connection  with  the  plant  there  is  an  open 
feed-water  heater  having  a  capacity  to  heat  300,000  lb. 
of  water  per  hour  from  a  temperature  of  65  to  130  dog. 

Before  passing  from  this  station  it  may  be  of  interest 
to  state  that  a  steam  rate  of  11.25  lb.  per  kw.-hr.  at  the 
normal  rating  of  20,000  kw.  is  expected  of  the  larger  unit. 
This  betters  by  a  little  over  one-half  pound  the  remark- 
able rate  obtained  some  two  years  ago  on  a  6000-kw 
Parsons  turbine  in  the  Dunston  power  station  of  the 
Xewcastle-on-Tyne  Electrical  Supply  Co. 

In  the  smaller  turbines  the  Terry  Steam  Turbine  Co. 
has  developed  a  multistage  machine  of  the  return  flow 
type  and  the  De  Laval  Co.,  a  velocity  stage  turbine  con- 
sisting of  two  or  more  regular  De  Laval  wheels  ■with  a  row 
of  reversing  blades  between  each  pair.  The  mixed-pres- 
sure turbine  has  been  given  considerable  attention.  AVith 
its  two  sets  of  nozzles  it  will  run  with  equal  efficiency  on 
high-  or  low-pressure  steam  and  can  be  operated  inde- 
pendently of  the  unit  on  which  it  depends  for  its  supply 
of  exhaust  steam.  In  this  feature  it  is  an  improvement 
over  the  usual  exhaust-steam  turbine. 

During  the  last  few  months  Europe  has  not  been  stand- 
ing still.  Ferranti  in  England  has  built  a  turbine  of 
3000  kw.  capacity  which  runs  on  9.4  lb.  of  steam  per 
kw.-hr.,  or  about  7.5  lb.  per  i.hp.-lir.  LcBlanc  in  France 
is  advocating  a  return  to  single-stage  turbines  running 
at  very  high  velocities  made  possible  by  the  new  high- 
tensile  strength  steels.  Schmidt,  the  superheater  man, 
is  making  experiments  with  very  high  pressures  and  tem- 
peratures that  promise  results  for  steam  comparing  favor- 
ably with  those  of  the  internal-combustion  engine. 


Large  is  the  word  Ijest  suited  to  point  out  the  ten- 
dencies of  the  year.  In  nearly  every  branch  of  the  field 
units  have  liecn  installed  which  are  greater  in  capacity 
or  size  than  ever  before,  and  from  all  indications  it 
would  appear  that  present  achievements  have  only 
whetted  the  appetite  of  manufacturer  or  user  for  a  con- 
tinuation in  the  same  direction.  The  wonder  of  yester- 
day IS  only  commonplace  today  and  the  future  promises 
marvels  up  to  the  physical  or  efficient  limits. 

F.arly  in  the  year  the  Inverness  Eailway  &  Coal  Co. 
of  Inverness,  Cape  Breton  Island,  ordered  a  Nordberg 
Corliss  duplex  double-drum  hoisting  engine,  31  and  31 
by  72  in.,  designed  to  pull  a  41,000-lb.  load  up  a  10,000- 
ft.  incline  of  16  deg.  at  the  surface  and  35  deg.  at  the 
bottom.  From  the  standpoint  of  rope  stress  and  length 
of  cable  the  hoist  is  thought  to  be  the  largest  ever  built, 
although  a  number  of  hoists  with  larger  cylinders  have 
been  installed. 

In  Pittsburgh,  a  De  Laval  centrifugal  pump  having  a 
rated  capacity  of  100,000,000  gal.  per  21  hours  against 
a  total  head  of  56  ft.  was  ordered  for  the  Eoss  pumping 
station.  This  is  reported  to  be  the  largest  steam-tur- 
bine-driven centrifugal  pump  in  this  country.  Two  im- 
mense Bethlehem  Steel  Co.  pumping  engines  of  the  ver- 
tical triple-expansion  high-duty  type  have  been  put  in 
service  at  the  new  Mission  Street  station.  Each  pump 
has  a  capacity  of  7,000,000  gal.  per  21  hours,  against  a 
head  of  1!I5  ft. 

The  Mesta  Machine  Co.  has  built  for  the  Gary  works 
of  the  United  States  Steel  Corporation,  a  41  and  76  by 
60-in.  twin-tandem-compound  geared  reversing  engine 
weighing  1000  tons  and  capable  of  developing  the  enor- 
mous output  of  25,000  hp. 

In  boilers,  those  at  the  Delray  station  of  the  Detroit 
Edison  Co.  still  hold  the  record  for  output  and  square 
feet  of  surface.  Nominally  they  are  rated  at  2350  boiler 
horsepower  on  a  basis  of  10  sq.ft.  of  heating  surface.  It 
has  been  found  possible  to  carry  for  an  hour  on  a  single 
unit,  a  load  of  11,000  kw.  In  the  Conners  Creek  station 
to  be  installed  on  Belle  Isle,  it  is  planned  to  use  the  same 
type  of  boiler  with  equal  heating  surface,  but  with  the 
furnace  modified  so  that  it  will  be  possible  by  forcing 
to  continuously  carry  the  enormous  load  of  13,300  kw. 
on  one  boiler.  During  the  year  a  number  of  large  boil- 
ers have  been  installed  but  none  of  them  has  over  half 
the  heating  surface  or  steaming  capacity  of  those  at  the 
Delray  station. 

Other  large  units  of  their  particular  type  are  a  5000- 
hp.  gas  engine,  a  25,000-kw.  alternating-current  gener- 
ator, a  3750-kw.  direct-current  machine,  a  Le  Blanc  jet 
condenser  capable  of  condensing  150,000  lb.  of  steam  per 
hour  and  a  10,000-hp.  turbine  at  Keokuk,  weighing 
1,000,000  lb.  The  magnitude  of  the  unit  last  named 
is  measured  in  weight  rather  than  in  capacity  as  there 
are  several  hydraulic  units  developing  twice  the  power. 
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111  ii'dinHKiiliiij;  I'ligiiu's  tliiTc  \\\\»  uIm)  Iu'cii  lulvaiiif- 
nuMil.  IVifi'ctidii  »r  (U'sif,'ii  and  coii.sl ruction  liii.'*  re- 
sullcd  ill  .some  rcmiiikiiltly  low  ,-ti'imi  iato,><  and  llic  uhc 
of  Mi|U'rlicati'd  .strain  in  an  cM^iinc  of  tlie  poppet-valvo 
\\\w  lias  inado  i)os.<il)lf  a  rale  of  i."'.:;il  ll>.  |H'r  i.lii).-lir., 
noncoiuK'ii.xinfj.  Tlu-  old  reliablo  and  elluienl  ('orliss  i.s 
.still  in  till'  lii'ld  and  will  iio  for  years  to  conn.',  I)nt  the 
tondomy  is  away  from  this  standhy  of  two  jjiMicration.'' 
and  toward  thi'  hi^h-sju'cd  I'liijiiu'  and  .sonic  of  the  roccnt 
iniimrtation.s  from  10nio|H'  huilt  on  the  Lcntz  and  Una- 
How  principk's.  Tlu!  year  Inis  also  .scon  the  first  Amer- 
ican locomobile  which,  on  test,  has  developed  an  indi- 
cated liorscjiower-iiour  on  !).Gr)  lb.  of  .steam  and  1.51  lb. 
uf   llolwick  t'oal. 

.V  number  of  rotary  engines  and  so-called  rotary  air- 
pumps  have  "seen  the  light"  and  there  has  been  a  new 
design  of  triplex  i)uinp  in  which  cams  take  the  place  of 
cranks  in  producing  the  reciprocating  motion. 

Klixthu'AI.  Advanckmknp 

Perhap.s  the  most  important  new  development  during 
the  past  year  in  the  electrical  field,  was  the  half-watt  nit- 
rogen-filled tung.sten  lamp  brought  out  by  the  General 
Electric  Co.,  as  a  result  of  several  years  work  by  Dr. 
Irving  Langniuir.  There  has  been  little  change  in  gen- 
erators and  motors  except  in  the  size  of  the  former  to 
keep  pace  with  the  increa-sing  capacity  of  steam  turbines. 
The  largest  alternating-current  generator  installed  dur- 
ing 1913  was  a  25,000-kw.  machine  at  the  Common- 
wealth Edison  Co.,  of  Chicago,  although  still  larger  ones 
have  been  ordered,  and  th.e  largest  direct-current  ma- 
chine, having  a  capacity  of  ;575()  kw.,  was  installed  at  the 
Caral  Road  plant  of  the  Cleveland  Electric  Illuminating 
Co.  For  alternating-current  transmission,  150,000  volts 
still  remains  the  upjier  limit,  work  on  the  Big  Creek  De- 
velopment in  California,  at  which  this  is  employed,  hav- 
ing progressed  steadily  during  the  past  year.  In  direct- 
current  transmission,  however,  a  bold  step  was  taken  in 
the  decision  to  employ  the  Thury  system  at  90,000  volts 
to  transmit  20,000  kw.  from  the  TroUhattan  Falls  in 
Sweden  to  Copenhagen,  Denmark. 

Water  Power 

The  two  most  notable  hydroelectric  developments 
whicli  were  formally  put  in  operation  during  the  past 
vear  in  this  country  are  the  Mississippi  River  Company's 
plant  at  Keokuk,  Iowa,  and  the  Hales  Bar  Plant  on  the 
Tennessee  River.  The  former  is  notable  chiefly  be- 
cause it  will  ultimately  be  the  largest  single  water-power 
development,  aggregating  about  300,000  hp.,  although 
the  immediate  plans  call  for  only  150,000  hp.  The  Hales 
Bar  plant,  although  designed  for  only  44,000  kw.,  pos- 
sesses a  number  of  unusual  features  and  was  completed 
only  after  eight  years  of  labor,  during  which  a  chain  of 
unforseen  difficulties  was  encountered,  making  the  ini- 
tial co.st  greatly  exceed  that  estimated. 

Work  on  a  number  of  smaller  hydroelectric  develop- 
ments has  been  started  and  several  of  the  existing  sys- 
tems have  been  extended.  Among  these  may  be  men- 
tioned the  Appalachian  development  on  the  Xew  River, 
Va.,  consisting  of  five  plants,  aggregating  75,000  hp., 
two  being  already  completed ;  the  Xew  England  Power 
Company's  developments  on  the  Deerfield  River,  four 
plants  being  completed  and  a  fifth  under  construction; 


a  r',0()()-hp.  plant  on  the  Coon  Creek  Hajjids  near  Miii- 
neaiMtlis;  the  Turner'n  FuIIh  development  on  the  Con- 
necticut Ifiver;  luid  in  the  I'acilic  Coatit  HtatcH  cxteii- 
sioiiH  to  the  .syHteniH  of  the  Wanhington  Kiver  I'ower  Co., 
llie  San  .loacpiin  Light  &  Power  Co.  and  the  Pacific  (Jaw 
&  Electric  Co.  The  last  named  company  now  has  hi.\- 
teen  plants,  steam  and  wal(;r  power,  totaling  about  300,- 
000  hp.  In  Switzerland  construction  has  been  started 
on  a  5312-ft.  Ix'ad  plant  wliich  holds  tin-  record  an  the 
liighest   head   thus  far  to  be  developed. 

TiiK  (i.\.s  Knoi.ne 

Among  special  ap])lications  in  the  gas-power  field,  Pro- 
fessor Ilopkinson's  niethod  of  cooling  gas-engine  cylin- 
der.- by  direct  injection  of  water  onto  the  piston  and  ex- 
haust valves,  has  attracted  widespread  attention.  Dr. 
lidw,  in  JMigland,  is  still  experimenting  with  his  internal- 
coinbustion  engine  into  which  coal  is  fed  directly.  In 
the  original  design,  tubes  containing  coal  extended  across 
the  explosion  chamber,  the  gas  being  driven  off  from  the 
coal  by  the  heat  surrounding  the  tubes  and  drawn  into 
the  chaniber.  Spiral  conveyors  extended  through  the 
tubes  and  by  their  rotation  urged  the  coal  forward.  In 
the  later  design  these  conveyors,  which  lost  their  rigidity 
under  the  high  temperature,  are  abandoned,  and  the  pipes 
made  larger  and  vertical  so  that  the  coal  feeds  for^vard 
by  its  own  weight. 

The  installation  of  Humphrey  gas  pumps  for  the  Met- 
ropolitan Water  Board  has  been  comjileted  and  is  now 
in  operation.  La.st  summer  also  marked  the  installation 
of  the  5000-hp.  gas  engine  (the  largest  in  this  country) 
at  the  plant  of  the  Ford  Motor  Co.,  Detroit.  The  first 
Diesel  locomotive  was  also  completed  by  Sulzer  Bros,  of 
Winterthur,  Switzerland,  and  put  in  .service  on  the  Prus- 
siaii-Hessian   State  Railway. 

In  last  year's  review  we  called  attention  to  a  number 
of  semi-Diesel  engines  that  were  being  advanced  by  Amer- 
ican manufacturers.  The  past  year  has  seen  several  well 
known  American  firms  take  up  the  building  of  heavy 
oil  tngines  of  the  regular  Diesel  type. 

Refrioeratiox 

Durinfr  the  year  the  refrigerating  field  has  been  given 
a  number  of  new  tables  on  the  properties  of  ammonia. 
Perhaps  the  best  of  the.se  was  the  set  issued  by  the  En- 
gineering Experiment  Station  of  the  University  of  Illi- 
nois. More  accurate  experimental  work  than  has  been 
conducted  in  the  past  may  render  necessary  some  re- 
vision of  the  tables,  but  within  the  limits  of  practical 
working  they  may  be  safely  accepted  as  standard. 

The  Bureau  of  Standards  at  Washington  has  been 
making  some  interesting  tests  to  determine  the  latent 
heat  of  ice,  and  have  found  that  a  value  of  143.5  B.t  u. 
per  lb.,  instead  of  the  144  B.t.u.  now  used  in  this  coun- 
try, is  approximately  correct.  The  bureau  is  to  continue 
its  good  work.  Apparatus  is  now  ready  for  making  tests 
on  the  resistivity  of  insulation,  and  there  will  also  be 
KOmx  work  on  the  properties  of  ammonia  and  perh.aps 
&omo  of  the  other  refrigerants  commonly  used.  Penn- 
sylvania State  College  now  has  a  large  thermal  testing 
plant  and  in  the  past  year  has  been  testing  some  of  the 
standard  forms  of  insulation.  Accurate  standards  have 
been  badly  needed  in  the  refrigerating  field  so  the  work 
now  under  way  should  prove  of  immense  benefit.  The 
Third  International   Congress  of  Refrigeration  held  re- 


January  (i,   1914 


POWER 


21 


eenlly  in  Chifago  afforded  Americans  the  opportunity 
of  a  generation.  Engineers  from  twenty  different  coxin- 
tries  met  and  discussed  topics  of  pressing  interest  and 
a  more  oniform  and  concentrated  effort  in  advancing  the 
art  is  to  be  expected  as  a  direct  result. 

M.\RiNE  Tendencies 

On  the  high  seas  nothing  of  any  great  import  has  come 
to  pass.  The  quadruple-screw  turbine-driven  Hamburg- 
Ameiican  liner  '"Iniperator,"  with  62,000  hp  for  driving 
her  propellers  and  203,000  sq.ft.  of  boiler-heating  sur- 
f.'ice.  was  put  into  service.  The  20,000-ton  collier  "Jup- 
iter" of  the  United  States  Navy  also  went  into  com- 
mision.  She  is  equipped  with  a  high-speed  Curtis  tur- 
bine, the  first  of  a  type,  and  the  reduction  in  speed  for 
efficient  propeller  operation  is  accomplished  electrically, 
The  turbine  drives  a  5450-kw.,  two-pole  generator  which 
supplies  current  to  two  2750-hp.,  IJG-pole  motors,  so  that 
the  ratio  of  reduction  is  practically  1  to  18.  Test  data 
from  th's  ship  may  possibly  have  some  influence  in  re- 
converting navy  officials  to  turbine  propulsion. 

Oil  fuel  is  fast  becoming  a  question  of  urgent  impor- 
tance to  the  navy.  Last  year  30,000,000  gal.  were  used 
and  in  the  near  future  it  is  likely  that  this  amount  will 
be  increased  over  fourfold.  Within  the  last  month  Sec- 
retary Daniels  has  recommended  that  the  navy  Secure 
its  own  oil  wells  and  do  its  own  refining.  A  constant 
supply  at  a  low  cost  would  then  be  assured  and  the  ex- 
clusive use  of  oil  fuel  might  be  adopted  with  reasonable 
security. 

Engineering  Societies 

Among  the  various  engineering  societies  in  this  coun- 
try the  American  Society  of  Mechanical  Engineers  has 
had  a  very  successful  year.  The  attendance  is  increas- 
ing, moro  papers  of  a  high  standard  are  being  presented 
and  the  standing  committees  are  doing  excellent  work. 
The  old  question  of  flanged  fittings  was  up  at  the  annual 
meeting.  The  committee  had  formulated  a  compromise 
with  the  manufacturers  which  would  do  away  with  the 
dual  standard,  but  a  vote  before  the  society  as  a  body  re- 
sulted in  laying  the  matter  over  imtil  the  next  meeting. 
At  tlie  invitation  of  the  Verein  deutscher  Ingenieure,  300 
members  and  friends  of  the  society  attended  the  spring 
meeting  of  the  German  society  at  Leipzig.  The  visitors 
were  taken  all  over  Germany  in  a  special  train,  their  en- 
tertainment including  fifteen  formal  banquets  and  re- 
ceptions, fourteen  lunches  and  collations,  twelve  con- 
certs and  lectures,  and  special  performances  and  ten  ex- 
cursions by  rail  or  boat. 

Boiler  and  Flywheel  Explosions 

Boiler  accidents  and  explosions  in  this  country  for 
the  first  six  months  of  the  year  total  234,  in  which  are 
included  stationary,  marine,  locomotive,  portable  and 
heating  boilers.  Those  killed  number  68,  and  234  were 
injured.  Assuming  that  the  last  six  months  will  dupli- 
cate these  fi.gures,  the  totals  for  the  year  will  be  468,  136 
and  468,  respectively.  Besides  there  were  three  econo- 
mizer explosions,  killing  six  and  injuring  twenty.  There 
were  also  a  number  of  steam-pipe  ruptures,  air-  and  ele- 
vator-tank explosions,  cylinder-head  breaks,  etc.,  which 
in  the  Hartford  Co.'s  compilations  are  usually  included 
under  the  broad  head  of  "boiler  explosions."  With  these 
items  included,  the  records  for  1912,  in  the  same  order 


as  before,  give  537,  278  and  392.  That  the  number  of 
heating-boiler  explosions  was  particularly  large  would 
indicate  that  more  attention  should  be  given  to  the  in- 
spection of  this  type  of  boiler.  The  flywheel  explosions 
totaled  about  fifty  for  the  year,  and  from  the  records  of 
the  first  eight  months  the  death  list  should  be  about  twen- 
ty, with  serious  injuries  to  thirty  more. 

License  and  Inspection  Laws 

Year  after  year  the  list  of  fatalities  reaches  this  same 
high  limit  or  perhaps  exceeds  it,  and  relief  from  this 
inexcusable  slaughter  cannot  be  expected  until  every 
state  in  the  Union  has  stringent  license  and  boiler-in- 
spection laws  which  are  intelligently  enforced.  There 
has  been  agitation  in  quite  a  number  of  the  states,  but 
the  net  results  appear  to  be  an  engineer's  license  law  for 
California,  a  boiler-inspection  law  for  Indiana,  revised 
laws  for  Montana,  a  license  law  for  New  Jersey,  and  new 
boiler  regulations  for  the  province  of  Ontario.  With  the 
aid  of  the  National  License  Committee  of  the  National 
Association  of  Stationary  Engineers  other  states  will  no 
doubt  soon  fall  in  line,  and  the  recent  adoption  of  stan- 
dard boiler  specifications  by  the  National  Association  of 
Tubular  Boiler  Manufacturers  should  also  help  on  the 
side  of  safety. 

Blazing  the  Way 

Appropriations  for  the  fiscal  year  ending  June  30,  1915, 
asked  by  the  Bureau  of  Mines,  indicate  that  it  is  to  contin- 
ue on  an  increased  scale  its  valuable  work  relating  to  fuel 
and  mines.  Of  this  $135,000  is  to  be  devoted  to  fuel  test- 
ing, $10,000  for  the  equipment  of  a  testing  plant  and 
$30,000  for  investigating  petroleum  and  natural  gas. 

At  last  it  would  appear  that  some  attention  is  to 
be  given  to  the  achievements  of  science  and  industry. 
The  land  is  full  of  libraries,  there  are  museums  of  natural 
history  and  art,  but  there  is  nothing  worthy  of  the  name 
to  record  and  exhibit  the  "milestones"  in  engineering 
development.  Steps  have  recently  been  taken  to  found  a 
group  of  museums  in  New  York  City,  "The  Museum 
of  Peaceful  Arts,"  which  will  consist  of  twenty  buildings 
costing  $30,000,000  and  requiring  two  to  three  million 
per  year  for  maintenance.  It  will  be  divided  into 
branches  on  electricity,  steam  navigation,  safety  appli 
ances,  mechanical  arts,  mining,  architecture  and  othe'r 
subdivisions  of  equal  interest  and  usefulness.  The  idea 
is  splendid  and  if  carried  through  to  completion,  will 
result  in  great  good  to  the  fields  represented. 

Isolated  Plant  vs.  Central  Station 

Much  in  the  same  way  as  in  previous  years,  the  cen- 
tral station  and  isolated  plant  are  carrying  on  their  fight 
for  supremacy.  It  is  becoming  evident  to  both  sides 
that  there  is  a  field  for  both,  and  that  the  decision  plac- 
ing a  plant  in  either  must  be  based  on  accurate  records 
and  statistics  fair  to  both  sides.  Probably  the  most  com- 
prehensive test  ever  conducted  is  that  just  completed  by 
representatives  of  the  City  of  New  York  and  the  Edison 
Co.  The  plant  in  the  Hall  of  Eecords  has  been  the 
scene  of  action,  and  for  a  full  year  a  complete  plant 
test  has  been  under  way.  Complete  operating  data  will 
be  available  for  all  seasons  of  the  year,  and  upon  these 
figures  it  will  be  decided  whether  the  city  is  to  continue 
to  generate  or  buy  its  current.  That  municipal  operation 
of  <T,  power  plant  is  practical  and  that  efficient  results  may 
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1)0  iilihiint'il  in  smli  n  pbmt  lias  ii;;iiiii  Ikm-ii  sliown  in  I'nsa- 
<lciia.  Tlio  nixlli  niinuiil  n'|i()it,  on  (his  plant,  pnlilisluMl 
in  onr  isHUo  of  Otl.  VS,  contains  soino  inlorcstinn  facts. 

Tin:  ilovoii  l{ni  I, 
.\nion;j  tlic  men  hnnorcil  in  the  nicclinnical  (icKI  ucro 
Gcor^'i'  Wcstinjilionsf.  who  was  awanlcil  the  (JiashoC 
medal;  Prof.  II.  K.  Onnes.  of  Ix'iilen.  jjivcn  the  Noiiel 
])ri'.o  in  pliysirs,  and  I'rof.  A.  Werner  of  Zurich,  the 
pri/o  in  clieniistry.  The  following  men  were  elected  as 
J)resident8  of  the  various  enfrineering  sociotios  in  this 
country,  rclatini,'  to  the  (iold :  James  Ilartness,  presi- 
diMit  of  till'  .\tneriean  Society  of  Mechanical  Kn;,'ineers; 
(\  ().  Afailloux,  president'  of  the  Ainericaji  Institute  of 
Electrical  Knirinoers;  .lo.seph  IV  McCall,  president  of  the 
Kational  Klectrie  jjiglit  .Vsscx-iation  ;  James  U.  Coc,  pres- 
ident of  National  Association  of  Stationary  Engineers; 
John  F.  Hale,  president  of  the  American  Swiety  of  Heal- 
ing and  A'eiitilating  Ivngineers;  Henry  Torrance,  Jr., 
president  of  the  Ameriiaii  Society  of  Kofrigerating  En- 
gineers. 

Kl'XltOLOCiY 

Those  of  promiuence  who  passed  away  during  the 
year  just  closed  were  the  following:  Victor  Hugo,  man- 
ager and  chief  inspector  of  tlic  St.  Louis  department  of 
the  Hartford  Steam  Boiler  Inspection  &  Hisurauce  Co.; 
John  Frit/,  famous  in  the  steel  industry;  Dr.  C.  G.  P.  de 
Laval,  inventor  of  the  turi)ine  and  separator  bearing  his 
name;  William  Henry  White,  a  professor  of  naval  ar- 
chitecture and  originator  of  the  modern  battleship;  W. 
H.  Fleteher,  vice-president  of  the  Consolidated  Iron 
Works;  Pliilip  II.  Diehl,  founder  of  the  Dield  Manufac- 
turing Co.;  A'iitor  Uwelshauvers-Dery,  a  distinguisiied 
scientist  noted  for  liis  researches  into  tlie  properties  of 
pteam  and  its  action  in  the  engine  cylinder,  and  his  work 
for  the  advancement  of  engineering  education;  James 
Tangye,  one  of  the  Tangye  brothers  so  well  known  iii 
English  mechanical  circles;  Samuel  L.  Mover,  first  vice- 
president  and  general  manager  of  the  Luukenheimer  Co.; 
Francis  M.  Rites,  inventor  of  the  inertia  governor  bear- 
ing his  name;  Horatio  A.  Foster,  author  of  the  "Elec- 
trical Engineei-^s  Pocket  Book"  and  chief  appraiser  for 
J.  G.  White  &  Co.;  Horace  Greeley  Burt,  ex-president 
of  the  Union  Pacific  R.E.  system  and  later  chief  engi- 
neer of  the  Chicago  Association  of  Commerce  Smoke 
Abatement  Committee;  Stephen  D.  Field,  inventor  of  an 
electrical  elevator  aJid  electrical  devices  relating  to  teleg- 
raphy; Bernard  Schuchardt,  head  of  the  well  known 
firm  of  Schuchardt  &  Schiitte;  Anthony  N.  Brady,  pres- 
ident of  the  Xew  York  Edison  Co.  and  a  nimiber  of  other 
corporations ;  Eugene  0.  Reuleaux,  general  superintend- 
ent of  the  American  Eotary  Yalve  Co.;  Dr.  Rudolf  Dies- 
el, famous  through  the  invention  of  the  engine  bearing 
his  name;  William  Cary  Seldon,  a  cou.sulting  mechanical 
engineer  who  had  much  to  do  with  the  early  development 
of  steam  navigation  in  the  United  States  Xavy;  George 
0.  Karme,  secretary  of  the  Hills-McCanna  Co.;  John  F. 
Ensign,  chief  of  the  division  of  locomotive-boiler  in- 
spection of  the  Interstate  Commerce  Commission ;  Edwin 
T.  Moore,  secretary  and  treasurer  of  the  Coatesville  Boil- 
er Works ;  Charles  Tellier,  familiarly  known  as  the  "fa- 
ther of  refrigeration";  Edgar  Penney,  president  of  the 
American  Society  of  Refrigerating  Engineers  in  1908; 
A.  J.  Frith,  associate  professor  of  mechanical  engineer- 
ing at  Armour  Institute,  Chicago. 


Coimcerininini|{  tHhie  **ninniperator"' 

Ah  noted  elsewhere  in  IIiIh  isHue,  it  in  hut  naturul  tiuil 
much  interest  should  he  shown  in  sinh  a  large  and  elnhor- 
atciy  e(piippcd  vcsnel  as  the  "Iinperatoi,"  and  that  curios- 
ity sjionid  he  excited  by  the  vessel  being  ordere<l  into  dry 
d(Ml<  for  extensive  repaii'H  after  seven  inonllis  of  service. 
As  all  who  read  (he  daily  papers  know,  there  have  been 
many  rumors  as  to  the  real  reas(jn  why  the  vessel  wa.s 
taken  out  of  service.  While  the  American  ollice  of  the 
sliip's  owners  emphasizes  its  lack  of  knowledge  concerning 
the  vessel's  troubles,  the  home  office  cables  protesting 
denials  of  all   runu)rs. . 

As  Hamlet  said  of  the  lady,  the  company  protests  too 
much,  we  thiid\.  Surely  there  is  nothing  so  very  serious- 
ly wrong  with  this  object  of  iiniversal  interest.  The 
curiosity  of  engineers  is  not  morbid:  it  is  professiomd. 
Pcrha))s  the  (ierman  ollice  does  not  appreciate  the  in- 
terest American  engineers  take  in  this  «hip.  If  il  did,  it 
would  enlighten  and  not  mystify. 
■*; 

One  of  the  most  beneficial  developments  that  the  powef 
])lant  can  sustain  will  be  passing  of  the  "fireman"  and  the 
coming  of  the  combustion  engineer,  as  has  already  been 
the  partial  replacement  of  the  engine  tender  by  the  en- 
gineer. 

'^: 

Tliat  is  a  good  suggestion,  Mr.  President,  from  the 
American  Ijistitute  of  Consulting  Engineers,  that  one 
or  more  engineers  be  a])pointed  upon  the  fnterstate  Com- 
merce Commission.  The  time  is  ri]x;  for  the  recognition 
of  the  worth  of  an  engineering  training  for  positions 
of  this  kind,  and  the  profession  contains  men  who  would 
liring  10  the  commission  dignity  and  poise  as  well  as  real 
ai)ility.  It  must  be  refreshing,  too,  to  have  a  suggestion 
for  an  appointment  from  a  body  of  jneii  who  have  no  can- 
didate to  urge. 

When  the  recommendation  is  opeidy  made  in  the  forum 
of  the  American  Society  of  Mechanical  Engineers  that 
the  legislatures  of  the  several  states  pass  uniform  laws 
governing  the  construction,  installation  and  operation  of 
steam  boilers,  and  when  the  American  Boiler  Manufac- 
turers' Association  and  the  Xational  Association  of 
Tubular  Boiler  Manufacturers  are  actively  advocating  the 
passage  of  such  laws  it  begins  to  look  as  if  the  legislators 
would  have  to  sit  u])  and  take  notice.  What  has  become 
of  the  effort  to  get  the  Xational  Commission  for  L^niform 
State  Laws  interested  in  the  subject? 

An  appropriation  which  should  find  favor  in  the  eyes 
of  legislators  who  have  the  interest  of  the  i)cople  at  heart 
is  that  requested  by  the  Department  of  Commerce 
(Bureau  of  Standards)  for  the  investigation  of  the  stand- 
ai'ds  and  methods  of  measurements,  and  for  determination 
of  the  quality  and  cost  of  service  required  in  the  regula- 
tion by  states  and  cities  of  public  utilities,  such  as  the 
electric  light  and  power  companies,  city  and  interurban 
railway  companies,  telephone  companies,  gas  companies, 
water  companies  and  every  public  utility  company,  and 
for  furnishing  technical  data  and  expert  advice  to  state 
and  city  officials  upon  request  in  connection  with  the 
regulation  or  operation  of  public  utilities,  or  of  thefulfill- 
■  meat  of  mimicipal  contracts  for  street  lighting,  vratir, 
gas  or  electric  power,  etc. 
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ID)asco^e2=edl  ILs^rg©  Cs^s^cM  ana 

-Reading  the  artiole  on  boiler  explosions  and  inspeetion 
in  the  Nov.  25  issue  of  Power,  page  746,  reminds  nie  of 
a  near  explosion  in  a  plant  where  T  was  chief  engineer. 

On  taking  charge  of  the  plant  I  found  three  boilers 
working  under  90  lb.  steam  pressure,  furnishing  steam 
to  a  14  and  2(5  by  42-in.  tandem-compound  engine  operat- 
ing a  8.000,000-gal.  pump  for  water-works.  On  examin- 
ing the  boilers  I  found  a  slight  leak  near  the  lap  seam,  the 
steam  issuing,  apparently,  from  around  the  rivet.  I  asked 
the  retiring  engineer  about  it  and  he  said  the  old  boiler 
had  been  leaking  for  six  months  and  he  had  nearly  beat 
the  head  off  the  rivet  trying  to  stop  the  leak.  After  a 
closer  examination  I  found  that  the  steam  was  coming 
through  a  crack  in  the  boiler  plate  and  at  once  had  the 
boiler  cut  out  of  service,  which  brought  the  manager  down 
on  me  in  no  uncertain  terms,  as  the  plant  was  seriously 
crippled  without  the  boiler.  I  pointed  out  to  him  the 
danger  of  an  explosion  and  he  agreed  to  wire  for  an  in- 
spector, who  arrived  the  next  day.  We  put  the  boiler 
under  a  hydrostatic  pressure  of  90  lb.  and  a  little  water 
came  out  through  the  crack.  The  inspector  struck  the 
plate  with  his  hammer  and  it  opened  for  5  in.  right  along 
the  seam,  and  internal  inspection  was  then  made  and 
seven  crowfoot  stays  were  found  broken.  A  boiler  maker 
was  called  in  and  after  cutting  out  a  strip  of  the  plate  a 
crack  28  in.  long  was  found  on  the  under  side  and  hid- 
den by  the  lap  seam. 

Just  how  long  it  would  have  been  before  the  boiler 
would  have  exploded  is  a  matter  of  speculation,  but  I 
think  that  any  practical  man  will  agree  with  me  that  it 
would  not  have  been  long. 

H.   M('GlBO>-EY. 

Middlesboro,  Ky. 

FnsSoEa  Rlira^s  Wear  C^^Sasader 

Concerning  the  trouble  A.  M.  Eobb  is  having  with 
pump-piston  rings  wearing,  as  told  in  the  Nov.  11  is- 
sue, page  692,  it  is  not  stated  whether  the  rings  are  cast 
iron  or  not,  nor  whether  the  lining  of  the  cylinder  is 
brass  which  would  have  a  great  deal  to  do  with  its  wearing 
qualities.  The  pressure,  160  lb.,  is  too  high  for  packing, 
as  it  will  cause  undue  friction  and  cutting,  especially  if 
the  rings  and  lining  are  of  the  same  material.  This  case 
is  different  from  a  steam  cylinder  in  that  there  is  more 
or  less  grit  present  in  the  water,  and  that  there  is  no 
oil  used  to  lubricate  the  rings  as  is  done  in  a  steam  cyl- 
inder. T  would  suggest  that  the  edges  of  the  ring  be  well 
rounded  off,  and  that  the  boles  be  all  plugged  up  and 
flat  springs  be  used  under  the  rings  as  shown  in  the  ac- 
companying sketch.  This  ring  is  made  in  four  segments 
with  the  ends  lapped,  and  with  two  or  more  springs  under 
each  scErment.  The  springs  are  long  enough  to  entirely 
fill  the  space  with  a  short  dowel  pin  between  each  one  to 
prevent  them  from  getting  out  of  place.  This  method 
■of  packing  gives  an  even  pressure  on  the  entire  surface, 


and  can  be  made  strong  or  weak  as  desired.  The  ring 
should  be  of  a  different  metal  than  the  cylinder  lining,  as 
it  will  give  less  friction  than  two  metals  of  the  same  kind. 
There  are  some  steam  engines  the  pistons  of  which  have 
rings  set  out  by  the  steam  pressure,  but  the  cylinder  re- 
quires more  oil  and  the  wear  on  the  ring  and  cylinder  is 
uneven  in  the  cylinder  as  the  pressure  on  the  ring  is 
greater  at  the  beginning  of  the  stroke  than  it  is  after  cut- 


Section  of  Piston,  Showing  Rings 

off'  takes  place.  The  pressure  in  the  steam  .cylinder  would 
be  less  against  the  ring  than  in  the  pump,  and  I  do  not 
believe  the  type  of  piston  he  mentions  will  give  satis- 
factory results  in  a  water  cylinder. 

J.  C.  Hawkins. 
Hyattsville,  Md. 

Slippage    ©f  IRecaprocataEa^ 

The  article  by  M.  K.  Baer,  on  the  above  subject,  appear- 
ing in  the  Apr.  8  issue,  and  the  replies  thereto,  in  the  June 
3  issue,  have  just  come  to  my  attention.  The  synopsis 
of  this  article  says  that  it  is  folly  to  assume  a  general 
figure  of  5  per  cent,  as  the  slippage  of  reciprocating 
pumps  and  the  slip  may  be  anything  from  5  to  85  per 
cent.  Thanks  are  due  Mr.  Baer  for  having  brought  up 
this  question  for  discussion  and  it  is  to  be  hoped  that 
other  opinions  will  follow. 

My  opinion  is  that  slip  can  only  be  stated  for  a  pump 
in  good  condition.  This  is  in  line  with  the  rule  followed 
in  making  other  tests.  Nobody  would  think  of  basing  the 
strength  of  some  material  on  a  defective  test  bar.  Defects 
in  desiirn,  material,  workmanship,  or  due  to  M^ear  are  ex- 
ceptions to  the  rule  and  must  be  remedied,  but  not  pointed 
out  as  normal.  Mr.  McMillan  expresses  the  same  senti- 
ment in  saying  that  by  keeping  a  pump  in  proper  repair 
the  slippage  can  be  kept  within  a  range  of  from  2  to  5 
per  cent,  throughout  the  year. 

The  tests  given  in  the  article  all  show  high  slippages 
such  as  should  not  have  been  tolerated  for  any  length  of 
time.  The  16  and  9  by  12-in.  fire  pump  is  .stated  as  hav- 
ing a  clearance  of  0.02  in.    Good  workmanship  demands 
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llinl  the  fli'iiiiiM(«'  (>r  n  pliiMpT  of  tliis  size  slioiild  not. 
I'Xtrctl  0.001  in.  in  (liiiinctcr  or  '/j.i  <»f  •''*'  iK'tual  play. 
'riii.><  would  linvf  rcdiiiiMl  tiu"  .slij)  to  soiiu'  roa.xonal)U! 
tinioiint. 

No  (l('S(rii>ti«>n  is  ^M\cn  of  tlic  7'/^  and  1 '/j  liy  (i-in. 
)ininp,  so  1  as.minu'  Unit  it  was  a  pump  with  an  iniprup- 
I'lly  packed  piston.  'I'o  pack  a  piston  just  ri^lit  is  a  <lif- 
licult  job.  It  must  be  tifjiit  cnoufxli  to  prevent  leakaj^o 
and  \t'{  not  so  tijjlit  as  to  produce  undue  friction.  It  is 
dillicult  to  jud^'e  fnuu  outside  appearances  when  this  con 
dition  prevails.  .\  packeil  piston  nuiy  look  nice  on  a  draw- 
infj  and  be  tiu'oretically  |)erfect.  but  in  practice  it  is  fic- 
qiuuitly  far  from  this  condition.  .\  plun^jer  and  riiijx,  on 
the  other  hand,  is  tlu'orelically  siiijiitiy  iiu|)erl'cct  and  is 
looked  upon  by  nnmy  with  contempt  for  tiiis  reason.  In 
l)ractice,  however,  it  is  not  any  Jnore  iini)erfect  than  the 
packed  piston  and  can  be  depended  u|)on  to  last  for  a 
lonji'  time.  So  while  a  newly  and  |iroi)erly  packed  i)iston 
pump  may  show  less  slip  than  a  pliin<;;er  and  rin<f  inim]), 
the  slip  will  rapidly  increase  while  in  the  latter  it  will  re- 
main constant.  The  sli|),  therefore,  largely  dcj)ends  upon 
the  condition  and  cannot  be  stated  by  any  rule  or  formula. 
.\s  mentioned  in  the  article  the  slip  is  also  dependent 
upon  the  speed,  since  the  rate  of  leakage  is  practically 
constant  and  if  expre.>;sed  in  per  cent,  of  the  capacity  will 
be  ijreater  at  reduced  capacity,  if  the  slip  at  full  capacity 
is  r>  per  cent.,  then  at  half  capacity  it  will  be  10  per  cent., 
and  by  continuing  to  reduce  the  speed  a  point  will  be 
reached  where  the  slip  is  100  per  cent.  This  law  is  uti- 
lized in  testing  small  pumps.  The  discharge  valve  is 
closed  and  sufficient  steam  pressure  is  admitted  to  obtain 
the  normal  water  pressure.  If  the  speed  is  then  about  1 
per  cent,  of  the  normal,  the  pump  is  passed  as  satisfac- 
tory. Thus  a  6  and  4  by  6-iu.  pump,  the  nonnal  speed 
of  which  is  65  ft.  per  niin.,  will  pass  the  test  if  it  does 
not  run  much  over  0.6-5  ft.  per  min.  with  closed  discharge. 
For  the  sake  of  convenience  this  speed  is  expressed  by 
the  number  of  single  strokes  per  minute  and  is  called  '"lost 
actions."  A  pump  with  a  6-in.  stroke  makes  260  strokes 
per  minute  and  will  therefore  pass  with  three  lost  actions. 
Here  is  a  pump  in  perfect  condition  showing  a  slip  vary- 
ing from  1  per  cent,  at  full  load  to  100  per  cent,  at  Vmo 
load.  Pumps  handling  large  amounts  of  water  have  fre- 
quently shown  no  slip  or  even  negative  slip,  which  means 
a  volumetric  efficiency  (1  —  slip)  of  over  100  per  cent. 
This  was  due  to  the  fact  that  the  water  continued  to  flow 
after  the  plunger  had  stopped.  The  range  of  slippage 
could  therefore  be  extended  considerably  and  he  made  to 
look  still  more  formidable. 

Mr.  Xewbold's  formula  does  not  seem  to  agree  with 
practice.  The  accompanying  table  calculated  by  this 
formula  shows  that  ])umps  of  4-in.  stroke  and  under  do 
not  pump  any  water  at  all,  while  as  a  matter  of  fact 
thousands  of  them  are  in  successful  operation.  The  for- 
mula is 

_  V~/'  X  -2000  X  G 
^'  "  L  XS 

where 

x  =  Percentage  of  slip; 

P  =3  Pounds  pressure  of  the  liquid; 

G  =  Specific  gravity  of  the  liquid ; 

L  =  Length  of  stroke  in  inches ; 

.9  =  Piston  speed  in  feet  per  minute. 


With   ir)0  lb.  as  the  pressure  of  the  water  and  the  cjjecifio 
gravity   I,  the  formula  reduces  to 

•'  '  ZTx  TV 

Using  this  formula  the  various  percentages  of  HJippage 
given  in  tlu-  table  were  obtained. 

.SI.IJ'  AS  OltTAINICU   I'KO.M    lOK.Ml  I.A 


Htruki.,  in. 

HjH'wl,  fwt 

I'.r  Onl. 

a 

40 

2U4 

4 

fiO 

122 

8 

CO 

82 

6 

06 

03 

8 

76 

41 

10 

80 

30  fl 

12 

00 

22  7 

18 

100 

in.  3 

18 

no 

12  4 

24 

120 

8  6 

36 

mr. 

r> 

48 

nr, 

3  .'j 

OU 

ISO 

2.7 

F.  F.  Nk.kel 

Fast  Orange,  N.  J. 

Quaicfe  Repair  tio  BrcEemx  "Wlheel 

liccently  a  serious  breakdown  occurred  to  one  of  our 
electric  hoists  that  hauls  coal  up  from  one  of  our  dip  en- 
tries. While  running  at  full  speed  around  a  curve  the 
wagons  left  the  track  and  ran  into  an  obstruction,  break- 
ing the  rope  and  at  the  same  time  breaking  the  large  gear 
wheel  on  the  drum  shaft,  completely  in  two,  the  pieces 
falling  into  the  wheel  pit.  The  accident  happened  while 
making  the  last  trip,  and  the  broken  wheel  was  not  dis- 
covered until  the  night  shift  went  on  duty.  The  hoist  is 
nearly  a  mile  and  a  half  from  the  pitmouth,  and  as  we 
had  no  duplicate  of  this  wheel  and  could  not  afford  to 


Ckackkd  Wheel  Heed  hy  Chains 

lose  much  time,  we  had  the  jiieces  brought  out  to  the 
blacksmith  shop,  and  laying  them  on  the  floor,  we  leveled 
them  up  so  that  the  fractures  would  come  well  together. 
We  then  put  a  piece  of  %-in.  chain  with  a  1-in.  turn- 
buckle  around  two  of  the  arms  on  each  side  of  the  hub 
as  shown,  cutting  a  nick  on  the  arms  to  prevent  the  chains 
from  '^lipping.  We  then  shrunk  a  strong  ring  on  each 
side  of  the  hub.  This  pulled  the  wheel  together  until 
the  cracks  were  hardly  perceptible.  We  drilled  some  holes 
in  the  rim  of  the  wheel  right  in  the  cracks,  tapping  the 
holes  for  %-in.  bolts,  on  both  sides  of  the  Avheel  and  later 
pulling  the  bolts  up  tight  to  prevent  any  side  movement 
of  the  parts  of  the  wheel. 

The  dimensions  of  the  wheel  are  as  follows :  Diameter, 
68  in. ;  width  of  face,  6  in. ;  length  of  huh,  8  in. ;  bore,  5 
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ill.  It  was  nearly  midnight  when  we  got  the  wheel  out- 
side the  mine  and  we  had  it  repaired  and  back  in  phvco 
figain  in  time  for  the  next  day's  run,  which  we  consider 
a  quick  repair  job.  The  wheel  is  still  running  and  has 
not  given  any  signs  of  weakness,  although  it  lias  liccii  in 
operation  for  over  six  months. 

T.    1).    I'AIIFITT. 

Claridge,  l-'eun. 

IRedl^casa^  Val^e^Stleinffi  Wears' 

The  sketch  sliovi-s  how  I  stop])cd  the  chattering  of  the 
disk  of  our  8-  and  6-in.  globe  valves  which  had  worn  off 
the  ends  of  the  valve  spindles,  so  severe  was  the  chatter- 
ing. We  have  had  five  shutdowns  in  parts  of  the  plant, 
owing  to  accidents  of  this  nature. 

Various  means  of  stopping  the  chattering  have  been 
tried  with  varying  degrees  of  success,  but  the  means  here- 
with described  has  proved  the  best. 

The  valve  stem  was  screwed  out  of  the  hood  and  a  piece 
of  3-in.  pipe  A  about  1%  in.  long  placed  on  the  stem 
between  the  hood  and  the  top  of  the  disk,  the  pipe  going 


Pipe  Collar  Prevents  Wear 
OF  Valvk  Stkm 

over  the  nut  that  holds  the  disk  to  the  stem.  When  the 
valve  is  opened  the  stem  is  screwed  out  so  that  the  collar 
of  pipe  on  the  stem  is  held  tightly  between  the  bonnet 
and  the  disk.  This,  of  course,  prevents  any  movement 
of  the  disk  and  consequently  the  end  of  the  stem  is  not 
worn  and  there  is  no  more  chattering. 

Harry  Biehl. 
Philadel])hia,  IVnu. 

W^^er  aim  E-sra^aime  Gs^'lairadleB's 

The  article  describing  the  experiments  of  H.  Bollincks 
with  water  in  engine  cylinders,  as  published  in  the  Aug. 
26,  1913,  issue,  reminded  me  of  my  own  experience. 

After  warming  a  14x30-in.  Corliss  engine,  which  I  had 
just  taken  charge  of,  I  started  it  slowly,  but  it  had  not 
made  more  than  ten  revolutions  when  there  was  a  loud 
report  in  the  cylinder  followed  by  heavy  blows  at  each 
stroke.  Investigation  revealed  that  water  had  accumu- 
lated in  the  exhaust  pipe  which  was  not  provided  with  a 
drain  as  it  formed  a  trap  or  pocket  between  the  heater 
and  engine  cylinder,  and  caused  the  piston  rod  to  punch 
through  the  follower  plate. 


I  believe  that  if  the  engine  had  been  started  quickly 
it  would  have  discharged  the  water  from  the  cylinder 
without  doing  damage.  The  reason  I  believe  this  is  be- 
cause of  another  experience  related  below. 

'J^he  fireman  had  flooded  the  boiler  and  much  water 
was  being  carried  to  the  engine.  At  the  time  I  was  on 
the  second  floor  of  the  factory  repairing  a  line  shaft  when 
my  attention  was  called  to  the  slugs  of  water  coming 
from  the  end  of  the  exhaust  pipe.  Eushing  to  the  engine 
room,  I  shut  down  and  was  surprised  to  find  that  no  dam- 
age had  been  done. 

Paterson,  N.  .1.  Pktku   VAyDENBEUG. 


Fomnasitlaoia 

Having  read  the  various  articles  and  comments  on  the 
use  of  graphite  in  steam  boilers,  1  am  moved  to  relate  my 
experience. 

The  scale  evil  has  always  been  serious  with  us,  and 
seemed  nearly  impossible  of  prevention.  We  have  two 
120-hp.  horizontal  return-tubular  boilers  in  continuous 
service  from  June  until  Sept.  20,  both  boilers  being  run 
at  full-rated  capacity.  The  conditions  make  this  service 
necessary.  As  an  illustration  of  the  amount  of  scale 
taken  from  the  boilers  after  such  runs,  my  records  show 
that  at  the  end  of  the  1912  season,  350  lb.  of  scale  was 
removed  from  each  boiler. 

On  June  16  and  27,  1913,  Nos.  1  and  2  respectively, 
were  put  in  service,  each  having  graphite  fed  in  but  not 
strictly  according  to  directions.  No.  2  boiler  gave  251/2 
lb.  of  scale  when  it  was  cleaned  on  Oct.  14,  and  No.  1  gave 
49  lb.  There  still  remains  a  little  scale  in  each  boiler 
which  is  expected  to  come  off'  at  the  next  cleaning. 

Fearing  that  the  scale  might  be  thrown  down  in  such 
quantities  as  to  bag  the  shell,  I  fed  in  daily  only  one- 
fourth  the  amount  specified  in  the  directions. 

Frank  C.  B.  Speare. 

Cape  May  City,  N.  J. 

Flslna^  tfia®  IBIsvinae 

The  editorial  with  the  above  title  in  Power  of  Nov.  18 
suggests  a  condition  worthy  of  mention.  Some  four  years 
ago  considerable  troui)le  was  had  by  a  company  in  operat- 
ing its  boilers.  The  tubes  were  continually  being  re- 
placed, because  of  corrosion.  At  length  the  makers  of  a 
boiler  compound  overcame  the  trouble  by  supplying  a 
barrel  of  their  compound,  and  everything  Avent  on  smooth- 
ly for  about  two  years.  Then  the  comjiany  hired  another 
superintendent. 

This  man,  a  young  college  graduate,  stopped  the  use 
of  the  compound  and  began  using  graphite.  In  a  year's 
time,  when  the  annual  internal  inspection  became  due. 
one  of  the  boilers  was  so  badly  corroded  at  the  tube 
headers  and  the  nipples  that  the  insurance  company  can- 
celed its  policy  and  condemned  the  boiler. 

The  owners  are  still  operating  this  boiler,  however,  and 
while  they  are  using  a  much  more  expensive  compound, 
it  is  not  doing  any  good.  Furthermore,  it  is  believed  that 
the  other  boilers  in  the  plant  will  be  condemned  at  the 
next  inspection.  Here  is  a  case  where  there  should  be 
some  authority  to  which  to  appeal  before  the  condemned 
boiler  explodes  and  perhaps  destroys  many  lives. 

Hazleton,  Penn.  A.  G.  James. 
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I.onil    I'lii-lor      What     Is 


It     !)>     till'    111  III    "luml    riiclin' 


.1.     \V. 
The    ►jiiiiiiilly   lUfppt.'O    d.  (lull  Ion    of   "load    fiu-loi"   and    the 
OIK'  adoiXi'il   liy   iiioHt    lat'Ki'   powir  toniimnli'H   In    (IiIh  country, 
Is    tin-    latlo    of    till'    avciiiK''    l>i>Wfr    to    tlu'    inaxliiniin    power 
diiriiiK  any   kIvth   period. 


Kni»T>-  Ariiiiiiil  ii  nyiiamo — Why  should  cniory-flotli  or 
papiT  not   bi'   ust  d   on   ;i   dynamo  foninnitator .' 

W.  N.  J. 

Knici-y  is  olijiftionable  around  n  dynamo  bocause  Its 
loosened  urnlns  are  likely  to  Ket'  In  the  bearings  and  start 
euttlUK'  1'  '**  better  to  use  fine  sandpaper  as  any  loose  flint 
iL^ettlnvr  Into  the  biarliiRS  becoines  ground  up  and  dlseharKcd 
and   Is  much  less   likely  to  set   up  cuttlnR  of   the   bearings. 


tiaia  Hrat  Valiir^ — Is  120  B.t.u.  per  cu.ft.  a  good  heat  value 
for  producer  «as?  In  such  a  statement,  the  gas  Is  pre- 
sumed to  be  under  what  pressure,  for  the  heat  value  per  unit 
of   volume   must    vary    with    the    pressure? 

II,   11. 

A  value  of  120  B.t.u.  per  cu.ft.  of  producer  gas  is  low,  as 
average  producer  gas  would  be  about  140  B.t.u.  per  cu.ft. 
Unless  otherwise  qualified,  statements  of  heat  value  per  cubic 
foot  are  based  on  the  density  of  the  gas  when  at  atmospheric 
pressure. 


Boiler  ('umpoiind — What  Is  the  composition  of  the  Xavy 
Standard    Hoiler   Compound? 

G.    H.    B. 

This  is  a  powdered  compound  composed  of  at  least  64 
per  cent,  of  anhydrous  sodium  carbonate  (Naj  COg),  15  per 
cent,  of  tri-sodium  phosphate  (NasPO,  12  H»0),  1  per  cent, 
of  dextrine  or  starch  and  10  per  cent,  of  a  tannin  compound 
such  as  mangrove  bark,  cutch  or  catechu,  containing  at 
least  35  per  cent,  of  tannic  acid.  By  thorough  digestion  these 
materials  are  intimately  united,  then  dried,  finely  powdered 
and    well    mixed. 


Injection  "Water  for  Oil  Kuglne.s — What  is  the  purpose  of 
injecting  water   into   the   cylinder   of  an   oil   engine? 

J.   V.   H. 

For  suppressing  the  force  of  the  explosion  and  for  per- 
mitting a  higher  compression  without  danger  of  preignition. 
In  some  instances,  this  water  is  injected  into  the  cylinder 
separately:  in  others,  where  a  light  oil  such  as  kerosene  is 
used  with  a  carburetor,  water  is  sometimes  injected  along 
with  the  mixture  from  the  carburetor.  There  is  still  another 
purpose  of  water  injection,  which  was  devised  by  Prof.  Hop- 
kinson,  and  described  in  "Power"  for  Spt.  2,  1913.  wherein  the 
water  takes  the  place  of  the  cooling  jacket,  and  is  impinged 
in  slugs  upon  the  head  of  the  piston  and  on  the  exhaust  valve. 


InereaNlng-  'Weight  of  Governor  Balls — What  effect  has 
increasing  the  weight  of  the  fly  balls  of  a  simple  pendulum 
governor? 

F.    D. 

Neglecting  the  weight  of  the  arms,  links  and  collar,  which 
is  small  usually  compared  with  the  weight  of  the  balls,  in- 
creasing the  weight  of  balls  has  no  effect  on  their  position  for 
a  given  speed  and  consequently  has  no  effect  in  changing  the 
speed  of  an  engine.  The  weight  of  the  collar  tends  to  keep 
the  balls  lower  and  retard  the  action  of  the  governor.  When 
the  collar  carries  a  weight,  then  an  increase  in  weight  of  the 
governor  balls  increases  the  lifting  power  of  the  governor  and 
has  the  same  effect  as  taking  load  off  the  collar;  I.e.,  the  balls 
rise  to  cutting-off  position  of  the  governor  for  less  speed 
and   the  engine  is  regulated  to  a  slower  speed. 


Relative  Coal  ronsiimption — Why  should  more  coal  be  used 
for  driving  our  Rour  mill  with  an  18x42-in.  Corliss  engine 
during  the  night  shift  of  12  hours  th^n  when  using  the  same 
engine  and  a  12x30-in.  Corliss  during  the  12-hour  day  shift? 
The  engines  are  belted  to  separate   loads. 

J.  F.  M. 

The  actual  load  and  the  uses  of  steam  during  the  night 
shift   may   be  greater   than   during   the   day   shift.     The   facts 


HJioiild  l>o  iiHcertiiliied  by  indlcntlne  the  cnRlrieH  and  Innpect- 
Ing  all  driiftH  of  Hliam  from  the  bolleiH  and  noting  all  opiral- 
Ing  coiidltluns,  each  at  IntervalH  of  about  20  mill,  during  :it 
leaHt  21  houiM.  If  Hueh  olmervatloiiH  do  not  ae( Kiint  for  the 
dlHcrepancleB,  they  may  be  due  to  Htarting  the  day  shift  with 
high  water  and  fresh  IlreB  and  Htarting  the  night  Bhift  with 
low  water  and  low  fires  and  charging  u  dUproporllonate 
amount  of  coal  to  the  night  Bhifl;  or  there  may  be  a  dUTerenc! 
In   firing. 


foMt  of  inoftrle  IIoUlluK — An  electric  crane  lifts  3000  lb. 
37  ft.  Neglecting  friction,  motor  elllclency  and  power  con- 
sumed on  the  down  trips,  what  would  be  the  cost  of  handling 
720  such   loads,   with   cuirent   costing  3c.   per  kw.? 

J.    W.    B. 
One   kilowatt-hour   is  equivalent   to   2,654,200   ft.-lb.   per  hr. 
U'he    net    energy    required    to    lift    one    load    of    3000    lb.    37    ft. 
would  be 

3000     X     37     =     111,000    ft.-lb., 
and,   therefore,   a  service  of  1    kw.-hr.   would  raise 
2,654,200 

=    23.9  loads 

111.000 

At  3  cents  per  kw.-hr.   the  cost  of  current  per  load   wr.uld  be 
.$0.03 

=:    about   .$0.0013 

23.1 

and  720  such  loads  would  cost 

720    X    $0.0013    =    $0.93ft. 


Gas-Meter  Correction — Will  a  gas  meter,  calibrated  for  a 
pressure  of  1%  in.  of  water,  pass  three  times  the  quantity  for 
every  cubic  foot  registered  when  the  actual  pressure  is  4^/4 
in.? 

H.    H. 
No.      Gas    pressure,    stated    in    inches    of    water    like    gage 
steam    pressure,   is    the   pressure   above   the   atmosphere.      The 
latter    being    14.7    lb.    per    sq.in.    abs.     (I.e.,    above    vacuo).    Is 
equal   to   a   pressure   due   to   a    column   of  water, 

33.947    X    12    r=    407.364   in.; 
hence    the   absolute    pressure   equal   to   1V4    in.   water   pressure 
above    atmosphere    would    be 

407.364    +    1.5    ~    408.864   in.  of  water  abs. 
At    iVi    in.    water    pressure    above    atmosphere,    the    absolute 
pressure  would  be 

407.364     +     4.5    =    411.864    in.    of   water,    abs.; 
so    that    one    cubic    foot    at    4%    in.    water   pressure   above    at- 

411.864 

mospheric     pressure     would     be     equal     to    or     1.0073 

408.864 
as    much    as    at    1%    in.    water     pressure     above     atmosphere, 
i.e.,    at    4%    in.    water    pressure    there    would    be    not   quite    % 
of   one   per  cent,   more    weight   of  gas   per   cubic   foot   than   at 
1^4    in.    water    pressure. 


Tube  Battling — Is   it  necessary  to   cover  the  top   and  lower 

side  of  the  bottom  row  of  tubes  in  a  Heme  boiler  and  the 
same  of  the  top  row  of  tubes,  i.e.,  should  these  tubes  have 
tile    completely    around    them? 

E.  F.  M. 
Where  such  j.  boiler  is  fired  by  mechanical  stokers  or  with 
a  fori  nd  draft  or  both,  for  the  better  protection  of  the  lower 
row  ci  tubes,  the  baffle  bricks  are  made  to  completely  en- 
circle these  tubes.  But  where  hand  firing  and  natural  draft 
are  used,  it  has  been  found  advisable  to  cover  only  the  upper 
side  of  the  lower  row  of  tubes,  especially  where  the  coal 
tends  to  form  stalactites,  that  is,  deposits  hanging  from  the 
brick,  because  in  cleaning  off  the  lower  side  of  the  tubes, 
or  in  the  operation  of  hand  firing,  the  undersides  of  the  bricks, 
when  exposed,  are  likely  to  be  broken.  This  would  allow  the 
fire  to  go  up  in  betw'-en  the  bricks  like  a  "blow-pipe  flame" 
causing  excessive  heat  or  local  burning,  which  is  detrimental 
to  the  tubes.  The  firebrick  on  the  upper  row^  of  tubes  is  in- 
tended to  act  only  as  a  baffle  and  at  a  point  where  the  fire 
flame  is  not  so  intense,  and  w^here  the  brick  is  not  likely  to 
be  disturbed  so  that  only  the  upper  side  of  the  upper  row  of 
tubes  needs  to  be  covered.  Hence  tile  forms  completely  sur- 
rounding the  upper  row  of  tubes  are  unnecessary  and  would 
detract  from   the  heating  surface   of  the   boiler. 
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Last  Lessox's  Axswkus 

2C,.     If  .sin  45°  =  1/2    ■\l'~2  the  sine  of  22  (leg.  'M)  iniu., 
or  lialf  of  45°  is  (from  equation  23,  last  lesson) 

sin  22°  :30'  =  ^J'TW~~^oiW) 

As  tlie  sine  and  cosine  of  45°  are  the  same 


.sin  22°  30'  =  V  i  (1  —  1  V  2)  =  0.3828 
From  equation  21 

cos  22°  30'  =  V  I  (1  +  cos  45°)  =  V  1  (1  +  i  V"2) 
=  0.9239 
From  equation    25 


^30'  =  ^; 


ian  22 

From  equation  26 
cof  22°  30' 


—  cos  45°  _       1 

T^.T5^° "  \  r+ 1  v'2 


V  2 

^^  =  0.4142 


sin  (2  A  -\-  A)  =  sin  2  A  cos  A  -f-  cos  2  A  sin  A 
Substituting  the  values,  of  sin  2  A  and  cos  2  A   (equa- 
tions 19  and  20) 
sin  {2  A  -\-  A)  =--3  sin  A  cos  A  cos  A  -{-  (1  —  2  sin^  A) 

sin  A  =  2  sin  A  cos^  A  -\-  sin  A  —  2  sin^  A 
From  equation  1  (Lesson  III). 

ro.s-  A  =1  —  si»^  A 
then 
sin  (2  A   -|-  .1 )  =  2  sin  A    (1  —  sirr  A)  +  sin-  A  — 
2  sin:'-  A 
which  simplities  to  the   form 

sin  3  4  =  3  .s7'/(  .1  —  4  sin^  A 
1 

From  equation  21, 


30.     Given  tan  30° 


\\  +  cos  45°       Jl  +  W^       9,107 
=  \'l^l.^^45-  =   \i_iV-2  -  '-'''^ 

(Kote  that  these  values  lie  about  midway  between  those 
given  for  the  corresponding  functions  of  22°  and  23° 
in  the  table  in  Lesson  IL) 

27.  Required  to  find  an  expression  for  sin  {A  -\-  B  -\- 
C).  Calling  A  -{-  B  for  the  time  being  one  angle,  then, 
from  equation  11, 

sin  [{A  +  5)   +  C]   =  sin  (A  +  B)  cos  C  +  cos 
(A  +  B)  sin  C 
Also  from  equation  11, 

sin  (A  -|-  /?)  =  sin  A  cos  B  -\-  cos  A  sin  B 
and  from  equation  13 

cos  (A  -\-  B)  ^  cos  A  cos  B  —  sin  A  sin  B 
Then,  substituting  in  tjie  first  equation, 
sin  [(A  +  5)   +  C]   =   {sin  A  cos  B  +  cos  A  sin  B) 

cos  C  +   {cos  A  cos  B  ■ —  sin  A  sin  B)  sin  C 
or 

sin  {A  -\-  B  -\-  C)  ^=  sin  A  cos  B  cos  C  -}-  cos  A  sin  B 
cos  C  -\-  cos  A  cos  B  sin  G  -^  sin  A  sin  B  sin  C 

28.  From  equation  5  (Lesson  III) 

sec  (A  +  B)  = rr-r-^ 

cos  (A  +  B) 

and.  I'roiu  ('(|uat ion  1  3 

cos  (.1  -|-  B)  =  cos  A  cos  B  —  sin  A  sin  B 
therefore 

sec  {A  -\-  B)  = -. „ . — -. — -. — ^ 

cos  A  cos  B  —  sm  A  sin  B 

This  may  Ik;  reduced  to  terms  of  the  secant  aiul  cosecant 

if  desired  as 

,  ,    ,    „^  sec  A  sec  B  esc  A  esc  B 

sec  {A  +  B)  = -. g 5 g 

CSC  A  CSC  B  —  sec  A  sec  B 

29.  Sin  .3  .1  is  the  same  as  sin  (2  A  -\-  A),  then, 
from  equation  11, 


tan  60° 


2  tan  30° 
—  tcm-^  30° 


VT3 


V  3 


2 


1 


V3 


As  tan  30°  =  cot  60°  (60°  and  30°  being  complementary 

angles)   cot  60°   ^ —= . 
V  3 
From  equation  7   (Lesson  III) 

sec^  60°  =  1  +  3  =  4 

sec  60°  =  Vl:  =  2 


From  equation  5 

2  = 


cos  60 


From  equation  2 

VT3  = 


sin  60° 


cos  60° 


<in  60 


V3 


SoLt'TIO.V  OF   I'lfiHT   TlilAXOLES 

Recalling  the  definitions  of  the  functions  of  an  angle, 
as  given  in  Lesson  I,  it  begins  to  be  evident  how  it  may  be 
true,  as  stated,  also  in  the  first  lesson,  that  if  any  three 
of  the  six  parts  (three  angles  and  three  sides)  of  a  tri- 
angle are  known  and  at  least  one  of  them  is  a  side,  the 
shape  and  size  of  the  triangle  may  be  determined,  at 
least  insofar  as  this  applies  to  right-angled  triangles. 

To  recapitulate  the  relations  between  the  sides  and  the 
trigonometrical  functions  of  the  oblique  an.irles  of  a  right 
triangle : 


tangent 


opposite  side 
hyj)othenuse 
adjacent  side 
hypothenuse 
opposite  side 
adjacent  side 


cosecant  = 


secant  = 


cotanfjeni  = 


lijipotlienuse 
o'pposite  side 
Itypothemcse 
adjacent  side 
adjacent  side 


opposite  side 


Suppose  it  is  ^ivcn  lluit  (lie  Imsc  ami  alliliulr  of  ii  ri^'lil 
Iriimjjk'  an*  h  and  a.  it'spcctively.  Hen-  tlircc  jiarts  arc 
Hivcn.  tlu'  rijilit  aii^lt'  uiul  two  Hides.  Tin'  dlhcr  side  (the 
li\  potlu'iuiso)  can  l>c  found  as  llic  square  root  of  I  In-  simi 
of  the  scpnircs  of  tlu-  other  (wo  sides  or 
,•  =  V  n*  +  A» 

Tilt'  sine  ol  one  olilupic  aii^flc  llicii  will  lie  and   the 

sine  of  tiie  other  -.         From  the  lahle   (Loxm    II  )    iioth 

of  these  angles  may  he  found,  or,  one  heing  found  from 
the  tahle,  the  second  can  he  found  liy  suhtnu'ting  the  first 
from  !>()"  (the  oblique  angles  of  a  right  triangle  iieing 
comjilements  of  each  other,  as  previously  explained). 

Suppose  the  hypothenuse  of  a  right  triangle  and  one 
side  are  given  as  c  and  h  respectively.  Again,  three  parts 
are  known.     The  liiird  side  will  he 


OVER  THE  SPILLWAY 

J  IIHT  JK.STH.  J  A  HH.  JOHIIKH  A  .M)   J  I'  .M  Hl.KS 


The  sine-  of  the  angle  opposite  to  the  side  h  will   l)e 

from  which  the  angle  fi  may  he  determined  and  llie  third 
angle  (A  )  will  he 

!»((  —  B  =  A 
Suppose  one  oblique  angle  of  a  right  triangle  is  given, 
A,  and  the  adjacent  side  is  b.  Three  parts  are  given,  the 
third  being  the  right  angle.  From  the  table  cos  A  may 
be  found,  and  the  cosine  being  equal  to  the  adjacent  side 
divided  by  the  hypothenuse.  the  latter  can  be  found,  as 

b 
COS  A 

Two  sides  are  now  know^n,  b  and  c;  the  third  side  a  and 
also  the  angles  may  be  found  as  before. 

StI'DY   QlESTIOXS 

'51.  In  a  right  triangle  the  sine  of  the  acute  angle  at 
the  base  is  %  and  the  hypothenuse  is  36  in.  What  are  the 
lengths  of  the  other  sides  and  what  is  the  sine  of  the 
other  oblique  angle? 

32.  The  base  and  altitude  of  a  right  triangle  are  20 
and  32.    Find  the  angles  and  the  hypothenuse. 

33.  In  a  right  triangle  the  hypothenuse  is  235  and  one 
angle  is  43  deg.  Find  the  other  acute  angle  and  the  two 
other  sides. 

34.  The  angle  of  elevation  to  the  top  of  a  chimney 
is  47  deg.  as  measured  from  a  point  180  ft.  horizontally 
from  its  base.     What  is  the  height  of  the  chimney  ? 

35.  When  the  8-in.  crank  of  a  horizontal  engine  is  ver- 
tical the  piston  is  l^A  in.  past  midstroke.  At  this  in- 
stant, what  angle  is  the  connecting-rod  making  with  the 
guides? 

m 

EdinhurKh  to  Have  New  Central  Station — The  electric- 
lighting  committee  of  the  Edinburgh  Municipal  Corporation, 
which  has  the  monopoly  of  the  production  and  distribution 
of  electric  current  in  Edinburgh,  is  preparing  plans  for  a 
new  generating  station.  The  existing  plant,  which  has  been 
operated  so  successfully  for  many  years  that  the  committee 
has  gradually  reduced  prices  to  214  c.  per  unit  for  manufac- 
turing purposes  (Igc.  to  large  consumers)  and  5%c.  per  unit 
for  domestic  lighting  (with  discounts  which  bring  It  down 
to  4c.).  will  not  economically  produce  enough  current  for  the 
requirements  of  the  near  future.  la  arranging  for  another 
station,  all  new  ideas,  designs,  and  appliances  will  be  con- 
sidered by  the  committee,  with  the  purpose  of  supplying 
electricity    at    the   lowest   possible    figures. 


VVIiiit  In  "the  lurKeHt"  iinyhow'.'  \Vi-  Hiiid  Ihc  now  ICiiul- 
litlile  HulldlnK  wuM  (o  hiivc  the  liirKeHl  iiuinbi-r  of  cli-vutora 
(IS)  bccnUHc  we  Hii  redd  It  in  "IImIIiIIiik  MiiiiiiKeinent."  .Now 
Cliiirley  Nuylor  pooh-poohH  uh  iimiI  Intliniiti-H  ttie  ICiiulliililii 
!.>.  a  bunKiilow  iiIoiikhIiIi'  the  MiirKliall  I'Meld  Co,  Hton-,  which 
lijiH  i>i  piiHHcnKer  i-liviitorH,  14  frelKhl,  anil  HI  dumnilcH  and 
|iai'k»Ke  holHtH.  And  by  way  of  Kood  niinHur"-,  he  MayH  th« 
annex  to  Fleld'H  haH  1  fi  paHHenRer,  two  frelKht  and  hIx  duinmlen. 
UhiK    the   bell    If   yiMi    want    tu  KO   up! 


However.  8om<'  large  thlngii  were  done  last  year.  aH  la 
pictured  In  this  week's  foreword.  That  young  "1914"  recorder 
iM  no  great  Hhakes  for  InfaTitili'  beauty,  but  get  that  en- 
thuMlusin! 

In  a  barefaced  attempt  to  exploit  our  erudition  last  week, 
we  said  we  knew  two  l..atln  quotations,  and  quoted  one  of 
them,  "Caveat  emptor"  (Let  the  buyer  beware).  Then  "Poor 
Old  BUI"  leaves  his  domiciliary  elevation  to  dare  us  to  tell  the 
other  one.  No  Trentonlan  can  give  uh  the  dart,  and  get 
away    with    it — the    other    one    Is    "Oesundhelt"! 

Si 
A  Brooklynlte  has  reached  the  tender  age  of  102  by  Indulg- 
ing In  "three  good  laughs  an  hour."  We  know  where  we 
could  procure  two  good  smiles  an  hour  If  we  needed  them, 
but  three  good  laughs  are  hard  to  find.  Possibly  some  reader 
may  know  where   Brooklyn   i.s.  and   helj)   us  out. 


"Conservation  of  natural  resources  is."  remarks  the  Buffalo 
"Express,"  "talking  forever  about  water  power  and  coal  mines, 
and  never  using  them."  First  thing  you  know.  Mister  "Ex- 
press,"  somebody   will   make   you   eat   them   crool   words. 


■  "A  mechanic  was  ordered  to  take  care  of  a  small  gasoline 
pumping  outfit  during  the  night  as  we  were  short  of  water," 
relates  an  American  engineer  in  C^uba.  "About  12  o'clock  the 
chief  mechanic,  while  making  his  rounds,  missed  the  sound 
of  the  exhaust.  Upon  investigation,  he  found  that  the  con- 
necting rod  had  worked  loose  and  that  piston  and  rod  were 
reposing  across  the  room  and  the  engine  a  beautiful  wreck. 
The    boy   was   still    asleep   at   his    post." 


Figures  2  ft.  high  are  to  take  the  place  of  street  names  on 
the  Pittsburgh  street  cars.  Don't  know  how  this  will  work 
out,  but  what  do  New  Yorkers  know  about  street  railways, 
anyhow?     Two  bells  start  the   horses,  and  one  stops  them. 


Owing  to  a  severe  shortage  of  water  supply,  a  Kentucky 
electric-light  company  had  to  get  its  water  by  rail.  You'd 
think  that  in  the  Blue  Grass  country  water  was  running  about 
loose,   but   this   was   boiler-feed   water,    not   drinking. 


A  H.*PPY  NEVl'  YE,\R  TO   IrOV 

By  B.   Spills 

We've  said  goodby  to  1913  and  howdy  to  1914.  Now  let's 
be  kind  to  the  youngster:  he's  sturdy  enough  if  we  take  the 
artist's  conception  of  him   in   this  week's  foreword. 

Big  business  enterprises  are  on  the  slate,  the  Federal  and 
state  governments  are  going  to  do  things  in  our  field,  and 
others,  and  it's  up  to  you  and  to  me  to  sit  tight,  and  look 
pleasant  and  hopeful. 

If  you  read  "Power's"  editorial.  "Progess  in  1913,"  page  19. 
you  must  be  startled  by  how  much  can  be  accomplished  in 
one  short  year.  My  goodness  gollies.  old  Pop  Time  sure  can 
swing  that  grass-hook!  Not  so  fast.  Pop:  we're  missing  some 
of  the  stations,  and  we'd  like  to  stop  off  before  our  mileage 
runs  out.  (Pop's  the  only  man  who  ever  got  away  with  the 
perpetual-motion    idee.) 

It's  good  to  know,  too,  that  the  hearts  of  the  big-wads 
have  opened  up  the  past  year.  For  one  thing,  $550,000,000  are 
on  tap  for  education  and  charity.  We  need  all  the  education 
we  can  get.  no  matter  who  helps  us  to  it.  As  for  charity, 
we  need  that,  too — in  our  hearts — for  our  fellows,  our  neigh- 
bors,  and  ourselves. 

Here's  for  a  happy  new  year! 


aiiiiiirv  (),    1914 
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:<yNOPSIS — By  stopping  vp  all  leaks  in  the  settings 
am!  around  doors,  and  by  stimulating  competition  among 
the  premeu,  the  average  percentage  of  VOn  was  raised  in 
nine  montlis  from  8  to  iJ.5  per  cent. 

K 

It  is  nu'i'ly  that  one  sees  reports  showing  in  detail  just 
how  boiler  elHcieneies  have  been  increased,  or  by  just 
wliat  means  low  CO^  percentages  have  been  raised  through 
the  use  of  recorders.  The  writer  has  beeu  in  daily  touch 
with  one  make  of  CO,  recorder  for  two  years  past,  the 
larger  part  of  this  time  in  a  boiler  plant  where  20  record- 
ers are  in  constant  operation.  The  boiler  house  furnishes 
sleam  for  jiower  and  industrial  purposes  for  a  large  manu- 
farturing  plant  on  the  New  Jersey  side  of  the  Hudson 
L'i^er,  and  contains  20  water-tube  boilers — li  Babcock  & 
Wilcox  and  six  Edgar — all  connected  with  Green  econo- 
mizers. There  are  two  large  stacks,  250  ft.  high.  The 
boilers  are  hand  fired,  and  dutch-oveu  furnaces  extend  5 
ft.  in  front  of  the  boilers.  A  mixture  of  90  per  cent.  No. 
3  buckwheat  and  10  per  cent,  soft  coal  is  burned  on  a 
special  small-hole  dumping  grate  with  forced  draft.  The 
maximum  pressure  in  the  ashpit  is  about  l^/i  i"-  ^^^ 
the  drums  connect  into  one  header.  The  boilers  run  day 
and  night,  usually  at  from  30  to  40  per  cent,  overload, 
and  the  demand  for  steam  is  regular.  A  COg  recorder 
unit  and  a  recording  therm.ometer  are  attached  to  each 
boiler. 

The  first  month  after  the,  CO^  recorders  were  installed. 
the  averiige  percentage  of  CO^  was  found  to  be  around 
eight.  By  means  of  the  methods  to  be  recounted,  this 
avei'agc  was  raised  in  eight  months  to  12.5  per  cent. 
There  has  been  little  difficulty  since,  in  keeping  the  aver- 
age around  that  figure,  but  this  seems  to  be  about  the 
limit  under  the  conditions.  The  following  tabulation 
gives  the  average  for  tiie  plant  during  the  eight  montlis 
it  took  to  rai.se  the  percentage  up  to  a  satisfactory  figure 
and  shows,  how  gradual  the  improvement  was: 


1st  mni.lli 
2n(i  month 
3rd  montli 
4th  monlli 
5th  montli 
6th  month 
7tli  montli 
8th  month 
9th  month 


Per  Cent. 

7.78 

..      8.98 

. .      9 . 26 

. .     9 . 88 

10  24 

10  59 

10.73 

1 1 .  65 

12.46 


Tfow  this  was  done  can  lie  told  most  direclly  by  put- 
ting each  step  under  one  of  three  headings,  which  will 
be  taken  up  in  the  following  order: 

1.     Making  the  boiler  settings  tight. 

'I.  .Making  sure  that  the  recorder  was  getting  a  fair 
samiilc. 

o.     Tniproving  on  the  methods  of  firing. 

Making  the  Boilii!  Settings  Tight 

The  boiler  settings,  when  the  recorders  were  put  in, 
were  in  only  fair  condition.  While  some  effort  was  made 
to  prevent  too  much  air  leaking  in,  still  if  a  match  or 
candle  were  run  along  the  brickwork,  here  and  there,  the 
flame  would  be  sucked  in.     The  black  s})ots  on  the  white- 


washed brick,  caused  by  little  explosions  in  the  furnace 
forcing  soot  out  Ihrough  the  leaky  .settings,  attracted  at- 
tention primarily  because  it  meant  another  coat  of  white- 
wash for  the  brickwork. 

There  had  been  no  incentive  to  having  the  settings  ab- 
solutely tight.  No  one  knew  just  how  much  air  leaked 
in  and  the  Orsat  remained  in  its  corner  for  a  year  with- 
out being  touched.  But  with  the  machines  installed, 
things  were  different.  The  superintendent,  on  his  trips 
through  the  boiler  house,  could  not  help  seeing  the  CO, 
charts,  which  told  him  that  things  were  not  as  well  as 
they  might  be.  Moreover,  the  recorders  indicated  whether 
conditions  were  imiiroving;  they  supplied  the  incentive 
to  the  men  in  charge. 

The  brickwork  of  the  settings,  economizers,  breechings 
and  flues  was  overhauled,  loose  brick,  wherever  found, 
were  replaced,  and  the  boiler  walls  were  well  covered  with 
asbestos  cement.  Care  was  taken -that  there  was  no  leak- 
age at  the  tube-blowing  doors,  or  at  the  side,  rear  or  fir- 
ing doors.  The  tops  of  the  boilers  were  covered,  1%  in. 
deep  with  cement  over  the  brickwork.  Of  course,  these 
are  ordinary  precautions,  but  two  things  done,  however, 
were  more  uncommon,  and  deserve  special  mention. 

As  the  boilers  were  often  worked  steadily  for  several 
months  at  a  time,  and  at  overload,  cleaning  the  cinder 
jiits  by  hand  was  arduous.  Shortly  before  the  recorders 
were  installed,  a  hole  about  a  foot  square,  had  been  drilled 
at  the  center  of  each  of  these  pits,  through  to  the  cellar. 
The  idea  was  that  cinders  carried  into  the  second  pass  oi 
the  B.  &  V\.  boilers  and  falling  into  the  cinder  pits  could 
be  washed  down  into  the  cellar  by  playing  a  hose  through 
the  side  doors.  This  idea  worked  very  satisfactorily,  ex- 
cept that  such  poor  means  were  first  used  for  keeping  the 
holes  air-tight,  that  considerable  leakage  resulted.  When 
it  became  a  question  of  getting  high  CO,,  however,  a  cast- 
ing was  inserted  in  each  hole  and  cemented  in  place. 
These  castings  had  grooves  along  the  bottom  to  hold  tight- 
fitting  slides  in  place,  and  by  this  means  all  leakage 
through  the  holes  was  eliminated. 

Leakage  around  the  large  front  doors  of  a  B.  &  W. 
boiler  has  a  doubly  had  effect,  for  in  addition  to  diluting 
the  hot  flue  gases  with  cold  air,  it  strikes  directly  against 
the  front  header.  These  large  heavy  doors  are  hard  to 
keep  tight,  so  a  sinijile  but  ingenious  plan  was  adopted 
for  preventing  leakage.  The  air  that  leaks  in  through 
the  front  door  passes  either  through  the  spaces  between 
the  headers,  or  up  through  the  large  opening  just  in  front 
of  the  top  of  the  headers;  it  was  decided  to  block  both 
these  paths.  Asbestos  rope  was  forced  into  the  openings 
between  the  headers  with  a  calking  tool.  Also,  a  sheet- 
iron  apron  about  18  in.  wide,  ancl  extending  the  width 
of  the  boilers  was  suspended  just  above  the  front  doors, 
to  seal  the  space  above  the  header.  Thereafter  it  was 
necessary  only  to  keep  the  outer  doors  rea.sonably  tight 
to  prevent  the  air  from  cooling  the  front  headers — the 
leakage  into  the  boiler  having  been  reduced  to  a  neg- 
ligible quantity. 


30  l'<»\V  K  li  \„|.    ;(.),    N,,    1 

M\Kiv.)  St  i;i    I'liM-  iiii:  li'i  i  dudi  ii  W  as  Ci  i  i  iMi   \  |i,iit  of  llic  hoss   (itviiinii  lo  rf|ii  iiiuiikI  .-liiikiii;,'  lircmm, 

I'Aii!  Sami'm:  ami  his  (lisinrljiinliori  to  liiy  oil  a  riiaii  cxceitl  for  a  "lict- 

Sampli's  (if  ilic  line  ;;;is  an-  taken  \)\  iiicaiis  nl'  a  ''i-in.  ''''"  reason  tlian  just  a  jioor  CO^,   record,"  made  inalterH 

|)i|>e.  insiTted  lliron;,'li  tlie  liriikwork,  directly  in  front  of  jii'^t  as  liaii  as  l)efore. 

tlio  l)reerliin^'.     This  pipe  is  open  at  the  end  only.     The  Tliere  was  no  nnjney  to  cslahlish  a  sort  of  Itonns  system 

recorders  were  installed  under  the  supervision  of  a  rejire-  f'"'  the  liesi  CO.,  avera;,'e,  and  there  was  no  way  of  nniking 

sentative  of  the  manufacturer,  and  at  that  time    the  -'i-  'he  men  do  their  hest  for  fear  of  losjm;  their  John,  so,  as  a 

in.  pipes  were  only  .1  ft.  (!  in.  Ion;,',  ])rol)ahly  hecause  the  hist  re.sorl,  ami  with  ImiI  little  hope  of  success,  tho  attempt 

alley  hetwecn  the  l)oilers  wa.s  oidy  a  little  over  4  ft.  wide.  ""^  made  to  create  a   feclin^f  of  rivalry  hetween  the  fire- 

This  jiermitted   the  piju-s  to  extend   only  a   little  over  2  'n'li- 

ft.  inside  the  wail.     The  hoilcrs  are   l(!  ft.  wide  and  the  l-'i' li   < '"..  chart    was   a\cra;jcd   sejiaralely   for  the  day 

lireechin^'   I    ft.-  Iicikc  the  >ain|)lc  was  taken   ridin  a  .-oii,  .muI   iii^lit  sliill,  ami    tlir   lonll    recorded   under  the  fire- 

of  dead    pocket    far    In   one    side   u(    the    current    of    i;as  man's   name,     'i'lic  avcraj:c   lor  each   fireman   wan  lakou 

through   the  boiler  into  tiie  hreeching.  at  the  end  of  each  two  weeks,  when  the  shifts  I'han^'ed.  A 

It  was  then  ascertained  that  the  recorder  rcadin^^s  did  paire  of  the  (iremen's  record  hook  i.s  .shown  herewith.  With 

SAMPLE  PACiK  KUOM   KIHKMKN  S  HKCOHI)  HOOK 

CO,    Kfcord 

Tnii  Weeks  boKinning  Monday,  May  12,  Hit:! 

Moil         Tiii.H.         Wed           I'lui            Fri.           Sat.          .Sun.          Moii.         Tik^           Wi-d  Tliu.  I'ri.  .Sat.  Sun.       Av- 

Night  .Stiift                          11'              i;j              11              1.")              Hi              17              IS              lit              20              21  22  2.)  2A  25        eruKe 

(1  II  12  l-l 

560  Seullion :<   i:»  .">      1      14        .I   i:!  r>     li      13       S   12  ."i    10   IJ  •'.   10      A  K)      \:i  l.<    12  .">   le      12  .'ic      l.i      ■»■    12  .')  tic      A  12  «1 

il  11  12  14 

546  Cannon 4   14   :,     14   II   13   7  12  ")  10   12   10  12  'i  13   X  13   12  le  11  r,   .3e  12  .'>  ."«•   11   lie   13   2   13  12. ."iS 

S      11      12      14 

564  Shulti .">      14        li   12  .■>     7    12  5   10      X      10   II    .'>   13      X      13      12      le    12  .)  3e      12     .'x-      12     lie      14        1      13       3   12  5  12. .» 

8  11  12              14 

550  Barnctikay li  12  5  7   12  10   X  10  11.5  13   12   13  11  .i  le   A   3c   X  !k      1 1   6e   A    1   A    2  12  5  4   X         11  86 

S  11  12  14 

575  Jordan 7   13   10   10  10  115  13  12  5  13   12   le   X   3e   11   .5e  12  .■>  lie   X    1   X   2  12  5  3   13   5   13         12  10 

8      11  12  14 

562  Zeinan 10      12      10   12.5  13  12.5  13  13     le    11   5  3e      X      •%    12  5  (ie    13  5     1      12       2      12       3      12       4      13       li   12.5         g        12  42 

554  Ticse 11              12  14  g 

10      13      13      14      13   12.5  le      12     3e      12     5c    13  5  6e      13        1      13       2      13       3  12  5     4  13       5  13       7      13          3        12  88 

553  Obcrhttus                                 12              14  3 

13      X      13      13      le    13  5  3e    13.5  5e      13     6e      14        IX        2      13       3      13       4  13  5     5  13  5     II  13       8     12           «        13.18 

548  Publiskie 14  9  ^ 

13      X      le       X      3e      13     5e    12  5  6e    12  5     1X2X3   13  5     4      13       5  13  5     0  12       7  12  5   10       9          •?        12.39 

556  Muchinsky «  11  2 

le      12     3e      12     ."«■    13.5  6e      11        1      12       2  12  5     3      13       4      13       .">      13       II  11   5     7  12       9  12      10  12.5                  12.31 

8  10  12 

572  Bakoonas                                  3e    II    .">  .ie    12  r,  li,-      13        1    12  5     2      l2       3      12       4      12       .5      13       li   11    .i     7  12       9  11   5     9  12     13      X                     12.13 

8  10  12  14 

545  Contraet                                    .">e    13  .->  lie      13        1      13       2   12  5     3      13       4    12.5     .'>   13    '>     7     13       7      13       9  11   5     9  11      13  11   5   13      12                    12  .54 

8              10  12  14 

547  StaRon   .                 .                   lie      14        1    12.5     2      13       3   12  5     4     13       5   13  5     7      13       8   12  r,     9      11        9  12      13  11      13  12      le      X                     12  50 

9  10  12  14 

563  Kutakoski 1   11    2   13   3   13   4   12   5  14  5  7   12   8   11   10   X   10   A   13  10  5  13  11  5  le  11.5  .3e   X         12  00 

9      11      12      14 

565  Hellows 2    13  5     3      12        4   12  5     5   13.5     7     13       8  12.5   10     12     10  12  5  13     12     13   12  5   le    12.5  3e      A.     5e      13  12  63 

Explanation:     The  first  column  under  each  date  shows  the  boiler  the  man  is  firing;    the  second  column,  the  CO,  percentage  for  the  fireman.      ".\"  means  that 

the  regular  fireman  was  not  working,  and  a  cross  indicates  that  the  recorder  was  not  working  well  enough  to  get  tlic  correct  average. 

For  example,  Jordan,  check  number  575,  on  Monday  night.  May  12th,  fired  boiler  No.  7  and  averaged  13  per  cent.  On  Tuesday  night  he  had  boiler  No.  8  and 
half  of  No.  10,  and  obtained  10  per  cent.  CO,  on  boiler  No.  10.  The  CO,  average  of  No.  10,  which  is  divided  between  two  firemen,  is  ignored  in  keeping  the  firemen's 
record. 

not  agree  with  the  Orsat  readings  taken  through  a  longer      the  iielj)  of  tiie  information  given  underneath,  this  record 
.sani})liiig  tul)e  extending  halfway  into  the  holler.     Also,      is  self-e.xplauatory. 
the  readings  from  the  recorder  with  the  short  tube  did 

,  ,  1         -il  '•  i;+;^         ^f    +!,„  SAMPLE   L:.ST,   SHOWING   FIREMEN'S  CO,   AVERAGES 

not  vary  nearly  so  much  with  varying  conditions  of  tlie 

fire  as  did  the  Orsat  readings.     Thereupon  it  was  decided  „     „.   ,       ,.     c^  j    '  ^     o-.u  ,n,o 

'^  '  1        1     -1  Two  W  eeks  endmg  Sunday,  May  2oth,  1913 

to  use  a  sampling  tube  extending  8  ft.  into  the  boiler,     f.^^^.  p^j^. 

This   was   done   and   an   immediate   improvement   in  the        i^  Son'  ^2  91         mI  Pubillie  11  tl 

fhfn'i<    resill((>d                                                                                                                             554  Ticse  12.88  556  Muchinsky  12  31 

Liutii.     it.uiiLU.                                                                                                                            565  Bellows  12  63  .572  Bakoonas  12   13 

564  Schultz  12  59  575  Jordan  12   10 

IlIPROVIXG  THE  Methods  of  Firing                                     546  cannon  12  .58  Poor: 

545  Contract  12  54  ,563  Kutakoski  12.00 

_„,.,,.,                   ,    ■       ^      .      1             1               •.                       547  Staffon  12  50  550  Barnetzkay  11.86 

Ihe  boilers  having  been  put  in  first-class  shape,  it  wsls 
"up  to"  the  firemen  to  produce  good  results.    The  firemen  A  list  was  then  made  and  posted  in  the  boiler  room, 

at  the  plant  are  practically  all  illiterate  foreigners  hav-  showing  how  the  firemen  stood  for  the  two  weeks.     The 

ing  no  interest  in  their  work  beyond  "putting  in"  the  12  men  were  grouped  under  the  headings  "good,"  "fair"  and 

hr.  of  their  shift.    Being  without  education,  there  was  no  "poor."     A  sample  list  is  herewith  show-n,  corresponding 

hope  of  advancement,  and  with  the  shop  unionized  after  with  the  page  of  the  record  book. 

a  very  recent  strike,  the  firemen  getting  $2.7.5  for  12  hr.  From  the  very  outset,  the  posting  of  this  list  created 
work  and  threatening  to  go  out  again  for  more  money,  it  more  interest  than  was  hoped  for.  The  men  under  the 
seemed  like  a  hard  problem  to  induce  the  firemen  to  get  heading  "poor"  have  to  stand  for  a  good  deal  of  chaffing, 
a  good  CO,  record.  There  was  no  way  of  finding  out  and  the  leaders  are  usually  pleased  over  their  position.' 
readily  how  much  coal  a  man  shoveled,  or  how  much  An  idea  of  how  much  interest  is  taken  in  the  list  can  be 
water  each  boiler  evaporated.  This,  of  course,  made  it  gained  from  the  fact  that  frequently  men  on  the  night- 
difficult  to  detect  shirking,  particularlv  at  night,  until  shift  report  for  work  half  an  hour  early,  on  the  afternoon 
the  recorders  were  put  in.  Thereafter  the  charts  .showed  when  the  list  is  posted.  Once  the  drawer  containing  the 
who  worked  and  who  did  not,  but  unwillingness  on  the  firemen's  record  book  was  broken  open,  probablv  bv  some 
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fireman  who  could  not  re.«train  lii,«  curiosity  any  longer. 
Before  the  installation  of  the  recorders,  most  of  the  fire- 
men would  shut  otf  their  blast  the  minute  they  thought 
they  were  not  being  watched,  regardless  of  what  the  steam 
pressure  might  be  at  the  time.  After  the  lists  were  first 
put  up,  quite  the  reverse  happened.  It  was  necessary, 
then,  to  watch  the  firemen  only  to  make  sure  that  they 
did  not  keep  on  the  b.ast,  when  the  safety  valve  was 
blowing. 

A  most  potent  factor  in  keej)ing  u])  the  fireman's 
interest  in  his  position  on  the  list  is  the  superin- 
tendent. He  often  looks  over  it,  and  has  pointed  out  to 
him,  the  worst  and  best  firemen.  When  the  lists  were  first 
posted,  several  of  the  lazier  firemen  complaiaed  that  the 
last  man  got  $2.75  for  his  day's  work  just  as  tb3  first 
man.  About  this  time,  it  was  decided  to  run  on  one  less 
boiler,  and  as  talk  of  another  strike  was  dying  out — winter 
was  drawing  near — these  men  were  laid  off  for  a  week  or 
two.  That  one  lesson  was  sufficiont  for  the  whole  fire 
room.  The  only  reward  given  now  ^,o  the  leaders  on  the 
list  is  preference  for  Sunday  work,  when  there  is  a  partial 
shutdown  on  that  day. 


They  have  also  learned  that  a  "hole"  in  the  fin-  means  low 
CO.  and  they  are  always  on  the  lookout.  They  are  care- 
ful to  cover  their  fires  evenly,  at  the  back  and  sides  of 
the  grate  as  well  as  at  the  front,  so  that  large  quantities 
of  air  cannot  be  forced  by  the  blast  up  along  the  bridge- 
wall  or  side  walls  or  through  the  spaces  between  the  firing 
doors  in  the  front.  They  know  by  experience  just  what 
blast  in  the  ashpit  is  needed  for  the  best  results,  and  by 
means  of  a  glass  IT-tube  put  on  the  boiler  front  to  show 
pressure  in  the  ashpit,  they  can  hold  the  blast  at  the  de- 
sired mark. 

The  average  of  the  CO.  charts  is  taken  by  inspection, 
this  method  being  by  far  the  quickeirt  and  giving  very 
satisfactory  results.  Some  of  the  firemen,  in  their  desire 
to  get  a  good  chart,  will  not  shut  off  their  blast,  even 
when  the  safety  valve  is  popping.  Because  of  this  fact, 
it  is  necessary  to  consult  the  steam-pressure  chart  before 
averaging  the  CO,.  When  the  steam  is  blowing  off,  the 
firemen  should  not  be  given  credit  for  very  high  COj, 
nor  should  the  conscientious  fireman,  who  shuts  off  the 
blast  when  the  steam  is  high,  be  penalized  for  a  low  per- 
centage at  this  time. 


Fig.  1.  CO.  Average  of  14  pek  Cent. 

There  are  plants  using  CO.  recorders,  in  which  it  is 
deemed  best  to  conceal  the  record  from  the  fireman  who 
is  making  it.  There  is  unquestionably  a  valid  reason  for 
this  where  a  single  recorder  has  to  serve  a  number  of 
boilers.  By  hiding  the  chart,  the  firemen  cannot  ascertain 
which  of  their  number  is  being  watched.  Where  there  is 
a  recorder  for  each  boiler,  however,  much  better  results 
should  be  obtained  by  allowing  the  fireman  to  see  the  rec- 
ord he  is  making.  If  a  fireman  is  anxious  to  make  as 
good  a  chart  as  possible,  he  will  watch  the  recorder  as  he 
covers  his  fire,  cleans,  etc.  It  will  gradually  be  impressed 
on  his  mind  that  one  method  of  doing  this  thing  or  that 
means  a  higher  percentage  of  CO,  than  a  second  method, 
and  slowly  but  surely,  his  whole  system  of  firing  will  im- 
prove. 

The  firemen  in  the  plant  mentioned  have  found  out  for 
themselves  that  light  firing  at  frequent  intervals  gives  a 
higher  CO2  average  than  heavier  firing  at  longer  intervals. 


Fig.  2.  CO^  Average -of  S  fkk  Cent. 
Conclusion 

It  is  the  general  impression  that  CO.  recorders  get  out 
of  order  very  easily  and  require  considerable  attention,  an 
impression  that  is  borne  out  by  the  experience  of  many 
oigineers  The  CO2  recorder  in  a  small  plant  is  usually 
put  in  charge  of  the  chief  who  is  often  the  busiest  man 
around  the  plant.  He  has  his  routine  duties,  subject  to 
change  in  an  emergency,  but  if  the  recorder  is  not  work- 
ing right,  he  will  not  call  that  an  emergency,  and  may  let 
it  go  for  a  day  or  a  week.  Consider  how  different  it 
would  be  if  the  chief  assigned  one  of  his  men  to  the  in- 
strument. A  technical  man  is  not  needed  to  take  care  ot 
it,  although  a  certain  amount  of  mechanical  knowledge 
or  instinct  is  \ery  necessary.  This  man  would  be  re- 
sponsible to  the  chief  for  keeping  the  machine  running, 
and  would  give  attention  to  it  at  the  proper  time.  This 
is  unquestionably  the  only  way  in  which  a  small  plant 
can  get  its  money's  worth  out  of  a  recorder. 
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III  II  iiir^'i'  |iliiiit.  with  II  iiimilicr  of  iiiiuliiiics,  llicrc  is 
usiiiilly  I'lii"  luiiii  spfiially  I'lijjagod  for  tlic  ri'conk'rs. 
Wlu'tlier  tli«'  iiistniiiu'iits  pay  will  (Icpciid  on  this  man; 
tlu'V  make  good  if  lit-  <loi>s ;  tlioy  cannot,  nnlcss  lie  does. 

The  occa.^ional  uso  of  llio  Oisat  apparatus  to  sniiplc- 
incnt  the  CO.,  rt'cord  liy  a  di'lrrininatioii  ol'  oxygen  and 
carlton  monoxide  is  well  nigli  indispensalile.  Occasionally, 
when  a  recorder  is  slu)wing  an  especially  high  CO...  per- 


ciillllilistion.      'i'hrec-lrlil  lis   ol     I     Jier   cclll.   of   CO    is   II   coii- 

serMilive  maxiniiim  limit. 

The  ,<!(licieiicy  for  the  first  siv  iiioiillis  of  the  |)resiiii 
year  was  slightly  over  70  per  cciil.  I  per  cent,  higlicr 
than  for  the  six  months  prior  to  the  recorders'  installii- 
limi.  .\  gain  of  I  per  cent.,  when  the  efFicieiicy  is  (JG  per 
((•III.  ((irrespondH  to  a  saving  of  (i.OfJ  per  cent,  in  tlie  coal 
hill.     This  saving,  based  on  an  aiiiiiiiil  coal  hill  of  $<jr)0.- 


eentage.  it  is  well  to  lake  an  Orsat  reading.  The  CO  (UMi.  icpiesents  over  .tirj.OdO  a  y<':ir.  or  ahoiit  $1 1.50  savid 
reading  at  this  time  might  show  the  |irc>riiir  nf  sulTl-  every  diiv  in  I  he  year,  an  aiiioiint  which  will  pay  the 
cieiil    CO   to   indicate   exee.ssive   lu.-.-    ihrmigli    iiicoiiiplctc      wage.-  of   liie  lireiufu. 


Flhysflcall  PiroperMes  ©f  F^ell  ©IH 
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t'<)'yOl'SlS  —\Vfi(/lil.   firarily  and   heal    values   and   its 
use  as  a  fuel  conijiared  irilli  (oal. 
y, 

TluTc  are  two  kinds  of  |ietroleuni  fuel:  tiiat  wliicli  has 
liccii  worked  over  in  a  rcliiiciy,  and  ihal  which  is  used  in 
Its  enidc  or  iialnral  slate.  In  the  first  slate  it  is  in  tlie 
form  of  residue,  the  light  dislillates  having  iieen  taken 
(ill.      Ill  this  stale  hut  little  variation  will  he  (jhscrved   :ii 

PROPERTIES  OF  DIFFERENT  OILS 


TABLE 

1.      PROPE 

Baum^ 

Specific 

Weipht  Lb. 

Gravity 

Gravity 

per  Gal 

10 

l.tKXK) 

S  33 

11 

0.9929 

8.27 

12 

0.98.59 

8  21 

13 

0.9790 

8   16 

14 

0.9722 

8  10 

l.i 

0.9655 

8  04 

16 

0  9589 

7  99 

17 

0.9.523 

7.93 

18 

0.94.59 

7.88 

19 

0.9.395 

7  83 

20 

0.9333 

7.78 

21 

0.9271 

7  72 

22 

0.9210 

7  67 

23 

0.9150 

7  62 

24 

0.9090 

7  .57 

25 

0.9032 

7  .53 

WeiKht  Lb. 

per  Bbl. 

B.t.u.  per  Lb. 

B.t.u.  per  Bbl 

349 .  81) 

18,280 

6,395,441 

347 . 34 

18,340 

6,370,216 

344 . 82 

18,400 

6,344,688 

342.72 

18,460 

■6,326,611 

340.20 

18,.520 

6,300,504 

337 . 68 

18,580 

6,274,094 

335  .58]  i 

18,640 

6,255,111 

333.06 

18,700 

6,227,622 

330.96 

18,760 

6,208,810 

328.86 

18,820 

6,189,145 

32G  76 

18,880 

6,169.229 

324 .  24 

18,940 

6,141.106 

322.14 

19,000 

6,120,060 

320.04 

19,060 

6,199,962 

317.94 

19,120 

6,079,013 

316  26 

19,180 

6,065,867 

the  properties  of  the  oil,  and  it  will  be  found  to  contain 
a  small  percentage  of  water.  In  its  crude  state,  however, 
the  oil  is  apt  to  show  wide  variations  of  gravity  and  im- 
])nvities.     If  it  is  asphaltie,  it  will  also  contain  notable 


and  Western  fields  contain  an  asphaltiim  base,     (ieneral- 
ly  speaking,  the  asphaltie  oils  are  distinguished  from  the 
paraffin   base  oils   by   their  greater  specific  gravity  and  ] 
viscosity.     The  as])haltic  oils  also  contain  large  propor-  ] 
tions  of  tar,  pitch  and  bitumen,  and  therefore  have  rela-  i 
tively  more  carbon  than  the  oils  with  the  paraffin  bases.  ] 

The    princijial    constituents    of    crude    petroleum    are  ] 
hydrogen   and   carbon,  conibincd    with   small   amounts  of  I 
sulphur,  oxygen  and  nitrogen.     Sulphur  has  a  low  heat  ' 
value  and  is  otherwise  ah  undesirable  property  of  the  fuel,  I 
while  nitrogen  may  he  cla.s.sed  as  an  inert  impurity.  Car-  : 
hoii  contains   14,500,  hydrogen  6'^,()00  and  sulphur  3!)00 
B.t.u.  per  lb.     If  fuel  oils  were  made  up  wholly  of  hydro- 
gen  and   <arbon.   there  would   be  almost   an   exact  rela- 
tion betv\een  the  gravity  and  the  number  of  heat  units 
per  pound,  but  the  presence  of  varying  amounts  of  other 
sub,stances  prevents  this  constant   relation.     It  is  found 
that  oils  rich  in  hydrogen  are  of  lighter  gravity  and  con- 
tain more  B.t.u.  per  pound  than  oils  that  arc  rich  in  car- 
bon. 

In  Table  1  will  be  found  the  weights  and  heat  values 
of  different  oils.  These  data  have  been  gathered  from 
various  sources,  and  have  proved  to  be  correct  for 
the  majority  of  cases,  but  as  was  noted  above,  the  heat 


T.\BLE  2       Rp:sri.TS  OK  TESTS  ON  BOILER  BrRXING  FUEL  OIL 


Date  of  test 

Duration  of  test,  hr 

.Steam  pressure,  gaee,  lb 

Steam  temperature,  deg.  F 

Superheat,  deg.  F 

Feed-water  temperature,  deg.  F 

Faetor  of  evaporation 

Flue-gas  temperature,  deg.  F 

Draft  in  furnace,  in 

Draft,  top  last  pass.,  in 

Loss  of  draft  through  setting,  in 

Ct ),  in  flue  gas,  per  cent. 

Total  water  evapor.ition  f.  &  a.  212  deg.,  II 
Total  water  evaporation,  actual.   Ih. 

Total  oil  fired.  lb 

B.t.u.  per  lb.  of  oil,  as  fired 
Fuel-oil  temperature,  deg.  F. 

Boiler  hp.  developed 

Boiler  hp.  per  cent,  of  rating 

Actual  evaporation  per  lb.  of  oil,  lb 

Equivalent  evaporation  f.  &  a.  212  deg.  lb. 
Effi.  boiler  and  furnace,  per  cent. 


Mar.  11 

Mar.  12 

Mar.  13 

Mar.  15 

.Mar,  15 

Mar.  17 

Mar.  18 

7 

7 

7 

5 

2 

7 

5 

185.5 

185  5 

187.1 

186.6 

185,5 

186.2 

186.5 

450.0 

446  0 

457.0 

4.59.8 

482.3 

445.0 

443.0 

68  0 

64.0 

72.0 

84.0 

107.1 

63.0 

61.1 

85.5 

.86  2 

86  0 

83.0 

82.3 

83.0 

80.3 

1.22 

1.2174 

1.222 

1.2.30 

1.243 

1.220 

1.222 

449.5 

436.0 

454,0 

467.2 

495  6 

4.36.8 

400.0 

0 

0 

0 

0,010 

0.050 

0.020 

0.013 

0.034 

0.010 

0.074 

0.128 

0.250 

0.010 

0.030 

0  034 

0.010 

0  074 

0.118 

0  200 

0.017 

14  53 

14  .38 

14.48 

13,57 

13   14 

14.54 

14.21 

113,581 

94,781 

118,649 

111,744 

48,2.30 

96,476 

46,.3.50 

93,099 

77,855 

97,095 

90,849 

38.802 

79,079 

37,930 

7021 

5738 

7506 

7411 

3179 

6146 

2826 

18,986 

18,986 

18,986 

18,986 

18,986 

18.986 

18,986 

131 

139 

131 

118 

118 

136 

139 

470 

392 

491 

653 

699 

399.5 

268.7 

118.5 

99.0 

124.0 

165,0 

176  0 

101.0 

68.0 

13.26 

13.57 

12.93 

12,25 

12,20 

12.86 

13.42 

16   18 

16  .52 

15.81 

15,07 

15.16 

15.68 

16.40 

82  5 

84  2 

80  6 

76  8 

77   1 

79.7 

83.5 

amounts  of  sulphur,  while  the  percentage  of  water  is  gen- 
erally between  2  and  5  per  cent. ;  though  in  some  cases 
the  water  content  may  be  as  high  as  10  per  cent. 

The  oils  found  in  the  mid-continent  and  Eastern  fields 
contain  a  paraffin  base,  -while  tho.se  produced  in  the  (Julf 


values  vary  to  a  certain  extent  in  oils  of  the  same  gray- 
ity. 

In  studying  the  table  it  may  be  noticed  that  the  av- 
erage heat  value  of  the  oil,  per  pound,  increa.?es  as  the 
gravity  dimini.«hes.     This  would   indicate  that  economy 
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would  be  best  subserved  by  the  purchase  of  light  oils; 
but  since  oil  is  sold  by  volume,  instead  of  by  weight,  a 
barrel  of  heavy  oil  contains  more  heat  units  than  a  barrel 
of  light  oil.  Thus,  for  example,  a  barrel  of  oil  whose 
gravity  is  10  on  the  Baume  scale  contains  226,212  more 
heat  units  than  one  whose  gravity  is  20  on  the  same  scale. 
The  following  formulas  will  be  found  convenient  for  con- 
verting gravity  values: 

iSpec  I  fir  (//■<(  VII  ij  = 


Bnuiiir  (jravity  = 


130  +  B 

140  —  130 
sp.gr. 


It  is  found  in  practice  that  1  lb.  of  oil  is  equivalent  to 
1.6  lb.  of  the  best  coal.  In  numerous  tests,  the  relative 
values  of  the  two  fuels  have  been  given  thus:  3.75  bbl. 
of  oil  is  equal  to  one  ton  (2000  lb.)  of  coal;  1  lb.  of  oil 
is  equal  to  1.37  lb.  of  bituminous  coal ;  1  lb.  of  oil  is  equal 
to  1.67  lb.  of  anthracite.  The  evaporative  values  of 
the  two  fuels  has  often  been  given  as  in  the  ratio  of  11.2 
for  coal  to  15.8  for  oil. 

From  test  data  in  the  writer's  jwssession,  taken  from 


the  same  boiler  under  the  same  conditions,  the  evapora- 
tive value  for  run-oi'-mine  Pocahontas  coal  was  11.77, 
while  for  California  crude  oil  it  was  16.20.  In  a  test 
run  on  a  4()()-li|).  water-tube  boiler,  equipped  with  a  Ham- 
mel  burner  -.xuil  hackshot  furnace,  the  results  obtained  are 
shown  in  Talile  2.  The  boiler  was  installed  in  a  power 
plant  in  Texas  and  the  test  was  conducted  by  the  regular 
plant  force. 

In  comparing  these  two  fuels  there  are  several  import- 
ant factors  that  must  be  borne  in  mind.  Their  relative 
evaporative  values  cannot  be  based  on  their  calorific  values 
alone.  For  instance,  while  theoretically  it  can  be  shown 
that  oil  requires  a  greater  air  supply  than  coal,  in  prac- 
tice it  is  found  that  coal,  on  account  of  the  volatile  mat- 
ter, requires  a  much  greater  air  supply  than  oil  for  com- 
plete combustion.  The  attendant  difficulties  in  the  com- 
bustion of  coal  in  the  furnace,  due  to  its  characteristics, 
is  a  factor  that  tends  to  reduce  its  evaporative  powder.  On 
the  other  hand,  the  combustion  of  oil  in  the  furnace  is 
much  simpler.  The  fire  can  be  easily  manipulated  and  a 
more  perfect  mixture  of  air  and  gases  obtained,  which 
tends  to  make  the  evaporative  qualities  of  oil  superior 
to  those  of  coal. 


By  W.  L.  DuiiANU 


SYNOPSIS — For  pressures  fruiii.  alniospheric  to  200  lb. 
and  capacities  from  1  to  10,000  Ih.  of  steam  per  min.,  the 
proper  size  of  pipe  may  he  read  directty  from,  a  chart. 

The  most  common  method  used  in  determining  the  size 
of  steam  pipes  is  to  assume  a  velocity  of  6000  ft.  per  min. 
for  pipes  carrying  high-pressure  steam,  and  4000  ft.  for 
pipes  carrying  low-pressure  or  exhaust  steam.  That  this 
method  does  not  give  satisfactory  results,  except  over  a 
very  limited  range,  may  easily  be  seen  if  the  drop  in 
pressure  at  these  velocities  is  computed  for  different  sizes 
of  pipe.  The  accompanying  table  is  based  on  a  length 
of  pipe  of  100  ft.  and  an  initial  pressure  of  100  lb.  at  6000 
ft.  per  min. 

Size  of  pipe,  in 1       li       li      2       3         4       6        8  10 

Loss  in  pressure,  lb 16     10     7.7     5     2.6     1.7      1     0.68     0.5 

From  the  above,  it  may  be  seen  that  in  small  pipes  the 
loss  in  friction  is  so  great  as  to  affect  the  economy  of  op- 
eration,  Avhile,   on  the  other  hand,  for  large  pipes,  the 
4.0 


formula  requires  a  pipe  larger  than  is  necessary.  This 
would  make  the  cost  of  installation  excessive  since  the  cost 
of  pipe  and  fittings  increases  very  rapidly  with  the  size. 
The  factors  which  enter  into  any  problem  of  this  char- 
acter are  weight  of  steam,  length  of  pipe,  density  of  steam, 
drop  in  pressure  and  diameter  of  pipe.  To  obtain  ac- 
curate results,  it  is  necessary  to  take  into  account  all 
the  above  factors  and  any  formula  used  in  this  connection 
should  contain  all  of  them  and  not  simply  one  or  two. 
A  good  formula,  taking  into  account  all  of  the  above  fac- 


^1.0 


6      7     6    9   10  20 

Pounds  of  Steam  per  Minu+e 

Fig.  1.  SizK  or  Pipe  up  to  Capacity  of  100  Lb.  of  Stkam  pkr  Min. 
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tort*,  IS  llic  IipIImwiii^'.  fjivcii  l)y  (J.  11.  BnlxMMk  in  "Slc-mii."      Mniiii  |mt  mill,  iil   10(»  lit.  prcHHiirc,  iiHiiifr  (|i,.  |(.|,^r||,  ; 

•  liiip  lor  wliicli  tlic  curves  an-  lij^'iiri'd.     From  the  cm 
n    ^-iii.    |)i|)(!    will    l)c    rc<iiiirci|.      Sii|t|i(»sc,    however, 
lenglli   is  '^5(»   ft.      ri(i<eeiliii;;  us  oiil  lined   above. 


II 


%''•(■<  7) 

M'  =  Wel^'lil  of  slraiii   llnw  III-,  III.  |i,.|-  mil'.; 
ii  =  Lenirlli  ol'  I'lpe.  11.  ; 
d  ^  Diaineler  ol'  pipe.  m. : 
«;  =  Mean  density.  Hi.  per  cii.ft.; 
p,  =  Initial  pressure,  lli.  per  ,s(|.iii.; 
;)..  =  Final   pressure,  II).  per  .sq.iii. 
The  fonnnla  f,Mven  liy  H.  (".  Carjienter  and  Unwin  reduce 
to  the  same  i'orm.  except  tiiat  it  has  a  factor  of  87.5. 

The  rca.^dii   that  this  formula  is  not   in  more  {general 
use  is  iiresuiiiaiily  (Uw  to  the  excessive  amount   of  time      'I'iiis  gives  a  V/j-iu.  pipe.     If  a  diflereiit  leiif^th  and  pre 
required  in  solvinj,'  it.  Tlie  writer  has  iieen  using  for  sonu;      sure  drop  is  required  i)roce(d   as  aliove,   using  the  drop" 
time  !i  set   of  curves   hased   on   this   fornuila    with   satis-      per   100  ft. 
factory  results  and  a  great  saving  in  time.  To  determine  tiie  length  of  pipe  in  inches  equivalent 


j^  -  ■iJ>;    V  ;i.A  =    l.-'iH;    1.^  X   [.M  =-  2:{.T 

From  the  curves  a  SiVa-in.  pipe  will  he  required. 

Take  another  ease  of    l,>  Ih.  of  steam   per  min.  at 
II).   jircssiire   reipiiring  a    1-in.   pipe,   other   factors   hci 
as    in    the   prohlem   ahove.      Suppose,    however,    that   il 
pciini>silp|c  Id   li;ivi'  11   pressure  liroj)  of   I    Ih. 
0.4  , 

--  =  0.1;   V  0.4   -  o.(;;i;   ti.i;:\  x  l.'i  =  ;.'H.;t 
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As  there  are  five  variables  in  the  formula  and  it  is  pos- 
sible to  plot  only  three  of  them  without  making  the  curves 
too  complicated,  the  drop  in  pressure  and  length  were 
taken  as  constants;  the  length  at  100  ft.  and  the  drop  as 
1  per  cent,  of  the  gage  pressure,  except  at  5  lb.  and  at- 
mospheric pressure,  where  it  is  taken  as  1  oz.  This  gives 
a  much  better  set  of  curves  than  if  the  drop  is  assumed 
as  a  constant  at  all  pressures.  If  1-lb.  drop  is  taken,  at 
200  lb.,  the  drop  is  too  small  and  the  result  is  a  pipe  larger 
than  is  necessary,  with  an  increase  in  cost  and  radiation, 
while  with  5-lb.  pressure  the  loss  is  excessive. 

These  curves  may  be  used  for  any  other  length  or  drop 
in  pressure.  For  any  desired  length,  divide  the  length 
expressed  in  feet  by  100  and  multiply  the  weight  of  steam 
per  minute  by  the  square  root  of  this  quotient,  and  then 
find  the  size  of  pipe  for  the  weight  thus  found.  This 
Avill  be  the  proper  size  for  this  length  of  pipe. 

For  any  other  drop  in  pressur-e,  divide  1  per  cent,  of 
the  pressure  by  the  drop  desired  and  multiply  the  weight 
of  steam  by  the  square  root  of  this  quotient,  and  then 
proceed  as  above. 

Take  a  ease  where  it  is  desired  to  transmit  15  lb.  of 


to  the  resistance  of  one  standard  ftO-deg.  elbow,  the  fol- 
lowing formula  may  be  used: 


Z  =  TO  (J  -h 

(-t) 

a  globe  valve 

L  =  114  (I  ^ 

(-") 

The  resistance  of  gate  valves  need  not  be  considered. 

It  might  be  well  to  call  attention  to  the  fact  that,  if 
extreme  accuracy  is  required,  the  inside  commercial  diam- 
eter of  the  pipes  should  be  used.  These  have  been  marked 
up  to  .'!  in. 
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On  the  morning  of  Dee.  13,  a  25-hp.  locomotive  boiler 
owned  by  C.  P.  Irwin  and  used  with  a  drilling  outfit 
about  12  miles  from  Oil  City,  Penn..  exploded.  Xo  oik 
was  killed  or  injured  and  the  damage  was  estimated  at 
$300.     It  appears  that  the  steam  line  to  the  engine  wai 
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connected  to  the  dome  of  the  boiler  by  means  of  a  tee. 
Between  this  lee  and  the  boiler  was  a  stop-cock  and  the 
safety  valve  was  screwed  into  the  top  of  the  tee.  Imagine 
Bucli  a  connection  for  the  safety  valve. 

Some  repairs  to  the  engine  being  necessary,  the  stop- 
cock was  closed  so  as  to  shut  off  all  steam  from  the  en- 
gine, and  wlien  ready  to  fire  up  again  the  operator  forgot 
to  open  it.  The  driller  in  going  out  to  look  over  the  boiler 
discovered  that  the  gage  showed  nearly  200  lb.  of  steam, 
and  remembering  that  he  had  forgotten  to  open  the  stop- 
cock started  to  run  to  his  house  near-liy  to  warn  his 
family  so  they  would  not  be  frightened  when  the  boiler 
let  go.  The  tool  dresser  followed  and  just  as  they  got  to 
the  house  the  boiler  exploded,  scattering  over  a  lO-acre 
field  and  breaking  nearly  all  the  glass  in  houses  for  a 
half  mile  around. 


t^te  of  T©(clhinioI®g5^  B'vuinEdlflHa^s 

Plans  for  the  new  site  of  the  Massaehu.setts  Institute  of 
Technology  on  the  Charles  River  Basin,  Cambridge,  Mass., 
were  recently  made  public  by  President  R.   C.  Maclaurin. 

Since  the  fiftieth  anniversary  of  the  Institute,  some  $7,- 
350,000  have  been  raised  for  the  purchase  of  the  land  and  the 
new  buildings. 

The  several  sections  are  clustered  about  the  library  which 
has  been  made  the  central  feature,  with  its  Roman  dome  200 
ft.  high,  rising  abo/e  a  pillared  portico.  The  central  court  in 
front  of  the  library  is  open  to  the  river  front  and  expands 
near  the  esplanade  to  two  minor  courts.  Shrubs,  grass  plots 
and  fountains  are  to  be  used  to  relieve  the  severity  of  the 
clustered  structures;  trees  are  designed  to  accentuate  the 
corners.  The  architecture  is  classical,  with  pilastered  walls, 
permitting  the  recesses  to  be  largely  of  glass.  The  long 
facades  near  the  river  will  have  pilasters  two  stories  high 
and  the  third  story  forming-  the  frieze.  On  buildings  farther 
back  a  fouith  or  attic  story  is  added  above  the  entablature. 
Thus  the  group  rises  in  height  from  front  to  rear.  The  detail 
treatment  planned  is  very  simple,  beauty  being  sought  in 
magnitude  and  proportion  rather  than  by  ornament.  The  de- 
partmental structures  join  one  another  so  that  it  will  be  un- 
necessary to  go  outdoors  in  passing  from  one  to  another.  By 
the  use  of  interior  courts,  long  and  narrow  wings  result,  re- 
ceiving  light   from    both    sides. 

In  planning  the  position  of  the  several  departments,  re- 
course was  made  to  familiar  circle  diagrams  showing  the  per- 
centage distribution  of  time  to  various  subjects  in  the 
several  courses.  For  instance,  half  the  time  is  devoted  to 
mathematics  and  chemistry  with  the  rest  in  general  studies; 
for  the  remaining  three  years  the  predominant  time  factors 
are  physics,  and  electrical  and  mechanical  engineering.  Gen- 
eral studies  and  chemistry  are  housed  close  together  in  front 
of  the  library,  while  the  electrical-engineering  building  is 
Just  back  of  it  with  mechanical-engineering  laboratories  on 
one  side  and  physics  on   the  other. 

The  technical  departments  converge  on  the  library  so  far 
as  possible,  an  arrangement  which  has  been  adopted  to  keep 
the  special  libraries  of  these  departments  close  by  the  de- 
partmental buildings  but  yet  under  the  care  of  the  library 
force. 

There  will  be  about  2%  acres  of  drafting  rooms,  compris- 
ing the  top  floor  of  all  departments  except  chemistry  and 
general  studies.  The  roofs  over  these  rooms  will  be  broken 
by  standard  saw-tooth  skylights  lunning  across  the  narrow 
width  of  the  longer  buildings  and  giving  northern  ex- 
posure but  hidden  from  view  below  by  the  high  parapets. 

The  Pratt  School  of  Naval  Architecture  and  Marine  Engi- 
neering is  to  occupy  the  most  prominent  land  position.  Only 
the  general  features  of  this  structure  have  been  developed,  as 
actual  construction  must  wait  a  year  or  two  until  other  con- 
ditions have  been  fulfilled.  It  has  been  decided,  however,  that 
the  school  shall  have  its  own  entrance  from  the  street;  in 
the  basement  is  to  be  a  towing  tank   for  ship  models. 

The  largest  auditorium,  seating  2000.  is  placed  within  the 
interior  court  behind  the  Pratt  School.  Parallel  with  the 
latter  is  the  mechanical-engineering  department,  with  its 
heavy  laboratories  toward  railroad  tracks  in  the  rear.  Back 
here  also    is   the   power   plant,    of    4000-hp.    capacity. 

A  gymnasium  is  planned  to  cost  about  $100,000.  and  to 
have  a  single  floor  of  15,000  sq.ft.  area  and  a  total  floor  area 
of  40,000  sq.ft.  At  the  rear  of  the  grounds  is  provided  space 
for  an  athhtic  field  with  running  tracks  and  grandstand. 


ETvces'iraaEai 

It  is  but  natural  that  much  interest  should  be  taken 
in  such  a  large  and  elaborately  equipped  ship  as  the  "Im- 
peralor."  It  is  also  to  be  expected  that  those  interested 
should  wonder  why  the  largest  of  ocean-going  liners 
should  be  taken  out  of  service  so  soon  after  her  maiden 
voyage.  It  may  be  that  the  daily  press,  in  an  effort  to 
satisfy  curiosity,  has  made  erroneous  statements. 

Many  rumors  have  been  current.  One  had  it  that  the 
boilers  were  inadequate  to  furnish  steam  to  get  the  rated 
speed,  and  that  oil-burning  furnaces  were  to  be  used  in 
the  hope  of  remedying  the  trouble.  Then  came. a  rumor 
that  the  vessel  was  structurally  weak  in  parts,  followed 
by  statements  in  the  daily  press  that  the  builders  of  the 
vessel  had  been  ordered  by  the  Hamburg-American  Co. 
to  make  good,  at  their  own  expense,  the  defects  for  which 
they  were  considered  responsible  by  the  owners  of  the 
vessel. 

Now  comes  information  to  the  effect  that  the  builders 
of  the  '"Imperator"  guaranteed  a  speed  of  23  knots  per 
hour  on  !)00  tons  of  coal  per  day,  but  that  she  uses  1150 
tons.  In  consequence  of  this  the  turbines  are  being  made 
over  in  some  respects  for  the  purpose  of  reducing  the 
steam  consumption.  In  addition  to  this  the  vessel  is  said 
to  be  top-heavy  and  to  have  been  loaded  with  pig  iron  in 
the  bottom.  This  increased  the  stability  of  the  vessel, 
but  it  also  increased  her  immersion.  The  effect  of  the 
pig  iron  and  the  vessel's  own  weight  is  that  even  when 
everything  is  taken  from  her  that  is  practicable  to  remove, 
she  draws  33  ft.  9  in.  of  water,  and  about  38  ft.  when 
loaded.  On  account  of  this  immersion  the  vessel  cannot 
go  behind  the  break-water  at  Plymouth,  and,  therefore,  in 
bad  weather  it  is  extremely  difficult  to  land  passengers. 

The  American  office  of  the  Hamburg-American  Co. 
states  that  the  home  office  of  the  company  denies  the  re- 
ports about  the  inadequate  boiler  capacity,  oil-burning 
furnaces  and  the  remodeling  of  the  turbines.  The  reason 
given  for  the  change  in  route  which  avoids  Plymouth,  is 
that  it  facilitates  the  travel  of  passengers  to  land  those 
for  Paris  at  Cherbourg  before  landing  those  for  the 
British  Isles  at  Southampton.  Prom  Southampton  to 
London  is  about  a  two-hour  ride  while  from  Cherbourg 
to  Paris  takes  four  hours. 

From  the  time  of  her  maiden  voyage  until  recently  laid 
up,  the  "Imperator"  has  been  in  service  seven  months  and 
has  made  seven  round  trips,  carrying  a  total  of  about  30,- 
000  passengers.  The  hot-water  system  has  proved  inade- 
quate and  changes  M^ere  badly  needed  in  the  crew's  quart- 
ers. For  these  two  reasons,  chiefly,  the  owners  say  the 
vessel  was  docked  for  alterations. 


On  Dec.  11,  12  and  13  tlie  Practical  Refrigerating  Engi- 
neers' Association  held  its  fourth  annual  convention  at 
Dallas,  Tex.,  with  headquarters  at  Hotel  Adolphus.  Presi- 
dent Carl  Nessler  called  the  convention  to  order  promptly  at 
10  o'clock,  introducing  M.  S,  Church,  assistant  city  attorney, 
who  in  behalf  of  an  absent  mayor  welcomed  the  association 
to   the   city.      W.   H.   Lockett,   of  Dallas,   responded. 

After  disposing  of  routine  business  there  was  still  time  at 
the  morning  session  for  the  presentation  of  a  paper  on  "Some 
Notes  on  Boiler  Attachments,"  by  R.  T.  Burwell.  The  paper 
was  written  from  the  standpoint  of  safety  in  operation  and 
included  some  highly  practical  instruction  on  the  safety 
valve,  water  gages  and  cocks,  the  steam  gage,   piping  and  fit- 
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tliiKii.    Ilii>   Mowoff   plpo.    thi>    ffcil   plpo   mill    fuHllil 
rxifiiili'il   illNriinnlKii   nil    rri'illiiK    tin-   IikIIit   IIhiiiikI 
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Mafi'i'   nii'thoil. 

At  till'  iifloniociii  homhIiiii  J.  I'. 
(•Mtliif;  iMipi'i-  I'll  "Kiii'l  KcDiKHiiy 
luitlior  told  how  to  i<-iluri>  ilii<  fili'l  bill  ami  iIImcuhhccI  tlii' 
coiKlltltuiH  favoi'liiK'  (IIIToi'i'iit  klnilH  of  riicl  iihimI  In  thiH  part 
of  llio  counliy,  Hiirli  iiM  oil,  Ti'XiiM  IIkhUi'  ami  nIiicU  coiiI. 

J.  K.  riillllpN  followfil  with  a  piipi'i-  on  •I'llllili'iiry,"  point- 
ing out  Boiiu'  of  till'  iiniuii'MKiiiy  and  iivolilalilc  Iohhi-h  coin- 
■noii  to  lh.<  rffilKriiitliiK  pliint.  Tin-  third  paix-r  of  tlu> 
H.Hdlon  was  on  "Aininonla"  by  .1.  C.  Atwood.  Tin-  propcitli-H 
of  ammonia.  im-thodH  of  manufacture,  tiuallty  "f  dlffiMcnt 
nial(<-s,  anil  InoldnitiiUy  un  abbn-vlatod  outUiif  of  the  dr- 
voloiiiniMit  of  th«>  I'onipany  with  which  the  author  Ih  con- 
nected,  were   all   Included   In   the  author's   remarks. 

J.  H.  D'Shanesy  read  a  paper  on  •TrecoolInK,"  briefly  out- 
lining the  inethoda  that  had  been  employed  Hlnce  1900  and  di'- 
scrlbliiK  In  i)artlcular  the  plant  at  San  I'.enlto.  which  was 
ready  for  sirvlce  early  In  liUl.  Kor  the  benefit  of  those 
who  could  not  attend,  S.  S.  Van  l)cr  Vaart  Rave  an  Interest- 
liift  talk  on  the  Third  International  t'oiiKress  of  Refrigeration 
held  In  Chicatjo  late  In  Seiitember,  and  next  In  order  was  a 
paper  by  Joe  McCrary  entitled  "Heneflts  I  Have  Derived  by 
the  Use  of  COo  Instruments."  The  author  related  conditions 
of  the  best  equipped  furnace  In  the  plant  when  he  first  be- 
Kan  to  analyze  the  nases,  and  told  how  the  instrument  suff- 
Kcsted  improvements  which  resulted  In  a  savinf?  of  20  per 
cent.  O.  K.  Morris  talked  on  the  "Helationshlp  between  Man- 
ager and  Chief  EnBineer,"  emphasizing  the  Importance  of  co- 
operation, mutual  undcrstandinijr  and  confidence  In  each  other. 
A  discussion  on  new  methods  and  apparatus  for  re-iclnji 
cars  ended  the  session. 


Ill-  In  the  preparatliin  of  th<i  leMHOii  paiieiH.  An  einploynniil 
bureau  eoiild  iiIho  be  formed  to  aild  to  the  Ineeiillve  to  Join 
(he    iiNNoilal  ion. 

Mr.    Villi    l)i-r   Vaiirt   wiiH  ciillfd   upon    for   an  expreHMloii.   iiii'l 
iillhoiiKh   he  approved   of  Mr.   Ki'lley'H   plan,    he  feared    tlial    il.. 
iii'Konlziitlon   of   chapters    In    the    manner   suKKcHted    would    l" 
Impractical   at    (he   pn-Hunt    time   due   to   the   expeiiHe   attach' 
to   the   work   and   very   poHHibly   the    lack   of   orK'inlzerH   wh" 
time    would    be    available    for    the    purpose.       The    same    resiil' 
iiil|{lit    be    accompllHhed    In    a    shorter    way    by    alllllatliiK    wlili 
the    National    AHMoclatlon    of    Stationary     KiiKlneciH.       Kroni    .i 
talk     with     Mr.     Itaveii,     Ills    asHoclatlon     would    appiirenlly     *■ 
wlllliiK    to    take    the    Initiative    in    orKaiilziiiK    cliii|iterH    In    ili 
relent   parts   of    the   United    Htates,    these    chapters    to    be   alllli 
ated   with   tliein,   but   at   the  same   timi!   niembcrH   of   this   boil 
which   will   be  as  separate  and  distinct  as  It  Is  today.     A   loi 
on   these   lines   had    been   already   formed    In   f'hlciiKO. 

Members  entering  Into  the  dlscuBslon  followltiK  were  imi 
favorably  Imllned  toward  the  latter  suKKestion,  as  they  wii. 
afraid  of  biliiK  absorbed  by  the  larger  body.  It  was  fliuilK 
decided  to  nlve  tht!  committee  more  lime  to  confer  with  olli 
clals  of  the  National  Association  of  Stationary  KnKlneers  anil 
work  out  a  solution  of  the  problem.  To  aid  in  the  same  di- 
rection vice-presidents  were  appointed  in  every  state  con- 
taining  a   member   of   the   association. 

At  the  afternoon  session  the  convention  listened  to  boim' 
trade  talks  on  lirown's  condenser  paint,  (Jarland  rubber  com- 
pound to  repair  leaks  and  Yale  &  Towne  chain  hoists.  Tin 
time  and  place  for  holding  the  next  convention  were  takin 
up,  and  Galveston  was  the  choice  of  the  majority.  The  fol- 
lowing ofTlcers  were  elected.  A.  E.  PaKe,  president;  l>.  I. 
(lilbert.  Texas,  first  vice-president;  Hobert  Jeffreys.  l.,oui.si- 
ana.  second  vici'-president ;  Guy  C'onley.  Arkansas,  third  vlci- 
president;    W.    L,    .Storey,    Oklahoma,    fourth    vice-president;    .1. 


DKrEGATES  TO  THi:  FOUUTII  AxXlAL  ( 'OXVEXTIOX  OF  TIIK    PrACTI 


In  the  evening'  a  smoker  and  Dutch  lunch  in  the  N.  A.  S.  E. 
Hall  proved  to  be  a  most  enjoyable  affair.  The  "get  together 
and  get  acquainted"  spirit  predominated  and  Southern  hospi- 
tality was   in   evidence. 

On  Friday  morning  a  short  account  was  given  of  the 
"Burhorn"  cooling  tower  exhibited  at  the  Third  International 
Congress  of  Refrigeration,  and  the  remarkable  results  ob- 
tained in  a  closed  building  with  no  movement  of  air.  Brief 
discussion  on  this  subject  was  followed  by  an  extended  con- 
troversy Involving  the  policy  and.  as  considered  by  some  of 
the  members,   the  life  of  the  association. 

A  letter  from  H.  H.  Kelley.  editor  of  the  "Southern  Engi- 
neer" and  a  member  of  the  committee  elected  a  year  pre- 
vious to  provide  a  plan  for  the  expansion  of  the  association, 
was  read  at  the  meeting.  Mr.  Kelley  outlined  a  plan  calling 
for  the  formation  of  chapters,  which  should  be  controlled  b.v 
a  central  or  governing  board.  This  board  would  be  the 
national  head  of  the  association  and  composed  of  delegates 
selected  by  the  several  local  bodies.  The  national  body  would 
hold  annual  meetings  at  various  points  as  the  one  body  does 
now.  The  money  from  dues  would  be  spent  for  educational 
purposes,  dispensed  through  the  governing  body  and  the 
education  might  comprise  a  thoroujjh  graded  course  in  re- 
frigerating engineering  and  subcourses  in  allied  lines.  The 
courses  would  be  similar  to  those  offered  by  the  correspond- 
ence schools,  but  as  the  lessons  would  be  studied  jointly  in 
the  locals,  the  expense  for  postage  between  them  and  the 
national  body  would  be  small.     The  principal  expense   would 


H.  Higginbotham.  Mississippi,  fifth  vice-president;  W.  W. 
Hughes,  Georgia,  sixth  vice-president;  .Sam  Bayless,  Alabama, 
seventh  vice-president;  W.  A.  Owen,  Tennessee,  eighth  vice- 
president;  F.  H.  Ladd.  Florida,  ninth  vice-president;  W.  H. 
Beisley,  South  Carolina,  tenth  vice-president;  Thyson  Ber- 
nard, Virginia,  eleventh  vice-president;  O.  E.  Morris,  secre- 
tary-treasurer; R.  G.  Frazer,  director;  C.  W.  McGiboney. 
examiner. 

Saturday  was  spent  in  visiting  the  North  Fort  Worth 
Stock  yards  upon  the  invitation  of  Armour  &  Co.,  the  Texas 
Brewing  Co.,  of  Port  Worth  and  other  plants  of  interest. 


Following  the  recent  court  decision  sustaining  the  fran- 
chise of  the  Long  Acre  Electric  Light  &  Power  Co.,  it  is  re- 
ported that  this  company  intends  bringing  suit  against  the 
New  York  Edison  Co.,  the  A.  N.  Brady  Estate  and  the  Con- 
solidated Gas  Co.  for  alleged  damages  due  to  loss  of  profits 
during  the  period  that  its  business  has  been  tied  up  because 
of   legal    opposition    from    these   interests. 

Reviewing  briefly  the  history  of  the  case,  the  Long  Acre 
Electric  Light  &  Power  Co.  was  organized  in  1906  and  steps 
were  immediately  taken  to  establish  its  right  to  use  the  con- 
duits  of   the   Consolidated    Subway   &   Telegraph    Co.   for    run- 
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ning  its  wires.  This  privilege  was  affirmed  by  tlie  courts  in 
1907. 

One  year  later  the  company  applied  to  the  Public  Service 
Commission  for  permission  to  issue  $50,000,000  in  bonds  and 
$10,000,000  in  stock.  This  application  was  denied  but  later 
the  commission  voted  to  allow  $2,000,000  in  stock  and  $4,000,- 
000    in    bonds. 

The  New  York  Edison  Co.,  after  protesting-  to  the  commis- 
sion, appealed  from  its  decision,  and  when  it  lost  in  the  Ap- 
pellate Division,  the  case  was  carried  to  the  Court  of  Appeals, 
which,  on  Dec.  19,  sustained  the  action  of  the  Public  Service 
Commission. 


Digested   by   A.   L.   H.   STREET 

KiKht  of  Way  for  Oregon  Electrif  Lines — The  authority 
given  under  the  statutes  of  Oregon  to  corporations  to  con- 
struct lines  along  streets  and  highways  to  convey  electric 
power,  etc.,  extends  to  corporations  doing  business  in  the 
state,  though  organized  under  the  laws  of  another  state. 
(Oregon  Supreme  Court,  Northwestern  Electric  Co.  vs.  Zim- 
merman,  135  Pacific   Reporter,   330.) 

.\bandonnieiit  of  Water  Kij^hts — A  water  right  is  not  aban- 
doned by  mere  nonuse  of  it;  abandonment  will  be  declared 
only  when  shown  to  have  been  clearly  intended  by  the  pos- 
sessor of  the  right.  (Washington  Supreme  Court,  Thorp  vs. 
McBride,    135   Pacific   Reporter,   228.) 

Conveyance  and  Notice  o(  Water  Privlleftes — A  deed,  in 
ordinary  form,  to  mill  property,  including  "all  and  singular, 
the  tenements,  hereditaments  and  appurtenances  thereto  be- 
longing or  in  any  wise  pertaining,"  carries  with  it  water  priv- 


AN  EXTENSION  OF  THE  DEWEY  DECIMAL  SYSTEM  OP 
CLASSIFICATION  APPLIED  TO  THE  ENGINEERING 
INDUSTRIES.  By  L.  P.  Breckenridge  and  G.  A.  Good- 
enough.  Originally  issued  as  Bulletin  No.  9,  in  1906,  and 
still  published  by  the  Engineering  Experiment  Station, 
University    of   Illinois,    Urbana,    111.      Price,    50c. 

The  filing  and  classification  of  engineering  data  has  be- 
come a  matter  of  much  importance,  and  this  bulletin  was 
prepared  for  use  as  a  guide  in  carrying  out  such  work.  The 
original  edition  of  this  bulletin  was  subject  to  the  usual 
gratuitous  distribution  and  the  demand  was  such  that  a  sec- 
ond edition  was  printed  and  distributed.  The  demand  con- 
tinuing, a  revised  edition,  much  extended  as  compared  with 
the  original  eition,  was  printed  in  the  fall  of  1912.  This 
edition  was  limited  and  is  not  subject  to  gratuitous  distri- 
bution. It  presents  subdivisions  of  subjects  in  such  detail 
as  to  constitute  a  complete  classification  for  most  engineering 
industries,  even  though  they  are  highly  specialized.  The 
revision  has  been  made  in  accordance  with  the  1911  edi- 
tion   of    "Decimal    Classification"    by    Melvil    Dewey. 


VACUUM-CLEANING  SYSTEMS.  By  M.  S.  Cooley.  Heating 
and  Ventilating  Magazine  Co.,  New  York.  Cloth;  232 
pages,   6>4x9V^   in.;  104  Illustrations;  tables.     Price,   $3. 
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ileges  appurtenant  to  the  property,  without  special  mention 
of  those  privileges.  One  purchasing  land  under  a  deed,  which 
refers  to  a  map  on  file  in  the  county  clerk's  oflice,  which  map 
indicates  the  presence  of  a  dam  owned  by  a  person  owning 
land  on  the  other  side  of  the  stieam,  is  chargeable  with 
constructive  notice  of  the  rights  held  by  the  dam  owner. 
(New  York  Supreme  Court,  Monroe  County  Equity  Term; 
Barnes  vs.  Martin,   143  New  York   Supplement,   792.) 

AVhen  City  Is  Kstopped  to  Declare  Forfeiture  of  I'ower 
Pranchi.se — A  city  which  has  gianted  a  franchise  to  a  com- 
pany to  produce  and  sell  light  and  power,  will  not  be  per- 
mitted by  the  courts  to  dispute  the  validity  of  the  franchise 
on  the  ground  that,  before  it  was  granted,  the  company 
failed  to  procure  the  consent  of  abutting  property  owneis  to 
the  placing  of  poles  and  stringing  wires  in  the  streets,  as 
required  by  the  laws  of  Illinois,  where,  acting  on  the  faith 
of  the  franchise,  the  company  has  made  large  improvements 
and  incurred  much  expense.  "If  the  defendant  had  been 
wrongfully  occupying  the  strets,  the  public  authorities,  in 
the  exercise  of  proper  diligence  to  prevent  encroachment  on 
the  public  right,  might  have  compelled  the  cessation  of  such 
occupation.  When  they  not  only  failed  to  do  so,  but  took 
afiirmative  action  with  the  apparent  approval  of  every  one 
interested,  under  which  the  situation  was  changed,  extensive 
improvements  were  made,  and  large  liabilities  were  incurred, 
the  principles  of  equity  require  that  the  city  should  be 
estopped."  (Illinois  Supreme  Court,  People  vs.  Union  Gas  & 
Electric   Co.,    103  Northeastern   Reporter   245). 


AMERICAN  ELECTRICL\NS'  HANDBOOK.  By  Terrell  Croft. 
McGraw-Hill  Book  Co.,  New  York.  Leather;  711  pages, 
4V4x7   in.;   illustrated;   tables.     Price,   $3. 

HANDBOOK  FOR  MACHINE  DESIGNERS  AND  DRAFTS- 
MEN. By  Frederick  A.  Halsey.  McGraw-Hill  Book  Co., 
New  York.  Cloth;  494  pages,  81/2x11%  in.;  illustrated; 
tables.      Price,    $5. 

COMPRESSED-AIR  PRACTICE.  By  Frank  Richards.  Mc- 
Graw-Hill Book  Co.,  New  York.  Cloth;  326  pages,  6x9% 
in.;   96   illustrations;   tables.      Price,   $3. 

SHOP  SKETCHING.  By  J.  W.  Woolley  and  R.  B.  Meredith. 
McGraw-Hill  B  lok  Co..  New  York.  Cloth;  102  pages, 
6x9%    in.;    122    illustrations.      Price,    .fl. 

MECHANICAL  REFRIGERATION.  By  H.  J.  Macintire.  John 
Wiley  &  Sons,  New  York.  Cloth;  346  pages,  5%x9  in.; 
121   Illustrations;   plates;   tabJes.     Price,   ii;4. 

QUESTIONS  AND  ANSWERS  RELATING  TO  MODERN  AU- 
TOMOBILE DE.SIGN,  CONSTRUCTION  .\ND  REPAIR.  By 
Victor  W.  I'ase.  The  Norman  W'.  Henley  Publishing  Col, 
New  York.  Cloth;  622  pages,  5x7 'A  in-  329  illustrations; 
plates.      Prioe,    $1.50. 

TRANSFORMER  PRACTICE.  By  William  T.  Tavlor.  Mc- 
Graw-Hill Book  Co.,  New  York  Second  edition.  Cloth; 
27S    pages,    6%x9V2    in.;    191    illustrations.      Price,    $2.50. 


Trade  School  l>aper — "Occasional  Suggestions"  is  the  name 
of  a  little  ])aper  being  published  to  present  the  principles 
underlying  the  methods  of  the  Worcester  Boys  Trade  School. 
The  first  issue,  a  small  eight-page  paper  of  a  size  convenient 
for  the  pocket,  contains  helpful  suggestions  for  those  who  are 
interested  in  the   training  of  mechanics. 
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Till'    Hiiilciii    V.    M.    «'     A.,    Niw    YiiiU    Clly.    will,    i>ii    .lull.    li. 

nrriT     H      (■Illlipl)-!)-     COUI-HC      t<l      IhoHl'      Illtt'l-l'MtPll      111      hciitliiK     <>>><■ 

Vi-litlliitloli.  It  will  riiiiHlHt  of  li'cUii'vH,  cIcininiHlnidoMH  iif  m.vh- 
li-in.M  itiiil  ii|>|>lliini'('ti,  mill  iIIhi'IikmIihi.  Th<-  InHtiiictiir  Ih  ('.  A. 
KiilliT.  a  wi'U  known  h<-iitliiK  i'IikIii«'i'I'.  All  Inrm  iiuiIIdii  will 
be  fri-cly  kIvcii  tiy  uppllciit Ion  li>  th<'  Kilticatluniil  Di-piirtnK'iit, 
llurtcm   Y.   M.  r.   A..   B   WiHl    125(11   St..   New    York   City. 


PERSONALS 


L.  IC.  (."olllns.  fornioiiy  with  Yeomans  Bros.,  hits  ussoclated 
hlmsi'lf  with  the  Western  Pump  &  Unslneerlng  Co.,  Chicago, 
anil    will   specialize    In    hou8c-«crvlcc   and    bilge   pumps. 

A.  H.  Maujer,  western  editor  of  "Power,"  gave  an  illus- 
trated lecture,  Oec.  20.  on  chimneys  at  the  joint  meeting  of 
the  Milwaukee  subordinate  aasoclatlons  of  the  National  As- 
foclatlon    of    Stationary    TOngiiieers. 


CBVIIL 
SERVHCE    OFFORTUHITHES 


MItuntlon  for  HoiMtlni;  KoKlneer — The  Chicago  Civil  Service 
Commission  will  hold  an  examination  Jan.  8,  for  hoisting  en- 
gineer, class  Ea,  grade  IT.  The  subjects  of  examination  will 
be:    Special  subject,  experience,   arithmetic  and   report. 

SltuatlODM  fop  Meohanlcnl  DraftHineii — The  Chicago  Civil 
Service  Commission  will  hold  an  examination.  Jan.  15,  for 
the  position  of  mechanical  engineering  draftsman,  class  B, 
grade  n.  Salary,  $1500  to  $1740.  Subjects  of  examination; 
Special  subject,  mathematics,  experience  and  report.  Jan.  19 
an  examination  will  be  held  for  mechanical  draftsman,  class 
B.  grade  I.  Salary  $1080  to  $1320.  Subjects  of  examination: 
Special  subject,   mathematics,   experience  and   report. 

m 

situation  for  Expert  In  Fire  Prevention — The  New  York 
State  Civil  Service  Commission  will  hold  an  examination  for 
the  foregoing  position.  Jan.  17,  1914.  Salary,  $3500.  Candi- 
dates must  have  had  at  least  ten  year's  experience  in  solv- 
ing problems  involved  in  direct  and  abutting  fire  hazards;  the 
means  and  adequacy  of  exits  from  buildings;  the  interior 
arrangement  and  equipment  of  factories  from  the  standpoint 
of  safety  of  persons  therein  in  case  of  fire  or  panic;  the  de- 
sign, arrangement,  installation  and  use  of  appliances  for 
fire  prevention.  An  appointee  is  desired  between  30  and  CO 
years  old.  He  must  be  a  citizen  of  the  United  States  and  a 
resident  of  New  Y'ork  State.  Application  blanks  should  be 
sent  for  before  Jan.  7,  and  returned  by  Jan.  9  to  the  secretary 
of  the  Civil  Service  Commission,  Albany,  N.  Y. 
'^. 

Situation  fop  A.ssistant  In»peetor  of  Gas— Public  Service 
Commission,  Second  District.  The  New  York  State  Civil  Ser- 
vice Commission  will  hold  an  examination  for  the  foregoing 
position  Jan.  17,  1914.  Salary,  $1080  to  $1200.  The  duties  are 
to  inspect  and  test  gas  for  its  purity  and  quality.  Necessary 
traveling  expenses  will  be  paid  in  addition  to  the  stated  sal- 
ary. Candidates  must  be  college  graduates  in  chemistry  or 
have  an  equivalent  education.  Subjects  of  examination  and 
relative  weights:  General  and  theoretical  chemistry,  quanti- 
tative analysis,  photometry,  calorimetry  and  manufacture  of 
gas,  7;  education,  experience  and  special  training,  3.  Those 
desiring  to  compete  should  send  for  application  blanks  before 
Jan.  7,  and  return  them  by  Jan.  9. 

situation  for  Chemical  Engineer — The  New  York  State 
Civil  Service  Commission  will  hold  an  examination  for  the 
foregoing  position,  Jan.  17.  1914.  Salary,  $3500.  The  duties 
require  a  knowledge  of  chemical  engineering  to  determine 
the  dangers  to  life  and  health  arising  from  chemical  manu- 
facturing processes,  and  for  the  proper  solution  of  similar 
problems.  An  appointee  is  desired  between  the  ages  of  30 
and  60,  who  has  completed  a  satisfactory  course  in  chemical 
engineering,  or  other  technical  course,  and  who,  in  addition, 
has    had    practical    experience    in    his    profession    or    in    work 


11  hiteil     III    till-    lIlllliK    iif    the    piiHllloii    III    i|l|i'Htli>li.       Clililllllat 
tlltlMl      be     I'lllKellH     of     the     I'nllill     SlllleH     IIIIll     ri'Hilli-lltH     of     N< 

York  Stiite.  Applli  ittlon  IiIiiiiUh  xhoiild  lie  hiiiI  for  befoi  . 
Jim.  7  iiiid  returned  before  Jan.  i)  to  the  Hecretiiiy  of  the  Civil 
Hi*rvlci'    CoiiiinlHNliin,    Albany,   N.    Y. 

» 
NItuntlun    for    l.nliorntory      AmtlHtaut — Thn      United     Htai' 
Civil    .Si'ivlee    I 'omiiiiIhhIoii    iiiinouiieeH   an    exaiiiliiiitliin    for    liil> 
iiriitory    iiHlHtiiiil,    men    only,    on    Jim.    21    im<l    22.     I9H,    tii    li 
vaeiiiicleH    In    thlH    piixltlon    In    the    Buieiiii    of    KtimiliirilH.    I  >' 
purtnieiit    of   Coninieree,    W'.'iHhlngtoii,    l>.    (^'.,    at   HiiliirleH    ram 
Ing   from    $900   to   $1200   a   year.     The   work    In   Hlmllar   to   th 
In    the   better  elanH  of  InduHtrlal   and   itelentlfle   reHeurch   lab"' 
atorleH.      ConipetltorM    will    be    examined    In    Kcncral    phyHl' 
Kreiieh   or   Ceriiiim,    practical    queHtionH   on    each    optional    hmI. 
Jeet    ehoBen.    eiliicat Ion,    tialnlliK    and    experlr-nce.      The    folio  ■ 
Ing  are   the   optional   HUbjectH:    ICIeetrlclty.   electrical   englMi-. 
Ing,   heat,   iin chiinli-H.   mechanical  and   civil   eiiKliieerlng,   opth 
jiaper    technology     and     textile     te<'hnology.        An      educatlori 
training  e(|iilvalent  to  graduation  from  a  <'ollege  or  unlverHli 
of    recognized    standing    Ih    ri-qulred.      AppllcantH    must    be    b' 
tween    20   and    35    yi-ars   old    and    cItlzenM   of   the   XInlted    Stat' 
Persons    who    desire    this    examination    should    at    once    api> 
for   application    Form    1312   to    the   United   States   Civil   Servi' 
Commission,    Washington,    1).    C. 

Situation   for  .\NNlHtanl   Steam   EnKlneer,  >State  and   Count" 
Hospitals.     Dei'artments    anil     Institutions.        The      New      Yoi 
State    Civil    Service   Commission    will    hold    an    examination    f' 
the   foregoing    position,    Jan.    17,    1914.      Usual    salaries.    $480    ' 
$fiOO  with   maintenance  when   employed   in   InstltutionM.     CaiMi 
dates,    unless   technical    graduates,    must    have   had    two   yeai 
practical    experience    as    machinist,    boiler    maker,    steamfltter, 
oiler,   fireman,    enginetr   or   electrician,   including  at   least  one 
year  in   the  operation   of  stationary  engines  or  electrical  ma- 
chinery.    Technical  graduates  will  be  required  to  have  had  at 
least    one    year's    satisfactory    experience     since     graduation. 
Subjects   of   examination   and    relative   welgnts:   Practical   and 
technical   questions  on   the  operation   and   repair  of   steam   en- 
gines,   boilers,    steam-heating    apparatus    and    electrical    ma- 
chinery.   6;    experience,   education    and    personal    qualifications, 
4.       Those    desiring    to    compete    should     send     for    application 
blanks   before   Jan.   7,   and   return    them   by   Jan.   9,   addressing 
the    secretary    of    the    Civil    Service    Commission,    at    Albany, 
N.   Y.     Candidates   must  be  citizens  of  the  United  States  and 
residents    of   New    York    State. 

Situation  for  AsMlMtnnt  Eleetrieal  Engineer,  state  hospitals, 
departments  and  institutions.  The  New  York  State  Civil  Ser- 
vice Commission  will  hold  an  examination  for  the  foregoing 
position  Jan.  17,  1914.  Usual  salaries,  $480  to  $900  and  main- 
tenance. Candidates  who  are  graduates  in  mechanical  oi 
electrical  engineering  must  have  had  one  year's  practical  ex- 
perience in  electrical  work,  or  in  the  operation  of  stationary 
steam  engines  and  electrical  machinery.  Other  candidates 
must  have  had  two  years'  practical  experience  as  engineer 
or  electrician,  including  at  least  one  year  in  the  operation  of 
stationary  engines  or  electrical  machinery.  Subjects  of  ex- 
amination and  relative  weights:  Practical  and  technical  ques- 
tions on  electricity,  electrical  machinery  and  apparatus,  steam 
engines,  and  steam  and  electric-power  house  practice,  etc.,  6; 
experience  and  education,  4.  Those  desiring  to  compete  should 
send  for  application  blanks  before  Jan.  7.  and  return  them  by 
Jan.  9,  addressing  the  secretary  of  the  Civil  Service  Commis- 
sion at  Albany,  N.  Y^.  Candidates  must  be  citizens  of  the 
United   States  and   residents   of  New   York   State. 

m. 

Situation  for  Electrical  Enginecp  (AssLstant) — Public  Ser- 
vice Commission,  First  District.  The  New  York  State  Civil 
Service  Commission  will  hold  an  examination  for  the  fore- 
going position  Jan.  17,  1914.  Salary,  $1801  to  $2100.  Ap- 
pointees to  this  position  will  have  to  handle  considerable 
work  in  connection  with  theoretical  computations  on  the  de- 
sign of  electric  railroad  equipment,  and  should  be  conversant 
with  and  experienced  in  the  design,  selection,  installation  and 
inspection  of  electric  railroad  motors,  signals,  switching  ap- 
paratus, etc.  Applicants  must  have  had  at  least  seven  years' 
engineering  experience  in  electric  railroad  work  preferably 
with  rapid  transit  or  heavy  electric  traction  lines.  Gradua- 
tion in  engineering  from  a  school  of  the  highest  grade  will 
be  accepted  as  equivalent  to  four  years'  experience.  Sub- 
jects of  examination  and  relative  weights:  T\'rltten  examina- 
tion, 2;  experience,  training  and  personal  qualifications.  3. 
In  rating  the  last  mentioned  subject  an  oral  examination  will 
be  held.  Those  desiring  to  compete  should  send  for  applica- 
tion blanks  before  Jan.  7,  and  return  them  by  Jan.  9.  address- 
ing the  secretary  of  the  Civil  Service  Commission  of  Albany, 
N.   Y'.      Candidates   must   be   citizens   of  the   United   States. 
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Coal  aimdl  AsEn  ]lilain\dliiig  aH  Pierce- 


^■^    (  11  \i;i.i.>   1 1 .    r.iiiiM  I.I  ■! 


S]'.\<)rslS — The  plan!  nsp.»  2S.<)0()  Ions  i,f  oiil  a 
year,  irhivli  nvrraf/rs  I J  per  renl.  ash:  all  coal  am  (ishcs 
arc  luiniUrd  by  sin  lion.  Coal  in  an  oiilsiilc  slora;ii'  liin 
is  sucked  from  bcnvalh  ami  rlrrali'd  lo  a  l.')()-lon  lank 
from    irliirh    il    is  dropprtl   into  an   rlrrlrir   rar  and  con- 


ri'i/cd  Id  llir  liiinhvr.  anil  jinallij  dis(har(ji'd  lo  Hip  slok- 
ers.  Ashes  are  drawn-  from  the  ashpils  Ihroufjh  S-in. 
pipes  lo  a  lank-  of  UO-lon  capfuihj  from  whirli  Uiry  are 
dropped    direr  1 1  y    inio    cars.     Some    operaiiny    I  roubles 

of   I  lie   sysleni    are   described. 


ViEwt;  OF  Coal-  and  Ash-Handlinc;  Equipjiext,  Piekce-Aekow  Motoe  Cab  Co. 


January  13,  1914 


POWER 


41 


The  handling  of  ashos  l)y  suction  is  not  new  nor  is  it 
a  rare  practice,  but  the  iuuidling  of  coal  and  asiies  by 
this  system,  and  on  a  large  scale  is  uncommon.  At  the 
plant  of  the  Pierce-Arrow  Motor  Car  Co.,  Buffalo,  N.  Y., 
28,000  tons  of  coal  averaging  12  per  cent,  ash  is  con- 
sumed annually.  All  coal  and  ashes  are  handled  hy  ap- 
plication and  modification  of  the  Darley  system  to  suit 
the  conditions  of  location,  storage,  etc.  At  present  nut 
coal  is  being  used  and  this  is  handled  as  easily  as  slack. 

Principal  Parts  of  the   Equipment 

Essentially  the  system  consists  of  a  turbine-driven, 
(65-hp.)  exhauster,  which  exhausts  the  air  from  large 
pipe  lines  leading  from  hoppers,  for  coal  and  ashes  re- 
spectively, to  elevated  steel  tanks.  The  coal  tank,-  Figs. 
1  and  3,  is  of  loO-ton  capacity  and  the  ash  tank.  Fig.  3 
of  90-ton  capacity.  The  conveyor  pipes,  10-in.  for  coal 
and  8-in.  for  ashes,  carry  about  a  3-in.  vacuum,  while 
the  system  is  operating.  The  ash  tank  is  provided 
with  a  dust  collector  above  the  main  tank.  In  Fig.  8  is  a 
plan  view  of  the  collector  >;howing  how  the  dust  is  whirled 
and  thrown  outside  the  baffles  to  settle,  while  the  air 
passes  up  through  the  center  of  the  collector. 

The  coal  is  dropped  from  the  tank  into  an  electric  car 
which  carries  it  to  the  75-ton  bunkers  over  the  boilers  or 
to  outside  ground  storage,  Fig.  4,  if  the  bunkers  are  full. 
From  the  bunker  the  coal  is  dropped  directly  to  the  stok- 
ers through  the  chutes. 

Coal  Enters  Conveyoe  Pipe  at  High  Velocity 

Ordinarily  the  coal  is  dropped  directly  from  the  car 
into  a  feeder  hopper  in  the  conveyor  pipe,  but  at  the 
Pierce-Arrow  plant  short  belt  conveyors  are  provided 
to  convey  the  coal  at  rather  high  velocity  into  the  open 
end  of  the  conveyor  pipe,  which  is  the  most  inefficient 
part  of  the  system,  owing  to  the  inertia  of  the  coal  and 
eddy  currents  there.  It  is  claimed  that  much  more 
coal  can  be  handled  in  this  way  than  where  it  en- 
ters the  feeder  hoppers  at  a  low  velocity.  Notice  in  Fig. 
5  that  there  are  two  belt  conveyors,  one  to  take  coal  from 
the  track  hopper  to  the  second  l)elt  which  discharges  it 
into  the  conveyor  pipe.  Originally  these  belt  conveyors 
were  not  used. 
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section  a-a 
Fig.  ().   Elevation  of  Ground  Storage  Bin,  Showing    Concrete  Tunnel,  Conveyor  Pipe  and  Chute 
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F  DUST  COLLECTOR 


SECTION  OF  ASH   TANK  SHOWING  DEFLECTOR 


Fig.  .S.    Dust  Coli.ectoi!  and  Ash  and  Coal  De 
klec'toks 


A^hTank    ) 


Tlic  sl()riij,'c  |)!irl  ol'  lln'  syslciii  Mini  llic  inaiiiii'r  of 
liandliiifj  (lie  coal  arc  ratlicr  intcrostin;,'.  As  shown  in 
Fi;,'.  f),  l)C'iu'atli  llip  firoiiiid  stora;;(!  area  is  a  coiK-rcto 
tiiiiiicl  ((iiitaiiiiiifr  a  lO-in.  pipe;  loadiiif;  to  tin,'  coal  tank 
and  liaxiii;;  dclaclial)lc  lu)])pcrs,  Fi<;.  T,  wliicli  arc  nearly 
in  a  ccnlcr  line  drawn  ion;,Mlndiiially  lliroufili  llic  coal 
])ii('  above,  and  IjcIow  opcninj^s  in  the  fl(;or  of  tlic  storage 
liiii.  As  llic  opcnin<r  in  the  bin  floor  Ih  not  quite  in  line 
with  the  feeder  lioppcrs  in  tlie  lO-in.  pi|)c,  a  portable 
hoj)])cr  chute  is  ])rovided  in  tlie  tunnel  to  guide  coal 
from  al)ove  into  the  hoi)pers  from  wiiich  it  is  conveyed 
by  suction  to  tlie  coal  tank.  The  floor  of  this  tunnel 
lias  a  slight  sloj)e  to  drain  otf  what  little  water  may  j^ci. 
in. 

Tiie  capacity  of  the  ground  storage  area  connected  willi 
the  10-in.  suction  pipe  is  2000  tons,  but  another  stora;^' 
area  of  2200  tons  capacity  not  connected  with  the  sm- 
tion  system  is  provided  for  emergencies.  Not  long  ago  i 
the  coal  in  storage  took  fire  and  it  is  interesting  to  know 
that  the  hot  coal  was  sucked  into  the  tank  witliout  cann- 
ing any  trouble. 

Some  readers  may  wonder  wliy  the  coal  or  a>lics  lom-    I 
ing  into  the  tank  are  not  carried  over  into  the  air  duct 
and  then  to  the  lilower,  causing  damage.     The  rollowin^ 
explains  tliis: 

The  air  duct  A,  Fig.  8,  is  of  much  larger  diameter  than 
■   the  ash  pipe  B.     By  connecting  the  larger  pijK'  to  the 
blower,  the  air  velocity  in  the  pipe  A  will  be  about  ■(<)() 
ft.  per  min.  and  that  in  the  pipe  B,  about  5000  ft.  per 
niin.     The  coal  or  ash  is  too  heavy  to  ln'  carried  up  into 
Cesspool 
a  a  a  a 


Fig.  10.   Plan  of  Coal-  and  Ash-Handling  System,  PiEncE-Aniiow  Motor  Car  Co. 
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the  air  (hut  wlicii  tlic  air  velocity  is  so  low,  o\o)i  wiu'ii  it 
enters  the  taiil\  tangentially  as  it  does  in  this  installa- 
tion. Often  the  coal  and  ash  pipes  come  into  the  tajik 
from  above,  as  shown  by  the  dotted  lines. 

PhOVI.SION     FOli    Wl'LM!     OF     CoNVKYOI!     PiPKS 

The  wear  on  the  ell)0ws  or  bonds  in  the  conveyor  pipes, 
whether  i'or  coal  or  ash,  is  considerable  and  so  called  re- 
movable wear-back  elbows,  Fig.  9,  are  used  in  nearly  ev- 


FiG.  12.    AsH-S'roiiAGE  Bin  on  Water  Front 

ery  installation.  At  the  Pierce  Arrow  plant,  these  el- 
bows were  discarded  for  long  sweep  bends  of  special  make 
so  as  to  obtain  a  thickness  of  2%  in.  at  the  back.  It 
was  found  that  much  more  coal  and  ashes  could  be  han- 
dled in  a  given  time  by  the  use  of  the  bends,  owing  to 
less  pi])e  friction.  To  prevent  wear  at  the  sides  of  the 
tanks,  a  concrete  lining  is  often  used. 

There  are  two  rows  of  boilers,  five  in  each  row,  and 
originally  the  ash  ducts  under  each  row  connected  into 
a  Y-fitting  from  which  one  pipe  continued  on  to  the 
tank.  The  Y  and  single  pipe  near  it  wore  so  rapidly 
that  it  became  necessary  to  put  in  two  separate  pipe 
lines,  one  from  each  row  of  boilers  direct  to  the  ash 
tank,  as  shown  in  the  plan  of  the  system.  Fig.  10,  and 
since  then  no  trouble  has  been  experienced. 

Explosions  in  Ash  Tanks 

When  ashes  are  handled  by  this  system,  explosions 
sometimes  occur,  owing  to  an  explosive  mixture  being 
formed  in  the  tank  by  gases  from  the  hot  ashes  mixing 
with  air,  a  live  coal  or  spark  igniting  the  mixture.  To 
provide  against  damage  by  such  explosions,  a  relief  cover 


shown  in  Fig.  11,  is  used  on  the  top  of  the  tank.  The 
cover  is  free  to  be  blown  entirely  oil  the  guides,  and 
springs  are  used  to  hold  it  off  its  seat  when  the  tank  is 
not  in  operation.  One  such  explosion  has  occurred  at 
the  Pierce  Arrow  plant  l)ut  no  damage  was  done.  A 
water  line  connected  into  the  ash  pipe  near  the  tank  is 
used  to  wet  and  cool  the  ashes.  It  is  when  this  water 
line  becomes  plugged,  frozen,  drained  or  the  valve  closed 
that  an  explosion  is  likely  to  occur. 

To  prcivent  the  moist  ashes  in  the  tank  from  freezing 
and  binding  together  a  i/2-in.  steam  line  is  connected  in- 
to the  ash  outlet  of  the  tank. 

At  the  Pierce  Arrow  plant,  the  engineers  have  tried  to 
handle  soot  from  the  boilers  with  the  system,  but  the  wa- 
ter used  to  keep  the  soot  moist  enough  to  prevent  it  float- 
ing promiscuously  throughout  the  system  makes  it  form 
a  putty-like  mass  that  is  so  difficult  to  handle  that  the 
system  is  of  no  advantage  over  hand  and  shovel  methods. 
In  some  plants  soot  is  handled  successfully,  but  where 
the  soot  is  fine  and  powdery  instead  of  granular  it  will 
plug  the  line  after  being  wet.  This  could  imdoubtedly 
be  overcome  by  admitting  the  water  at,  say,  2  ft.  from  the 
open  end  of  the  pipe  in  the  tank,  and  by  dropping  the 
pipe  vertically  into  the  tank  so  that  the  weight  of  the 
wet  soot  would  cause  it  to  drop  out  of  the  pipe  by  its  own 
weight. 

As  previously  stated,  the  ash  intake  hoppers  are  usually 
at  the  front  of  the  boilers,  so  to  handle  soot  by  the 
system  a  long  heavy  rubber  hose  with  an  intake  nozzle 
like  those  used  in  vacuum  cleaner  systems,  connects  the 
soot  chambers  with  the  suction  pipe. 

Fig.  12  shows  a  type  of  storage  bin  used  with  an  asli 
tank.  This  photograph  was  not  taken  at  the  Pierce  Ar- 
row plant  but  it  is  deemed  of  sufficient  interest  to  warrant 
reproduction.  From  the  bin  the  ashes  are  loaded  into 
boats. 

The  system  at  the  Pierce  Arrow  plant  was  installed  by 
the  Guarantee  Construction  Co.,  140  Cedar  St.,  New 
York   Citv. 


Perhaps  tlie  latest  entrant  to  the  growing  class  of  build- 
ers of  Diesel-type  engines  in  America  is  the  Fulton  I  inn 
Works,  St.  Louis,  Mo.,  which  is  building  a  line  of  oil  en- 
gines after  the  general  design  of  Franco  Tosi,  Leg- 
nano,  Italy,  a  builder  of  poppet-valve  steam  engines, 
steam  turbines  and  gas  and  oil  engines.  A  side  view  (Fig. 
1)  and  a  perspective  (Fig.  2)  of  a  150-hp.  four-stroke- 
cycle  vertical  unit  on  the  testing  floor  of  the  Fulton  Iron 
Works  are  given  herewith;  the  general  design  is  shown 
in  Fig.  3. 

Following  the  general  European  practice  the  engine  is 
built  with  an  A-type  frame;  all  the  valves,  each  in  a 
separate  cage,  are  grouped  vertically  in  the  cylinder  liend  ; 
the  camshaft  is  situated  on  a  level  with  the  tops  of  I  lie 
cylinders,  and  the  air  compressor  is  directly  connectiMl. 
The  camshaft  is  driven  from  the  main  shaft  by  means  of 
the  vertical  shaft  B,  Fig.  3,  and  two  pairs  of  helical  gears. 
The  governor  which  controls  the  delivery  of  the  fuel  pump 
is  mounted  on  this  vertical  shaft  at  C. 

The  fuel  pump,  located  at  A,  Fig.  3,  and  shown  in  de- 
tail in  Fig.  4,  is  of  a  special  patent  design  devclo]ied  by 
H.  R.   Setz,  (liief  engineer  for  the  Fulton  Iron   Works. 
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Tlic  iiriiiciplc  of  this  pinnp  is  sliuwn  in  Ki>;.  n,  alllioiijjh 
tli(>  roiistriii  lion  is  not  idcntiiiilly  tlic  smnc  as  tliiit  in 
Ki^'.  I.  Oil  enters  the  pninp  tlironjfli  llic  suction  viilvr  D. 
Fif,'.  T).  iiiul  is  fontMi  out  l)V  ilie  pliiUKiT  /!>'.  tliroii;,'li  tin- 
tlisrlniifir  valve  /•'.  As  tlie  stroke  of  tlie  plnn;.fer  is  alwnvs 
eonstiiiit  its  (lispliii-eineiit  inusl  lie  likewise.  ('onse(|nentlv, 
the  (|iiantit\-  of  oil    |Mini{>r(l   nl    em  li   >lroke   is   vmieil   liy 


Fig.  1.   IfjO-IIi'.. 'rin;i:i:-('Yi.ixi)Ki!.  Foru-STnoKE-CYcLK 
Fn/rox-Tosi   On,   Hnoink  on  Tkstinc;   Fi.ooi; 

varying  the  elearanee  vdlunu'  of  the  ])uni))  chaniher  G. 
This  is  (lone  by  means  of  the  vanadiuiu-steel  <liai)hra,<im 
n  behind  which  are  two  spring-steol  disks  for  reinforcing. 
The  play  of  the  diaphragm  is  limited  by  the  plunger  / 
who.^e  position  is  controlled  by  the  wedge  ■/  connected 
with  the  governor  A'  in  the  manner  shown.  When  the 
engine  speeds  np  the  governor  rises,  thereby  partly  with- 
drawing the  wedge  •/  and  allowing  the  diaphragm  greater 
jilay.  Tl'.e  in-stroke  of  the  pumj)  i)lnnger,  then,  instead 
of  forcing  the  full  measure  of  oil  ont  at  the  discharge 
valve  against  the  high  back  ]n-essure  enconntered,  forces 
ont  only  the  required  fraction,  while  the  bulging  of  the 
diaphragm  takes  care  of  the  balance  of  the  displacement. 
Or  the  out-stroke  the  diaphragm  returns  to  the  normal 
position,  thereby  preventing  admission  of  fuel  in  excess 
of  thrt  required.  In  the  pump  as  actually  constructed 
there  are  two  diaphragms  instead  of  one  and  these  arj  at 
the  sides  of,  instead  of  facing,  the  pump  plungei. 

The  fuel-injeetion  valve  of  each  cylinder  is  placed  in  a 
verticf.l  position  and  in  the  center  of  the  cylinder  hcao, 
thereby  making  it  possilile  to  concentrate  the  bulk  of  air 
necessary  to  sustain  combustion  u!iiformly  around  the  in- 
jection nozzle.  A  perfectly  symmetrical  and  cylindrical 
combustion  chand)er  is  thus  obtained  which  is  conducive 
to  maximum  efficiency  and  insures  easy  control  of  the 
stresses  to  which  the  cylinder  head  is  subjected.  The 
mechanical  clearance  between  the  piston  top  in  its  high- 
est position  and  the  cylinder  head  is  over  1  in.,  thus  posi- 
tively preventing  contact  between  the  piston  and  the  cvl- 
inder  head. 

The  principal  parts  of  the  fuel-injection  valve  are  the 
atomizer,  which  consists  of  a  series  of  perforated  disks, 
mounted  on  the  needle-valve  guide,  a  grooved  cone  below 
these  disks  and  the  injection  nozzle.     The  fuel  oil  is  de- 


poHiled  on  llieHc  dinkn  l)y  tlie  pump  winic  the  needle  \al 
is  closed.     Tliis  j^ives  the  oil  time  to  dihtnbule  itself  in    > 
thin  uniform  layer  over  the  wiiole  surface  of  the  disks    ■. 
that  when  the  neeilli!  vujve  opens  liie  oil  is  swept  from  tin 
large  surface  into  the  cylinder  by  the  injection  nir. 

The  air  and  exhaust  valves,  wliieli  open  inwardly,  ai' 
eiK  li  ;iitualc(l  by  a  single  lever,  the  outer  end  of  wlii(  li 
lido  oil  lop  of  lis  (am.  The  fuel-injection  valve,  liow- 
c\(i,  (iiicjis  outwardly,  and.  to  bring  the  lever  contact  on 
lop  of  the  (am  III  Ibis  case,  as  well  as  in  the  other  two,  a 
se(((ii(l  small  lever  is  employed.  'IMiis  has  as  its  ful- 
( mm  a  pin  in  the  bonnet  of  the  valve  itself  set  eccentrical- 
ly iiihI  lined  with  a  handle  and  latch,  so  that  tho  snndl 
lever  may  be  shifted  to  change  the  lead  of  the  valve;  and 
the  duration  of  opening  at  will. 

Accessibility  is  another  feature  of  the  valve  and,  for 
that  matter,  of  the  whole  engine.  Hy  taking  off  tin 
si)ring  ease  at  the  top,  the  fuel  needle  nniy  be  withdrawn 
without  disturbing  the  valve  setting  and  the  atomizer 
parts  are  made  accessible  simply  by  removing  two  nuts. 

Two  of  the  three  cylinders  are  fitted  with  valves  foi- 
starting  on  compressed  air  and  these,  themselves,  are  o|)- 
craled  by  air,  instead  of  mechanically.  This  arrange- 
ment offers  the  advantage  of  doing  away  with  one  cam 
and  lever,  which  is  imjiortant  because  of  the  increased 
accessibility  it  makes  po.ssible.  With  oidy  three  cam-and- 
lever  sets  to  the  cylinder,  the  levers  for  the  admission  and 
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exhaust  \al\es  can  be  pivoted  on  tlie  ends  of  a  ])in,  while 
the  larger  of  the  levers  for  the  fuel  valve  is  mounted  at 
the  middle,  the  pin  being  supported  at  either  side  of  tho 
middle  lever.  Thus,  the  exhaust-  or  admi&sion-valve 
lever  can  be  removed  simply  by  taking  out  a  tap  bolt 
from  the  end  of  the  pin. 

With  air-operated  starting  valves  the  control  is  con- 
centrated at  one  point  so  that  the  process  of  starting  is 
reduced  to  a  simple  operation.  By  means  of  a  rotary 
distributor,  which  is  thrown  out  of  operation  after  the 
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engine  is  started,  liigli-prcssiiro  air  is  admitted  to  the  top 
of  a  piston  mounted  on  the  stem  of  the  l)alanced  start- 
ing valve.  This  raises  the  starting  valve  and  permits  the 
starting  air  to  enter  the  cylinder  during  about  45  per 
cent,   of   the   downward   stroke   of   the  piston,   then   the 


closed  spaces  of  the  crank  cases  so  that  the  air  drawn  in 
may  be  somewhat  higher  in  temperature  than  that  out- 
side and  the  crank  and  rods  nuiy  enjoy  the  benefit  of 
resulting  ventilation.  On  the  smaller  sizes  of  engines  all 
the  main  bearings  are  lubricated  by  means  of  oil  rings, 


Fig.  :].   Elkvations,  I'AJiTLv  is  Skction,  ok  the  Filtox-Tosi  Oh,  Fncunk 


rotary  distributor  establishes  a  connection  from  the  top 
of  the  starting  valve  to  the  atmosphere,  which  brings  the 
valve  back  to  its  seat. 

The  cylinder  design  takes  the  form  of  a  heavy  liner,  the 
space  between  which  and  the  outer  casting  comprises  the 
water  jacket.     The  admission  valves  are  piped  to  the  in- 


while  the  crankpins  receive  oil  from  a  centrifugal  ring, 
as  customary  on  gas  engines.  On  the  larger  engines  the 
main  bearings  as  well  as  the  crank-  and  piston  pins  are 
lubricated  by  a  rotary  pressure  pump.  A  separate  sight- 
feed  oil  pump  is  provided  for  each  ])iston  which  forces 


Fi(i. 


Syi()V\ix(i   I'laxcLi'LK  of  Fi'kl  I'rMi' 


Fig.  4.   Goveenoi?  and  Fuel  Pump  of  the  Exgixe 


the  oil  into  tlir  cylinder  at  from  four  to  eiglit  ).)oints  a.s 
tlie  ])ist()n  approaches  the  lower  dead  center. 

Conforming  with  the  best  P]uropean  practice  the  three- 
stage  injection  air  compressor  forms  an  integral  part  of 
the  engine.  A  cooler,  arranged  after  each  stage,  is  built 
into  the  water  space  of  the  compressor  frame,  thus  mak- 
ing it  a  compact  self-contained  unit.  The  quantity  of  the 
air  delivered  by  the  compressor  can  be  varied  somewhat 
by  tlirottling  at  the  low-pressure  inlet,  thus  regulating  the 
rate  of  supply  to  satisfy  the  change  in  demand  with  varia- 
tion in  load. 

The  Fulton  Iron  Works  is  now  building  two-,  three  and 
four-cylinder,  four-stroke-cycle  engines  in  capacities  of 
from  100  to  800  b.hp.  and  will  shortly  be  prepared  to 
build  two-stroke-cycle  units  of  capacities  ranging  from 
800  io  ;5()0()  b.hp. 
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SVXUI'SIS — lliiiilvr  airs  his  itjiinioiis  as  lo  irhij  wine.  most    iiiiiic   hoilcr  i)laiilH   liiivc   llw   (ii)|)i'ariiii(i'  of   hciiig 

siiiii'riiiteiitlriils  lacli  (thilHy  to  iTdiioiiiiciilIji  (t/ifialc  .sicain  iic;,'k'il<'il  i'     You've  liiul  ciion^'li  ('.\|)<TitMi(<'  (o  know." 
boilcr,s.     lie  fioinls  oiil  irlitj  Ihv  hiir  ('osl  of  coal,  iijiior-  "Yes.   I    know.      It  is  i\\w  lo  tliroo  of  tliu  coininoncHt 

(iHif  and   ni-ylnl   air   rrsimnsihlr   far   llir   unninnniiiail  cmisi's  round  iil)oiit  a  cotil  mine ; ''"-'iip  i<ml,  i|;jJoniJi(t!  and 

luntlilionn  crislini/  nl  so  nnuiij  minr  Imilrr  jilaiils.  nc^^'lcil.  One  cause  is  pcrinips  m  responsible  as  (lie  oilier." 

"I     (Inn't     Ullilerstaild     wliv    MIIV    (MM^c    should     be    toler- 
V 

During;  mv  \i>ii>  lu  ilic  uiiius  uilli  ilniitei-  I  had 
lioliied  thai  un.-l  nl  llic  hoiKr  |ilants  were,  what  would 
he  termed,  if  found  in  an  ordinary  manuracturin;;  plant, 
in  a  tlilai)idated  condition.  Many  of  ilirni  were  old  and 
])attdied  ;  the  inm  fronts  were  cracked  and  warped  with 
tiie  heat  and  the  scltin.i^s  wwv  anvlhin.i,^  l-ut  sani|ilcs  of 
economy.  01'  ciuirse,  tlii're  were  e.\ce|)tions.  hut  mi  the 
whole  the  boiler  })Iauls  were  in  had  >iiape.  No  attempt 
liad  been  made  to  ki(']>  the  boiler  room  tidy  or  llu>  coal 
olT  the  tloor  in   lionl  of  the  boilers,  Fifjs.   1   and  2. 

.lust  what  the  !i(iilcr  performance  was  conhl  not  he  as- 
eertaint'd,  hecan>e  no  iccoi'd  was  kept  of  the  evaporation 
of  water  per  pound  of  coal,  noi'  of  anylhini;-  else  that  1 
could  lind. 

As  one  nii.uht  e\|)ecl.  this  conditi(ui  did  not  exi.st  al- 
to.iicthcr  in  the  plants  df  the  smaller  coal  eomi)anies.  In 
manv  instanies  the  engine  room  was  some  distance  from 
the  boiler  ])lant,  necessitating  a  long  line  of  steam  piping. 
In  no  instance  could  anyone  give  even  an  approximate 
idea  of  the  amount  of  condensation  in  the  pipe  lines,  gen- 
erally stating  that  it  did  not  amount  to  much. 

Leaking  ])ipe  joints  >eemed  to  be  the  order  of  the  day, 
Fig.  3,  which  on  account  of  the  length  of  the  pijjc  lines 
and  maJuier  of  suspension  were  doubtless  dilficult  to  pre- 
vent, but  judging  from  the  amount  of  steam  escaping  it 
must  have  cost  a  pretty  penny  in  the  counse  of  a  year's 


Fig.  2.   An  It.i.-Kkpt  Boir.Ei;  Eooix 

ated.  Coal  is  cheap,  of  course,  and  what  isn't  burned 
could  be  turned  in  for  the  market,  so  there  is  no  reason 
for  wasting  coal.  If  only  the  lowest  grade  of  coal  were 
burned,  coal  that  could  not  be  marketed^,  even  that  would 
not  justify  a  waste  of  fuel,  because  more  men  would  be 
required  in  the  boiler  room  to  attend  to  the  fires." 

"Well,  cheap  coal  is,  in  my  opinion,  the  principal  rea- 
son why  the  boiler  plant  is  neglected.  If  it  were  neces- 
sary to  pay,  say,  $4  a  ton,  you  wouldn't  see  boilers  with 
tubes  plugged  and  scaled  and  demanding  20  per  cent, 
more  fuel  than  they  should." 

"I've  seen  boilers  run  with  the  greater  part  of  the 
grates  covered  solid  with  clinker,  because  the  firemen 
cleaned  the  front  part  of  the  grate  only,  when  the  fires 
were  supposed  to  have  been  thoroughly  cleaned." 

"Xo  intelligence  is  shown  in  c-arrying  fires  between  20 
and  21  in.  thick,  slicing  fires  every  half  hour  and  firing 
twice  as  much  coal  at  a  charge  than  is  necessary,  believe 
me.  We  have  found  some  of  these  conditions  existing  in 
the  boiler  houses  we  have  visited,  and  in  some  of  them 
all  were  in  evidence." 

"Well,  if  the  owners  don't  keep  things  fixed  Up,  you 


Fig.  1.   Typical  Iii-tl-px-Tubular  Colliery  Boiler 
Plant 

run.     Most  boiler  houses  contained  water-tube  boilers  of 
some  tv'pe. 

"Hunter,"  said  I,  when  after  a  tedious  climb  up  a  steep 
hill,  we  sat  down  to  rest,  where  we  could  watch  the  loaded 
cars  being  hauled  out  of  a  slope,  Fig.  4,  "why  is  it  that 
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can't  expect  tlie  lireiiicn  (o  lose  any  sleep  over  the  way 
the  boilers  are  run.  Why  doesn't  the  su})erintendent  get 
after  things,  he  is  the  man  in  charge,  I  believe." 

"Now  you  are  getting  at  the  second  cause  of  uneco- 
nomical operation.  Although  the  working  of  the  mine  de- 
pends entirely  upon  the  boiler  plant,  tlie  majority  of  mine 
superintejidents  i)ay  but  little  attention  to  the  boilers,  so 
long  as  they  generate  enough  steam.  Uptodatc,  economi- 
cal boiler  operation  cuts  a  small  figure.  Give  the  ma- 
chines enough  steam  and  the  boiler  plant  is  forgotten  un- 
til something  hai)pens." 

Hunter  stopped  talking  long  enough  to  throw  a  piece 
of  slate  at  a  rattlesnake  that  was  suiniing  itself  on  a 
log  some  distance  away,  and  then  resumed  his  conversa- 
tion. 


some  type.  Stokers,  however,  arc  found  mostly  at  mines 
Iiaving  a  central-iiowcr  i)biiit  from  which  electrical  en- 
ergy is  su])plied  lo  several  tipples  and  shafts." 

"W'hv  are  not  slnkcis  ut^nl  nt  the  average  mine  boiler 
plant  I-'"  I  asked,  ^onicw  !iat  surpi'iscd  jiow  that  the  matter 
had   been   brougbl    l<i   my   atlcnlion. 

Hunter,  leisurely  cut  I  be  end  of  a  fresh  cigar,  and  after 
lighting  it  to  his  satisfaction,  ami  leaning  back  against 
the  tree  trunk  with  his  hands  behind  his  head,  said,  "What 
would  be  the  use?  Just  as  much  labor  would  be  recpiired 
and  practically  as  good  results  can  be  ohtained  from  hand 
firing,  if  attention  is  given  to  the  method  employed,  and 
if  the  boiler  setting  is  kei)t  in  repair  and  the  boilers  kept 
clean. 

''1    favor   shaking   u'rate>.    l)ecausc    it    is   easier    lo    hni-n 
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Fig.  3.   Leaking  Pipe  Joints  Seem  To  Be  the 

Ol!Di;i!  OF  THE  DaY 

"In  every  boiler  room  the  load  on  the  boilers,  draft, 
condition  of  the  fires  and  boilers,  also  the  grade  of  fuel 
used,  are  variable  factors  and,  unless  studied,  it  is  impos- 
sible to  get  good  boiler  performance  and  the  fuel  consump- 
tion will  surely  be  excessive.  Just  let  the  string  of  cars 
going  to  a  breaker  stop  and  the  superintendent  is  right 
on  the  job  to  find  out  what  caused  the  stoppage  of  coal 
movement  and  the  visible  loss  of  output.  In  the  boiler 
room,  however,  coal  is  moving.  Xot  to  the  market,  but 
into  the  boiler  furnace.  This  is  a  different  kind  of  stop- 
page, and  one  the  average  mine  superintendent  does  not 
notice." 

"You  paint  the  situation  rather  black,"  I  replied,  "all 
mine  boiler  plants  are  not  operated  under  such  conditions. 
We  have  seen  them  in  which  good  equipment  was  found 
and  fairly  good  operating  conditions  were  maintained." 

"Sure,  I  know  that,  for  there  are  superintendents  who 
know  that  any  kind  of  a  boiler  will  not  do  for  colliery 
work.  We  have  seen  a  number  of  boiler  plants,  and  there 
are  plenty  more,  where  high-pressure,  water-tube  boilers 
are  used.  The  superintendents  operating  such  boilers  are 
uptodate,  and  recognize  that  a  good  boiler,  economically 
o])erated,  is  a  mighty  good  mvestment." 

"It  seems  to  me  that  if  the  lower-gi-adc  fuel  is  to  be 
burned,  the  boilers  woidd  have  to  be  designed  with  plenty 
of  heating  surface  per  horsepower  rating.  Then  shaking 
grates  would  come  in  handy  or  even  stokers." 

"Bight  you  are,"  replied  Hunter.  "The  boilers  of  the 
average  mine  plant  are  equipped  with  shaking  grates  of 


Fig.  4.  We  Eest  Awhile  after  a  Climb  Up  a 
Steei'  Hill 

the  refuse  of  the  mine  on  them,  than  with  stationary 
grates.  When  using  stationary  grates  the  same  precau- 
tions should  be  observed  as  in  any  boiler  plant,  that  is,  to 
keep  the  air  spaces  open  and  the  grates  properly  fitted  in 
place.  That  means  the  removal  of  warped  grates,  because 
they  will  allow  fuel  to  drop  through  into  the  ashpit. 
Shaking  grates  allow  cleaning  the  fires  of  ashes  and  fine 
clinkers  without  opening  the  furnace  door,  and  prevent 
cold  air  entering  the  furnace  to  cool  the  gases  during  the 
o])eration. 

"That  is  where  the  fireman  conu's  in,"  said  1,  jum])ing 
to  escape  a  lump  of  coal  that  had  fallen  from  a  loaded 
coal  car,  and  came  rolling  down  the  hill.  The  supciin- 
tendcnt  caai't  stay  in  the  boiler  house  all  the  time,  ami 
so  it's  up  to  the  foreman  to  produce  the  goods  after  ])ro))er 
apparatus  has  been  given  him  with  which  to  work." 

"Yes,  it  is  up  to  the  fireman,  and  superintendent  also. 
If  the  superintendent  does  not  know  enough  to  put  in- 
telligent firemen  in  front  of  the  boilers,  he  can't  expect 
to  get  good  results,  even  with  first-class  apparatus.  You 
might  give  a  small  boy  a  dollar  watch  to  play  with,  but 
you  wouldn't  even  think  of  letting  him  so  much  as  touch 
a  $50  one.  You  know  about  what  would  happen  if  you 
did. 

"Now,  putting  .11  ignorant  fireman  in  front  of  a  boiler 
is  as  foolish  from  a  ])ractical  and  economical  staiidi)oiiit 
as  giving  a  boy  a  $50  watch  with  which  to  play.  Both  will 
make  a  mess  of  it.  ITct-c  is  where  the  low  cost  of  fuel 
comes  in.     The  superintendent  say.s,  'What  is  the  use  of 


48 


row  i;i{ 


N'dl.  ;(!).  \(..  ;:; 


piiyinj;  n  liroiiinii  lii^'Ii  wnf^tcs  wlicii  llic  cdnl  lie  luiins 
costs  so  littli'!'  lit'  loses  sij,'lit  of  the  fact  tliiit  the  coal 
liiinied  in  the  hoih-r  fiiniaee  is  wortli  just  as  niiich  a  Ion 
as  the  coal  tiiat  is  loadcil  into  cars  and  slii|i|ied  to  llic 
nnirkel.' 

"Yes.  i  have  heard  it  said  that  a  j^'ood  liicniaii  can 
save  his  pay  in  the  savinj^  of  coal  over  what  an  inellicicnl 
fireman  would  hum.  If  tliat  is  so,  why  is  not  tiie  lirc- 
nuin  ahoiit  the  most  im|>ortant  unin  ahoiit  the  plant,  al- 
tluvuirh  ;,nvin_ir  the  en<,'ineers  all  due  credit?" 

'"lie  is  in  many  resi)ects,"  replied  Hunter,  arising,'  and 
stretchinj:  himself.  "Come  on,  let's  hike  for  the  hold  iind 
su]»per.  I  think  \'\r  earned  a  j^ood  one  today.  Al  Hie 
tahle.  Hunter's  actions  did  not  lielie  Ins  words,  and  to 
tell  tile  truth.  1  was  a  close  second. 

■!^   • 

\]\     A.     I).    WlI.l.lAMS 

'J"he  comnnitalor-truinjj:  ri^'  herewith  sliowii  is  used  in 
the  West  Breakwater  jihint  of  the  Pennsylvania  K.Ii.,  al 
Cleveland,  Ohio.  It  was  designed  hy  J.  J.  Weick,  i'ore- 
nian  of  the  plant,  aJid  possesses  some  novel  features,  en- 
abling one  man  to  do  the  work  after  the  rig  is  in  ])lare.  A 
large  belt  wheel  is  fixed  on  the  projecting  end  of  tlie 
shaft  at  the  slip-ring  side  of  the  machine  and  belted  to  a 
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5-hp.  direet-eurreut  motor.  This  motor  is  moimted  on  a 
truck  with  a  speed-controlling  rheostat  and  a  magnet- 
SAviteh  starting  and  stopping  control,  this  last  being  op- 
erated from  the  small  control  switch  on  the  flexible  cord 
alongside  the  five-pole  double-throw  switch  on  the  field 
frame  of  the  rotary  converter.  This  enables  the  man 
working  with  the  rig  to  .«top  and  start  the  motor  with- 
out trouble  and  the  leads  to  the  control  switch  are  long 
enough  to  permit  his  carrying  it  anyAvhere  around  the  ma- 
chine. The  large  belt  wheel  is  bored  to  fit  the  shaft  of  a 
large  flywheel  generator  set,  which  can  be  seen  just  be- 
yond the  rotary  converter,  and  is  hushed  down  to  fit  the 
smaller  shafts  of  the  converter  and  the  exciter  sets. 

At  the  time  the  photograph  was  taken  the  machine  had 
just  been  in  nse  smoothing  a  commutator  with  a  sand- 
paper block,  which  is  shown  in  place  of  the  tool  holder. 
The  frame  for  the  rig  is  made  of  .steel  bars,  about  %x6 


in.,  and  the  tool  holder  is  similar  to  ihal   ii>cd  on  a  IjiIIk- 
haxing  a  com|ioiind  hand  feed  for  regulating  (he  depth  •>> 
cut,  and  ill  addition  \\\r  tool  holder  can  he  fed  along  lli' 
ways  hy  the  crank  shown  just  below  the  oscillating  de\h 
of  the  <(»nverler.    The  ways  are  supported  at  three  |)oiiii 
hy   a    iiracket    (ilting  onto  tlu;   brush-holder   ring  of   ll 
iiUK  liine,  hy  a  steel  har  strut  reaihing  down  with  a  jai 
>cr.'w   and   block    resting  on   thi'  Door,  and    l»y  the  Z-har 
support  to  the  top  of  the  pillow  block.     1'his  Z-bar  can  he 
inMc!<'  of  dill'crent  lengths  to  suit  other  machines.     Slotlr.l 
IkjIcs  can  he  used  where  nece.ssary  to  permit  the  adjusting 
of  I  ill'  t(](il  guirje  jiarallel  with  the  shaft  of  the  niaclm 
ii|inii  which  it  is  to  he  used,  hut  in  this  plant  the  rig  h. 
hccii    iiiailr   with    parts   to   fit    the  dilTcrent    machines  on 
whi(  h   it   will  he  used,  so  that  it  can   he  (piickly  adjiislcd 
to  them.     The  rig  requires  only  the  removal  of  two  sets  of 
hi'ush-holders  in  order  to  set  it  up. 


ZfiffiCles?' 


emv  Safety  S^yyitclhi 


The  accompanying  figures  illustrate  the  Ziglcr-Holden  ' 
safety  switch  which  may  be  used  for  either  alternating- 
or  direct-current  service  and  can  be  supplied  in  almost 
any  size  desired.  The  switch  is  furnished  in  two  types, 
with  or  without  fuse  compartment  and  clips.  Fig.  1 
shows  a  switch  installed  and  Fig.  2  shows  the  design  of  a 
switch  with  fuse  compartment.  Where  fuses  are  included 
the  cover  is  divided  into  two  parts  so  that  the  fuse-com- 


FiG.  1.    Tk[-:  Zir!LFi;-TTnLnKx  .Sai-ety  Switch 

partment  cover  mav  be  removed  without  exposing  the 
switch  itself. 

The  switch  blades  are  mounted  on  either  a  hard-wood 
or  porcelain  roller  journaled  in  the  sides  of  the  box  which 
is  of  heavy  cast  iron.  The  switch  is  thrown  by  means 
of  the  outside  handle  A,  Fig.  2,  fitted  with  the  latch  B.  To 
close  the  switch  the  latch  must  be  relea.sed  and  the  handle 
rai.sed  the  full  distance  and  latched  in  place.  If  the 
handle  is  not  latched  in  the  closed  position  a  recoil  spring 
attached  to  the  roller  and  the  weight  of  the  handle  will 
cause  the  switch  to  open  and  automatically  latch  itself 
in  the  open  position.  This  arrangement  makes  it  impos- 
sible for  the  switch  to  remain  in  any  but  the  fully  open  or 
closed  positions  unless  it  is  held.  The  tension  of  the 
spring  can  be  easily  adjusted  without  opening  the  .switch 
box. 

This  switch  seems  as  nearly  fool  proof  as  it  is  possible 
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to  make  sucli  a  device,  and  should  be  of  great  value  in 
plants  where  electric  drive  makes  it  nece.ssary  that 
switches  be  often  manipulated  by  men  who  are  more  or 
less  ignorant  of  the  dangers  of  electric  circuits.     The  de- 


(•(innncnd  it.     Being  all  staiuhirdized  the  switch  parls  nuiy 
easily  be  renewed. 

The  patents  on,  and  the  manufacture  of,  tlie  Zigler- 
Ilolden  switch  are  controlled  by  the  Automatic  Safety 
p]lectric  Switch  Co.,  1037  Waller  Ave.,  Chicago,  111. 


WrecMedl    <QsiS    Esa^fliae    aim 


Fifi.  '^. 


DkTAILS   of  THK    IXTliiaOl!   OF   THF 

ZifiLEii-HoLDEX  Switch 


sign  makes  it  practically  impossible  for  the  contacts  to 
!)urn  or  fuse  and  the  absence  of  hinges  and  hiuge  belts  in 
the  path  of  the  current  makes  for  perfect  electrical  con- 
nection.    Its   fireproof  construction  is  another  point  to 


Filessacsiim 

By  W.  a.  Waylaxu 

The  photograph  sliows  the  damage  resulting  from  fail- 
ure of  the  main  shaft  of  a  250-hp.  Koerting  gas  engine 
at  the  light  and  power  plant  at  Aguascalientes,  Mex.  The 
engine  which  is  of  the  twin  type,  running  at  180  r.p.m., 
had  been  in  operation  for  about  fixe  years,  giving  satis- 
factory service,  and  on  the  night  of  the  accident  was  in 
charge  of  a  native  mechanic.  Although  both  the  crank- 
shaft and  the  upper  half  of  the  bearing  were  broken  off 
and  the  piston  pulled  out  of  the  cylinder,  as  shown,  the 
wreckage  fell  clear  of  the  flywheel  and  the  engine  con- 
tinued to  run  on  the  other  cylinder  till  morning. 

The  initial  failure  appears  to  have  been  due  to  an  old 
crack  extending  through  almost  the  entire  section  of  the 
inner  crank,  the  engine  apparently  having  been  at  work 
for  some  time  on  about  %  in.  of  metal.  Nobody  was 
injured. 


Wrecked  Engine,  Showing  Piston  Pulled  out  of  Cylinder 
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Measurin|(  tIKe  Stresses  im  a 

Boiler  SlheM 

Tlic  incnsinrincMl  nl'  .-Irc.'.s  wii.-  liic  miIiji'i  I  >  In  ism  liy 
I'lul.  !•;.  (I.  ("iikcr  for  llii-  lirst  Kaiilur  Intiiiv  nl'  ili.' 
lui'M'iil    .«cssit)ii   of   till-    (  I'liij^Hisli)    S«t<ici\    (il    All.      '{"lie 

djU'llili;,'    ilH-tlirt'    was    liiNntrd     In    IIH'illlinicill     llicllioils    nl' 

mcasiiiviiiciits,  and  iiichnli'd  an  accniiiit  nl'  llir  iiiulily  m- 
m'liiDiis  and  instiMiflivc  cxiuTinuMits  on  i-uIiImt  imidcls 
carrii'd  out  1)}'  .1.  S.  Wilson  and  W.  (ioi.,  and  I'lo- 
I'cssor  Pearson's  fxpriinicnt  made  with  niudi'ls  of  jelly. 
IK'  sliowfd  how  tlu'  shorti-ninf,'  of  the  coluinns,  with  the 
addition  of  siurcssivo  stories  to  tin-  Uankcrs  Trust  Co.'s 
IWiildinj;  in  New  York,  was  measured  hy  an  exten- 
.sonieter  eapaljh'  of  detectinjx  chanfres  of  len,<ith  ol'  O.OOO"^ 
m.  The  portion  of  liis  leeture  of  most  immediate 
interest  to  I'owkk  readers  was  liis  aeeount  of  a  remark- 
aide  series  of  strain  measurements  nnide  on  tlie  steam 
drum  of  a  Baheoek  &  Wileo.v  hoiler,  hy  S.  TI.  Barraelough 
and  A.  J.  (iihson.  deserilu'd  in  a  pajxT  printed  in  the 
proeeedin<rs  of  tlu-  Kn,u:ineerin,<j;  Association  of  Xcw  South 
Wales,  sessions  of  IDlO  and   1!>11.    \Mirror  extensonieters 


Mi'inity.     Till-  conditions  on  which  the  invesli|(alion  v^;i 
made  are  as  folloWH : 

lli'ltl  viiliio  »(  riMll.  n.l.ll IL'.'r 

Kllii-ii'in'v  III  IxiiliT,  ix-r  «int. 

T<'rii|iiTiitiiri'  iif  riiiitViiiiing  wiiliT  (reitn  towrr,  drg.  V 

Koiin f  ntinpiv  C'ily  \\  > 

WiiliT  ciri'iiliiKMl  iM-r  iiiiiiiil<>  (or  rohrlrniiiiK  |>ur|>o«UI  in  oompnaiioD 

pliiiil  nl   I    '•  Kill    INT  mill.  iMT  Uiii 

Water  I'iri'iilMtail  iht  iiiiiiiiti'  (i>r  iiiiiili-iiiiliiit   |iiir|iiii«'ii  in  abnorpliuu 

lilani  III  \l  :<  Kill,  iiir  iiiiii    |H'r  Ion  i 

Ili'lltlll   U<  wllil'h  WIlIlT  llllint  III'  |llllll|H-il  III  I'lll'll  I  IIM'.  It 

lip    n'i|iiiri'fl  fur  piiinpiiiu  wiiIit  in  I'liinpn'HHion  iiliini.  

lip    ri'Muiri'il  liir  piiiiipinu  uiHit  in  iilinnrplion  pliinl  II 

Coiilinii  limiT  nipiirity  for  ri)inpri-Ki.ii>n  iiliinl,  itiil .■J2I,IK)(1 

('ooliiiK  li.wiT  iiipiuit.v  tor  iil.w.rjilinii  pfiiiil,  iinl  (IHI.IKKI 

Wiitir  li.nn  lliriiuKli  rviipiiriiliiin  in  ini-li  iiiw,  i.it  ii-nl  '" 

lip    111  ilrivi'  iiMiliiiK  towiT  (an.  iiiniprixniiin  plant 

lip    III  ilrivi'  riMilinu  towiT  (an.  uliniirplinii  plant 

lip.  to  (Irivr  fri'i-xiiiK  tank  iiKiliitnr 

III)   (ill  ilirtrir  liulit  and  air  loiiipri-nxor  10 

l.fip.  of  ai|iia  iitifiii) II 

(\iNl  I'lial  piT  tiin  (aMsiiiiwd  in  liinni  »2 

(•(j»l  1000  Kill    lity  watiT  (anmiincd)  in  iiiiU m 

ConI  ciiolinK  tower  in  I'onipri'NKion  iilant  wilh  motor S-"  ' 

Cont  niiiliiiK  tower  in  alimirption  i>lanl  with  motor ♦'  ' 

I'n'iKlit  rate  (approximate  per  10(1  lli )  in  eentii 

Salar.v  In  day  eiiuineer  per  day  t-i    i  i 

Salar\   I.,  niidit  i-iii;iiieiT  per  nirlii  .  fl  M 

WliKiv.  p;,id  ill-  piilliTN  pir  .la\  .  .  »1    7.1 

WaKi-  paid  (iriMiien  jkt  day    '  $2  (K) 

li>t<Ti»t  on  money  inve»te<l,  per  eenl.  0 

licpreeintion  and  obsoleitcenre,  per  eeut.  5 

Insurance  and  taxea,  Iter  rent.  IJ 

Of  the  avera^^'  ice-making  jdant,  the  annual  output  is 
approximately  (il)  ])er  cent,  of  the  total  i)o.«sil)k;  annual 
capacity,  so  that  in  eslahlishiiif^  cost  per  ton  of  ice  j)ro- 
duced,  as  affected  by  eliarfjes  which 
are  not  directly  as  the  tonnage,  60 
per  cent,  of  the  ])ossil)le  output  ha.s 
been  taken  as  tlie  (piantity  of  ice  made. 
Thus: 

;5G5    X   50   X   0.6   =   10,950  ton^. 

per  year 
Tlie  cost  of  the  building,  including 
boiler  and  engine  rooms,  freezing  tank 
room  and  daily  ice  .storage,  complete, 
including  insulation,  will  be  approxi- 
mately $JJO,000.  For  either  type  of 
plant  the  fixed  charges  on  the  build- 
were  used,  enabling  very  accurate  measurements  to  be  iiig  will  be:  Interest,  6  per  cent.;  insurance  and  taxes, 
made  even  with  a  very  short  distance  between  the  gage  li/^  per  cent.;  depreciation,  5  per  cent.;  making  a  total 
|)oints.  A  second  mirror  was  fitted  to  record  by  its  tilt  of  r<JV2  Pfi^*  cent,  on  .$53(),()0(),  which  would  be  %2~A)i)  per 
any  flexure  of  the  part  under  observation.  The  results  year.  As  the  total  ice  output  for  the  year  is  10,'J50 
are  represented  in  the  accompanying  diagram  reproduced  tons,  the  building  charge  per  ton  Mill  be 
from  Engineering.  It  will  be  seen  that  the  stress  is  far 
from  equably  distributed  in  the  neighborhood  of  the  lap 
joints,  and  that  it  rises  to  very  high  values  at  the  cornera 
of  the  bumped  heads  where  the  radius  changes  for  the 


Diagram  of  Stkessks  in  a  Babcock  &  Wii.cox  Boili-r  1)i;l-.\i 


$•2500  -^   ]  0,0.50    =   $0,228 
CoMi'i!i;ssiox  Plant 


flange. 
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In  the  compression  plant  the  mechanical  equipment 
includes  a  standard  compressor  and  complete  apparatus 
for  freezing  distilled  water  in  the  cans,  including  all  in- 
sulation brine  and  ammonia,  three  return-tubular  boilers 
one  being  a  sjiare  unit,  together  with  required  brickwork 
and  stack,  water-circulating  pum])s,  a  300,000-gaL  cooling 
tower,  a  20-kw.  engine  and  generator.  All  the  auxiliary 
machinery  except  the  boiler-feed  pvmip  is  to  be  electrical- 
ly driven.  The  water-circulating  pumps  are  to  be  in 
duplicate,  and  one  of  these  is  to  be  steam  driven.  The 
cost  for  the  mechanical  equipment  erected,  including 
foundations  and  engineering  charges,  complete,  will  be 


P>efore  the  Southwestern  Ice  Manufacturers  Associa- 
tion, at  the  annual  convention  in  Marlin,  Tex.,  L.  C. 
Xordmeyer  read  an  interesting  paper  on  the  above  sub- 
ject. The  author  realized  that  in  a  short  paper  it  was 
impossible  to  compare  these  two  types  of  plant  for  any 
and  all  conditions.  A  selection  was  made  of  the  condi- 
tions and  comparative  data  given  of  tw^o  50-ton  plants.  As  $42,265.  The  total  cost  of  the  plant,  including  building 
most  of  the  refrigerating  plants  in  the  Southwest  are  ice  and  machinery,  will  thus  be  $62,265.  There  will  be 
]dants,  and  as  the  great  majority  operate  during  the  sum-  burned  11%  tons  or  23,000  lb.  of  coal  in  2-1:  hr.  when 
mer  months  with  high-temperature  water,  an  ice-making  producing  full  capacity,  so  that  the  fuel  jx-r  ton  of  ice 
].)lant  using  a  cooling  tower  delivering  water  at  an  aver-      y^-^w  cost 

age  temperature  of  85  deg.  F.  for  condensing  and  cooling  ^ 

])urposes  was  chosen.     The  capacity  of  50  tons  was  se-  ' 

lected,  as  this  seems  to  be  the  average  size  of  plant  in  this 
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The  operating  cost  was  estimated  as  follows: 

Two  firemen  at  J720  per  year Sl,440 

Two  eiiRineers 2,1(X) 

Handy  man 720 

Oil,  waste,  small  supplies,  etc.  (includes  25  per  cent  ammonia  loss) .  450 

Total $4,710 

Dividing  the  .$4?10  by  10,950  gives  a  cost  per  ton  of 
ice  of  $0.43.  Adding  to  this  7c.  for  ice  handling  makes 
a  total  operating  expense,  exclusive  of  coal,  of  5()c.  per 
ton  of  ice. 

In  obtaining  the  fixed  charges  on  the  mechanical  equip- 
ment, an  allowance  of  6  per  cent,  was  made  for  interest 
on  the  machinery  investment,  11/2  per  cent,  for  insurance 
and  taxes,  and  5  per  cent,  for  depreciation  and  obso- 
lescence, making  a  total  of  121/2  per  cent,  on  $42,265,  or 
$5283.  Dividing  by  the  annual  output  of  the  plant  gives 
$0,482  per  ton  of  ice  as  the  fixed  mechanical  charge. 

In  the  cooling  tower,  the  water  loss  which  must  be  made 
up,  will  be  10  per  cent,  of  324,000  gal.,  or  32,400  gal. 
per  day.  At  10c.  per  1000  gal.  this  will  cost  $3.20  per 
day,  or  $0,064  per  ton  of  ice.  Collecting  the  above  items 
gives  the  following  total  cost  of  ice  per  ton : 


Water 

Fixed  mechanical  cost. 

Fuel 

Operating  expense    ... 

Total 

Fixed  building  cost   .    . 


$0  064 
0.482 
0.46 
0  .SO 

SI. 506 
0.228 


Absorption  Plant 

In  the  absorption  plant  the  same  average  annual  out- 
put of  ice  as  compared  with  the  capacity  of  the  plant,  is 
considered,  and  the  same  fixed  building  charge  of  $0,228 
per  ton  of  ice.  The  mechanical  equipment  of  the  plant 
includes  a  complete  standard  absorption  machine  and  ap- 
paratus for  freezing  distilled  water  in  cans,  using  evap- 
orators to  supply  the  necessary  distilled  water  not  sup- 
])lied  by  other  apparatus,  all  insulation,  brine  and  am- 
monia included,  two  return-tubular  boilers,  one  being  a 
spare,  together  with  required  brickwork  and  stack,  water- 
circulating  pumps,  a  700,000-gal.  water-cooling  tower, 
and  a  30-kw.  engine  and  generator.  All  the  auxiliary 
machinery  except  the  boiler  feed  and  aqua  pumps  is  to 
be  electrically  driven,  and  as  before,  the  water-circulating 
pumps  are  to  be  in  duplicate,  one  of  them  being  steam 
driven. 

The  cost  of  the  mechanical  equipment  erected,  includ- 
ing foundations  and  engineering  charges,  will  l)c  $46,845, 
and  the  total  cost  of  the  plant,  building  and  machinery 
will  be  $66,845.  To  produce  full  capacity  will  require 
15,480  lb.  of  coal  in  24  hr..  making  the  fuel  cost  per  ton 
of  ice 

^^-^^Q  X  ^  =  10.3096 
2000  X   50 

The  operating  cost  is  given  in  the  following : 


tl,440 

2,100 

720 

300 


Firemen 

Engineers 

Handy  man 

Oil,  waste,  small  supplies  and  ammonia 

Total $4„560 

The  total,  $4560,  divided  by  the  annual  output  of  ice, 
gives  a  charge  of  $0,416  per  ton  of  ice.  Adding  7c.  for 
ice  handling,  makes  the  operating  expense  $0,486  per 
ton  of  ice. 

For  the  fixed  charges  on  the  mechanical  equipment,  the 
same  percentages  are  allowed.  Thus,  121/^  per  cent,  of 
$46,845  would  be  $5855,  and  dividing  by  the  annual  out- 


put in  tons  gives  $0,535  per  ton  of  ice.  The  water  loss 
on  the  cooling  tower  will  be  10  per  cent,  of  684,000  gal., 
or  68,400  gal.  per  day.  This,  at  10c.  per  1000  gal.  will 
cost  $G.Sl  per  day,  or  $0,137  per  ton  of  ice.  Summing 
up,  the  total  cost  per  ton  of  ice  is  as  follows: 


Water 

Fixed  mechanical  charge 

Fuel 

Operating  cost 

Total 

Fixed  building  cost 


$0  137 
0  535 
0  3096 
0  486 

SI. 4676 
0.228 


Total  cost *1  ■  '^858 

From  the  above  comparison  there  is  a  dillerence  of 
nearly  4c.  per  ton  in  favor  of  the  absorption  plant.  How- 
ever, it  is  only  fair  to  point  out  that  the  absorption  ma- 
chine actually  uses  more  heat  than  the  compression  ma- 
chine, but  gains  in  efficiency  because  of  the  inefficiency 
of  the  steam  engine.  It  is  thus  apparent  that  compound- 
ing the  engine  in  the  compression  plant  under  discussion 
would  better  the  economy  and  reduce  the  cost  per  ton 
to  approximately  that  of  the  absorption  plant. 


A  new  vacuum  breaker,  known  as  the  Auld,  is  shown 
herewith.  It  is  used  in  connection  with  jet  condensers, 
especially  if  the  condenser  is  located  on  a  higher  level  and 
a  considerable  distance  removed  from  the  exhaust  outlet 
of  tlie  turbine  or  engine.  The  vacuum  breaker,  manu- 
factured by  i^chutte  &  Koerting  Co.,  Twelfth  and  Thomp- 
son Sts.,  Philadelphia,  Penn.,  is  connected  on  or  near  the 
exhaust  outlet  of  the  machine  by  its  below-seat  port  A, 
the  above-seat  port  B  being  open  to  the  atmosphere. 

Vacuum  Connecfion 


Open  +0  Af-moiphef^ 


y.,C  Pressure  Water 


Dktails  of  Auld  ^^\('l•UM  BuivAKKR 

A  connection  is  made  at  C  with  the  circulating-water 
inlet  at  the  condenser;  the  operation  is  as  follows: 

As  the  pressure  of  the  injection  water,  to  maintain  the 
proper  vacuum  and  insure  efficient  operation  of  the  con- 
denser, must  not  go  below  a  fixed  minimum  (approximate- 
ly 10  lb.  per  sq.in.),  the  vacuum  breaker  is  so  adjusted 
that  a  reduction,  of  more  than  2  lb.  in  the  water  pressure 
will  open  the  valve.  This  is  accomplished  by  water 
entering  through  the  inlet  C,  which  is  fitted  to  the  under 
side  of  the  diaphragm,  thus  holding  the  valve  shut  against 
the  opening  action  of  the  adjustable  spring  F.  Therefore, 
if  the  pressure  of  the  water  is  reduced  the  spring  will 
overbalance  the  pressure  exerted  below  the  diaphragm, 
thus  opening  the  valve  and  destroying  the  vacuum. 


!i2 


row  K  n 


Vol.  ;i!).   No. 


Moistore  in.  (D<Q>'m^pr(L,'L..^.^j(d  Air 


i;^  A.  11.11  xi 


S)',\(J/'SI  S — Siniir  xjirrijir  v.raiii  jilrs  .shniriii;/  llir 
aiiKiiiiit  of  iHiiisliin'  /iri'snil  nl  )lil)rrfiil  tvniiivntturrs  ami 
jiri'ssurrs.  Ilic  i\nf>iirluiirr  iif  iiKiliii;/  Ilir  air.  Ilir  loss  of 
irorh'  rniisfil  hi/  iiioistiirf  mid  llir  jnojinrlioii  of  cooliiif/ 
iVrtIn   it  /•(■(//(//■(•v. 

y. 

EviTV  user  (il  ((Uiiprcssfd  nir  kiuiMs  tluit  iiioistiirc  in 
nir  is  to  lu'  avijidi'd,  if  possible,  wlicn  llic  mi'  i>  used  m 
jJiHUiimtif  tools,  diilis  or,  in  I'mcI.  hi  any  reciprocal  in-,' 
iiu'i'lianisni.  it  is  also  iicncially  known  how  tlie  trouble 
due  to  iiioislurc  is  brou^dit  alxMil  ;  namely,  h\  tlu;  vapor 
coiidensiii'!:  while  expandiufj;  I'li  the  air-oi)erated  tool.  The 
di'op  in  toinperalure  which  takes  placi'  durinfi  expansion 
^•lUises  the  water  linnied  lo  freeze,  clofigiufi  up  the  pass- 
u^i's  of  tile  niechanisiu,  or  if  actual  freezing;  does  not  take 
place,  at  least  the  water  formed  washes  out  the  lubricant, 
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TEMPERATURES 

causing  the  tool  to  wear  out  rapidly.  The  usual  method 
<5f  eliminating  moisture  from  compressed  air  is  by  cooling 
the  air  after  it  leaves  the  compressor,  thus  depositing  a 
]iortion  of  the  moisture  before  it  enters  the  pipe  lines, 
and  one  of  the  objects  of  this  article  is  to  show  ]u,st 
liow  efiective  an  aftercooler  is  in  removing  this  moisture 
at  different  degrees  of  cooling. 

Moisture  Kemoved  by  Aftercoolei: 

Atmospheric  air  always  contains  a  certain  amount  of 
moisture  and  this  exists  as  a  vapor  or  steam  gas,  and 
■\vhen  present  in  the  air  it  behaves  in  every  way  like 
steam ;  it  exerts  a  pressure,  the  amount  of  which  depends 
upon  the  temperature  and  the  quantity  of  moisture  pres- 
ent. At  a  given  temperature  air  can  hold  a  fixed  maxi- 
mum weight  of  moisture  and  when  it  contains  this  maxi- 
mum amount  the  air  is  said  to  be  saturated.  Air  con- 
taining moisture  behaves  in  accordance  with  Dalton's  law 
on  mixture  of  gases,  that  is,  each  gas  or  vapor  in  a  mix- 
ture exerts  its  own  pressure  and  the  total  pressure  of 
the  mixture  is  the  sum  of  the  pressures  exerted  by  the 
gases  independently.     Thus,  take  atmospheric  air  at  80 


licg.  !•'.,  if  the  air  is  saliiraled  wilh  moislure  the  pressmc 
(•\erled  by  the  vapor  will  !«•  the  pressure  of  saliinileil 
steam  at  a  tenipeniture  of  HO  deg.  !•'.,  which  is  according 
to  any  steam  table  <).;")().")  lb.  per  s(|.in.  abs.  Therefore,  if 
Hie  lotal  pressure  of  the  atmosphere  is  1  I.T,  the  pressure 
e.xcited  by  the  air  must  be  I  1.7  less  0.50,'),  which  e(pialrt 
I  l.ll)."i  III.  per  scpiii.  If,  now,  instead  of  being  saturated 
llie  air  (ontains  only  70  per  cent,  of  the  Muiximuui 
aiiionni  it  can  hold,  thai  is  to  say,  the  relative  humidity 
of  Hie  air  is  70  per  (ciil. :  I  hen  the  pressure  exerted  by  the 
\:iiM)r  would  have  been  only 

0.7  X  o.Gorj  =  o.3o;i:. 

and  the  pressure  exerted  by  the  air  would  be 
1  1.7    —  0.3535    =    H.3I65 

W  lien  the  mixture  of  air  and  vapor  enters  a  compressor 
the  vapor  again  behaves  like  any  ga.s  that  is,  it  is  com- 
pressed adiabatically  with  the  air.  The  vapor  then  \)v.- 
comes  in  every  sense  a  steam  gas  and  at  the  end  of  com- 
pression it  is  highly  superheated,  and  only  by  reducing  its 
temperature  can  the  vapor  be  deposited  as  water.  Vice, 
vena,  when  compressed  air  containing  this  vapor  is  used 
in  any  mechanism  where  it  is  expanded,  the  vapor  or 
steam  gas  is  expanded  adiabatically,  and  as  every  engineer 
knows  when  steam  is  expanded  in  this  way  a  temperature 
reduction  takes  place  and  a  portion  of  the  steam  is  con- 
densed, and  it  is  this  condensation  which  cau.ses  so 
much  annoyance  in  the  air-operated  tool. 

The  volume  of  vapor  which  any  volume  of  air  contains 
c!'n  be  calculated  from  the  following  simple  formula: 

J} 
Mhere 

V  s  =  Volume  of  vapor  in  cubic  feet  at  pressure  p, 
V  =  Volume  of  air  and  vapor  in  cubic  feet  at  pres- 
sure p; 
p  =  Alisolutc  pressure  of  air  and   vajior  jicr  square 
inch  :  ttuis  at  sea  level  and  atmospheric  condi- 
tions ji  =--  14.7: 
ps  =  Absolute   pressure  per  square  inch  exerted   by 
the  va])or. 
Thus,  if  the  mixture  is  .saturated  ps  equals  the  pressure 
of  saturated  steam  obtained  from  a  steam  table  at  the 
t'^mperature  under  cousideration. 

The  wei.ffht  of  vapor  present  will  be  V  X  ^.  where  I) 
is  the  weight  of  vapor  per  cubic  foot  and  if  the  air  is 
saturated  D  equals  the  weight  per  cubic  foot  of  .saturated 
stcmm  taken  from  a  steam  table  at  the  temperature  in 
question. 

In  the  accompanying  diagram  is  shown  the  volume  of 
va])or  in  cubic  feet  which  1000  cu.ft.  of  air  contains  at 
atmaspheric  pressure  when  saturated  and  at  different  tem- 
peratures. Thus,  if  the  temperature  of  air  is  80  deg.  F., 
the  pressure  exerted  by  the  vapor  is  0.505.  The  volume 
Vs  of  the  vapor  is  according  to  the  above  formula: 
1000  X  0.505 


14.7 


34.3  cu.ff. 


And  this  is  the  quantity  also  shown  by  the  diagram. 

Curves   are   also  given   .showing  the  weight   of   vapor 
which  1000  cu.ft.  of  air  at  atmospheric  pressure,  14.7  lb. 
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)er  sq.in.,  can  hold  at  different  temperatures  as  well  as      vapor 


,  Lhe  vapor  which  1000  cn.l't.  of  free  air  can  contain  at  25 

ijb.  gage  pressure  and   100  lb.  gage  pressure  per  square 

iiuch.     Thus  at  60  deg.  F.  the  weight  of  vapor  is  0.8  lb. 

t  atmospheric  pressure  and  at  80  deg.  F.  it  is  nearly  1.6 

b.  or  twice  that  at  60  deg.     From  those  diagrams  it  can 

le  determined  exactly  how  much  vapor  remains  in  the  air 

|(lifter  being  compressed  and  then  cooled  in  an  aftercooler. 

For  instance,  if  air  is  taken  into  a  compressor  at  80  deg. 

F.  and  if  it  is  saturated  with  vapor,  1000  cu.ft.  of  air  will 

uontain  1.6  lb.  of  vapor,  and  if  the  humidity  is  70  per 

cent.,  the  amount  of  vapor  will  be 

0.7  X  1-6  =  1.12  lb. 
If,  now,  this  air  is  compressed  in  a  two-stage  compressor 
to  100  lb.  discharge  pressure,  the  intercooler  pressure  will 
be  about  25  lb.  If  water  is  supplied  the  intercooler  at 
60  deg.  F.,  the  air  will  leave  the  intercooler  at  about  80 
deg.,  and  the  amount  of  vapor  1000  cu.ft.  of  air  at  25  lb. 
pressure  can  contain  is  found  from  the  diagram  to  be 
nearly  0.6  lb.  In  other  words.  1.12  lb.  less  0.6  equals 
0.5  lb.  of  vapor  has  been  removed  by  the  intercooler,  or 
45  per  cent,  of  the  moisture  originally  in  the  air.  If,  now, 
the  air  leaves  the  compressor  at  100  lb.  pressure  and  is 
cooled  in  an  aftercooler  to  80  deg.  F.,  the  diagram  shows 
the  moisture  still  in  the  air  to  be  0.2  lb.,  or  18  per  cent,  of 
what  air  was  there  originally,  that  is,  the  intercooler  has 
removed  45  per  cent,  and  the  aftercooler  36  per  cent,  of 
llu-  vapor. 

If  instead  of  cooling  the  air  in  the  aftercooler  down  to 
80  deg.  it  had  been  cooled  down  to  60  deg.,  the  vapor  re- 
maining would  only  have  been  0.1  lb.,  or  9  per  cent.,  of 
what  it  originally  contained,  and  this  shows  the  great  im- 
portance of  cooling  the  air  down  to  the  lowest  possible 
temperature.  In  the  case  just  cited,  by  cooling  20  deg. 
lower,  that  is,  from  80  to  60  deg.,  one-half  of  the  moisture 
the  air  contained  was  eliminated.  Take  another  example. 
If  the  air  enters  the  compressor  at  60  deg.  F.  and  70  per 
cent,  humidity  it  will  contain  about  0.56  lb.  of  moisture, 
and  if  on  account  of  insufficient  cooling  surface  the  air 
can  be  cooled  down  to  only  110  deg.  in  the  aftercooler, 
practically  all  of  the  moisture  originally  in  the  air  will 
remain  after  it  has  been  compressed  to  100  lb. 

In  order  then  to  get  all  but  a  small  percentage  of  the 
vapor  out  of  the  air  it  must  be  cooled  to  a  low  tempera- 
ture. It  is  impossible  to  remove  all  of  the  moisture  and 
if  the  air  is  used  at  the  same  tem])erature  as  it  leaves  the 
cooler,  it  will  be  saturated  with  moisture  and  water  will 
deposit  when  expansion  takes  place  in  the  tools.  To  en- 
tirely prevent  the  deposit  of  moisture,  the  air  must  be 
cooled  to  a  much  lower  temperature  than  that  which  it 
enters  the  tools,  or  what  amounts  to  the  same  thing,  the 
air  must  first  be  cooled  and  then  reheated  before  it  is 
used. 

Moisture  Cattses  Loss  of  Wouk 

There  is  another  phase  of  this  question  to  be  considered. 
That  is,  how  does  the  moisture  in  the  air  affect  the  work 
done  by  the  compressor?  It  has  already  been  stated  that 
the  vapor  must  bo  compressed  the  same  as  the  air ;  there- 
fore, the  work  required  to  compress  the  vapor  must  be 
considered  as  lost  work  since  the  vapor  is  eventually  prac- 
tically all  deposited  as  water  in  the  intercooler,  after- 
cooler  or  pipe  lines,  and  does  no  work  in  the  tools.  For 
instance,  with  1000  cu.ft.  of  air  entering  the  compressor 
at  80  deg.  F.  and  70  per  cent,  humidity,  as  before,  the 


will  occupy  a  volume  of  34.3  cu.ft.  at  saturation  or 
0.7  X  34.3  =  24  cn.ft. 
at  70  per  cent,  humidity.  This  is  equal  to  2.4  per  cent, 
of  the  total  volume  of  1000  cu.ft.  In  other  words,  the 
volumetric  loss  due  to  vapor  is  2.4  per  cent.  If  compres- 
sion takes  place  in  one  stage  to  100  lb.,  the  work  required 
to  compress  24  cu.ft.  of  vapor  will  also  be  2.4  per  cent, 
of  the  total  work,  or  2.4  per  cent,  represents  the  work 
lost  in  comj)ressing  the  vapor.  If  compression  takes  place 
in  two  stages,  the  loss  is  a  little  less  because  the  vapor  that 
is  removed  by  the  intercooler  does  not  have  to  be  com- 
pressed in  the  high-pressure  cylinder.  Calculation  shows 
in  the  above  case  for  two-stage  compression  that  the  lost 
work  will  be  about  2  per  cent.  If  the  air  enters  the  com- 
pressor at  100  deg.  F.  and  80  per  cent,  humidity,  the  same 
reasoning  shows  that  with  single-stage  compression  the 
lost  work  is  about  5  per  cent,  and  with  two-stage  compres- 
sion about  4  per  cent. 

This  is  a  loss  in  compression  of  air  ordinarily  not  con- 
sidered. It  is  true  that  most  users  of  air  compressors 
know  the  importance  of  taking  air  into  the  compressor  at 
as  low  a  temperature  as  possible,  and  the  reasons,  of 
course,  are  that  by  so  doing  a  greater  weight  of  air  is  com- 
pressed with  a  given  amount  of  i)ower  expended.  In  ad- 
dition to  this  the  air  should  be  taken  into  the  compressor 
as  cold  as  possible  so  as  to  reduce  the  lost  work  due  to 
compressing  the  vapor.  For  instance,  if  air  is  taken 
from  a  warm  engine  room  close  to  100  deg.  temperature 
and  laden  with  moisture,  the  figures  show  that  the  loss 
due  to  compressing  moisture  may  be  as  high  as  5  or  6 
per  cent,  of  the  total  work  done. 

Cooling  Water  Bequired  by  Water  Vapor 
Finally,  there  is  one  other  question  to  be  considered  in 
connection  with  moisture  in  the  air;  that  is,  what  percent- 
age of  the  total  water  supplied  to  the  intercooler  or  after- 
cooler  is  used  to  cool  and  extract  the  vapor  in  the  air. 
Suppose,  as  before,  the  air  enters  the  compressor  at  80 
deg.  F.  and  70  per  cent,  humidity,  then  if  the  tempera- 
ture of  the  air  leaving  the  low-pressure  cylinder  in  a  two- 
stage  compressor  is  250  deg.,  and  the  air  is  cooled  down 
to  80  deg.  F.  in  the  intercooler,  the  volume  of  air  and 
vapor  being  1000  cu.ft.,  the  volume  of  vapor  alone  is  24 
and  the  volume  of  air  is  976  cu.ft.  The  weight  of  this 
air  will  be  71.8  lb.  and  the  heat  extracted  from  the  air 
will  be  the  weight  multiplied  by  its  specific  heat  and  by 
the  reduction  of  temperature ;  that  is, 

71.8  X  0.237  (250  —  80)  =  2893  B.t.u. 
The  weight  of  the  vapor  contained  in  the  air  as  before  is 
1.12  lb.    This  must  be  cooled  from  250  to  80  deg.,  and  as 
the  specific  heat  of  the  vapor  is  about  0.46,  the  heat  ex- 
tracted will  be 

1.12  (250  —  80)  0.46  =  87  B.t.u. 
To  this  must  be  added  the  latent  heat  of  the  0.5  lb.  of 
vapor  which  is  actually  deposited  in  the  cooler.  The  latent 
heat  of  steam  at  0.5  lb.  abs.  pressure  is  1046,  which, 
multiplied  by  0.5  gives  523  B.t.u.  The  total  heat,  there- 
fore, given  up  by  the  vapor  will  be 

87  +  523  =  610  B.t.u. 
and  the  entire  heat  removed  by  the  water  in  the  cooler 
contained  both  in  the  air  and  the  vapor  will  be 

2893  +  610  =  3503  B.t.u. 
In  other  words,  of  the  total  heat  extracted  610  B.t.u.,  or 
17.4  per  cent.,  is  taken  from  the  vapor  in  the  air;  namely, 
17.4  per  cent,  of  the  water  used  is  required  by  the  vapor — 
a  most  surprising  result. 
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>)  XOl'SiS  —dnirral  siirrifiralions  far  llir  purchasf  of  iciiicmlicrcil    lluil     fuel    oil    (iiiilikf    ('(ml)    KliipmcntK 

fill  I  (til  (IS  used  III/  tlir  f/Drrniiiii'iil  (iikI  n  liijiiial  cxaiiiiilv  criNcd    liniii    llic  siiiiic    fii-ld    liiivi-,  j^ciicrallv   spi'iikiiiv 

of  llii'  liz/ii'  of  iiitilraii  iisnl  hi/  iiiiniii  iilanls.  iiniilv    iiiiironii    licat   valiK?   wlicii    freed    from   water  ;i 

>:  il'-'iris.      1 1   is  not   necessary,  tlierefoie.  to  cariv  on  li 

l-lveiy  |i|;inl  limniii;:iiil  slnnilil   in((ii|)nrMlf  in  llircon-  In   determine    its    lieat    value   f>nly    insofar   as    it    contai 

tract    tlic   anionnl    of    ini|iunlic>    |icrmissii)lc    in    the    oil  the  ini|nirities  mentioned  above. 


slu|)ments.  mihI  c\cr\  .-liipnicnl  .-liduld  he  tested  to  sec 
that  tile  forms  of  the  (diilrjirt  arc  hcinir  li\cd  ii|>  to.  1 1 
is  a  fact  that  manv  |il;int-  pay  no  allciiiion  to  the  i|u:ilily 
of  tile  fuel  Ihcy  arc  receiving-,  and,  a^  a  result  of  tlii'ir 
neji'lifi'dicc,  iiiaii\  of  Ihcin  c\|icriciicc  considcrahlc  lri>iihlc 
and  poor  ccoiuvin\  in  the  hnrninji  of  oil  as  I'licl.  ()il  as 
taken  from  the  \\cll>  iiiii>t  he  properly  treated  to  eliiniiialc 
the  water,  ^raxcl  and  other  dehris  whieli  it.  contains.  In 
many  I'ases  the  oil  a-  i(tei\ed  at  the  plants  contains  larjre 
porcentapes  of  in)|itiril  le-.  i'iiles>  the  oil  is  hein<:  sup- 
plied under  a  proper  lonii  of  eonliael,  and  each  and 
every  slii])ment  tested,  the-e  iin|)iirities  arc  not  oidy  caus- 
in_<r  tronhle  and  ])oor  ccoiioiny.  hiil  they  are  heinjj  paid 
for  the  same  as  fuel. 

The  ahovc  was  I'orcihly  hroujihl   home  to  the  niana;i;er 
of  a  eerlaiii  eoiiipany  operating:   in  the  West.      In   llii>  in- 


In   I'il;.   I   i<  shown  a  type  of  oil  thief  for  takinp  Kan 

'-   I'roni  oil  shipments  for  ti'stin;;  [)iirjioses.      In    KIl'. 


Fig.  1.    Type  of  Oil  Thief  for  Takixg  S.\mples 

stance  the  form  of  contract  was  similar  to  the  one  (here- 
inafter shown  )  lietwecn  the  city  of  Phoenix  and  the  Union 
Oil  Co.  of  California.  Unfortunately,  thi.s  company  did 
not  test  its  oil  shipments  for  nearly  a  year  after  operat- 
ing nnder  this  contract.  Their  operating  engineer  finally 
persuaded  them  to  supply  him  with  a  reliable  oil  thief 
and  apparatus  to  test  for  impurities.  At  the  end  of  the 
first  six  months  after  testing  their  oil  .shipments,  they 
received  a  rebate  of  $2675. 

Testing  of  fuel  oil  for  water  and  impurities  is  com- 
paratively a  simple  matter.  The  operating  engineer  can, 
with  a  little  study,  carrv  on  these  tests  himself  and  thus 
make  himself  more  valuable  to  his  company.     It  must  be 


Fig.  2.    Api'.\i!.\Tr.s  to  Test  Oil  foi;  Bhowx  Sedimen  i 
AND  Water 

is  shown  an  ap])aratus  for  testing  oil  for  h.s.  (brown 
sediment)  and  water.  Each  of  the  four  metal  tuh( - 
shown  in  the  illustration  contains  a  glass  tube  graduate  I 
in  cubic  centimeters.  The  samples  to  be  tested  are  jjlaccd 
in  the  tubes  and  an  equal  por1i(m  of  gasoline  is  added. 
The  rotating  element  is  then  revolved  at  the  proper  .speed 
for  about  L")  niin.  When  the  tubes  are  removed  from 
the  apparatus  there  is  a  well  defined  line  between  b.-.. 
water  and  oil.  in  this  way  the  percentage  of  b.s.  and 
water  in  the  oil  shipment  is  easily  determined.  The  abo\c 
pieces  of  ajoparatus  are  beinjr  used  to  a  considerai)le  ex- 
tent by  operating  engineers  of  oil-burning  plants. 

Specifications  for  the  purcha.«e  of  fuel  oil  become  nn 
rigid  each  year.     Up  to  within  a  few  years  ago  oil  \ 
bought  with  little  or  no  regard  to  the  amount  of  water 
or  other  impurities  it  might  contain.     .V   fuel-oil  agree- 
ment that  called  for  the  necessary  luimber  of  barrels  and 
the  price  per  barjel  was  considered  by  the  purchaser  as' 
being  all  that  could  be  desired.     Below  are  given  the  gen- 
eral specifications  for  the  purchase  of  fuel  oil  as  used  by 
the  government : 

(1)  In  determining  the  award  of  a  contract,  consideration 
will  be  given  to  the  quality  of  the  fuel  offered  by  the 
bidders,  as  well  as  the  price,  and  should  it  appear  to 
be  to  the  best  interest  of  the  government  to  award  a  con- 
tract at  a  higher  price  than  that  named  in  the  lowest  bid  or 
bids  received,   the  contract   will    be  so  awarded. 

(2)  Fuel  oil  should  be  either  a  natural  homogeneous,  or 
a  homogeneous  residual  from  a  natural  oil;  if  the  latter,  all 
constituents  having  a  low  flash  point  should  have  been  re- 
moved by  distillation:  it  should  not  be  composed  of  a  light 
oil  and  a  heavy  residue  mixed  in  such  proportions  as  to  give 
the  density   desired. 
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(3)  It  should  not  have  been  distilled  at  a  temperature 
hiKh  enough  to  burn  it,  nor  at  a  temperature  so  hiKh  that 
flecks  of   carbonaceous   matter   bi'sin   to   separate. 

(4)  It  should  not  flash  below  80  des-  C.  or  140  deK.  P..  in 
a    closed    Abel-Pensky    or    Pensky-Martins    tester. 

(5)  The  specific  gravity  should  lange  from  0.85  to  0.96 
at  15  deg.  C.  or  59  deg.  F. ;  the  oil  should  be  rejected  if  its 
specific  gravity   is  above  0.97   at   that   temperature. 

(6)  It  should  be  mobile,  free  from  solid  or  semi-solid 
bodies,  and  should  flow  readily,  at  ordinary  atmospheric  tem- 
peratures and  under  a  head  of  1  ft.  of  oil,  through  a  4-in. 
pipe   10   ft.   in   length. 

(7)  It  should  not  congeal  nor  become  too  sluggish  to 
flow  at  0  deg.   C.   or   32   deg.    F. 

(8)  It  should  have  a  calorific  value  of  not  less  than  10,- 
000  calories  per  gram  (18,000  B.t.u.  per  lb.);  10,250  calories  to 
be  standard.  A  bonus  is  to  be  paid  or  a  penalty  deducted  ac- 
cording to  the  method  under  section  21,  as  the  fuel  oil  de- 
livered   is   above   or   below   the   standard. 

(9)  It  should  be  rejected  if  it  contains  more  than  2  per 
cent,    water. 

(10)  It  should  be  rejected  if  it  contains  more  than  1  per 
cent,  sulphur. 

(11)  It  should  not  contain  more  Ihan  a  trace  of  sand,  clay 
or  dirt. 

(12)  Each  bidder  must  submit  an  accurate  statement  re- 
garding the  fuel  he  pioposes  to  furnish.  This  statement 
must    show: 

(a)  The  commercial  name  of  the  (Ml. 

(b)  The  name  or  designation  of  the  field  from  whiclt  the 
oil   is   obtained. 

(c)  Whether  the  oil  is  a  crude  oil,  :i  refinery  residue,  or  a 
distillate. 

(d)  The  name  and  location  nf  the  refinery,  if  the  oil  ha.s 
been  refined  at  all. 

(13)  The  fuel  oil  is  to  be  delivered  f.o.b.  cars  or  vessels, 
according  to  the  manner  of  shipment,  at  such  places,  at  such 
time,  and  in  such  quantities  as  may  be  required,  during  the 
fiscal    year   ending 

(14)  Should  the  contractor,  for  any  reason,  fail  to  com- 
ply with  a  written  order  to  make  delivery,  the  Government  is 
to  be  at  liberty  to  buy  oil  in  the  open  market  and  charge 
against  the  contractor  any  excess  of  price,  above  the  contract 
price,  of  the  fuel  oil  so  purchased. 

(19)  A  contract  entered  under  the  terms  of  these  speci- 
fications shall  not  be  binding  if,  as  the  result  of  a  practical 
service  test  of  reasonable  duration,  the  fuel  oil  fails  to  give 
satisfactory  results. 

(20)  It  is  understood  that  the  fuel  oil  delivered  during 
the  term  of  the  contract  shall  be  of  the  quality  specified.  The 
frequent  or  continued  failure  of  the  contractor  to  deliver  oil 
of  the  specified  quality  will  be  considered  sufficient  cause  for 
the   cancellation   of  the  contract. 

(21)  Payment  for  deliveries  will  be  made  on  the  basis  of 
the  price  named  in  the  proposal  for  the  fuel  oil  corrected  for 
variations  in  heat  value,  as  shown  by  analysis,  above  or  be- 
low the  standard  fixed  by  the  contractor.  This  correction  is  a 
pro  rata  one  and  the  price  is  to  be  determined  by  the  follow- 
ing formula: 

delivered  calories  per  gram  (or  B.t.u.  per  lb.)  X  contract  prire 
standard  calories  per  gram  (or  B.t.u.  per  lb.) 
Water  that  accumulates  in  the  receiving  tank  will  be 
drawn  off  and  measured  periodically.  Proper  reduction  will 
be  made  by  subtracting  the  weight  of  the  water  from  the 
weight   of   the   oil   deliveries. 

Tlie  specifications  given  above  ])rovi(le  for  the  purcliase 
of  fuel  oil  by  weight.  As  sucli  oil  is  frequently  delivered 
l)y  volume,  it  is  important  to  note  the  temperature  of  a 
delivery  and  to  allow  for  the  ex])ansion  due  to  tliis  tem- 
pt^rature  when  computing  the  weight  of  the  delivery  from 
the  volume.  From  the  volume  of  the  oil  at  the  tempera- 
tun  of  delivery,  the  volume  at  standard  temperature,  15 
deg.  C.  or  59  deg.  F.,  should  he  computed  in  the  manner 
given  below. 

The  coefTicient  of  expansion  of  ordinary  fuel-oil  residue, 
of  asphaltic  base,  is  approx'imately  0.0006  per  1  dog.  C. 

PTence,  if  the  tcm|)oraturc  op  the  delivery  is  above  15 
deg.  C,  then 

(N  deq.  C.  -^  15  (Ivg.  C .)   X  0.0006  =  Correction 
This  correction  is  to  he  added   to  the  specific  gravity  at 
the  bisiher  temperature  to  giv(>  the  standard  s]K'cific  grav- 
itv  at  15  deg.  C. 
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If  the  temperature  of  the  oil  delivered  is  below  15  deg. 
('.,  the  corrtH'tioii  is  to  be  subtracted  from  the  specific 
gravity  at  15  deg.  ('. 

Since  a  gallon  of  water  at  a  temperature  of  15  deg.  C. 
weighs  8.;5;<]()  lb.,  the  weight  in  pounds  of  a  gallon  of 
oil  at  15  deg.  ('.  is  8.;5;510  times  the  .specific  gravity  of 
the  oil  at  that  temperature. 

Similarily,  since  a  cuhic  foot  of  water  at  15  deg.  C. 
weighs  62.3  1'35  lb.,  the  weight  in  pounds  of  a  cubic  foot 
of  oil  at  15  deg.  C.  is  62. 3435  times  its  specific  gravity 
at  that  temperature. 

Following  are  given  the  principal  items  From  a  fuel-oil 
agreement  in  force  lictween  a  railroad  company  and  a 
lai'ge  oil  company,  both  of  whom  are  operating  in  the 
Southwest : 

(1)  Oil  to  be  crude  petroleum  in  its  crude  or  natural 
state,  or  the  product  of  crude  petroleum,  distilled  or  re- 
duced. 

(2)  Gravity  of  oil  to  be  between  IS  and  26  deg.  Baume  at 
60   deg.    F. 

(3)  Oil  must  not  contain  ,.ater,  sand  or  other  foreign 
matter   in   excess   of   2   per    cent. 

(4)  Oil  to  be  paid  for  on  the  basis  of  volume  at  60  deg. 
F.  after  deducting  the  percentage  of  water  and  foreign 
matter   as    may   be   shown    by   test   outlined    below. 

(5)  Samples  for  testing  to  be  taken  by  means  of  a  ear 
thief  from  each  car  load,  or  fraction  thereof.  Oil  thus  ob- 
tained to  be  tested  for  brown  sediment,  sand  and  water.  The 
percentage  of  brown  sediment,  sand  and  water  will  be  de- 
termined   by   the   gasoline   test. 

(6)  Should  the  oil  tested  contain  in  excess  of  the  specified 
amount  of  water  and  other  impurities,  the  shipment  repre- 
sented by  it  will  not  be  accepted,  but  will  be  returned  to  the 
owners,  who  shall  be  responsible  for  the  freight  charges, 
both  ways,   on  the  rejected  shipment. 

To  show  tlie  different  contracts  wliich  are  in  use  for 
the  purchase  of  fuel  oil  tlie  agreement  now  in  force  be- 
tween the  water-works  of  the  city  of  I'hoeiii.x  and  one  of 
the  largest  oil  comjiaiiies  o])erating  in  ( 'alilnriii;!  is  given 
in  the  following.  It  is  a  1y)ii(al  cxaiiiplr  nl'  thr  type  of 
contract  a  great  many  ])lants  are  working  under: 

This  agreement,  made  in  duplicate  this  eleventh  (11th) 
day  of  January,  1910,  between  Union  Oil  Company  of  Cali- 
fornia, a  corporation,  party  of  the  first  part,  and  the  Common 
Council  of  the  City  of  Phoenix',  Arizona,  hereinafter  called  the 
party    of    the    second    part. 

AVitnessed,  that  in  consideration  of  the  mutual  covenants 
hereinafter  contained,  the  party  of  the  first  part  agrees  to 
sell  and  deliver,  and  the  party  of  the  second  part  agrees  to 
use  oil  as  fuel  at  Phoenix,  Arizona,  and  to  purchase,  take  and 
receive  from  said  party  of  the  first  part  all  the  fuel  oil  that 
said  party  of  the  second  may  require  for  its  own  consumption 
at  the  place,  during  the  time  and  at  the  price  or  prices  herein- 
after mentioned,  to-wit: 

Quantity:  The  party  of  the  first  part  shall  not  be  com- 
pelled to  deliver  to  the  party  of  the  second  part,  during  the 
term  of  this  agreement,  more  than  one  thousand  barrels  of 
forty-two  (42)  gallons  each  in  any  one  calendar  month,  but 
the  party  of  the  second  part  agrees  not  to  buy  any  fuel  oil 
from  any  other  person,  firm  or  corporation  other  than  the 
party  of  the  first  part,  so  long  as  the  party  of  the  first  part 
is  ready,  willing  and  able  to  supply  all  the  fuel  oil  require- 
ments of  said  party  of  the  second  part,  on  the  terms  herein 
specified. 

Quality:  Said  fuel  oil  shall  not  be  heavier  than  fourteen 
degrees  Baumf  at  60  deg.  F.  If  said  oil  shall  contain  water 
and  sand  in  excess  of  one  per  cent.,  as  shown  by  the  gasoline 
test,  then  said  party  of  the  second  part  shall  be  entitled  to 
such  excess  at  the  price  herein  mentioned,  provided  claim 
therefor   is    made   within    ten   days    after    delivery    thereof. 

Point  of  delivery:  Said  fuel  oil  shall  be  delivered  at 
Phoenix,    Arizona. 

Said  party  of  the  second  part  agrees  to  give  ten  days' 
notice  of  its  said  requirements,  and  to  provide  suitable  and 
sufficient   tanks   to   promptly   receive  and   store   said   oil. 

Price:  The  price  or  prices  to  be  paid  for  said  fuel  oil 
per  barrel  of  forty-two  (42)  gallons  each,  shall  be  as  follows: 
One  dollar  and  sixty-five  cents  per  barrel  ($1.65);  based  on 
present  freight  rates  of  $6  per  ton.  If  freight  rates  should 
increase    or    decrease    during    the    life    of    this    contract,    then 
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Nurli  liii'i'caMo  cii-  tltn'i'oniii'  (if  rrvlKht  Hhiill  bo  iidilcil  im  mi 
<li->lui'l>'<l  fi'oiii  till-  iilioVi'  prU'i'  i>r  nil  pi'r  Iiiii'ikI  <Ii-IIvim  iiI  iih 
li<'ii'liihi-r»ir    it|>i-i'lt)<->l. 

TInn'H  i>f  riiynu'iil  :  All  iU>IIVfiU<H  hi-ri'inKli-r  In  uny  ••iili-ii- 
ilur  iitmith  Himll  In-  nrttli'd  itiiil  imlil  tm-  In  Unltcil  Htuti'H  k<>I<I 
I'oln,  lit  Itx-  iii'Irf  III'  pi'li'i'M  iifiM'i'milil,  nut  liitrr  lliiin  tlx' 
tenth  (liiy  of  llu-  nt-xt  HiicftM-dlnK  iiicmth.  Dcriiult  In  iiny 
piiyiiii'nt  for  a  lu-rUxl  nf  ton  iliiyH  hIiiiII  Jiixtlfy  tin-  ciim-i'lla- 
tliin  (>r  thiH  I'ontract.  Iitil  If  nald  coiitriiit  Ih  not  caiin-lcd 
llnT<-f«)i-,  nnil  xvhlli'  mirh  di'llmiiKMicy  i-untlniK-N,  tin-  parly  of 
thi'  fIrHl   part   may   ri'iiulrc   payini'iit   on   all   dollvrrli-H  iniuliv 

l.ialilllty:  It  Ih  furtliiM'  nuitiially  iiKrocd  that  nolthrr  of 
lh<'  tuirtlcH  hiM'i-to  Hhall  lie  llabU*  for  any  dclayH  ur  daniaKi'H 
oi'i'iiHloni'd  l)y.  or  nrlxInK  from  atrlkcH.  or  other  laboi'  dlH- 
tiii'bani-i'H,  carthquakt-M,  tlrr,  action  of  thr  clcmi'Mls.  war,  In- 
Kurrt'ctlon.  riot  or  rebellion,  or  Inti-rfcreni'e  by  civil  authori- 
ties; and  the  party  of  the  tlrHt  Ih  not  to  be  liable  In  the  .vent 
of  falhiro  of  railroad,  or  other  I  ranHportatlon.  not  contrcdled 
by  It,  nor  In  the  event  of  itn  Inabllllv  to  procure  tank  carH 
from  the  railroad  company  for  niiiklnn  deliveries  here- 
under. 

Should  party  of  the  second  part  sell  or  illspose  of  Its  plant 
oi  should  the  same  cease  to  be  operated  for  a  i>eriod  of  ninety 
days  continuously,  the  party  of  the  tlrst  part  shall  have  the 
rig;ht  to  cancel  this  contract,  by  j^ivinn  said  second  party 
written  notice  of  Its  election  so  to  do 


Construotion  work  on  I  he  nuiuorous  larpo  wooden 
buildings  for  the  Panama- 1 'at:  lie  International  lv\]M).>;i- 
tio!)  at  San  Franciseo  is  making  rapid  progress.  Anioiig 
tlie  principal  buildings  already  erected  are  the  I'alace  of 
I^Iachinery,  covering  three  acres,  the  Fire  House,  the 
Education  Building,  the  passenger  station,  and  ware- 
houses, ferry  sli])s  and  ml  houses.  The  framework  has 
been  started  for  the  huiidiiigs  for  Mines  and  Metallurgy, 
Various  Industries,  Manufactures,  Liberal  Arts,  Food 
Products  and  Agriculture. 

Thirty-five  state-;  and  territories  and  certain  of  the 
foreign  governments  have  announced  their  intentions  to 
secure  space;  177  congresses  and  conventions  have  been 
arranged  to  meet  in  San  Francisco  during  the  fair,  and 
an  attendance  of  from  10,000,000  to  18,000,000  is  antici- 
pated for  the  exposition.  It  is  said  that  neither  Germany 
nor  England  will  take  exhibit  space. 

The  cost  of  the  exposition  is  estimated  at  $80,000,000, 
of  which  the  state  of  California  and  the  city  of  San  Fran- 
cisco will  each  pay  $5,000,000,  San  Francisco  subscribes 
$7,500,000  and  individual  exhiintors  $'^5,000,000. 


This  flow-regulating  vahe,  illustrated  herewith,  is  used 
on  tlie  low-pressure  steam  supply  to  mixed-pressure  tur- 
bines which  operate  on  an  intermittent  supply  of  exhaust 
steam  from  engines,  ])umps,  etc.,  and  partially  on  high- 
pressure  steam  through  a  separate  valve  when  the  low- 
pressure  supply  is  cut  ofl'.  The  function  of  this  valve  is 
to  maintain  a  .steady  pressure  to  the  turbine  of  16  to  17 
lb.  absolute  and  to  close  when  the  pressure  drops  below 
15  lb.  absolute,  due  to  the  insufficient  supply  of  exhaust 
steam  from  the  engines.  The  object  is  to  prevent  the  loss 
of  vacuum  and  consequently  reduced  efficiency  of  the 
turbine. 

This  valve,  which  is  manufactured  by  the  Schutte  & 
Koerting  Co.,  Twelfth  and  Thompson  Sts.,  Philadelphia, 
Penn.,  as  the  section  shows,  is  of  the  double-seat  type, 


globe  body,  with  ii  water  cluiiiibcr  below  wliicli  is  in  coiii- 
miiniealion  with  llic  inlet  side  of  llic  body,  lit  the  boltoiii 
of  wliicli  is  »  large  rubber  diajihragni,  eonstiintly  siib- 
iiierged  iiiid  thus  protected  against  (he  beat  of  the  steam, 
'i'his  dinpliiagtii  is  coiiin'ctcd  to  the  valve  spindle  by 
iiieiiiis  of  multiplying  levers  so  thai  the  motion  of  the  dia- 
phragm is  relatively  small  as  c<impared  with  the  move- 
ment of  till'  valv<'  disks.  .\  dashpot  is  (itied  below  the 
dia|iliragm  to  absori)  sudden  shocks  and  in  the  bottom 
cover  of  this  a  .«cri'W  spindle  with  bandwheel  is  placed, 
by  means  of  which  the  disks  can  be  forced  to  the  wiat  for 
closing  the  valve.  The  spindle  passes  through  a  stultiiig- 
box  in  the  u|)per  cover  above  whicii  it  altai'lies  to  the  hal- 
ancJiig  levers  littcfl  with  adjustable  weights. 


Section  through  Flow-Regulating  Valve 

The  adjustment  is  such  that  any  increase  in  pressure 
over  zero  gage  will  open  the  valve  and  any  reduction  in 
pressure  below  zero  will  close  it.  A  hydraulic  clt)sing 
cylinder  can  be  fitted  at  the  top  when  .so  desired  for  clos- 
ing the  valve  from  a  distance  by  means  of  pressure  water, 
controlled  by  a  three-way  cock.  This  valve  can  only  be 
built  in  the  globe  form,  as  shown. 
■M 

To  Develop  .tS.OOO  Hp. — Another  hydro-electric  develop- 
ment planned  on  Cheat  River  in  West  Virginia  is  that 
of  the  West  Virginia  Development  Co.,  This  water 
power  is  at  the  Beaver  Hole  site,  about  13  miles 
from  the  Pennsylvania  state  line,  and  is  estimated  to  de- 
velop about  52,000  hp.  for  use  in  West  Virginia  and  south- 
vv'estern  Pennsylvania  markets.  The  company  has  not  deter- 
mined upon  definite  plans  for  beginning  construction,  but 
proposes  a  dam  about  1200  ft.  long  and  100  ft.  high,  with  the 
power  house  built  in  and  forming  part  of  the  dam. 
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If  the  price  of  eggs  goes  up  to  eight  or  ten  cents  a 
piece,  one  may  go  without  them;  if  your  shoeblack  or 
barber  doubles  the  price  of  his  services,  you  may  shine  and 
shave  yourself.  If  the  electric  company  persists  in  charg- 
ing much  more  for  its  service  than  it  is  considered  worth, 
a  community  may,  in  its  corporate  capacity,  make  the 
current  itself  and  distribute  it  at  cost.  The  best  defense 
on  the  part  of  an  individual  or  of  the  people  collectively 
against  extortion  is  the  ability  to  do  for  themselves. 

But  there  are  some  things  which  the  people  think  they 
cannot  do,  and  under  present  circumstances  probably  can- 
not do,  short  of  an  industrial  revolution,  for  themselves. 
They  will  continue  to  pay  eight  or  ten  dollars  a  ton  for 
coal  that  they  iiscd  to  buy  for  three,  because  a  band  of 
industrial  barons  had  the  ''thrift,  enterprise  and  industry" 
to  acquire  most  of  the  workable  deposits  and  dominate 
the  transportation  and  distribution  of  mined  coal. 

Is  this  process  to  be  repeated  with  the  water  powers? 

With  the  increasing  price  of  fuel,  both  coal  and  oil,  and 
especially  with  the  electrical  development  which  makes 
their  power  transmissible  to  points  of  application  remote 
from  its  source,  the  value  of  water  powers  is  increasing 
by  leaps  and  bounds.  The  increasing  uses  of  power  for 
interurban  trolleys,  farm  work,  outlying  industries,  to  say 
nothing  of  the  growing  urban  demands,  promise  a  rapid 
absorption  of  the  power  available  in  our  rivers  as  it  is 
developed. 

What  are  to  be  the  conditions  of  this  development? 

It  is  desirable  that  they  should  be  developed,  if  the 
people  are  thereby  put  in  the  enjoyment  of  light  and 
power  at  a  decreased  cost.  Otherwise  they  had  better 
remain  in  the  people's  hands  as  an  available  asset  against 
the  time  when  they  are  driven  to  the  conviction  that  they 
can  do  things  on  their  own  account. 

The  water  rights  of  most  of  these  rivers  remaining 
still  in  the  hands  of  the  people  and  cheap  power  being  one 
of  the  most  desirable  and  beneficient  things  that  a  people 
can  have,  it  would  seem  to  be  the  natural  and  logical 
thing  for  the  people  in  their  collective  capacity,  that  is 
the  governm.ent,  which  is  of  the  people,  to  develop  them 
and  to  furnish  electrical  energy  to  themselves  at  cost, 
and  if  this  is  to  be  done  at  cost  it  would  not  seem  to 
matter  materially  whether  the  development  and  adminis- 
tration were  undertaken  by  the  federal  government  or  that 
of  the  state  in  which  the  site  were  located,  except  as  to 
the  control  of  patronage. 

If  the  power  privileges  are  to  be  conceded  to  private 
interests  which  will  undertake  their  development  only 
with  the  obvious  purpose  of  making  money  out  of  it  the 
fact  should  not  be  lost  sight  of  that  the  money  made  will 
come  out  of  the  users  of  the  power ;  and  provision  should 
be  made  that  this  should  not  exceed  a  generous  but  fair 
profit  upon  the  capital  actually  invested.  There  is  no 
.sense  in  giving  a  water  poM'er  away  that  it  may  be  de- 
veloped and  power  from  it  sold  at  a  price  which  will  just 
compete   with   steam-made  power  when   by   the   exercise 


of  a  legitimate  governmental  activity  the  people  can  l)e 
put  into  perpetual  enjoyment  of  that  power  at  the  cost 
of  its  production. 

At  the  recent  conservation  congress,  Gifford  I'iiicliot 
declared  that  concentration  in  water-power  control  had 
doubled  in  ten  years  and  that  the  ten  leading  interests 
today  control  sixty-five  per  cent,  of  all  the  developed 
water  powers  of  the  United  States.  A  warp  is  put  into 
the  argument  that  these  concessions  must  be  given  to  big 
industrial  interests  in  order  that  they  may  be  developed 
at  all  by  the  fact  that  during  the  past  five  years  the  con- 
centration of  control  by  ten  large  financial  groups  has 
increased  seven  times  as  fast  as  the  power  developed  by 
these  groups,  and  for  the  past  two  years  their  control  of 
undeveloped  power  has  increased  twice  as  fast  as  that  de- 
veloped by  them. 

The  states'  rights  issue  over  which  the  congress  split 
seems  to  have  been  injected  by  the  interests  which  prefer 
the  diversified  and  more  manageable  control  of  the  state 
legislatures  to  the  potent  and  unified  policy  and  control 
of  the  central  government. 

Air  ©ff  HimfaMipmUlcDEa 

Much  progress  has  been  made  in  steam-i)oiler  economy, 
especially  along  the  lines  of  automatic  stoker.s,  improved 
grates,  baffling,  distribution  of  boiler  tubes,  circulation 
witiiiu  the  boiler,  flexible  draft  control,  automatic  record* 
ing  apparatus,  water  treatment,  etc.  All  these  have  tended 
to  raise  the  degree  of  efiiciency  attained  in  the  generation 
of  steam. 

In  fact,  practically  every  factor  affecting  the  proper 
handling  of  fuel  has,  with  one  exception,  received  careful 
and  more  or  less  constant  attention.  This  is  the  housing 
of  the  apparatus  which  is  expected  to  absorb  the  heat 
energy  produced  in  the  furnaces.  The  boiler  setting,  the 
mass  of  brickwork  which  surrounds  every  vital  part  of 
the  steam-producing  apparatus,  is  built  with  the  primary 
object  of  confining  the  heat  and  forcing  it  to  come  into 
intimate  contact  with  every  part  of  the  apparatus  capable 
of  heat  absorption.  For  this  reason,  the  settings  are  lined 
M'ith  firebrick  so  that  great  torrents  of  heat-laden  gases 
may  be  forced  through  the  mass  of  tubes.  The  heat  in- 
sulation of  the  firebrick  is  increased  by  an  outer  coat  of 
heat-resisting  common  or  red  brick.  In  short,  consider- 
able effort  is  made  to  keep  all  of  the  heat  energy  within 
the  setting. 

In  most  cases,  however,  but  little  effort  is  made  to  keep 
the  cool  air  of  the  boiler  room  from  entering  the  heat- 
absorbing  apparatus  and  so  reducing  the  amount  of  heat 
available. 

How  many  engineers  know  whether  their  plant  is  run- 
ning at  a  lowered  efficiency,  because  of  the  cooling  effect 
which  air  (drawn  in  through  the  brickwork  and  around 
poorly  hung  clean-out  doors,  etc.)  exerts  upon  the  heat- 
absorbing  surface's? 

ITow  many  are  sui)i)lied  with  the  proper  apparatus  for 
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lariv'ii^  mil  Minplc  Icsts.  lo  snlisfy  tlifinsclvcs  that  I  Ins 
Id.ss  i.x  iniiiiiiniiii  or  ol'  sticli  inii^iiilinlc  llnil  liicv  iniiiiol 
well  iilTonl  lo  let  it  ronliiiiic':' 

'I'hc  nil'  from  the  IioiUt  itioin,  liniwii  into  I  lie  sciiin;; 
of  lioili'is  liy  llu'  jiitioii  of  tlu'  iciiiiccii  lucsMirc  williin 
tliusc  scltjn^'s,  is  roiniiioiilv  lalicil  air  <il'  iiilil .rat ion.  lie 
canst',  as  tlw  iiaiiu'  iiiiiilic-.  il  i>  Lrcnrrally  adiiiillcil 
lliroiiirli  till'  .scttiiiiis  hy  a  i)ro<rss  of  scc|ia;;i'  following;  tlir 
tine  iiitcrslicfs  in  the  liricks.  tlio  joints  ItiMwccn  llic  liricks, 
ami  aroiiml  clcaii-ont  iloors.  and  door  frames,  etc  It  is 
only  tliroii<:h  tests  that  its  i)reseiiee  laii  he  known,  and  it 
is  well  worth  while  to  make  these  tests  from  time  to  time 
as  the  article  on  pajre  7"^  very  forcihiy  shows. 

'I'hc  settin,i;s  must  he  w.-ihlu'd.  r:ri|nriit  Icsl.-  niadc  and, 
when  required,  a  ^eiicia!  ii\crliMiilinii  ^i\cii  liecaiiM'  in 
most  plants  the  settinjis  arc  .siihjccted  t<)  lc'iii|>riiiliiic 
chanties  whuii  are  likely  to  work  havoc  with  the  bc-i  of 
hrickwork.  This  is  especially  true  in  plants  where  much 
hankinij  of  fires  is  essential,  such  as  railway  power  sta- 
tions, dnriiiy:  periods  of  hasc  load.  .\t  the  expiration  <d' 
the  l)a.se-load  periods  and  Just  prci('diii<r  |)oak  loads,  tiic 
hanked  lires  arc  raised  to  full  iiilcii>ily  in  llic  shortest, 
])ossihle  time.  Such  sexcre  clianj^c.<  cause  more  daniafic 
to  *iho  average  setting  than  long  periods  of  running  at 
full  intensity  of  iires  hut  at  an  almost  uniform  tempera- 
ture. 


Boiler  Set&imi^s  am^d  ^fflcleimcy 

To  (>litain  giMid  opciatiui,^  results  the  equipment  must 
he  of  pro])er  design  to  -tart  wiili.  It  would  not  be  rea- 
sonable to  expect  80  per  cent,  cllicieiuy  from  a  l)oiler  unit 
desigmu]  for  anthracite  coal  but  lired  with  bituminous. 
Yet,  it  would  be  astonishing  to  learn  the  number  of  mis- 
fit boiler  installations  that  have  been  and  are  being  placed 
iu  service,  often  <ui  the  recommendation  of  men  who 
should  know  better. 

Much  of  this  misapplication  is  caused  by  human  con- 
servatism, unwillingness  to  change  the  ancient  order  of 
things.  A  company  puts  in  a  boiler  of  a  certain  type 
and  set  in  a  certain  manner,  usually  conventional,  in  its 
Eastern  plant  and  secures  .satisfactory  results.  Later,  it 
establishes  a  Western  branch  and,  often,  the  man  with 
the  buying  autliority,  be  he  the  owaier,  the  consulting  en- 
gineer or  the  operating  engineer,  confidently  orders  equip- 
ment as  nearly  as  ])o.ssible  in  dii]ilication  of  that  in  the 
Eastern  establishment.  The  plant  in  the  East  made  good, 
he  sees  no  reason  why  the  new  one  in  the  West  will  not. 

The  makers  of  ajjparatus  themselves  sometimes  make 
the  similar  mistake  of  recommending  something  that  has 
proved  successful  elsewhere  for  conditions  that  are  not 
at  all  the  same. 

The  designing  of  a  l)oilcr  plant  invohcs  many  factors. 
Laying  out  the  setting  alone  is  a  study  and  almost  each 
installation  is  a  law  unto  itself.  The  character  of  the 
duty  required  ami  the  fuel  to  be  employed  are  the  funda- 
mental consulerations.  These  should  determine  the  kind 
of  grate  and  firing  to  employ — manual  or  mechanical 
stoking.  High  rates  of  driving  and  high  load  factors 
usually  indicate  automatic  stokers.  In  some  localities, 
labor  conditions  and  cost  may  be  important.  The  cost 
of  coal  has  its  influence.  When  the  method  of  stoking 
has  been  selected  the  type  of  grate  or  stoker  must  be  de- 
termined upon.     Here,  further  study  is  required,  because 


iiiiiiiciuii>  distinct   types  all  pohse^^  ,'onic  merit,  yet   jirob-  I 
ably  (inl\   one  i-  best  suited  to  the  case  in  hand. 

Next,  u  ill  collie  th(  type  and  <limensi<»iis  <if  the  fiirnad', 
then,  the  gas  passages  and  the  ballliiig.  On  these  poiiitH, 
authorities  that  otherwise  agree,  are  prone  to  (JilTer  great- 
ly. In  many  iiiiarters  the  coiiibusli(»n  arch — so  long  re- 
L'arded  as  the  panacea  for  Ihe  smoke  evil  in  tlie  burning 
of  soft  loal  i'^  now  falling  int<i  fliscredit.  liulest  thought 
indicates  that  the  ilraft  is  the  thing.  .\iid  so,  tliey  are  re- 
diu  ini:  the  -i/e  rif  the  furnace  arch,  and  moving  it  toward 
(he  rear  ot  the  ,-eltiiig.  simplifying  and  amplifying  parts 
of  ihe  gas  channel  and  insisling  that  ade<piate  draft  ca- 
pa<ity  be  ])rovi(ied.  ifesults  have  indicated  that  such 
I  haiiges  are  often  beneficial.  The  change  in  arch  loca- 
tion anil  design,  at  least,  results  in  reduced  cost  of  main- 
Icnaiicc. 

'I'lic  |na<  lice  with  regard  lo  bailies  has  also  .seen  change 
recently.  It  is  still  more  or  less  orthodox  to  compel  the 
gases  to  follow  a  tortuous  path  by  lialHing,  on  the  theory 
tliat  only  great  linear  contact  at  high  speed  is  conducive 
to  economy,  'i'hc  exact  cH'cct  of  velocity  on  the  efficiency 
and  rate  of  heat  t ran>niissioii  is  >lill  far  from  being  well 
iindeisiood.  1 1  would  sccin  that  there  is  one  velocity, 
jirobably  neither  the  hiirliesi  nor  lowest  practicable,  at 
which  efficiency  is  maximum  for  any  given  installation. 
This  velocity  is  probably  difTcrent  for  different  operating 
conditions  and  must  be  obtained  hy  projjcr  baffling  and 
draft  adjustment  fur  the  in<li\idiial  case.  A  standard 
baffle  practice  for  all  ap|)lica1  ions  is  not  conducive  to 
highest  efficiency  from  the  standpoint  of  design. 

Itcginiiing  with  this  issue  of  I'owKi;.  there  will  be  a 
change  in  the  makeup  of  the  pa])er,  in  that  subjects  along 
.-pctial  lines  will  not  be  grou])C(l  under  de])artmental 
headings  as  heretofore.  This  does  not  mean  that  we  in- 
tend to  slight  the  electrical,  gas-power,  refrigerating  and 
heating  and  ventilating  fields,  as  those  of  our  readers 
who  arc  specially  interested  in  these  branches  will  find 
just  as  much  of  this  material  as  formerly.  A  short  time 
ago  the  two  letter  departments  w'ere  consolidated.  Xow 
with  them  will  be  put  all  letters  formerly  found  in  tlie 
various  departments,  and  the  heading  will  be  "Corre- 
spondence." 

Both  of  these  changes  affect  the  arrangement  only. 

The  result  of  the  inspection  of  locomotives  by  the 
Interstate  Commerce  Commission,  instituted  by  the  Act 
of  Congress  of  Feb.  17,  1911,  is  already  apparent  iu  re- 
duced injuries  and  loss  of  life.  In  1!)12  there  were  856 
accidents  resulting  from  failures  of  locomotive  boilers 
and  their  appurtenances,  causing  91  deaths  and  injuring 
1005  persons. 

In  1913  these  items  w^re  reduced  to  S-^o  accidents,  36 
deaths  and  911  injuries.  Of  90,346  locomotives  inspected, 
over  half  (54,522)  were  found  to  be  defective,  and  6690 
were  either  held  out  of  service  or  ordered  changed  and 
strengthened  to  conform  to  the  requirements  of  the  law. 
It  is  difficult  to  understand  the  attitude  of  certain  rail- 
road officials  who  object  to  making  some  of  the  repairs 
and  revisions  called  for,  although  the  defects  are  such  as 
might  cause  serious  accident,  on  the  ground  that  the  law 
does  not  cover  such  defects  and  that  the  commission  was 
exceeding  its  authority  in  pointing  them  out  and  calling 
for  their  correction. 


CorrespoimdleiniC^ 


CoBavess  IBoaHeiP  Mesidls 

A  recent  disastrous  boiler  explosion,  and  several  similar 
accidents,  where  the  eause  of  the  trouble  was  ascribed  to 
so  called  breathing  action  in  the  turn  of  the  flange  of  con- 
vex drum  heads,  point  to  the  necessity  of  greater  care 
in  designing  these  heads.     The  usual  way  of  determining 
the  strength  of  these  heads  is  to  consider  them  part  of  a 
sphere,  according  to  the  formula  : 
^  t  X  T.8. 
\  R  X  F 
i'l   wlmii 

F  =  Allowable  pressure; 
t  =  Thickness  of  plate  in  inches; 

T.S.  =  Tensile    strength    of    material    in    pounds    per 
squai'e  inch  ; 
R  —  Radius  of  curvature ; 
F  =  Factor  of  safety. 

The  different  state  boiler  laws  that  have  made  their  ap- 
pearance of  late  years  stipulate  a  minimum  factor  of 
safety  of  five  to  be  used  in  connection  with  the  foregoing 
formula  for  convex  heads  without  manholes,  wliich  would 
seem  ample,  although  it  is  quite  common  to  find  the  fac- 
tor of  safety  greater  than  five  on  the  heads  at  the  allow- 
able pressure  as  determined  from  the  strength  of  other 
parts  of  the  same  boiler. 

It  would  appear  from  past  behavior  of  these  heads  that 
some  important  factor  in  their  design  has  in  cases  re- 
ceived rather  scant  attention,  and  this  in  the  writer's 
oijinion  is  the  radius  at  which  the  flanges  are  turned  over. 

AVith  some  exceptions,  it  is  practically  an  established 
])ractice  to  bump  the  heads  to  a  radius  equal  to  the  diam- 
eter of  the  drum  on  which  the  heads  are  to  serve.  No 
such  uniformity  of  practice  appears  to  exist  in  regard  to 
the  radius  of  the  turn  of  the  flange.  This  radius  one  may 
(ind  to  range  anywhere  between  the  equivalent  of  five  or 
more  times  the  thickness  of  the  plate  to  almost  nothing, 
or  what  ])ractically  amounts  to  a  sharp  corner. 

It  is  obvious  that  there  ought  to  he  a  reasonably  good 
ratio  for  this  radius  in  relation  to  the  thickness  of  plate 
:ind  the  radius  of  curvature  of  the  heads.  In  analyzing 
the  character  of  the  strains  that  are  to  be  anticipated, 
one  may  expect,  as  is  seen  from  Fig.  1,  that  the  drum 
bead  when  subjected  to  internal  pressure  tends  to  assume 
tiie  shape  of  a  true  half  sphere  as  in  the  dotted  lines, 
which  would  be  the  ideal  form  of  convex  head  and  in 
which  the  strains  due  to  internal  pressure  would  be  uni- 
formly distributed. 

In  reality  the  convex  head  actually  dcu's  flex  outward. 
Fig.  2,  though  to  a  very  small  extent.  The  part  that  has 
to  bear  the  brunt  of  this  flexing  is  the  heel  of  the  flange. 
It  follows  that  the  smaller  the  radius  at  which  the  heel 
of  the  flange  is  turned  over,  the  more  localized  will  be 
the  strains  at  one  point  (Fig.  2),  and  the  construction 
becomes  inferior  to  that  of  a  well  braced  flat  head.  The 
result  is,  that  after  a  long  y)eriod  of  repeated  straining 
and  subsequent  relaxing,  the  metal  begins  to  crack. 


Corrosion  will  naturally  be  most  active  on  the  clean 
metal  thus  ex])osed  in  the  cracks  and  aids  materially  in 
weakening  the  sheet,  which  eventually  may  rupture. 

Thus  it  will  be  seen,  that  the  true  factor  of  safety  on 
this  form  of  head  is  likely  to  be  a  very  uncertain  value, 
if  the  turn  of  the  flange  is  not  a  sufficiently  gradual  one, 
and  a  factor  of  safety  of  five  in  connection  with  the  thick- 
ness of  the  bead  nuiv  not  be  sufficient  to  take  care  of 


Fig.  1  Fig.  2 

Showing  Tendency  of  Head  to  Assume  Spherical 
Shape  and  Section  Where  Cracks  Are  Most 
LiKKLY  TO   Occur 

structural  weakness  due  to  too  sharp  a  turn  of  the  flange. 

The  establishing  of  a  minimum  radius,  say,  of  not  less 
than  five  times  the  thickness  of  plate,  undoubtedly  would 
prove  of  benefit  in  the  prevention  of  explosions. 

Hartford,  Conn.  H.  J.  Vander  Eb. 

I  The  contention  that  the  weak  point  is  the  turn  of  the 
flange,  is  borne  out  by  the  diagram  of  the  stresses  in  a 
boiler  drum,  on  page  50. — Editor.] 


In  considering  the  strength  of  a  thin  hollow  sphere, 
to  resist  internal  pressure,  the  simplest  method  is  to 
divide  the  vessel  into  two  equal  parts,  or  hemispheres. 
Bearing  in  mind  the  laws  relating  to  thin  hollow  cylin- 
ders, consider  the  ends  to  be  truly  spherical.  By  such 
procedure  we  find  the  unit  stress  on  such  ends,  heads  or 
hemispheres,  to  be  one-half  that  on  a  longitudinal  seam  of 
the  cylinder.  Hence,  in  calculating  the  allowable  pres- 
sure.A'  the  radius  is  taken  at  one-half  that  of  the  cylinder. 
On  this  basis  there  are  two  formulas;  one  to  determine 
the  allowable  pressure,  and  the  other  to  find  the  required 
thickness  for  a  given  ])ressure;  these  are  as  follows: 

Px  nx  F 


t  = 


p  = 


T.8.  X  E 
T.S.  XtXE 


R  X  F 

where  11  equals  one-half  the  radius  of  the  sphere;  i,  the 
thickness  of  the  plate;  T.S.,  the  tensile  strength  in 
pounds  per  square  inch  ;  /'',  the  factor  of  safety,  usually 
5;  and  E,  the  efficiency  of  the  riveted  seam. 

Such  rules  are  used  in  practice  for  spherical  vessels, 
notably  in  straw-board  mills,  which  arc  often  built  up  to 
14  ft.  in  diameter. 


A|»|)lvmL;  till'  f(>r«'i;(iiii},'  Id  cdini'V  Ih-ihIs.  fur  slciim 
lioilt'is,  the  rules  ilcclaiv  llic  liciul  slinilld  lie  liiilM|inl  or 
<'(iiiv('\r(l  to  M  niiliiis  ctiniil  to  llir  iliaiiictcr  of  thr  dniiii 
or  cyliiulcr  of  wliuli  it  forms  nii  iml.  At  |irc.>-ciil  tlir 
rules  perlaiiiiii^'  to  swell  iieiiils  are  those  of  llie  [' .  S. 
<Jo\i'riiiiuMit.  and  the  slates  of  Miissaehiisetts  and  Oliiu. 
My  the  ;,'o\ernnienl  rules  where  /'  is  the  pressure  allowetl ; 
A",  one-half  the  railiiis  to  wiiich  the  head  is  eon  vexed  ;  /, 
t!ie  thiekiiess  of  [ilate  and  >'.  oiie-lillli  the  tensile  si  reii.i,'tli. 
/  X  > 
// 


/• 


'i'he  Ma>s;u  liusetis  rule  ii>iii^  the  ^aine  (onslanls,  e\repl 
lakiii'T  '/'.>'.  at  full  value  ami  iisiii^^  an  a|iparcnl  fartor 
of  sjifety  of  .">,  is  as  follows: 

^  A'  X  r^x  r 

7'.,v. 

iiv  llie  fui'iner  llie  insiicc  lor  liniis  llic  allowaMc  ]M'es- 
i^ri,  and  hy  the  latti'r  the  desij^ner  is  presumed  to  liml 
the  tliiekness  required.  In  each  the  factor  of  safety  is  |ire- 
suined  to  he  tivo.  ('oinparini;  these  with  the  rules  i)er- 
taiiiiiiij:  to  a  sphere,  it  is  noted  that  no  \alue,  other  than 
eontained  in  the  factor  of  safety,  is  taken  as  res])eets  the 
ellieieiuy  of  the  seam  for  the  iuad.  Indeed,  were  the 
seam  douhlo-riveted  no  more  ]iressure  wcnild  lie  allowed, 
althouiiii  the  strenjith  of  the  seam  would  lie  f^reatly  in- 
creased. Inasmuch  as  these  rules  are  based  on  the  laws 
of  spheres,  liiere  exists  no  yood  reason  why  the  enicieiuy 
of  tlie  seam  should  not  have  heen  considered  in  formulat- 
ing ways  to  determine  J'  and  /  ,ju.>i  as  in  sjilierical  rotary 
vesh'cls. 

But,  as  a  matter  of  fact,  convex  iieads  are  sjiherical 
only  at  (cr^iin  points,  and  therefore  such  rules  are  far 
fiom  lorrect.  In  practice  tlie  head  must  diverge  from 
spherical  form  where  it  l)ends  to  enter  the  cylinder,  at  the 
lioint.  termed  in  ])ractice.  the  heel  of  the  flange,  and  this 
point  i<  from  ;5  to  (i  in.  from  the  center  of  the  rivets. 
In  the  sphere  the  laws  depend  upon  the  vessel  being 
truly  splierical,  and  m  the  cylinder  as  being  truly  cylin- 
drical, so  also  as  regards  convex  heads,  if  we  arc  seeking 
exactness.  It  is  contended  by  some  that  flexure  or  bend- 
in"?  action  occurs  with  variations  of  pressure  in  the  cir- 
cular zone  at  or  r.ear  tiie  lieel  of  the  llange  where  the 
siiherieal  lines  terminate.  Certainly,  it  is  an  error  to 
assume  that  .  this'  section  is  spherical  and  governed  by 
the  laws  of  a  sphere  as  respects  internal  pressure. 

h  is  liiore  than  a  mere  coincidence  that  two  recent  ex- 
plosions are  on  record  wiierein  the  initial  ruptures  oc- 
curred by  failures  of  convex  heads  in  the  zone  referred 
to.  Tn  the  first  ease  a  Climax  boiler  exploded  in  Brook- 
lyn a  few  yoars  ago.  The  dimensions  as  respects  the  shell. 
head  and  pressure  were  as  follows:  Diameter  of  .shell, 
48  in.;  steam  pressure,  150  lb.  (adding  10  lb.  for  water 
head  =  160  lb.)  :  original  thickness  of  bottom  head,  %  in. 
The  externa]  side  of  the  head  was  badly  wa-sted  away  and 
the  thickness  at  tlie  point  of  fracture  was  about  0.33  in. 
The  diameter  of  opening  was  about  41  in.  In  the  second 
instance  a  Wickes  vertical  boiler  on  Staten  Island  ex- 
T)loned  bv  reason  of  a  circular  section  of  the  bottom  con- 
vex head  failing,  tearing  out  a  section  of  about  80  in. 
diameter;  see  Powek,  Nov.  4,  for  details.^ The  data  of 
the  latter  are  as  follows:  Diameter  lower  drum.  90  in.; 
pressure  carried,  150  lb.  (adding  10  lb.  for  water  head  = 
160  lb.  total).  In  this  case  internal  corrosion  had  wasted 
away  the  plate  to  some  extent.    In  the  main,  the  thickness 


va-.  rerliKcd  to  i",,  in.,  mid.  at  one  KrTtion  of  fracture,  : 
ahniil  '/^  111.  This  WMK  riiensiircrl  oidy  hI  llie  ring  reman 
iiig  of  Hie  head  liial  raile<l.  the  other  scrlion  not  bein 
Mvail.'ible.  Several  expcrln,  however,  coincide  in  llie  irieii 
iiremeiits  being  apjirovitiiHli'ly  correct   in  each  case. 

It   is  worth  while  to  coiii|)are  the  data  siiliiiiitted  with 
the   existing    rules,   or.    rather,    laws,    for   convex    head 
Tnking   the  Climax   boiler   with   /    -=    0.33   in.,  we  iiH\' 
using  (10,000-11).  T.S. 
0.333  X  12,000 


:.'! 


=   |(i(i  ///.  (illini'iililr  jiresKure 


and   uilh  the  W'lekes  head,  ami  same  teiiKile  strength 

0.5  X  ia,o(){) 


45 


=  133  Ih. 


'.'hi  a|)|iarcnt  factor  id'  safety  in  each  is  5;  hciic*',  the  t;al- 
(iilaled  bursting  pressure  Kiti  X  5  —  H30  lb.  with  the 
Climax,  and  with  the  Wickes,  133  X  5  =  665  lb.,  where- 
as the  Iieads  failed  at,  or  very  nearly,  the  pressures  stated 
abo\('.  I']\idenlly  the  metal,  evt-ri  at  the  reduced  thick- 
ness was  in  a  weakened  condition  or  small  annular  erai  i 
were  pre,sent  as  a  result  of  the  continued  flexure.  It  s<'eii 
therefore  the.se  two  explosions  grapiiically  show  the  true 
bur.sting  })ressure  of  such  heads,  and  that  the  factor  of 
safety  as  given  in  the  rules  is  a  dangerous  fallacy. 

In  the  case  of  the  Wickes  boiler,  it  is  evident  llie  de- 
•^iiiiier  was  strictly  within  the  V.  S.  (iovernment  rules, 
for,  with  %-in.  head,  60.000-1  b.  tensile  strength  and  a 
diameter  of  90  in.,  we  have 

0.75  X  I'-i  000 

— —  — —  =  200  III.  (illdirdhh  pressure 

One  would  inquire,  however,  if  %  in.  is  ample  for  a 
90-in.  head  for  200  lb.;  also,  why  the  builders  of  the 
Climax  boiler  used  the  same  thickness  for  a  48-in.  head 
without  a  manhead.  According  to  the  rule,  it  would 
havt  been  safe  with  an  apparent  factor  of  safety  of  5. 
using  60.000-11).  tensile  strength  and  200  lb.  pre.ssure,  as 
follow^ : 

24  X  5  X  200       ,    ,    .     , 

—00,000  -   =  "-^  ""-^' 

or  lut  little  more  than  the  tliieknes.-.  at  the  point  of 
rui)ture. 

Comparing  the  pressure  allowable  by  the  rules  with  the 
actual  bursting  pressures,  it  appears  the  real  factor  of 
safely  is  far  })e]oW'  what  it  should  be. 

Digressing  to  inquire  fiutlui  eomerning  these  explo- 
sions it  has  been  said  that  water-hammer  may  have  been 
the  cause ;  that,  owing  to  the  vertical  design,  were  the 
water  lifted,  and  then,  in  return,  projected  violently  on 
the  bottom  head  this  would  have  caused  or  accounted  for 
the  explosions.  With  regard  to  this  feature,  so  far  as  could 
be  learned  from  all  available  sources,  the  boilers  were  in 
actual  service  for  some  time  jirior  to  the  explosions  and 
hence  the  conjecture  was  not  borne  out  nor  proved.  That 
convex  heads  in  vertical  boilers  would  be  peculiarly  weak 
in  this  respect  is  true,  and  it  follows  that  this  feature 
should  be  considered  in  designing  such  boilers.  The  4S- 
in.  shell,  with  -^/pin.  head,  is  conceded  to  have  met  such 
requirements,  but,  unfortunately,  neglected  to  provide 
facilities  for  examination  of  the  head  on  the  outside,  and 
this  inaccessible  .section  wasted  and  rotted  away.  In  re- 
gard to  the  Wickes  head,  it  has  been  said  the  initial 
rupture  took  place  at  the  point  of  fracture  where  corro- 
sion was  greatest  and  then  tore  completely  around  the 


January  13,  1!)14 


r  0  W  E  R 


61 


'circle,  cliarjiinj^'  tlic  fiiilurc  to  the  thin  section  alone.  In 
'the  writer's  opinion  this  would  Jiot  have  l)een  the  ease 
for,  with  merely  local  weakness  at  one  point,  and  open- 
ing by  reason  of  sheer  weakness,  would  have  been  similar 
■exactly  to  the  rupture  of  a  i)a^-  on  the  (ire-sheet  of  a  hori- 
zontal tubular  boiler,  and,  Iumhc,  would  not  have  ex- 
tended in  a  circular  manner  for  a  dislaucc  of  ai)oiit  "<!•■)() 
in.  unless  the  metal  was  already  greatly  weakened  by 
flexure.  Of  course-,  in  this  bead,  braces  were  attached 
for  the  j)ur|)ose  of  assistin,<;'  the  tubes  in  supporting  the 
flat  tube  sheet,  as  the  central  tubes  in  Ibis  type  of  boiler 
are  m  eonipression,  and  the  ones  nearest  the  flange  in  ten- 
sion. The.s(>  braces  had  given  trouble;  one  was  broken  at 
the  heel.  The  writer  did  not,  however,  consider  the  braces 
as  a  direct  cause  for,  evidently,  such  was  not  the  case. 
That  corrosion  was  a  contributory  cause  is,  of  course,  true 
in  each  instance. 

Returning  to  the  question  of  the  laws  i)ertaining  to 
<?OD\ex  heads  it  is  well  known  that  most  builders  using 
<'onvex  heads  in  drums  provide  much  heavier  ones  than 
required  by  the  laws,  as,  indeed,  was  the  case  in  the  Cli- 
max boiler.  The  rule  used  by  such  builders  may  be  based 
on  experiments  made  on  such  heads,  or  may  be  based 
on  good  judgment  gained  in  years  of  actual  practice.  It 
is  to  their  credit  that  they  have  ])rovided  heads  far  heavier 
than  required  by  the  law;  that  they  have  acted  on  con- 
victions to  protect  the  buyer. 

To  deduce  a  better  rule  than  the  present  laws,  it  has 
been  iiecessary  merely  to  measure  what  is  the  best  prac- 
tir'C  of  today,  and  this  is  as  follows: 

Let 

P  =  Steam    pressure    allowable  ; 
/  =  Thickness  of  plate  in  inches; 

T.S.  =  Tensile  strength  (not  more  than  56,000  lb.)  ; 
F=  Factor  of  safety   (8.0  ; 

R  =  One-half  the  radius  to  which  the  head  is  con- 
vexed,  the  radius  to  be  not  less  than  the  diam- 
eter of  the  di'um. 
With  this  data,  and  for  beads  without  manholes,  we  have 
,.       t  X  T.S. 


t 


R  X  8.33 

R  X  8.38  X  P 

T.S. 


The  results  obtained  by  the  proposed  rule  are: 

42  in.  diameter  and  200  lb.  pressure,  t  =  0.62.'S  in. 
48  in.  diameter  and  200  lb.  pressure,  t  =  0.714  in. 
90  in.  diameter  and  200  lb.  pressure,  t  =   1.338  in. 

By  the  F.  S.  Government,  Massachusetts  and  Ohio 
rules  we  have : 

42  in.  diameter  and  200  lb.  pressure,  t  =  0.37.5  in. 
48  in.  diameter  and  200  lb.  pressure,  t  =  0.428G  in. 
90  in.  diameter  and  200  lb.  pressure,  t  =  0.803  in. 

In  the  foreg(Hiig  the  tensile  strength  is  taken  at  5G,000 
11).  for  the  reason  that  mild  steel  with  low  carbon  content 
is  better  material  for  this  purpose  than  higher  carbon 
steel.  Ductility  is  essential  for  long  life  and  is  perhaps 
less  susceptible  to  corrosion. 

The  weakness  of  the  present  laws  as  proved  by  the 
heavier  heads  u.sed,  together  with  evidences  obtained  from 
the  two  explosions,  should  result  in  revising  the  laws  about 
on  the  lines  given  above.  It  is  to  be  noted  that  in  each 
of  these  explosions  seven  lives  were  lost.  ami.  in  addition, 
several  persons  were  injured,  together  with  heavy  prop- 
erty damages.  It  does  not  appear  proper  that  this  be  de- 
ferred pending  further  evidence  in  the  Avay  of  disastrous 
explosions,  that  is,  if  we  arc  really  desirous  of  the  safety 


for  which  ostensibly  steam-boiler  laws  were  created,  rend- 
ing some  action  to  this  end,  may  1  suggest  the  above  be 
carefully  considered  by  the  o])erating  engineer  and  man- 
agei's  of  plants,  for,  possibly,  under  their  care  may  be 
badly  corroded  heads  similar  to  the  ones  that  failcl  in 
the  cases  referred  to. 

T.  T.  l'\iM<i:i;. 
New  York  Citv. 


1  was  once  assigned  the  duty  of  locating  a  dead  ground 
upon  a  ^5J0-volt  lighting  system,  and  while  the  ainmeler 
method  as  outlined  by  "Foster's  Electrical  I-Cngineers' 
iJandbOok"  could  have  been  em])loyed,  a  more  novel 
method  was  resorted  to.  In  the  diagram  one  side  of  the 
circuit  only  is  shown.  A,  .1'.  etc.,  representing  tops  of 
jioles  from  which  service  wires  are  ta])pe(l  from  feeders; 
II  is  the  top  of  a  pole  from  which  the  feeders  change  from 
aerial  to  underground  lead-covered  cable  l)y  way  of  man- 
!iole  C. 

The  main  generator  switch  being  opened,  the  positive 
side  of  a  storage  battery,  the  leads  of  which  were  avail- 


Feeder  Left- 


Feeder  Righi 
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Location  of  Poles  and  Feeders 

able  at  various  ])oints  of  the  system,  was  connected  at  A' ; 
the  negative  side  being  grounded  through  a  bank  of 
lamps. 

As  the  poles  were  stepi)c(l  it  was  an  easy  matter  to  climb 
ihem  and  with  a  compass  determine  which  path  the  cur- 
rent was  taking  to  the  ground,  thence  back  to  the  battery. 
Ascending  the  pole  .1'  and  placing  the  compass  over 
the  feeder  to  the  right,  it  was  not  affected,  but  when 
placed  over  the  feeder  to  the  left  it  was  affected  in  the 
usual  way,  thus  indicating  a  flow  of  current.  Ascending 
the  poles  in  order  it  was  observed  that  the  current  was 
confining  itself  to  the  feeder  as  indicated  by  the  arrow. 
As  manhole  C  was  entered,  th(>  com]iass  was  not  affected 
.«o  strongly  by  any  one  conductor,  but  feebly  by  several 
or  by  their  sheaths.  This  action  led  to  the  belief  that 
the  bad  conductor  to  which  the  positive  side  of  the  battery 
was  connected  was  grounded  between  the  to])  of  the  pole 
and   the  manhole. 

To  verify  this  conclusion,  the  connection  at  A'  was 
changed  to  G  and  ])ole  B  was  climbed  again,  from  which 
it  was  observed  that  no  appreciable  current  flowed  into 
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ni.y  of  111*'  iii-riiil  Icmls.  Maiiliolt-  T  was  npniii  ciittTi'd  ami 
I  I'll"  is  wlicrc  I  was  iioii|iliisscil  for  a  frw  iiiliiiilcs.  In'caiisf 
llic  rompass  poiiitt'd  in  tlio  opposite  iliin  tioii  to  tlril 
wliiili  iiii;,'lit  liavc  liirii  rNpcclcd.  It  suddenly  dawned 
upon  IMC  iIkiI  llie  lead  niiglit  lie  jiroiiiided  to  its  i>\mi 
slieatli.  and  iii  siicli  a  case,  it  liavinff  lieen  decided  that  llie 
lead  was  j;rounded  lietwet-n  the  manhole  and  the  to|»  of 
the  ptde.  nearly  all  of  the  current  would  return  through 
the  sheath.  Since  the  conductor  was  concentric,  we  should 
expect  the  two  lields  to  neutralize  each  other  heyond  the 
detection  <if  a  comjiass  of  the  ixx-ket  variety.  Uiit  in 
this  rii>e  I  he  Held  set  Up  hy  the  current  returning,'  tiirouj,'h 
the  lead  sluath  iniluenced  the  conii)ass,  hut,  of  course, 
tpiilc  leehly  as  (oin|iared  with  its  unneutraiized  elTect. 

When  starting  out  to  locate  the  <;round  I  had  expected 
that  the  dead  firound  was  the  outgrowth  of  some  incijiient 
tault  in  the  old  work,  .•<omc  new  extensions  to  the  system 
nearing  lomplelion  not  lieing  in  the  least  sus])ected.  Hut 
it  proved,  however,  that  the  fault  was  in  the  new  cahle 
where  it  had  Iven  spliced  onto  the  aerial  line.  The  lead 
sheath  had  not  hei-n  stripped  hack  far  enough  and  where 
the  underground  cahle  was  soldered  to  the  ai'rial  cahle 
the  solder  had  run  and  connected  solidly  from  (opper  to 
sheath. 

Amos  .1.  ('.\iiit. 

Cape  Cottage.   Maini'. 

Sometime  ago  I  went  to  work  in  a  factory  as  night  en- 
gineer. As  the  ehief  showed  me  around  he  mentioned, 
among  other  things,  that  there  was  only  one  feed  ])ump 
availat)le,  the  other  one,  a  single,  double-acting  pump, 
having  been  out  of  service  for  the  last  two  years  and  vvas 
coiisidered  beyond  repair,  but  would  be  replaced  by  a  new 
one  ill  the  near  future. 

As  luck  would  have  it,  the  good  pump  broke  down  in 
the  early  part  of  the  night.  Taking  the  chief's  word 
that  the  other  ]nimp  was  beyond  repair,  I  told  the  fore- 
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Detail  crt-X.  Enlarged 

How  THE  Wedge  Was  Applied 

man  that  we  would  have  to  shut  down.  He  said  that  if 
we  did,  it  would  mean  a  big  loss  to  the  company. 

I  then  decided  to  try  the  old  pump.  It  refused  to  go 
more  than  one  stroke.  There  was  the  possibility,  however, 
of  keeping  ii  going  if  somebody  stood  by  and  worked  the 
rocking  lever. 

I  made  several  adjustments  to  the  rocker  connection 
and  found  that  the  only  trouble  was  that  during  years  of 
operation  the  rocker  roller  wore  down  in  the  diameter  to 
such  an  extent  that  it  could  not  lift  tlie  rocker  at  both 
ends. 

1  made  a  (piick,  emergency  repair  m  a  couple  of  min- 
utes bv  whittling  a  piece  of  wood  wedge  shape,  the  thick- 


e«|  end  being  about  Vh  in.,  nnd  tied  it  with  two  piece  .  i 
wile   to  the   working  face  of  the   rocker,  and    the  punn 
worked  satisfactorily  while  the  cillicr  pum|i  wuf  lieiii;;   i 
paired. 

The  next  day  I  liirneil  down,  in  the  lathe,  another  rol 
of  1/^  in.  lar^'cr  diameter  and  the  pumj)  was  as  good 
new.  I 

\l(  Ton  iJo.NN.     I 

Wa>liiiiL'l<.ii.    i>.   C.  I 


Fitting  aimd  Failvire  of  PistOEns* 

1  have  read  with  consideralile  interest  the  article  in 
the  Nov.  IS  issue  of  l'owi;ii,  descrihiiig  a  |)iston  failure  in 
one  of  the  mills  at  I'aterson,  N.  .). 

Why  was  the  jiiston  ma<le  a  taper  (it?  This  alone  in- 
vites disaster. 

Sonu'  years  ajjo,  when  I  followed  locomotive  work,  it 
was  the  us\ial  ])ractice  to  make  tajx-r  fits  on  both  iIk; 
crosshead  and  ])iston.  The  jjiston  rod  was  ground  into  a 
perfect  fit,  then  for(;ed  to  place  and  keyed.  Just  wliy  a 
part  like  a  iiision,  that  will  in  all  probability  never  ' ■• 
taken  oil'  until  worn  (uit,  should  he  so  fitted  is  beyond  i 

When  it  came  witiiin  my  province  to  direct  such  mat- 
ters the  |)istons  were  fitted  straight;  in  fact,  the  rod  wa.s 
made  a  few  thousandths  large  at  the  end,  turned  with  a 
medium  coarse  feed,  the  piston  bored  the  proper  size  and 
shrunk  on.  With  this  method  the  ridges  on  the  steel  rod 
sink  into  the  warm  cast  iron  and  make  absolute  contact, 
inipossibl(>  to  separate  in  ordinary  service.  The  rod  was 
then  riveted  over.  1  have  used  this  practice  on  pistons 
up  to  44  in.  in  diameter  and  never  had  a  failure. 

Some  years  ago  a  piston  failed  on  a  comparatively  new 
engine.  A  crack  being  discovered  a  new  piston  was  fur- 
nished by  the  builders,  ^^'hen  received  the  piston  was 
entirely  finished  except  the  bore,  which  was  left  below 
sizes  for  fitting.  Fceliiig  perfectly  confident  of  a  success- 
ful outcome,  the  defective  piston  was  broken  off,  the  rod 
trued  as  stated  above  and  the  piston  bored  to  a  shrink  fit. 
The  work  was  done  by  a  very  able  workman,  but  I  took 
the  precaution  to  caliper  the  fit  and  decided  the  bore  was 
loo  large.  Another  workman  was  called  and  he,  like 
number  one,  decided  the  fit  was  all  right.  The  piston 
was  shrunk  on  and  pronounced  a  good  job. 

They  were  then  told  to  put  the  piston  in  the  hydraulic 
press  and  see  what  pressure  could  be  applied  without 
starting  the  rod.  Here,  again,  I  was  held  up,  as  the  jaw 
of  the  press  was  not  large  enough  for  the  piston  rod.  I 
ordered  the  jaw  chipped  out,  and  started  the  rod  with 
about  six  tons  pressure.  As  the  piston  was  nearly  30  in. 
in  diameter  a  wrecked  engine  would  have  been  the  result. 
The  engine  had  to  be  ready  for  service  the  following 
morning :  and  as  no  material  was  to  be  had  for  a  new 
rod,  and  with  the  defective  piston  broken  up,  I  was  in 
a  very  uncomfortable  position. 

However,  a  thin  steel  liner  was  rolled  to  exact  size  of 
the  piston  bore,  the  piston  again  fitted  and  shrunk  on 
the  rod  over  the  liner  in  the  usual  way,  and  again  placed 
in  the  hydraulic  press.  Thirty  tons  failed  to  start  the 
rod  this  time.  The  rod  was  riveted  over  and  the  engine 
put  in  service,  and  so  far  as  I  know,  is  still  running  and 
giving  no  trouble. 

Los  Anjjeles.  Calif.  H.  P.  Clakke. 
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Heat  Value  of  Natural  tias — What  is  the  htat  value  of 
natural  gas   per   1000   cu.ft? 

V.   K.   S. 

The  calorific  value  of  natural  gas  varies  in  different  local- 
ities from  about  1,100,000  B.t.u.  to  about  842,000  B.t.u.  per 
1000  cu.ft. 

HeilBrht     for    <ilUNN     GaK'e    on    a     Return-Tubular     Iloiler — At 

what   height   should    the   glass    water-gage    be    sot    on    a    hori- 
zontal   return-tubular    boiler? 

\V.    H. 
So    the    lowest    visible    part    of    the    glass    will    be    at    least 
2  in.   higher  than   the  top   of  any   tube   of  the   boiler. 


Pulsometer  Trouble — Why  should  a  pulsometer  pump  re- 
fuse to  lift  water  excepting  when  the  pump  is  submerged? 

G.   M. 

The  refusal  of  the  pulsometer  to  operate  unless  sub- 
merged is  probably  due  to  leakage  of  the  valves.  The  pump 
should  be  cleared  of  obstructions  and  the  valves  should  be 
inspected  and  made  tight. 


.Vuxiliary  Heating  Surfaee — What  is  the  usual  method  of 
adding   pipe   coil   heating   surface    to   a    return-tubular   boiler? 

J.   L.   G. 

Such  auxiliary  heating  surface  is  usually  added  by  plac- 
ing pipe  coils  along  the  sides  of  the  furnace  walls  and  con- 
necting them  to  both  the  front  and  rear  ends  of  the  boiler 
to   insure   more   active   circulation. 


Rating  of  Feed  Water  Heaters — How  many  square  feet  of 
heating  surface  are  allowed  per  horsepow^er  for  closed  feed- 
water   heaters? 

M.    S. 

For  commercial  purposes,  closed  exhaust  steam  feed- 
water  heaters  are  usually  given  a  rating  which  allows  about 
5    sq.ft.    of   heating   surface   per   horsepower. 


Equivalent  ISvaporation — What  evaporation  fiom  and  at 
212  deg.  P.  is  equivalent  to  the  usual  boiler  horsepower  con- 
sisting of  the  evaporation  per  hour  of  30  lb.  of  water  from  a 
feed-water  temperature  of  100  deg.  P.  into  steam  at  TO  lb. 
gage   pressure? 

P.    R. 

Evaporation  of  about  34.48  lb.  of  water  per  hr.  from  and 
at  212  deg.  P.  would  be  equivalent  to  one  boiler  horsepower, 
but  for  ordinary  calculations  an  evaporation  of  34%  lb.  of 
water  from  and  at  212  deg.  P.  per  hr.  is  usually  taken  as 
the   equivalent. 

RIowing:  Off  Iloiler  Oireet  Into  Sewer — What  are  the  ob- 
jections to  connecting  steam  drips  into  a  sewer  or  to  blowing 
off  a  boiler  directly  into  a  pipe  sewer? 

J.  G. 

Most  kinds  of  earthenware  sewer  pipes  are  rapidly  dis- 
integrated by  the  action  of  steam  and  hot  water,  and  when 
a  sewer  pipe  is  connected  with  plumbing  fixtures  by  iron 
piping,  the  latter  is  rapidly  rusted  away  by  the  presence  of 
steam  and  the  back  pressure  due  to  blowing  off  causes  dis- 
agreeable and  unhealthy  sewage  vapors  to  arise  from  the 
plumbin.g  fixtures. 


Steel  Steam  Fittings— What  is  the  difference  between  cast 
steel  and  the  material  of  which  steel  steam  fittings  are  made? 

W.   P.   M. 

The  cast  steel  of  fine  grain  such  as  was  formerly  used 
for  the  best  cutlery,  etc.,  is  made  by  adding  carbon  to  molten 
iron,  after  which  treatment,  the  material  is  cast  into  billets 
and  worked  up  into  form  by  rolling  and  forging.  Steel  steam 
fittings  are  usually  made  by  melting  bessemer.  openhearth 
or  other  kinds  of  steel  and  casting  the  molten  metal  in  molds 
the  same  as  in  the  manufacture  of  ordinary  iron  castings 
from   molten   cast   iron. 


Velocity  of  Bantering  Air — What  is  the  maximum  velocity 
at  which  air  from  a  heating  or  ventilating  s.vstem  should 
enter  a  room?  What  are  the  reasons  for  such  limitations  of 
velocity? 

M.    N. 


The  velocity  of  air  entering  a  room  should  not  exceed  4  to 
6  ft.  per  sec.  unless  the  ail'  can  be  so  introduced  as  to  make 
an  insensible  curicnt.  This  is  for  the  reason  that  higher 
velocities  produce  disagreeable  currents,  generally  known  as 
drafts,  more  or  less  dangerous  to  health  and  less  efficient  for 
purposes  of  heating   or  ventilating. 


Wear  of  Steam  HoNe — What  is  the  reason  that  for  some 
uses  a  steam  hose  out  of  the  same  lot  as  another  will  develop 
leaks  more  lapidly  when  used  for  the  same  pressure  and  tem- 
perature   of  steam,    and    what    is   the    remedy? 

B.    P.    G. 

The  less  durable  hose  is  undoubtedly  subjected  to  greater 
mechanical  abuse,  the  commonest  being  to  draw  the  hose  out 
from  a  circular  coil,  causing  twists  and  kinks.  Twisting  will 
not  occur  in  drawing  out  the  hose  from  a  reel  or  when  it  has 
been  hung  up  on  two  pegs  by  reeving  the  hose  over  the  pegs 
in  form   of  the  figure   8   laid  on   its  side. 


LiOMH  by  Radiation  from  Covered  Pipe — What  loss  of  heat 
would  occur  by  radiation  from  a  3-in.  steam  pipe  500  ft.  long 
filled  with  steam  at  338  deg.  P.,  surrounded  by  atmospheric 
air  at  80  deg.  F.  and  covered  with  ordinarily  good  noncon- 
ducting covering? 

O.    D. 
The   bare   pipe   would   have   a   surface   of  about 
500    -^    1.09    =    about    458    sq.ft. 
and   the   difference    between   the    temperatures   inside   the    pipe 
and   of  the   external   air   would   be 

338   —  80    =    258   deg.   P. 
The   loss   by   radiation    would   be   about   0.5    B.t.u.   per   sq.ft.   of 
pipe  per  hour  per  degree  difference,   so  that  the  total  loss  by 
radiation    would    be    approximately 

458    X    258    X    0.5    -      59.082   B.t.u.   per   hr. 


Factor  of  Kvaporattou — Having  feed-water  temperature  at 
50  deg.  P.  and  evaporation  at  100  lb.  pressure  per  sq.in.,  abso- 
lute,  what  would   be   the   factor  of  evaporation? 

A.  J.  D.  P. 
Prom  the  "Marks  and  Davis  Steam  Tables,"  it  is  to  be 
seen  that  to  raise  a  pound  of  water  from  32  deg.  P.  into  steam 
at  100  lb.  per  sq.in.,  absolute,  requires  1186.3  heat  units 
(B.t.u.).  With  feed  water  at  50  deg.  P.,  each  pound  of  water 
raised  into  steam  at  a  pressure  of  100  lb.,  absolute,  would  re- 
ceive 1186.3  —  (50-32)  =  1186.3  —  18  =  1168.3  B.t.u.  To 
evaporate  one  pound  of  water  from  212  deg.  P.  into  steam  at 
212 — i.e.,  at  atmospheric  pressure,  or  as  commonly  stated, 
from  at  212  deg.  P.,  requires  for  latent  heat  of  evaporation 
970.4  heat  units.  Hence,  with  feed  water  at  50  deg.  P.  and 
evaporation  at  100  lb.  pressure  absolute,  the  factor  of  evap- 
oration  is 

1168.3 

■ =    1.2039 

970.4 


Head  Required  for  Water  I'ipe  I..ine — What  difference  of 
head  would  be  required  to  discharge  600  gal.  of  water  per 
min.  from  one  tank  to  another  through  a  7-in.  galvanized  iron 
pipe    2500    ft.    long? 

O.  S.  r. 
The  velocity  would  be  practically  5  ft.  per  sec.  Referrinf? 
to  tables  given  on  page  55,  July  9,  1912  issue,  of  "I'ower." 
the  loss  of  head  per  hundred  feet  of  7-in.  iron  pipe  due  to 
discharging  water  at  the  rate  of  5  ft.  per  sec.  may  be  found 
to  be  about  1.47  ft.,  and  for  2500  ft.  of  pipe  it  would  be 
1.47  X  2500 

=   36.75  ft.  loss  of  head. 

100 
Flowing  at  the  rate  of  5  ft.  per  sec.  would  require  a  velocity 
head  of  about  0.39  ft.,  and  assuming,  as  usual,  that  the  loss 
of  head  due  to  friction  at  the  entrance  would  be  equal  to  one- 
half  the  velocity  head — i.e.,  %  of  0.39  =  0.19  ft. — then  it  is 
seen    that   the    total    difference    of   head    required   would    be 

36.75    +    0.39    +    0.19   =    37.33   ft., 
or   37   ft.    4   in. 
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iiiiiiiiiiiiiHiiuiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiimiiiiiiuuiiiinuiiiiiniiiiuiin: uiiim 


JEimglinieeirs' 


>todly  (Course 


Tri^oiaomnietlry— VIII 

liAsr  lii:ss()N's  Answi.iis 
:>!.  Ill  tlu'  sdlnlion  ol'  nil  ri;,Oit  triiiii<;lcs  it  is  a  lu'lp 
to  kir))  in  iniiid  tlu-  typical  triaiifilc  (  Kif^.  'i,  licsson  I; 
ri'liroiiiiccd  luTcwitli  as  Vifl.  7).  Tiic  it'tlcring  can  lie 
easily  miicmlxTcd  liy  iioticiiifi;  tliat  tlio  side  h  is  llic  hnsc 
and  the  sido  a  tlu-  altitude.  Tlu-n  c  is  tlii'  only  side  left 
(the  liy})oteiuise)  and  the  angles  have  the  same  letters 
(hn(  caiiitals)  as  the  sides  (>|)])osite  them.  The  I'liiictioiis 
ean    then   l)e   renu'inhei-ed    i)V    the  shorter    roiiiis   •rncii    in 


i''iuiii  thi'  lnl)lr  sin  A    —  O.I>H2.     'I'lien,  since  sin  A   =    -» 

0. 


(t.llH-^   = 


r.\r,' 


a  =  O.dH'-i  X  *-i:i.')  =   Iii0.;i7 


I 


I'roiii  the  laiilc  sill  li  (or  los  A)   =  i).'i'.i\  I.     Then,  since 
co.s  A   —  -, 


o.::il4  = 


-— ,    />  =  0.7:514  X  -i-ir, 


171. K70 


\ 


Fi(i.  7 
Lesson   I    (as  sin  A    = 
given  in  the  last  lesson  (as  sine  = 


more  readily  than  hy  those 

opposite  side\ 

h  jl  paten  !(!■ 


(Jiven  sin  A  =  1/2  'i"'^  ^  =  •^'*  '"•     ^i"i'e  ■">'!«  -^  = 


~ -. —  or  fl  =   IS  //;. 

36  (//. 


and  the  third  side 
b 


V  c-^  —  ff2  =  V  36-i  —  18'^  =  31.177  m. 
The  sine  of  the  other  ohlique  angle  will  be  its  opposite 
side  divided  by  the  hypoten^i.^e,  or  the  same  as  the  cosine 
of  .1 .  or 


ll'  it  is  desired  to  check  the  work,  it  can  i)e  seen  if  the 
sides  agree  in  the  I'clation 

,-   =  „■-  +  Ir 

Tlie  iiielliod  ii>ed  ill  the  sol  111  ion  of  this  problem  .-ir_- 
gests  two  rules  for  similar  (jiies : 

Given  the  iltiipolenuse  and  one  ant/le  of  a  rif/ht  Iri^ 
angle,  to  find  the  opposite  side,  ymiltipli/  I  lie  .sine  of  I  he 
angle  by  tlie  hypotenuse,  and,  to  find  llie  adjacent  side, 
riiidlijdy  the  cosine  of  the  angle  hy  llie  hypotenuse. 

:n.     (;iveii  .1    =  47  deg..  and  h  =   180  ft.     From  the 

table  cos  4T  deg.  =  ().68-<>.     Since  cos  A   =  *, 

,s,H-z  =  '''\   r  =  ,'^^  =  ,m.mft. 

c  (J.  682  • 

From  the  table  sin  47  deg  =   0.7314.     Then,  applying- 
the  rule  just   given, 

a  =  sin  A   X  c  =  0.7314  X  '^63.93  =  1!)3.04  //.  = 
heii/h I  of  clinii  ney 

35.  In  ell'ect  the  |)robleni  states  that  the  connecting- 
rod  (the  hyjwtennse  c)  is  li/^  in.  longer  than  the  dis- 
tance from  the  center  of  the  crosshead  pin  to  the  center 
of  the  crankshaft  (the  base  h). 

(Jiven,  then,  a  ^  8  in.  and  I)  =  c  —  1^4  '"•    -^^^'^  b  = 


V  c-^  - 
Then 


r2     =    V    6-2 


64. 


sin  B  =  cos  A  = 


31.177 
36 


64 


=  0.866 


As  a  check,  refer  to  the  table  in  Lesson  II.  It  will  be 
found  that  the  acute  angle  whose  sine  is  %  i'*  '^0  deg. 
Therefore,  the  other  acute  aaigle  must  be  90  —  30  =  60 
deg.  and,  from  the  table,  sin  60  deg.  =  0.866. 

32.  Given  the  base  (/;  =  2i))  and  the  altitude  {a  = 
32).     The  hypotenuse  (r)  will  be 

c  =  ^J^^^Ji  =  V  322  _|_  202  =  37.736 
32 


c—  li  =  V  c2 
Scjiuii'iiig  both  sides 

cj  —  3  r-  +  -I  =  ci  —  64 
Canceling  c-  and  trans])osing 

t54  +  f  =  3  c     3  c  =  ^^-i     c  =  -V/  =  22.08  in. 

Required  angle  .4.     Since  sin  A  =  -, 


h'ii  a 


0.3623 


tin  A  = 


=  0.848 


37.736 

From  the  table   (Lesson  II)   the  angle  corresponding 
to  this  sine  is  58  deg.    The  other  acute  angle  is  therefore 
90  —  58  =  32  deg. 
33.     Given  c  =  235  and  A  =  43  deg.  The  other  acute 
angle  will  be 

jS  =  90  —  43  ==   i7  deg. 


22.08 

From  the  table,  A  is  between  21  and  22  deg.,  for  sin  21 
deg.  =  0.3584  and  sin  22  deg.  =  0.3746. 

The   total   difference   between   the   sines   of   these  two 
angles  is 

0.3746  —  it.3584  =  0.0162 
The  difference  between  the  smaller  and  the  calculated 
sin  A  is 

0.3623  —  0.3584   =   0.0039 
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0.00:59 
Therefore,  the  angle  A  exceeds  2\  (leg.  i)y  about   q— (^|,;2' 

or  approximately  1/4  ^^S-  ^  reference  to  a  table  of 
natural  functions  with  greater  subdivision  of  angles 
would  show  that  the  angle  A  is  very  closely  21 14  deg.,  or 
21  deg.  15  niin.,  nearly. 

Solution  of  Oblique  Tkiaxoles 

As  distinguished  from  right  triangles,  all  (itlicr  tri- 
angles are  known  as  oblique  triangles. 

It  was  stated  in  Lesson  I  that  "if  any  three  of  the  six 
parts  (the  three  angles  and  the  three  sides)  of  a  tri- 
angle are  known,  and  at  least  one  of  them  is  a  side,  the 
shape  and  size  of  the  triangle  are  determined."  If  one 
were  given  three  such  parts  one  could  construct  the  tri- 
angle and  measure  the  unknown  parts  with  a  protractor 
for  the  angles  and  a  scale  for  the  sides.  It  remains  to  be 
shown  how  the  unknown  parts  can  be  calculated  from  the 
known  without  any  direct  measurements. 

As  for  the  angles,  when  two  are  known,  the  third  can 
be  found  at  once  by  subtracting  the  sum  of  the  two  known 
angles  from  180  deg.,  for  the  three  angles  of  any  triangle 
total  180  deg.  Each  angle  of  a  triangle  is  therefore  the 
supplement  of  the  sum  of  the  other  two,  as  explained  iu 
Lesson  II.  That  this  is  true  of  right  triangles  was  shown 
in  the  answer  to  question  10  in  Lesson  III.  To  prove 
that  it  still  holds  for  any  triangle,  refer  to  Fig.  8.  ACDA 
and  BCDB  being  right  triangles  the  sum  of  the  angles  of 
each  totals  180  deg.  and  the  two  together  360  deg.  Sub- 
tracting the  two  right  angles  ADC  and  CDB,  which  do 
not  figure  in  the  triangle  ACBA  .  and  there  is  left 
360  —  90  —  90  =   180  der/. 

Another  proof : 

Angle  ACD  being  the  complement  of  angle  CAD  and 
DCB  the  complement  of  CBD 


/_ACi)  —  l_BCD  +  Li^'AD  =  /_CBD 


but 


Fig.  8 


Fid.  9 


/_ACD  +  /_CAD  =  W)  (Inj. 
/_DCB  +  /_CBD  =  90  </i'(/. 
Therefore, 
l_A('D  +  /_('AD  -i-  l_DCH  +  /_CHD  =  180  der/. 

but 

i_Acn  +  i_nc/i  =  i_ACB 

therefore, 

/_CAD  -f-  L.ACB  -h  /_CHI)  =  18()  drr/. 
Either   of   these    proofs    would    ap])ly    to    the    triangle 
ACBA  in  Fig.  9  if  a  perpendicular  were  drawn  from  the 
angle  B  to  the  side  b.  but  the  {)roof  may  also  be  made 
from  the  figure  directly  as  it  is  as  follows: 
l_AC/)  +  l^CAD  =  90  dpf/. 
/_BCD  +  l_CHD  =  90  de<j. 
Therefore. 

I_ACD  -f  l_CAD  =  L.  BCD  +  ^CBD 
Subtracting    Z_    Bi^l)  from  l)()th  sides  of  the  equation 


l_ACD—  /_BCD  =  LACB 
Therefore, 

LACB  +  /_CAD  =  LCBD 
Then,  since 

/_ABC  +  l_CBD  =  180  dc(j. 
L  A  r,C  +  l_  ACB  +  L  CAD  =  180  deg. 
For  the  complete  solution  of  any  oblique  triangle  there 
are  four  cases  which,  aceoi'ding  to  the  three  known  parts, 
are  as  follows : 

Case  I.     When  one  side  and  two  angles  are  known. 
Case  II.     AVhen  two  sides  and  the  angle  opposite  to 
one  of  them  are  known. 

Case  III.  When  two  sides  and  the  included  angle  (the 
angle  between  them)  are  known. 

Case  IV.     When  the  three  sides  are  known. 

Casks  I  and  II 

Solutions  of  triangles  having  one  side  and  two  angles 
given,  or  two  sides  and  the  angle  opposite  one  of  them 
given,  require  the  use  of  what  is  known  as  Tlie  Law  of 
Sines,  which  is  stated  thus : 

The  .^idc,^  of  a  Iriniigle  arc  proportional  lo  tlie  sines 
of  the  opposite  angles. 

This  may  be  proved  by  referring  to  either  Fig.  8  or 
Fig.  9,  in  both  of  which  ABCA  represents  any  triangle, 
from  any  angle,  as  C,  of  which  a  perpendicular  h  is  drawn 
to  the  opposite  side,  or  that  side  extended. 

From  the  right  triangle  ACDA,  h  =  b  sin  A,  and 
from  the  right  triangle  BCDB,  h  =  a  sin  B. 

(In  Fig.  9  sin  ABC  =  .^in  CBD). 

Equating  the  values  of  h 

h  sill  A  =  a  sill  B 
which,  by  trans)3osition,  l)ecomes 
a       sin  A 
T)       sin  B 

In  the  same  way  it  could  be  shown  that 

a  sin  A  _  A  .sm  B 
-  =  -.-  .,  iind  -  =  —. — -^ 
r       sin    (  r       sm  C 

Regarding  these  three  equations  as  proportious 
fl      _       A      _      f 
sin  A       sin  B      sin  C 

Stidv  Questions 

36.  Referring  to  a  triangle  lettered  as  in  Fig.  8,  given 
a  =  500,  A  =  10  deg.  and  5  =  46  deg.,  find  C,  &  and  c. 

37.  Civen  h  =  137.5  ft.,  B  =  13  deg.  and  c  =  512.5 
ft.,  determine  the  other  three  parts  of  the  triangle. 

38.  In  a  triangle  lettered  as  in  Fig.  9,  given  c  =  23, 
A  =  23  deg.  ami  B  =  134  deg.,  find  a,  b  and  C. 

39.  To  determine  the  distance  across  a  river  between 
two  transmission  poles,  a  distance  of  100  ft.  along  one 
liank  was  measured  from  the  base  of  the  near  pole  and  the 
angles  which  sights  on  the  distant  pole  were  found  to 
make  with  the  extremities  of  this  line  proved  to  be  45 
deg.  at  the  end  of  the  line  and  85  deg.,  at  the  near  pole. 
What  was  the  ilistance  between  the  poles? 

40.  An  engine  comes  to  rest  beyond  the  center  of  a 
forward  stroke.  The  crank,  which  is  18  in.  long,  is  at  an 
angle  of  45  deg.  with  the  horizontal.  The  connecting-rod 
is  at  what  angle  with  the  horizontal,  if  45  iu.  long? 
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OVER  THE  SFHILLWAY 


jrST  JKSTS,  J  Alls.  .11 


AND   .11    M  h  I.  i;H 


KNlilMOlCK  \V.\.\TI':i>.  rtmiill  pliiiil:  iiiit"  who  Ih  wIIIIiik  t"  <1<> 
poltlTH  woiU.  Appl.v  lit!  Uiilvfidlty  pliifi-. 
.\iul  tluMi  lliry  priilc  of  Ihi-  (IIkhH.v  <if  liibor!  This  l»  ii 
li<iiiii-ll(U<  n<l  riiitii  llu-  Ni'W  York  •' World."  Now,  don't  throw 
up  .vimr  Htrady  Jul"  uiili'MS  .voii  iirc  Miiri>  you  fiiii  foji  tlilH  oin-. 
Tile    lliif    forni.M   on    tin-    riKht. 


Kvory  now  and  Ihrn  u  hlKlily  iici-vcd  party  c-otnplalnH  that 
he  has  asked  u.><  to  answer  an  opcratlnK  Inquiry,  and  he  RetH 
htfrhly  IndlKnant  beonu.se  wo  Ignore  him.  Supiio.se  you  re- 
eelyeil  a  letter  signed  ".\.  S.  S.."  no  town  name,  no  Htreet  or 
nunilier.  no  nothing  nohow.  There's  more  than  one  "A.  S.  S." 
In  these  I'nlted  States  (net  me'.'),  so  whom  woulii  you  wrlto 
to?  One  week's  subscription  to  the  best  answer  to  this  In- 
quiry. 


Walter  H.  Oanu)n.  over  to  SpririKtield.  has  sprung  into 
the  arena  announeluK  his  lundidacy  for  the  vice-presidency 
of  the  N.  A.  S.  K.  There's  some  spring  to  Walt,  so  you  other 
candidates  will  have  to  get  busy  If  you  hope  to  make  a 
showiuK. 

Here's  the  chance  of  their  lives  for  the  jokesmiths:  The 
Yuba  River  has  been  dammed!  Yuba  dam!  just  like  that. 
Nothing  ever  ".scapes  them,  and  you  may  as  well  be  prepared 
to  meet  up  with  this  information  whichever  way  you  turn. 


The  editor  of  a  ininins  journal  iias  taken  his  pen  in  hand 
to  cast  contumely  on  the  Finn,  who  "overbalanct  s  his  un- 
deniable intelligence  and  skill  with  an  unextinguishable  de- 
sire to  start  something."  We  see  this  editor's  finish.  If  ever 
an  irate  Finn  fastens  his  fin  on  him:  some  Finns  are  real 
flnnicky. 


It  is  said  that  the  inventor  of  the  cash  register  got  his 
Inspiration  "through  close  observation  of  the  distance-re- 
cording device  in  the  boiler  room  of  an  ocean  liner."  But  the 
other  fellows  got  the  fortune,  which  is  the  way  of  most  in- 
ventors.     Whadcha   mean,   genius   is   not   practical? 


Improved  Recording  Ify|(roinii« 

CtCT 

Till-  !''o\l)oro  li\;,'roiin  ItT  i.-,  m  reiililv.  I  wo  iiixlniiiiPiitB 
ill  dill',  a  !'('( orilinj^  llicriiioiiii'lcr  iiiul  a  wcl-liiill)  rccordtT. 
Tlic  ilhislriition  sIiowh  (lie  stiiiidanl   foriii  (»f  Ktatioiiiirv 
Hpir-coiitaincd    type,    II    ('(Jiisistw   of    Iwo    sensitive    Iml 
inoiiiiti'd  ill  taiidein  liack  of  the  ease,  tlie  wet  liiiili  l>eii 
jacketed  and  ke]it  moist  liy  iiiaiidainiiif^  water  at  a  ci' 
slant    live!    in  a   Irouffii  hciieatli.     Tlie  jien  arnis  an;  m 
taclnd  to  shal'ls  coneeiitiic  willi   the  iii'lica!  tiil)(!  Inillis. 

'I'lie    ease    is    mounted    on    a    swivel    In-aeket,   enalilin 
swiii;,'iii((  the   iiistniment  at   ri<;ht  aiif^ies  to  tiic  wall  ■ 


I 


"The  Fuel  Situatiok' 


ImI'ROVUI)     Ki;C0I!D1XG     HYOnOilETEU 

support,  giving  tsasy  aecess  to  the  inverted  glass  bottle 
serving  as  the  water  reservoir.  It  is  made  in  three  sizes, 
8.  10  and  1^  iu.,  and  covers  ranges  between  the  freezing 
point  and  the  boiling  point  of  water.  The  instrument  is 
made  to  ascertain  the  relative  luiniidity  in  textile  manu- 
facturing, etc..  by  the  Industrial  Tn.strumeut  Co.,  Fo.\- 
boro,  Mass. 

:« 
Comapressoips 

By  Thomas  (J.  Thurstox 

Comiug  into  the  j)ower  liouse  one  morning  the  night 
engineer  informed  the  writer  that  the  spring  on  one  of 
the  discharge  valves  of  one  of  the  ammonia  compressors 
was  broken  and  that  it  would  be  necessary  to  get  a  new 
one.  The  compressor  was  a  horizontal  double-acting 
machine  of  250  tons  capacity  and  the  noise  it  was  making 
gave  every  indication  of  a  valve  slamming  on  its  s^eai 
when  the  spring  is  broken. 

The  machine  was  pumped  out  and  when  the  bonnet 
was  removed  we  were  surprised  to  find  that  the  spring 
was  all  right.  However,  to  make  sure  a  new  spring  was 
put  in  place.  Upon  starting  up  again  the  noi.se  was  as 
bad  as  ever  and  for  a  while  we  were  at  a  loss  to  locate  the 
trouble.  Finally,  the  oiler  accidentally  solved  the  prob- 
lem by  drawing  up  on  the  stuffing-box  nuts  to  .stop  a  leak 
at  this  point.  The  machine  had  been  in  service  for  sev- 
eral years  and  the  compressor  piston  rod  had  been  turned 
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down  11  miinlicr  of  liiiics,  so  thai  it  was  (■(jnsidcrahly 
smaller  than  the  hole  Ihrcjugh  tin:  eylijulor  head.  To 
keep  the  packing  from  going  through  into  the  cylinder 
a  junk  ring  had  been  fitted  into  the  bottom  of  the  stuffing- 
box  and  made  a  snug  lit  on  tlu'  rod.  It  was  this  junk 
ring  that  had  been  making  all  the  noise.  The  packing 
working  loose  had  allowed  the  ring  to  move  and  at  the 
reversal  on  the  crank-end  stroke  it  would  strike  the  bot- 
tom of  the  stufling-bo.x  with  a  slam,  identical  to  tliat  of  a 
discharge  valve  with  a  broken  spring. 

Coming  on  duty  one  morning  a  coupli-  of  weeks  later 
the  night  engineer  had  another  case  of  a  Ijroken  discharge- 
valve  spring.  This  time  it  was  on  a  2()0-ton  vertical 
machine,  and,  according  to  the  night  engineer,  it  was 
one  of  the  top  discharge  valves.  There  was  a  sharp 
knock  and  upon  standing  on  the  platform  beside  the  cyl- 
inder it  seemed  to  be  in  every  place  in  which  we  tried 
to  locate  it.  The  conclusion  was  finally  reached  that  it 
was  in  the  lower  suction  valve  and  the  machine  was 
pumped  out  and  the  valve  cage  removed.  The  valve  was 
all  right,  but  again  to  make  sure  a  new  one  was  put  in 
place.  The  knock  was  still  evident  when  the  machine 
was  started  up  again  so  the  same  performance  was  re- 
peated  on   the   top  suction   valve  w'ith   the  same   result. 


The  bottom  discharge  valve  was  tried  and  when  the  ma- 
chine was  started  the  knock  was  worse  than  ever. 

Finally  the  top  head  was  removed  and  the  top  dis- 
charge valves  examined.  One  of  them  showed  a  tendency 
to  .stick  and  naturally  we  thought  that  the  trouble  had 
been  located.  Upon  starting  up  the  knock  was  as  loud 
as  ever.  It  came  after  the  crank  was  well  past  the  center 
and  was  surely  some  place  in  the  cylinder,  but  where 
was  the  question.  Several  brilliant  suggestions  were  ad- 
vanced by  the  members  of  the  engine-room  force  and  a 
number  of  methods  tried  to  locate  the  knock  without  suc- 
cess. 1  finally  went  below  the  cylinder  and  here  the 
knock  was  more  pronounced  and  seemed  to  come  from 
the  stufRiig-hox  where  it  could  be  felt  distinctly.  The 
machine  was  again  pumped  out  and  the  first  half  of  the 
packing  removed.  The  oil  lantern  stuck  to  the  rod,  but 
we  finally  got  it  down.  At  some  time  the  rod  had  become 
too  hot  and  the  babbitt  in  the  lantern  had  softened  and 
when  it  cooled  it  had  wedged  on  the  rod.  When  the 
lantern  had  been  lowered  the  cause  of  the  trouble  was 
evident.  There  was  no  packing  back  of  the  lantern  and 
as  it  stuck  to  the  rod  it  banged  against  the  bottom  of 
the  box  at  every  upstroke  of  the  piston  rod.  The  rod  was 
packed  in  short  order  and  the  trouble  was  over. 
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SYNOPSIS — Information  as  to  how  an  inspector's  suit 
shovld  he  made,  ivhat  tools  are  necessary,  details  to  ob- 
serve and  some  of  the.  defects  expected  to  lie  found. 

.Steam-boiler  inspection  is  for  the  purpose  of  detecting 
defects  which  might  lead  to  possible  accident.  There 
are  two  classes  of  boiler  inspection,  that  when  the  struc- 
tural details  arc  known,  and  that  of  unknown  boilers. 
Before  an  intelligent  inspection  of  an  unknown  boiler 
can  be  made  a  data  sheet  must  be  made  out  from  which 
calculations  of  the  strength  of  riveted  seams  may  be  de- 
termined, also  the  strength  of  the  braces  and  stays,  and 
the  unsupported  areas  which  are  not  measured  and  listed. 

When  the  structural  details  are  known,  the  boiler  should 
be  examined  thoroughly,  both  inside  and  out,  if  the 
shell  is  large  enough  to  admit  of  internal  inspection.  If 
it  is  a  small  vertical  boiler  then  an  external  inspection 
and  an  examination  through  the  several  openings  in  the 
boiler  shell  must  answer. 

First  of  all  a  boiler  .shell  should  be  thoroughly  cleaned 
on  the  outside  by  sweeping  off  all  accumulated  soot  and 
ashes.  It  is  impossible  to  properly  inspect  a  boiler  when 
coated  with  soot  and  ashes,  or  when  crawling  around 
knee  deep  in  combustion-chamber  ashes. 

For  internal  inspection  a  return-tubular  boiler  should 
first  be  thoroughly  washed  out  and  allowed  to  become 
reasonably  cool  by  removing  the  handhole  and  manhole 
plates,  opening  the  doors  in  front  of  the  tubes,  and  ad- 
justing the  dampers  and  furnace  doors  so  that  cold  air 
will  be  drawn  into  and  through  the  boiler  as  well  as 
around  it.  This  will  do  no  harm  after  the  shell  has 
cooled  down  to  212  deg. 


Inspector's  Kit 

A  complete  dust-proof  suit  will  help  make  the  task  of 
inspecting  a  boiler  more  agreeable.  It  usually  consists 
of  a  union  suit  of  overalls  and  jacket,  made  to  fit  closely 
around  the  throat,  wrist  and  ankles.  A  cap  fits  tightly 
around  the  face  so  that  dust  and  dirt  will  not  work  into 
the  hair.  Fig.  1  will  give  an  idea  of  the  manner  in  which 
an  inspector's  hood  is  made. 
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ANKLE  FASTENINQ 


Details  of  Inspection  Scit 

A  cape  of  ample  ])r()iiorlions  should  be  attached  to  the 
hood  and  the  caps  should  button  in  front  and  fit  closely 
over  the  shoulders  of  the  wearer.  Fig.  2  shows  the  man- 
ner of  fitting  the  suit  around  the  wrist.  Some  are  secured 
with  a  strap,  others  by  a  cord.  The  suit  should  be  but- 
toned in  front  from  top  to  bottom,  and  cut  with  a  lap 
of  several  inches,  as  shown  by  Fig.  3,  to  prevent  dirt  from 
penetrating  the  suit. 
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'I'lic  It'^s  (pf  till'  overalls  iii'f  iiiailc  Itiii^r  I'lioii^h  to  icmli 
to  llic  floor  mill  ilni;;  at  least  iiii  iiiili  when  sluriiliii^ 
erect,  'riieii  the  elotli  is  i'asteiieil  closely  aroiiiiil  the  ankles 
of  the  wearer.  'I'vvo  methods  are  iiseil  for  fasteiimj;s  at 
the  ankles.  One  consists  of  tyin;;  a  coiiiMmn  shoe  strinfj 
aronml  the  .'inkU'.  The  other  nielhoi!  consists  of  a  three- 
strap  iirranp'inent,  two  i>ein>r  faslenetl  to  two  rinf.'s.  One 
strap  passes  hchiml   the  ankle,  ami  the  other  iimlerncath 
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the  foot  Just  liirwiird  of  the  iiccl.  Wlicn  liu'  tiiinl  is 
buckled  closely  it  draws  the  fabric  ai'uund  the  ankle  and 
also  prevoiils  the  leg  of  the  overalls  from  pullin<i  ujjwanl 
while  crawling  through  restricted  passages. 

Another  arrangement  is  that  of  using  two  stra])s.  Fig. 
4.  The  front  strap  is  omitted  and  replaced  by  a  cord  or  a 
piece  of  leather-belt  lacing  which  is  passed  through  the 
rings,  crossed  o\-er  the  instep,  wound  around  the  ankle, 
and  then  tied  in  front.  This  fastening  is  almost  dirt- 
proof.  High  shoes  should  be  worn,  and  the  overalls  drawn 
down  outside  and  fastened. 

Certain  tools  are  required  for  ins])ection  work,  as,  for 
instance,  a  peen  hammer  weighing  about  1  lb.  The  peen 
should  be  crosswise  of  the  hammer,  and  an  ordinary  rivet- 
ing hammer  answers  very  well.  A  small  screwdriver  is 
also  necessary  to  use  on  the  screws  of  steam  gages ;  a  small 
wrench  or  a  pair  of  gas  pliers  can  be  used  to  disconnect 
steam  gages. 

Another  tool  is  a  little  .jack.  Fig.  5,  for  removing  the 
hand  from  a  steam  gage  without  bending  the  pinion, 
which  is  almost  sure  to  be  done  if  the  attempt  be  made 
to  remove  the  hand  with  a  pair  of  pincers,  knife  or  a 
claw  hammer. 

A  gage-testing  outfit  is  also  necessary  for  testing  steam 
gages.  A  light  but  strong  steel  chain  about  6  ft.  long, 
and  a  padlock  should  be  used  to  lock  the  boiler  stop  valve, 
when  there  is  more  than  one  boiler  on  the  line,  so  that  the 
valve  cannot  be  opened.  A  similar  precaution  may  be 
taken  with  the  feed-water  pipe,  but  usually  the  removal 
of  the  check-valve  cap  offers  ample  protection  against  hot 
water  entering  the  boiler. 

What  To  Look  For 

The  first  thing  to  note  is  the  condition  of  the  boiler 
setting.  The  condition  of  the  brickwork  should  be  ex- 
amined, also  the  fire  surface  of  the  shell,  for  signs  of 
blistering,  bulging  or  of  burnt  or  corroded  rivets.  Special- 
ly should  the  front  of  the  furnace  be  looked  at,  for,  if  the 
brickwork  burns  out  or  falls  down,  the  dry  sheet  mil 
burn,  as  shown  in  Fig.  6,  permitting  flames  to  pass  directly 


from  the  furnaie  to  the  front  >nioke  arch.     'I'liis  iiuiimi 
happen   witii   a   full   iliisli-froni    boder. 

Nevt    the  seams  should  be  inHpecled   for  sij^nH  of  d 
tress.     Overheating  seams  frecpienlly  cauxeH  leaky  rivi  i  , 
and.  although   the   rivets   nniy   have  tightened   up  ugam. 
corrosive  deposits  nuiy  be  found  fi<'<)iiently  around  them. 
In  locomotive  and  internally  lired  shells,  very  close  scan  1 1 
should  he  made   for  bulged   plates,  distorted  sheets,  ti\p\ 
of    Ipiiiniiig    and     bagging    of    plates    between    the    slii 
bolts  or  braces. 

The  cause  of  such  bulging  should  also  be  closely  looknl 
for.     'i'liis  will  jirobably  be  found  during  the  internal  in 
sped  ion  and   is  usually  due  to  dirt  or  scale  in  the  boih  i 
adiicniig  to  llie  plate  and  preventing  water  from  njaclm 
the  >hell.     When  that  liap|iens,  undue  heating  takes  phi 
ami   I  he  boiler  shell   may  heat  sulTiciently  to  permit   the 
iiiti  riiiil  |)ressure  to  bulge  out  the  l)late.     If  a  bag  is  de- 
teited  it  should  be  examined  clo.sely  and  noted  if,  when 
struck  with  a  hammer,  it  gives  a  sound  indicating  crack- 
or  thill  pLiies.     Small  bulges  are  usually  left  alone;  large 
ones  niiist   lie  removed  because  the  jiocket  formed  in  tin- 
sheet  collects  sediment,  which  causes  further  overheating 
and  bulging.     Cutting  out   a  bulge  may  not  prove  very 
satisfactory,   as  a   pocket    is  still    left   which   may   can 
trouble  indefinitely.     Forging  a  bulge  back  is  easily  d</i 
if  the  sheet   is  heated  to  a  bright   red. 

CoiiltOSION 

All  longitudinal  seams  of  the  boiler  shoidd  be  looked 
after  to  ascertain  what  corrosion,  if  any,  e.xists.  Along 
each  of  the  outside  straps  there  may  be  signs  of  rusting 
of  the  metal  or  a  deposit  of  white-looking  matter.  Some- 
times the  deposit  will  be  yellow  or  dark  colored,  depend- 
ing upon  the  corrosive  substance  which  has  been  acting 
upon  the  shell. 

The  peen  of  the  hammer  should  be  used  to  cut  away  the 
deposit  and  to  determine  how  much,  if  any,  the  sheet 
has  been  reduced  by  the  corrosive  action.  A  steel  scale 
is  handy  for  this  ])uri)ose.  It  can  be  placed  edgewise 
against  the  boiler  shell,  one  end  of  the  scale  extending 
over  the  corroded  spot,  then  the  distance  from  the  scale 
to  the  boiler  plate  will  equal  the  amount  which  has  been 
removed  by  corrosion. 

Corrosion  of  the  boiler  shell  should  be  watched  for 
closely.  This  is  to  be  found  eithei'  where  the  plate  lajis 
over  on  itself  or  where  one  comes  against  the  inner  or 
outer  strap.  By  placing  a  corner  of  the  steel  scale  against 
the  Joint,  and  parallel  with  the  boiler  it  is  easy  to  judge 
how  much  ji-  how  little  wasting  of  plate  has  taken  place. 
This  is  a  very  important  part  of  the  work,  as  a  reduction 
of  tV  ill-  ill  the  thickness  of  the  boiler  plate  may  cut  down 
the  allowable  pressure  enough  to  require  taking  the  boiler 
out  of  commission. 

The  examination  shows  the  jihysical  condition  of  the 
boiler,  and,  from  the  data  acquired,  the  safe  working  pres- 
sure for  the  boiler  is  calculated.  The  pressure  carried 
in  the  boiler  should  be  cut  down  to  the  amount  thus  de- 
termined, as  a  boiler  is  no  stronger  than  the  weakest  spot. 

('oitKODKl)   RiVKT.S 

In  Fig.  7  are  shown  corroded  rivets,  also  one  in  good 
condition.  Sometimes  one  is  found  as  indicated  by  the 
second,  almost  completely  covered  with  a  white  powdery- 
looking  deposit  which  may  go  partly  or  completely  around 
the  rivet.     Frequently  greater  action  takes  place,  and  the 
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•  appearance  shown  Ijy  tlic  last  i-iv(>t  is  often  foiiml,  and 
the  top  of  the  rivet  can  l)arcly  be  seen  in  tiic  cenlci'  of  a 
mass  of  corrosion. 

When  such  rivets  are  found  they  should  be  removed, 
the  holes  reamed  slightly  and  new  rivets  driven.  Repairs 
should  be  made  to  all  defective  rivets.  Sometimes  the 
metal  will  he  eaten  away  on  two  sides  of  the  holes,  as 
shown.  It  is  possibU'  to  drive  a  new  rivet  in  such  a  hole 
and  very  often  the  rivet  fills  the  hole  so  tightly  that  no 
leak  will  take  place,  but  it  is  much  better  and  safer  to 
ream  the  hole  slightly,  until  it  becomes  round  again,  then 
drive  a  new  and  larger  rivet. 

Each  girth  seam  should  be  looked  at  closely,  not  only 
for  corrosion  but   for  signs  of  disti'css. 

I.Nsi'KcTiXd  (Jiirrfi  Ska.ms 

Fig.  8  shows  some  things  which  one  may  expect  to  find 
about  the  girth  seams.  The  deposits  are  caused  by  evap- 
oration of  the  water  as  it  issues  from  leaks  in  the  boiler, 
leaving  deposits  of  salts  which  fill  the  angle  between  the 
sheets  or  around  the  rivet  heads.  When  leaks  exist  along 
a  seam  or  beside  a  rivet,  corrosion  must  eventually  take 
place.  Water  cannot  be  forced  through  a  crack  in  a  hot 
metal  plate  without  uniting  with  the  metal  of  the  plate 
to  a  greater  or  less  extent.  Some  of  the  rivets  may  also 
show  deposits.  Such  conditions  indicate  distress  at  the 
girth  seam,  and  the  cause  should  be  closely  investigated. 

Usually  the  girth  seams  of  boilers  give  little  trouble  as 
all  they  do  is  to  hold  the  boiler  together  and  withstand 
the  pressure  on  the  heads  not  carried  by  the  tubes.  There- 
fore, the  inspector  should  look  for  other  reasons  for  the 
distress  shown  at  girth  seams,  such  as  low  water  at  some 
jtrevious  time,  for  overheating  will  start  girth-seam  and 
rivet  leaks  very  quickly.  The  method  in  which  the  boiler 
is  suspended  figures  in  the  trouble.  Sometimes  boilers 
are  so  placed  that  expansion  of  the  shell  is  restricted  and 
excessive  strains  are  cau.sed  in  the  girth  seams. 


is  one  where  the  fuel  burns  completely  in  suspension. 

The  economical  utilization  of  the  cheaper  grades  of 
bituminous  and  slack  coals  is  another  imjjortant  reason 
why  a  successful  powdered-coal-burning  apparatus  would 
be  welcome.  True,  these  cheap  fuels  are  being  more 
extensively  used,  especially  with  the  more  general  use  of 
the  stoker,  but  the  high  percentage  of  ash  and  moisture 
are  productive  of  trouble.  When  in  powdered  form  and 
suitably  handled,  the  high  ash  and  moisture  content  are 
not  seriously  objectionable  except  that  pulverizing  trou- 
bles arise  from  too  high  moisture  content.  The  tem- 
perature in  parts  of  the  furnace  when  using  powdered 
coal  is  often  much  higher  than  when  burning  ordinary 
fuel  with  stokers  or  by  hand  firing.  As  the  fusing  tem- 
perature of  the  firebrick  is  sometimes  lowered  by  the 
combined  action  of  the  chemical  constituents  of  both  ash 
and  firebrick,  the  composition  and  the  fusing  temperature 
of  the  ash  are  important. 

With  coal  high  in  ash  that  slags,  it  becomes  important 
to  run  ofl'  while  hot  the  slag  that  accumulates  in  the  bot- 
tom of  the  setting,  especially  if  the  boiler  must  be  kept 
in  continuous  service  for  long  periods.  Lime,  unslacked 
or  as  contained  in  clam  and  oyster  shells,  used  as  a  flux 
will  usually  soften  the  slag  so  that  it  will  flow  or  become 
plastic  enough  to  permit  of  being  pulled  out  with  a  hoe. 

The  evaporation  per  pound  of  powdered  coal  rightly 
burned  is  high,  the  labor  cost  is  comparatively  low  and 
there  is  almost  a  total  absence  of  smoke 'when  burning 
the  highly  volatile  coals  in  powdered  form.  W'hile  the 
years  of  endeavor  have  not  resulted  in  the  general  adop- 
tion of  this  method  of  burning  coal  in  boiler  furnaces,  the 
persistency  with  which  experiments  are  carried  on  may 
result  in  the  perfection  of  the  art.  so  that  it  will  prove 
superior  to  the  stoker  for  burning  many  (if  the  lower 
grades  of  fuel  that  now  lie  in  mountainous  piles  in  the 
coal  regions. 
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I'owdered  coal,  with  suitable  apparatus,  can  i)e  nuide  to 
produce  complete  combustion  in  boiler  furnaces.  This 
is  no  new  discovery.  About  twenty  years  ago  the  prac- 
tice began  to  develo])  and  it  is  about  fourteen  years  since 
C.  Wegener  introduced  a  powdered-coal-burning  system  in 
Europe  wherein  the  use  of  blowers  for  forcing  the  coal  to 
the  furnace  was  eliminated,  and  the  natural  draft  made 
to  do  this  function.  Then  followed  an  interesting  devel- 
opment of  apparatus  for  using  this  form  of  fuel,  and  this 
activity  still  flourishes  despite  the  little  success  in  the 
])ractical  application  of  the  art.  At  present  much  ex- 
perimenting is  being  carried  on. 

This  manner  of  burning  coal  has  many  features  to 
recommend  it.  \ot  only  will  coal  burn  better  and  more 
completely  when  ])ulverized,  but  coal  high  in  volatile  gas- 
es, when  ground,  will  give  up  to  the  boiler  much  of  the 
heat  in  these  gases  that  goes  to  waste  under  ordinary  fir- 
ing and  draft  coiulitions.  The  draft  must  be  very  much 
lower  when  powdered  coal  is  burned,  for  the  volatile  com- 
bustible burns  more  rapidly  than  the  fixed  carbon  in  pow- 
dered form,  which  will  be  carried  unconsumed  to  the  back 
of  the  setting  even  under  the  low  draft.  The  coal  must 
not  enter  the  furnace  at  too  high  velocity  and,  to  ]n-e- 
vrnt  rapid  deterioration  of  the  firebrick,  must  not  im- 
pinge on   any  part   of  the  setting.     The   ideal   condition 


To  calculate   the  i)ressure  of  piston   rings  against  the 
cylinder  walls,  let 

/*  =^  Total  pressure  of  ring,  in  pounds ; 
j)  =  Unit  pressure  of  ring,   pounds  per  square  inch; 
*S'  =  Unit   stress  at  most   remote   fiber,   pounds   ])er 
square  inch,  at  point   .'<; 


^-tbr 


Piston  Rixg,  Showing  Where 

Mi:Asri!i:Mi;\TS  Shotld  Rk 

Takkx 

c—  Dislance  from   lu'utral  axis  of  section  to  most 

leinote  fiber,   inches; 
/  =  iloment  of  inertia  of  section  about  neutral  axis 

l)arallel  to  the  face; 
M  =  Maximum  bending  moment; 
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r       Miiiii  riidiiis  nC  liiif:,  inclu's; 
u  —  Amouiil  til  111-  cut  mil  of  riiijj; 
I)  =  Dinnu'lcr  of  <  vlimliT  liiirc; 
h  =  Knee  (if   rinjj.   iiiclics; 
(/  ~  Tlii«'kiu'(*«  of  riiifi,  iiiclies; 
/•' —  Allnwniici'  I'lir  til  ruin;,'. 

Till'  riiiiiliiiiit'iilnl   lIcMii'c  ruriiiula  lor  licnins  is  >'  = 

Colisidt'i-  (imi'-IimH'  (iI    llic  riiij;  iis  a  ciuiIiIcmt  liciiiii  of 
Icn^^'tli  Vr.  mill  iiiiifoniily  londi-d  witli  a  load.  /'. 

.1/  for  laiilik'ver  hoams  =    (  .,)    X  (-'")  =  •/>• 

(I 

c  lor  rrctiin<:iilar  si'ctions  =  ,j. 
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KcdilciiiK  /'  to  potiiidK  |)<'r  HCjiiaic  imii  iiinjcctcd  arcj 
2ri/;.     Subatituliiif^ 
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Tlic  aiiKJiiiil  (I  to  l)c  cut  out  of  tlic  riii;;  may  b'e  aKSiinicd 
Huiiif  L'Vt'ii  lif,Miro  from  al)oiil  %  in.  for  the  smalliT  sizes 
of  cyliiidors  to  %  or  y^  in.  for  the  larj^cr  sizes  of  Hi-  or 
JiO-iii.  Iiorc. 

After  assnmiiif^  the  xnliic  for  «,  tlic  outside  diameter 
(if  tile  cylindrical  lilaiik  I'loin  wliicli  llie  riii;;s  are  cut 
would  be 

a 


ir  =  D  + 
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'I'lie  riiifj;s  are  then  cut  ulf  with  the  re<|uire(l  width  h, 
and,  after  the  slot  a  is  cut,  they  are  sprniif^  tofjetlier  and 
turned  to  the  same  diameter  as  the  cylinder  hore. 
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SYXOPSIS — How  iwo  engines  of  different  capacity  and 
running  at  different  speeds  were  piped  to  run  as  a  com- 
pound condenMug  unit.  The  directly  connected  gen- 
erators were  run  in  parallel  without  trouble,  notmithstand- 
ing  predictions  made  to  the  contrary. 

About  a  year  ago  the  writer  assisted  in  designing  a 
municipal  electric-light  plant,  some  features  of  which  are 
worthy  of  mention. 

A  city  of  approximately  6000  inhabitants  purchased 
the  franchise  and  physical  property  of  the  Electric  Light 
&  Water  Co.,  and  found  it  necessary  to  build  an  entirely 
new  plant.  It  was  also  determined  to  install  a  central 
steam-heating  system  to  operate  in  conjunction  with  the 
lighting  plant,  this  system  to  cover  all  the  business  district 
and  a  part  of  the  residential  section. 

It  was  desirable  that  the  generating  units  1)6  the  most 
economical  obtainable  with  the  amount  of  money  available. 
Furthermore,  to  determine  the  capacity  of  the  new  units, 
recourse  was  had  to  the  old  company's  records  which  re- 
vealed that  during  the  winter  the  maximum  demand  was 
about  350  kw.,  and  the  maximum  required  during  the 
summer  was  approximately  225  kw.  The  average  con- 
sumptions during  these  two  periods  had  about  the  same 
ratio. 

The  sizes  of  the  units  necessary  was  the  first  thing  to 
be  considered,  and  a  100-  and  a  225-kw.  unit  were  de- 
cided upon.  The  two  units  combined  were  ample  to  carry 
the  maximum  winter  load  with  the  prospective  increase 
for  several  years.  On  the  other  hand,  the  100-kw.  set 
could  carry  the  light  day  load  in  summer  and  the  225- 
kw.  unit  was  ample  to  liandle  the  heavy  summer  load. 
It  was    imperative  that  two  units  be  installed  as  a  safe- 


guard against  a  total  shutdown,  with  the  additional  rea- 
son that  it  was  a  good  business  proposition  to  have  that 
unit  in  operation  at  any  time  that  it  would  be  carrl'ying 
approximately  full  load. 

As  a  first  step  toward  choosing  the  type  of  prime  mover 
to  be  installed,  the  turbine  was  investigated  and  dis- 
carded, because  of  the  high  steam  consumption  of  the 
smaller  sizes,  especially  when  operated  noncondensiug 
and  with  a  back  pressure.  Although  the  steam  consump- 
tion was  of  small  moment  during  the  two  months  of  ex- 
tremely cold  weather,  during  the  autumn  and  spring  the 
steam  necessary  for  the  heating  system  would  be  small; 
consequently  the  economy  with  noncondensiug  operation 
was  of  importance  and  more  than  offset  the  low  installa- 
tion cost  of  the  turbines. 

Similarly  the  high-speed,  single-valve  engine  was  dis- 
cussed and  discarded  in  view  of  the  ever  increasing  steam 
consumption  of  this  type,  while  even  the  consumption, 
when  the  engine  was  new,  was  entirely  too  high  for  this 
plant.  This  narrowed  the  field  to  two  types,  the  Corliss 
and   the  four-valve  engine. 

Investigation  seemed  to  prove  that  as  regards  cost  of 
operation  and  upkeep  there  was  little  to  choose  between 
these  two  types.  In  view  of  the  demand  that  the  cost 
of  current  be  as  low  as  possible,  the  compound  engine 
seemed  almost  essential.  However,  the  money  available 
was  insufficient  to  purchase  two  compounds  and,  as  has 
already  been  stated,  it  was  desirable  to  have  the  two  units. 
Finally  it  was  decided  to  purchase  two  simple  engines  and 
arrange  to  operate  them  part  of  the  time  as  a  compound 
engine. 

This  idea  was  taken  up  with  various  engine  and  gen- 
erator builders,  but  none  would  vouch  for  the  success  of 
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the  arrangement.  The  engine  people  stated  that  the  en- 
gines would  operate  satisfactorily  if  the  generators  did  not 
develop  lieavy  cross-eurrents.  The  generator  people  were 
quite  willing  to  guarantee  the  operation  of  the  alternators 
if  the  engines  would  regulate. 

All  stated  that  it  was  a  proposition  entirely  new  to 
them.  However,  in  spite  of  the  lack  of  huilders'  guar- 
antees it  was  decided  that  the  plan  should  be  carried  out. 
It  was  impossible  to  buy  two  compound  engines  and  aJiy 
gain  in  steam  consumption  with  the  compounding  plan 
over  simple  engines  would  be  clear  gain.  Furthermore, 
the  cost  of  a  receiver  and  the  necessary  piping  was  not 
excessive. 

Bids  were  invited  on  the  installation  of  two  72-in.  by 
20-ft.  horizontal  tubular  boilers  for  175  lb.  working  pres- 
sure, a  100-  and  a  225-kw.  engine  and  generator  unit 
together  with  condenser,  piping  and  the  usual  accessories. 
The  generators  were  to  be  2300-volt,  three-phase,  60- 
cycle,  directly  connected  to  the  engines  and  to  have  belted 
exciters.  The  bidders  were  required  to  give  steam  con- 
sumptions with  engines  operating  both  noncondensing 
and  condensing.  The  city  assumed  responsibility  for  the 
compounding  arrangement  and  so  this  plan  was  not  dis- 
cussed with  the  bidders. 

Finally,  because  of  extremely  low  steam  consum])tion 
and  evident  high-grade  of  workmanship  entering  into  the 
construction,  two  improved,  four-valve  German-design  en- 
gines were  purchased  with  the  other  machinery  called  for. 
The  engines  were  a  12xl8-in.,  operating  at  225  r.p.m., 
directly  connected  to  a  100-kw.  alternator,  and  a  19x27-in. 
engine  directly  connected  to  a  225-kw.  alternator  running 
at  150  r.p.m.  It  was  desired  to  have  both  engines  run 
at  the  same  speed,  but  the  cost  of  the  smaller  unit  at  150 
r.p.m.  was  so  high  as  to  over-run  the  available  money. 

Both  engines  were  connected  to  a  main  exhaust  line,  as 
shown  in  the  illustration.  There  was  also  an  independent 
atmospheric  exhaust  line  from  each  engine.  The  main 
exhaust  line,  immediately  beyond  the  large  unit,  was  con- 
nected to  a  jet  condenser.  The  bypass  with  its  connecting 
receiver  is  shown.  This  bypass  was  connected  to  the  live- 
steam  manifold  of  the  large  engine  from  below,  this  en- 
gine being  equipped  with  two  throttle  valves,  one  con- 
trolling the  line  from  the  boilers,  the  other  controlling 
the  steam  from  the  bypass. 

The  method  of  operating  the  plant  is  as  follows :  Dur- 
ing the  season  of  steam  heating,  the  engines  are  operated 
noncondensing  and  exhaust  directly  into  the  heating 
mains  At  times  one  engine  handles  the  load,  but  during 
the  gi'cater  part  of  the  time  both  are  operated  with  the 
generators  run  in  parallel.  During  the  warm  months 
when  the  load  is  less  than  75  kw.,  the  small  unit  is  op- 
erated condensing.  When  the  load  increases,  the  two 
engines  are  started  on  live  steam,  and  the  generators  are 
then  thrown  in  parallel.  This  being  accomplished,  the 
small-engine  exhaust  is  cut  off  from  the  large-engine  ex- 
haust beyond  the  bypass,  the  exhaust  passing  out  through 
on  independent  atmospheric  line  through  a  back-pressure 
valve,  the  weight  of  which  can  be  altered  at  will.  The 
bypass  is  then  opened  and  the  live-steam  throttle  gradual- 
ly closed.  When  the  pressure  in  the  by]'>ass  reaches  about 
30  lb.  or  more  the  live-steam  throttle  is  entirely  shut  off, 
and  the  hy])ass  throttle  opened.  The  weight  on  the  back- 
pressure valve  of  the  small  engine  is  then  shifted  so  that 
it  will  not  open  with  less  than  80  lb.  pressure. 

As  the  back-pressure  instantly  shows  up  on  the  small 


engine  or  high-pressure  cylinder,  the  cutoff  occurs 
later,  according  to  the  load  on  the  generator.  The  same 
occurs  with  the  large  engine  or  low-pressure  cylinder. 
The  capacity  of  the  receiver,  10  cu.ft.,  prevents  fluctua- 
tions of  the  receiver  pressure  that  were  ex])ected  to  occur, 
due  to  the  different  engine  syjecds. 

It  had  been  freely  predicted  that  the  regulation  would 
be  faulty,  esjjecially  that  of  the  large  engine.  On  the  con- 
trary, the  two  units  operated  as  smoothly  as  when  run- 
ning as  simple  engines.  It  developed  that  the  small  en- 
gine's governor  shifts  often  while  the  large  engine  gov- 
ernor's mo\ement  is  very  slight.  This  is  probably  ex- 
plained by  the  fact  that  as  the  load  decreases  the  cutoff 
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of  the  small  engine  becomes  shorter,  thereby  lowering  the 
terminal  and  receiver  pressure ;  this  reduction  of  pressure 
would  decrease  the  power  of  the  large  engine  with  the 
same  cutoff  as  before.  Consequently  the  governor  is  not 
shifted  as  frequently.  The  cross-currents  between  the 
generators  do  not  develop  as  many  had  feared.  In  fact, 
the  operation  is  as  good  as  found  with  many  regular  com- 
pound engines. 

While  the  steam  consumption  of  the  combined  units  is 
about  2  lb.  higher  than  that  of  a  compound  engine,  it  is 
very  evident  that  the  greater  part  of  the  preventable  loss 
is  due  to  the  lowered  efficiencies  of  the  two  generators, 
since  they  are  not  operated  at  full  load.  Also,  there 
would  probably  be  a  slight  gain  if  the  engine  cylinders 
had  a  better  ratio  and  the  revolutions  were  the  same. 

It  is  now  proposed  to  run  the  exhaust-steam  line  from 
the  condenser  pump  into  the  receiver,  thereby  giving  an 
additional  amount  of  steam  to  the  low-pressure  cylinder; 
the  exhaust  from  the  boiler-feed  pump  being  ample  for 
heating  the  feed  water. 

While  it  is  a  debatable  question  if  such  an  arrangement 
of  compounding  is  often  advisable,  still  in  this  case  it 
works  satisfactorily  and  indicates  the  flexibility  lluit  it  is 
possible  to  secure  in  a  medium-size  light  plant. 

How    to    Take    Rope    Prom    a    Coll    Without    Kiiiktns — The 

Plymouth  Cordage  Co.  gives  the  foUowins:  diiectioius:  Place 
the  coil  on  its  head  with  the  inner  end  of  the  rope  at  the  bot- 
tom, then  draw  out  the  end  anticlockwise  and  throw  the 
rope  as  it  comes  out  so  that  it  will  fall  in  the  same  direction 
as  that  taken  during  the  unwinding.  Where  storage  space  is 
limited,  it  may  be  necessary  to  draw  from  the  outer  end  of  the 
rope.- — "Mill   Supplies." 
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S)  .\()l'SIS—  l^rsin/iliim  of  iiiiil  iliiln  from  Irsls  aliiiiriiKj 
iffccls  uf  air  laik(t(if  in  I  a  hniler  srlliiif/s  rou.iidrrcil  rm- 
soimlilil  tiijhl,  and  the  ihcIIidiI  rm/ihiiird  fa  srcitir  /irar- 
lica'lt/  nhsolule  air-tiylilnrss. 

y. 

Ill  a  plant  of  ^oinf  v'n  odtl  lioilcrs  aj,'j,'n';,'atiiif,'  7000 
lip.  ( rated ),  two  lioilor.-i  coiitiiiiially  showed  a  Iowit  cIH- 
ciiMirv  of  coiiiim.stioii  than  tho  rest,  allhoii^di  all  were 
similarly  (•on.><tnicti'd  and  o]H'ratinf:  on  tlic  sanu'  fuel.  'I'he 
Hue  <iases  were  analyzed  daily  I'or  CO^  with  a  recorder  and 
frequent  tests  were  made  wilii  the  Orsat  for  COo.  VO  and 
().  Finally,  two  Orsals  were  employed,  one  for  the  gases 
at  the  to])  of  the  first  pass,  the  other  just  heforc  the  hack 
damper  at  the  to])  of  the  last  |)ass. 

The  tests  at  once  siiowed  that  the  jjases  as  they  left  the 
boiler  had  heeonie  diluted  as  e()m|)ared  with  the  ga.ses  at 
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liie  point  of  gas  travel  wliere  eoniliuslion  was  practically 
just  completed.  The  dilution  was  caused  by  iiir,  as  shown 
by  the  analyses  of  the  gases,  and  inasmuch  as  none  had 
been  admitted  through  the  furnace  which  had  not  been 
accounted  for  in  the  analyses  taken  at  the  toji  of  the  iirst 
pa.es,  it  is  evident  that  air  which  had  not  passed  through 
or  over  the  fire  bed  must  have  found  its  way  into  the 
boiler  through  the  .setting  it.«elf. 

We  at  once  began  a  thorough  investigation  of  this  set- 
ting and  pre])ared  to  stop  the  entrance  of  any  air  except 
that  which  rightfully  came  in  through  or  over  the  fuel 
bed.  Wo  found  bad  joints  in  the  brickwork,  and  porosity 
tests  of  bricks  similar  to  those  used  in  the  .setting  showed 
that  considerable  air  could  readily  pass  through  them 
when  under  the  influence  of  difference  in  pressure ;  door 
frames  were  loo.se  in  the  brickwork,  and  we  located  numer- 
ous points  of  entrance  for  air  which  before  had  passed  un- 
noticed. 

Tb.e  first  step  was  to  thoroughly  remove  the  old  woi'n- 
out  lime  mortar  in  the  joints  of  the  brickwork  to  a  depth 
of  fullv  1  in.,  after  which  the  bricks  were  cleaned  by 
brushing  with  wire  brushes.  The  joints  were  then  pointed 
lip  carefullv  with  a  cement  coni]iosed  of  fireclay  mixed 


with  Portland  cemi'nt  and  waliT.  It  was  found  that  an 
addition  of  ammonia  water  tended  to  retard  the  sedniv 
somewhat  and  render  the  mivtnre  more  resistant  to  lein 
]ieratiire  changes,  the  amount  added  being  snllicient  l<> 
give  the  mixtun'  a  fairly  strong  odor  of  ammonia.  Th'' 
joints  were  made  (lush  with  the  surfaces  of  the  bricks  and 
allowed  to  set   lor  two  days. 

Alici  till'  ii'iiicnt  had  solidified,  the  wlude  setting, 
hnekwork  and  iron  were  ])ainted  with  a  heavy,  Hlow-dry- 
iiiir  asi)haltum-lia.se  jiaint,  of  such  character  as  to  give  a 
l!e.\ibie  ''oating  not  easily  cracked  or  j)eeled  from  the 
bricks.  It  was  neees.sary  to  first  jjoint  up  the  joints  with 
the  cement-fireclay  mortar  because  some  of  the  craek^ 
were  larger  tiian  the  jiaint  coidd  safely  close  efTcetivi 
ly.  All  the  door  fjiimes  were  set  tightly  in  the  brickwork 
and  llii'ii  given  a  heavy  coat  of  (he  same  paint,  es|X!cially 
wli'  re  (he  iron  joined  the  brickwork.  Throe  coats  in  all 
were  a])plied,  each  being  allowed  to  dry  somewhat  before 
the  ai)l)licalion  of  the  next.  The  total  time  consumed  in 
im])roving  this  setting  was  10  days.  The  results  pro- 
duced caused  us  to  carry  out  a  similar  ])rogram  on  all 
the  other  settings. 

Herewith  are  some  figures,  calculated  on  the  basis  of 
])ure  carbon  i'or  fuel,  showing  the  saving  which  may  be 
obtiiined  when  boiler  settings  are  maintained  in  air-tight 
condition.  It  should  be  noted  that  the  conditions  in  this 
plant  were  not  abnormal  :  in  fact,  the  writer,  since  this 
])articular  investigation,  has  observed  many  cases  far 
worse. 

The  chart  in  the  figure  shows  the  result  of  tests  cover- 
ing 27  days  in  terms  of  CO,  in  the  ga.ses  of  combu.stion. 
The  samples  were  taken  at  the  top  of  the  first  and  at  the 
top  of  the  last  pass  in  the  gas  travel  of  a  500-hp.  Stirling 
boiler,  fitted  with  a  Roney  stoker.  The  draft  was  natural, 
averaging  0.17")  in.  of  water  over  the  fire.  The  COg  tests 
were  made  simultaneously  by  two  operators,  who  changed 
])ositions  and  Orsats  frequently  in  order  to  eliminate  the 
personal  equation  as  far  as  jiossible. 

It  is  interesting  to  note  the  regularity  with  which,  for 
the  most  part,  fluctuations  in  COo  in  the  first  i)a.ss  are 
followed  by  fluctuations  in  the  last. 

The  average  CO.  at  the  top  of  the  first  pass  was  13  per 
cent,  for  27  days  before  the  setting  was  overhauled  and 
8.8  per  cent,  at  the  top  of  the  last,  a  difference  of  4.2  per 
cent.  Tliis  loss  in  CO,  is  undoubtedly  a  measure  of  the 
dilution  of  the  gases  of  combustion  due  co  air  of  in- 
filtration and  corresponds  to  an  increase  in  the  exce.ss  air 
equal  to  75  ])er  cent,  of  that  theoretically  required.  The 
excess  at  the  top  of  the  first  pass  was  close  to  60  per  cent, 
and  135  per  cent,  at  the  top  of  the  last.  This  increa.se 
in  excess  air  (75  per  cent.)  corres]Jonds  to  a  loss  in  fuel 
of  approxim_ately  5.5  per  cent,  (based  on  pure  carbon). 

After  rendering  the  setting  practically  air-tight,  the 
difference  in  CO,  content  of  the  gases  was  reduced  to  0.5 
per  cent.,  the  CO.,  at  the  top  of  the  first  pass  being  13.6 
per  cent.,  as  against  13.1  per  cent,  at  the  top  of  the  last. 
This  difference  represents  closely  an  increase  in  excess 
air  of  only  5  per  cent,  (compared  \vith  .an  increase  of  75 
per  cent,  formerly),  which  in  turn  approximates  a  fuel 
loss  of  only  0.25  per  cent.,  or  practically  zero  when  the 
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iiccuracy  ol'  anal3'sis  ol'  biases  and    unavoidable  error  are 
considered. 

'I'liere  can  l>c  no  doul)l  of  (lie  value  of  careful  treat- 
ment of  boiler  setlinys;  the  (i.i^iircs  are  strong  evideneo 
that  all  lieat-absorl)in,L',  jiarts  of  boilers  should  l)e  lioiised 
in  air-tight  settings,  tlu're  being  considerable  value  in 
the  suggestion  that  all  boiler  brickwork  be  covered  with 
sheet  iron,  applied  in  sections  so  that  working  parts  may 
bo  accessible  for  cleaning,  etc.  Excellent  results  may  be 
(ibtainod,  however,  with  suitable  paint.  Such  a  paint  is 
gummy  in  nature,  heals  when  scratched  and  gives  a  heavy, 
impervious  coating  which  does  not  become  "tacky"  even 
at  the  front  part  of  t'ne  setting  near  the  combustion  cham- 
ber. There  are  several  such  paints  on  the  market;  the 
paint  we  used  is  sold  in  all  the  principal  cities  of  this 
countrv. 


CO,    ANALYSIS   IN    PER  CENT 


Boiler  Setting 
A 
B 
C 
D 


Before 
First  I*asy  Last  Pass 

10.7  7  2 

15  0  10   1 

11. S.')  7  3 

13.6  7  G 


After 
First  Pass  Last  Pass 


10  9 
14,8 
12  1 
13.22 


10  3 
14  7 

11  3 
12.4 


EXCESS  AIR  CORRESPONDING   TO  ABOVE  CO,  CONTENTS 


93  0 
10.0 
7.3.0 
52  5 


1S7  .5 
105  0 
185  0 
172.5 


90.0 
41  0 
71  0 
56  0 


100 
40  85 
82.5 
67  5 


FUEL  LOSS  CORRESPONDING  TO  DIFFERENCE  IN  CO,  BETWEEN 
FIRST  AND  LAST  PASS,  PER  CENT. 


8.25 
5.75 
10.00 
10.75 


0  75 
0.00 

1  ()0 
0  90 


Above  are  figures  showing  the  results  of  such  treat- 
ment on  several  otlier  settings  figured  as  above.  The  sav- 
ings shown  in  fuel  consumption  are,  of  course,  calculated 


tiicoretically.  However,  actual  tests  in  which  the  fuel  was 
weighed  and  calculated  in  terms  of  B.t.n.  jici'  kilowatt- 
hour  of  current  generated,  before  and  after  treating  the 
settings,  showed  close  checks  on  the  theoretical  figures. 

fn  all  this  work  the  same  fuel,  Hocking  Valley  slack, 
was  used  and  showed  a  heat  value  of  about  ]2,H00  B.t.u. 
pei'  pound,  and  a  content  M.5  per  cent,  ash  and  1.5  per 
cent.  sul|)bur. 
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'eMlhtl  of  StlS^.(ClI?.S 


For  u.se  in  estimating  the  weights  of  circular  steel 
.stacks  and  smoke  breechings,  the  accompanying  table  is 
gi\cn  by  (Miailes  IJ.  Courtenay  in  the  American  Machinist 
for  Sept.  11,  1  !)].">.  The  table  gives  the  actual  weight  of 
a  round  steel  tul)c  1  ft.  long,  including  longitudinal  lap. 
For  stacks  No.  8  to  Xo.  3  gage,  it  is  only  necessary  to 
add  fi  or  SV^  per  cent,  of  the  weiglit  given  for  every 
girth  scam  in  the  stack. 

E.xample — How  much  will  the  plate  of  a  22-in.  diam- 
eter by  20-ft.  stack  weigh  if  the  material  is  No.  16  gage 
stock  and  the  length  of  each  .section,  including  lap,  is  50 
in.     From  the  table,  the  weight  per  foot  is  16.4  lb. 

20  X   16.4  =  328  lb. 
There  are  four  girth  seams  because 

20  ft.  X  12 


50 


=  5,  nearly 


and  ■: 
Then 


—  1 


81/.  per  ceni.  o/  10.4  X  4  =  5.46  lb. 
is  the  extra  weight  for  seams   (girth)   and 


WEIGHT-CALCULATION   TABLE.     WEIGHT  PER  FOOT  OF    ROUND  STACKS 


V 

ae  5"  Rivets — Lap  IJ" 

0 

1 

2 

3             4             5 

►iameter           ^" 

A" 

H" 

H"         h'' 

Use  A"  Rivets — Lap  1" 


149.2 

156.4 

163  7 

171 

178.4 

185.7 

193.1 

200.4 

207.8 

215  1 

222.4 

229.8 

2.37,1 

244 . 5 

251.8 

259.1 

266.5 


1,34  1 

140  7 

147  3 

1.53  9 

160  5 

167.2 

173  7 

180.4 

187 

193  6 

200.2 

206.8 

213.4 

220 

226.6 

232,2 

238.8 


111 

114  2 

117  3 

120  4 

123  5 

126.6 

132  9 

139.1 

145. 4 

151.6 

157.9 

164.1 

170.3 

176.6 

183 

189.1 

195.3 

201.6 

207.8 

214 

220.3 

226.5 


89.8 
92.8 
05  7 
98.6 
101.6 
104  5 
107.4 
110  4 
113  3 
116  3 
119  2 
125  1 
131 
1.36  8 
142.7 
148.6 
154.4 
160.3 
166.2 
172.1 
178 
183.8 
189.7 
195  6 
201  4 
207.3 
213  2 


84.3 
87 

89.8 
92.6 
95.3 
98.1 
100.8 
103.5 
106.2 
109 
111.8 
117.2 
122.8 
128.3 
133.8 
139.3 
144.8 
150  3 
155.  S 
161.4 
167 
172.4 
178 
183.4 
189 
194.3 
200.5 


65.8 
68.3 
71 

73  5 
76 

78.6 
81.2 
83.8 
86.3 
89 
91.4 
94 

96.6 
99.1 
101.7 
104.3 
109.4 
114.6 
119  6 
125 
130 
135.6 
140.3 
145.5 
1.50.6 
155.7 
160.8 
166 
171.2 
176.4 
181.4 
18G.8 


33.7 
35.6 
37 
39 
41 
43 
45.1 
47.1 
49  1 
51.1 
53  1 
55.2 
.57.2 
.59  2 
61.3 
63.2 
65.3 
67.2 
69.3 
71.3 
73.3 
75.3 
77.4 
78.7 
81.4 
85.4 
89 . 5 
93.5 
97.6 
101.6 
125.5  105  6 


49 
51.5 
53.8 
55.9 

58.7 
61.1 
63.5 
66 

68.2 
70.6 


77.8 
80.2 
82.6 
85 
87.3 
89.7 
92.3 
94.5 
97 

101.6 
106.4 
111.2 
116 
120.7 


130.3 

1.35.1 

1.39 . 8 

144  6 

149.4 

1.54.2 

159 

163.7 

168.5 

173.3 


109.7 

113.7 

117.6 

121.8 

125.8 

130 

134 

138 

142 

146 


17 

18.7 

20.3 

22 

24.3 

25.3 

27 

28.6 

30.3 

32 

33.6 

35.2 

36.9 

38.5 

40.2 

41   8 

43.5 

45.1 

46.8 

48.4 

50 


55 
56.7 
58.3 
60 
61.6 
63.3 
65 

66,6 
70 
73.2 
70.5 
79.8 
83 
86.4 
89.8 
93 . 5 
96.5 
99.7 
103 
106.3 
109.6 
112.9 
116.2 
119.5 


U 

12.4 

13.8 

15. 

16.4 

17  7 

19 

20  4 

21  7 
23 

2 '.  4 
25.7 


29.7 

31 

32.4 

33.7 

35 

36.3 

37.7 

39 

40.4 


44.4 

45.7 

47 

48.4 

49.7 

51 

.52.3 

53.7 

56,4 

59 

61,7 

64.3 

67 

69.7 

72.4 

75 

77.7 

80.3 

83 

85.7 

88.3 

91 

93.6 

96.3 


14 


7.6 
8.55 
9.4 
10.4 
11.3 
12.2 
13.1 
14.1 
15 

15.9 
16.8 
17.7 
18.7 
19,6 
20.5 

21  4 

22  3 

23  2 
24.2 
25  1 
26 
27 

27.8 
28.7 
29.7 
30.6 
31.5 
32.4 
33.3 
34,3 
35.2 
36.1 
37 

38.8 
40.7 
43.5 
44,3 
46,2 
48 
50 

51,2 
53.5 
55,4 
.57  2 
59 

60,3 
62.7 
64.5 
60.4 


16 


7.8 
8.31 
9.04 
9  8 
10.51 
11.2 
12 

12.7 
13.4 
14.2 
15 

15.6 
16.4 
17.1 
17.8 
18.6 
19.3 
20.1 
20.8 
21.5 
22.3 
23 
24.1 
24.5 
25.2 
26 
26.7 
27.4 
28.1 
28.9 
29.6 
31,1 
32.5 
34 
36.1 
37 

38.4 
40 
41  4 
42.6 
44  3 
45.8 
47.2 
48.7 
.50.2 
51.6 
53.1 


18 


5.5 
6,06 
6,64 
7.36 
7.8 
8,41 
9, 

9  58 
10.2 
10  8 
11.3 
11.9 
12.5 
13   1 

13  7 

14  3 
15 

15.5 
16.04 
16.6 
17.2 
17.8 
18.4 
19 

19.6 
20.2 
20  7 
21.3 
21.9 
22.5 
23 

23.7 
24.9 
26.03 
27.2 
28,4 
29,6 
30,7 
31,9 
33.1 
34.3 
.35.4 
36.9 
37.8 
39.3 
40.3 
41.4 
42.7 


20 
A" 
3.68 
4.02 
4,53 
4,97 
5,41 
5,85 
6  46 
6,73 
7.17 
7.51 
7.96 
8.49 
9.2 
9.47 
9.81 
10.2 
10.6 
11.1 
11,5 
12,1 
12,3 
12,8 
13,3 
13.8 
14,2 
14,6 
15   1 
15  5 
16 

16,3 
16,8 
17,2 
17,7 
18,5 
19,4 
20.3 
21.2 
22.1 
23.1 
23.8 
24.7 
25.6 
26 . 5 
27.4 
28,2 
29,2 
.30 
31.1 
31.8 


3.04 
3,51 
3,78 
4,14 
4,51 
4,82 
5.24 
5,61 
5.98 
6.34 
6.71 
7.17 
7.44 
7.81 
8.17 
8. 54 
8,9 
9,27 
9.64 
10. 
10  3 
10.7 
11.1 
11.4 
11.8 
12.2 
12.5 
13 

13.3 
13.6 
14.01 
14.4 
14.8 
15.5 
16.2 
16.9 
17.6 
18.4 
19.1 
19.9 
20.6 
21.3 
22 

22.8 
23.5 
24.2 


2 .  65 

2.73 

3 

3.22 

3  61 

3  91 

4.2 

4.49 

4.79 

5.08 

5.37 

5  66 
5.95 
6.25 
6.54 

6  73 
7.12 
7.42 
7.71 
8 

8.3 
8.59 
8.92 
9.18 
9.47 
9  76 

10 

10. -3 

10  6 

10.9 

11.2 

11.5 

11.8 

12.3 

12.9 

13.5 

14.2 

14.6 

15.3 

15,9 

16,5 

17,1 

17.6 

18,2 

18.8 

19,4 

20 

20,6 

21,2 


1  82 

2  05 

2  27 
2.49 
2.71 
2.93 

3  15 

3  37 
3.55 
3.74 
4.03 
4.25 
4.47 

4  69 
4  91 


5 .  79 
6  01 
6  23 
6  44 
6.67 

6  89 

7  16 
7  33 
7 .  .55 
7.77 
7,92 
8. 20 
8.49 
8.68 
8.89 
9.34 
9.75 

10.1 

10.6 

11 

11.5 

11.9 

12.3 

12.8 

13.2 

13.7 

14.1 

14.6 

15 


1.52 

1.71 

1.87 

2.07 

2  26 

2.45 

2.62 

2.81 

3 

3.18 

3.36 

3. 54 

3.73 

3.91 

4.1 


4.82 
5.02 
5  2 
5.38 
5.57 
5.75 
5  93 
6.05 
6.3 
6.42 
6.6 
6.85 
7.02 
7.15 
7.39 
7.76 
8.07 
8.45 
8.82 
9,18 
9,6 
10 

10,3 
10,7 
11 

11.4 
11,8 
12,1 
12,5 
13 
13.4 


1.53 
1,66 

1  84 

2  01 
2,10 
2,22 
2,49 
2,5 

2  64 
2.86 
3.0 
3.15 
3.36 
3.45 
3.56 

3  68 
3.86 

4  01 
4.15 


4.89 
5.09 
5.16 
5. 33 
5  48 
5.63 
5.77 
5.92 
6.14 
6.5 
6.8 
7.09 
7.39 
7.68 
7.97 
8.27 
8. 56 
8.85 
9.15 
9.4 
9  7 
10 

10  2 
10  6 


.•^dd  158  %  of  above  for  each  eirth  seam, 
Thesr"  weights  include  allowances  for  over  weights  a?  adopted  by  The  Ass'n  /American  Steel  Mf'rs. 
Docs  not  include  bands,  guy  wire  and  rivets 


Add  8 J  %  of  above  for  each  girth  seam. 
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:\2H  -f  •'».  Ifi  =  :i.'5H.in  Ih.  wn  Ihc  lnp  for  tlicHc  pa)r«'H  if  1%  in.  iiiKtciiil  of  1  in.  lor  the 

is  (III'  total  \vci},'iil  of  |ilat('  in  the  «la<k.  Iinlilci-;,'a«t'  slock.     To  olitain   tiic  total   «fi};lit   ol    ma- 

ir  the  pifTi'  stock  iiad  lu'cn   No.  (>  to  No.  (i.  wo  would  tcriiil  in  a  stack,  it  is  only  ncc<-ssarv  to  adil  to  Ihu  |ilal9 

have  had  to  ii.xc   ir)''\J<  per  ci'nt.  instead  of  K'/:t  per  ci-nl.,  weitrlit  the  wcit/ht  of  rivets  and  hands. 

\\\   \\ .  .1.  Smith  1 

S)'  .\()I'SIS — '<lrnm    hoilrrs  arc   iisrd  to  (jcncmlr  sliain  de;^.    I' •    From   the  cvliniler  jackets  the   water  is  led   to  a 

for  III  Hint  factti  liny  juiriiuscs,  Inil  jKurcr  is  ohtaiiicd  from  jacket  iilioiil    Ihc  c\hau.-t    pipe  of  the  engine  and  an  cx- 

a  (/os-i)ru(hircr,  (jus-enginc  planl.   A  n  inlrrcstinfj  arraiujr-  haust-hc;il    (((inuini/cr    whicji    raises   it   to  nearly   hoiliii^ 

///<■»//  is  that  of  using  the  anintunia  contlcnscr  iraler  in  lite  ])oint  and  at  the  same  lime  cools  the  Inirned  gases  ol 

gas-engine  jackets,  for  cooling   the   engine-exhanst   puie  exhaust  and  makes  tlie  discharge  of  tiie  latter  nuieli 

and  in   the  producer  huniidiiirr  and  liislh/  [iiniiiiiiig  the  violent   and   noisy.      From  this  point  the  water  is  piped 

remainder  to  the  boilers.  at    its   now    hi;;li    temperature   to  the   iiumidifier  part  of 

:*:  the  producer  ap])aratus,  where  the  entering  air  is  given 

Under  lertain  conditions  comhinations  of  prime  movers  the  proper  moisture  content,  making  a  gas  in  which  the 

may  be  nuide  which  will  produce  economy  and  reliability  \arious  necessary  elements  are  combined.    This  last  stage 

of  operation.     An  interesting  example  of  this  is  found  at  reduces  the  water  temperature  to  between   IGO  and   I/O 

the  plant  of  the  ()lynii)ia  Brewing  Co.,  Olympia,  Wash.,  deg.  F.    Part  of  it  is  used  for  boiler-feed  water  and  before 

where  a  combination  of  producer-gas  engine  and  oil-fired  'Altering  the  boiler  is  again  brought  to  a  high  temperature 

steam  boilers  has  brought  about  remarkably  good  economy  hy  circulating  through  a  eoil  in  the  last  pass  of  the  waste 

and  ediciojicy.     Apparently,  due  to  certain  requirements  gases  before  the  latter  enter  the  stack.     The  remaining 

of  the  industry,  no  other  form  of  power,  as  at  present  water  is  then   piped  over  the  plant   and   is  used   in  all 

developed,  can  successfully  displace  that  in  use.  washing   processes,   such   as   for  beer  packages,   etc.,   its 

teni])erature  being  from  20  to  30  deg.  above  the  pasteuriz- 
nig  ])oint,  which  is  140  deg.  1'. 

Both  boilers  are  water-tube,  each  of  250  hp.  capacity.  All   of  the   foregoing  has  been   accomplished  through 

The   .steam   requirements  are   such   that   only   one   is   in  what   are  common   avenues   of  extensive  loss;   first,   the 

service  at  a  time,  and  they  are  used  alternately,  a  month  necessary  cooling  of  the  ammonia  condensers;  second,  the 

at  a  time,  which  serves  to  keep  both  in  better  condition  essential  cooling  of  the  gas-engine  cylinders  and  exhaust 

than  if  cue  were  idle  all  the  time.     The  steam  is  used  gases,  and,  third,  the  waste  heat  in  the  flue  gases  of  the 

in  the  various  de])artnients  for  heating  and  brewing  re-  boiler  furnace. 

quirements,  none  being  used  for  motive  power.    Both  boil-  An  engineer  and  a  fireman  operate  the  power  plant, 

ers  are  operated  at  high  pressure,  reducing  valves  being  the  latter  taking  care  of  both  boilers  and  the  producers, 

placed  in  the  steam  lines  as  required.     The  returns  are  The  boilers  being  oil-tirod,  the  feed  water  handled  by  elec- 

handled  by  tilting  traps  on  the  various  lines,  which  in  trie-ally  driven   pumps   and  the   return  system   of  traps 

turn    deliver   to    a    direct-return    tilting   trap,    mounted  feeding  the  boiler,  the  plant  is  more  or  less  automatic  in 

above  the  boilers.  operation.     The  producers  require  attention  every  three 

The  gas  producer   was  developed  and  practically  built  hours  and  it  takes  20  min.  to  clean  and  charge  at  each, 

on  the  premises,  and  is  designed  primarily  for  the  low-  period, 
grade  lignite  coals  of  this  region.    It  is  of  250  hp.  capac- 

ity,   and   is   charged   from   an   overhead   hopper   or   coal  '  '''^' 

pocket,  the  normal  charge  being  about  850  lb.,  which  is  Locally  mined  coal  is  used,  costing  $1.70  per  ton  de- 
introduced  through  four  feed  openings  or  hoppers,  every  livered,  only  the  lower  grades  being  used,  in  fact,  a  con- 
three  hours.  The  gas  product  is  used  in  a  250-hp.  gas  sideralile  quantity  of  it  was  formerly  waste.  Although 
engine,  belted  to  a  125-ton  ice  machine,  and  a  150-kw.,  the  freight  haul  is  short,  the  transportation  item  is  nearly 
220-volt,  direct-current  generator,  used  for  lighting  and  50  per  cent,  of  the  cost  of  the  fuel.  About  7200  lb.  is 
motors  on  the  numerous  pumps  and  auxiliaries  about  used  daily.  At  times  an  overload  of  from  10  to  20  per 
the  plant.  cent,  is  carried  by  the  gas  engine,  nevertheless,  extended 

tests  have  shown  the  fuel  consumption  to  be  in  the  neigh- 

W  ATER    bUPPLY  ,       ,         1      J!   1   w  lU  1         U 

borhood  of  1.7  lb.  per  hp.-hr. 
An   ice  machine  serves  the   various  cooling  processes  The  average  analysis  of  the  coal  used  is  as  follows : 

in   the  brewery,  and   also  furnishes   25   tons  of  ice  per  Per  Cent, 

dav,  which  is  used  for  icing  cars,  city  ice  service,  etc.  Moisture I6.2 

,„'  ,  J.  1-         XI  •  '^  •     1  ix  Volatile  matter 28.9 

U  ater  iised  for  cooling  the  ammonia  condensers  is  brought  Fixed  carbon  and  sulphur 32.  i 

to  a  nearly  uniform  temperature  of  68  deg.  F. '  30  per  '  — — 

cent,  of  this  is  used  in  the  jackets  of  the  gas-engine  cyi-  Heat'^vtit  asfired:B;;:u::::::.\v.v.:::::::::::::::::::::::::::  '^e^ 

inders,  which  brings  it  up  to  a  temperature  of  1 30  to  140  Heat  value  drj-  coaJ,  B.t.u 9021 

For  steam  generation  about  12  bbl.  of  California  crude 

*The   operating   conditions    of    the    g^as-engine    part    of    this  ...  i     t    •,  ,•  a,r\  nr-  1,1111-  i      x   xi. 

plant  were  described  in  detail  in  "Power."  Apr.  29.   1913,  p.  604.  Oil   IS   USed   daily,   COStmg   i^O.VO   per   DOi.,   Clelivered   at   th© 
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plant.  With  this  oil  is  mixed  a  tar  byproduct  which  is 
obtained  from  the  gas  scrubbers.  This  tar,  amounting 
to  150  lb.  daily,  is  rich  in  hydrocarl)ous  and  high  in  heat 
value.  For  a  considerable  period  its  use  was  a  prol)leni 
and  it  wi'ut  to  waste.  Later,  however,  by  a  system  of 
reheating  to  render  it  more  fluid  and  to  better  separate 
the  water  conlc-nt,  it  was  found  to  mix  perfectly  and  thus 
was  developed  one  factor  in  making  the  plant  highly 
economical. 

For  the  ga.s  engine  about  one  gallcjn  of  lubricating  oil  is 
required  daily,  costing  $().;35  a  gallon.  This  .seemingly 
small  quantity  is  found  ample  and  after  three  and  a  half 
years'  constant  service  the  cylinders  are  in  apparently  as 
good  condition  as  when  installed. 

The  fuel  cost  for  operating  a  plant  of  this  capacity  is 
extremely  low.  Comparison  of  operating  costs  between 
the  plant  as  formerly  driven  entirely  by  steam  power 
with  simple  noncondensing  Corliss  engines,  and  as  at 
present  equipped,  shows  a  saving  averaging  more  than 
$20  per  day — the  daily  consumption  of  fuel  oil  alone 
then  being  about  45  bbl.  It  is  likely  that  the  actual 
saving  is  even  greater  than  this,  as  additional  equipment, 
requiring  much  more  power  and  steam  consumption,  has 
been  added  since  the  installation  of  the  present  power 
plant. 

Opera^aim^  C©iradl©iaser  ^{^ItllhiOtiat 

By  H.  C.  Carroll 

During  the  floods  in  March  of  this  year,  it  became  nec- 
essary to  operate  a  large  condensing  turbo-generating  unit 
without   its   motor-driven   hotwell   pump,   the   motor   of 
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Pkrformanck  of  Condenser  without  Hotwell  Pump 

which  had  become  water-soaked.  This,  necessarily,  meant 
that  the  unit  would  have  to  be  operated  noncondensing, 
but  with  only  a  bunker  full  of  coal  and  over  a  1000  ft. 
of  the  railroad  siding  washed  out,  it  was  evident  that  the 
coal  in  t!ic  hunker  would  not  last  until  coal  could  again 
1)1'  luought  in  the  regular  way. 

Tlie  generating  unit  consisted  of  a  6000-kw.,  doublc- 
tldw  turbine  direct-connected  to  a  10,000-kv.-a.,  25-cycle 
gciii'iator.  The  auxiliary  apparatus  consisted  of  an  18.- 
000  sq.ft.  dry  tube  surface  condenser,  engine-driven  cir- 
culating |)uinp,  steam-driven  air  pump  and  the  nuitor- 
drivcn  two-stage  hotwell  pump. 

It  was  decided  to  try  oyierating  condensing,  letting  the 
air  pump  take  care  of  both  the  noncondensible  vapors 
and  the  condensed  steam  as  well.  How  well  this  did  so, 
l£  shown  by  the  accompanying  set  of  curves  derived  from 


the  half-hourly  readings  taken  from  the  daily  log  sheet. 
Ilow  much  more  condensed  steam  the  air  pump  could 
haiulle,  is  not  known,  but  it  hanilled  all  the  condensed 
steam  from  the  largest  load  at  that  time,  up  to  2000 
kw.  The  bunker  full  of  coal  la.sted  nearly  ten  days  when 
coal    was  again   available  over  the  siding. 


•W©5r'= 
1>Y  Frank  H.  Jones 
Assuming  the   integral   number   10   as   representing   a 
typical  power  plant,  drawings  and  other  data  relating  to 
design   and    actual    work    of   construction    may    be   con- 
veniently classified  and  marked  for  filing  as  folhjws: 
10.  power  plants 

10.0  general 

10.001  Studies  and  schemes. 

10.01  Preliminary  to  Construction  (Information  nece.ssary  ff>r  a  clear  inter- 
pretation of  the  existing  conditions  on  the  site  at  the  time  of  contract). 

10.011  General   Plan   and    Location,   TopoKraphy. 

10.012  Surface  and  Subsurface  InvestiKations. 

10.02  Canvass,  Progress,  Completion,  Maint^^nance. 

10.021  Bidders  and  Canvass  or  Hidders. 

10.022  Progress  Data. 

10.023;  Completion  (guarantee  of  workmanship  and  material). 

10.029  Maintenance,  Instructions  for,  general. 

10.03  Contractors  Force,  Material,  Plant,  Inspection. 

10.31  Contractors  Plant. 

10.032  Force  Accounts,  Labor. 

10.033  Material,  Tests. 

10.039  Engineering  and  Inspection. 

10.04  Railroad  and  Highway  Connections. 

10.041  Foreign  Trackwork. 

10.042  Highway  Connections. 

10.1  SUBSTRUCTURE 

10.11  Excavation,   Filling,  Surfacing,  Grading. 

10. 12  Retaining  Walls,  Quay  Walls. 

10. 13  Piles  and  Pile  Records. 

10.2  SUPERSTRUCTURE  (including  coaling  and  ash  handling  facilities  and 
other  minor  structures), 

10.21  Floors,  Walls,  Elevations,  Sections,  Roof. 
10.211  Foundations. 

10.22  Structural  Steel. 

10.3  PIPING 

10.31  Underground  Piping, 

10. 32  Plumbing,  Commercial  Water  .Supply. 

10.33  Fire  Protection  System. 

10.34  Plumbing,  Sewage  and  Drainage. 
10.3.')  Heating  and  Ventilating. 

10.3(5        Other  I*ressure  Systems. 

10.39        Pipeway  Construction,  Ducts,  Manholes,  Dry  Wells,  Pits. 

10.4  ELECTRIC  POWER  AND  LIGHT  (for  the  structure  itself). 

If  outside  service  is  used  the  wiring  data  up  to  the  main  switch- 
board is  classified  herein  (10.4). 

If  an  isolated  plant  is  installed  for  this  purpose  the  construction 
and  wiring  data  shall  be  classified  herein  (10.4). 

10.41  Distribution  (includes  all  wiring  layouts  from,  and  includinK,  the  main 
switchboard  to  the  finished  outlet. 

10.42  Appliances  (Details  from  the  point  of  outlet). 

10.5  CHIMNEY 

10. 51  Foundation. 

10.52  Stack. 

10.6  POWER-GENERATING  EQUIPMENT 
10.61  Boilers. 

10.611  Settings,  Smoke  Flue. 

10  612  Fittings  and  Apparatus. 

10 .  62  Steam  Engines. 

10.621  Reciprocating. 

10.622  Turbine. 

10.63  Hydraulic  Engines  and  Machines. 

10.631  Waterwheels. 

10 .  632  Turbines. 

10  1)33  Pumps. 

10.63!)  Miscellaneous. 

10 .  fU  Electrical  Generation  and  Distribution. 

10.641  Generators  and  Motors. 

10.  (542  Storage. 

10.643  Transformation. 

10.644  Transmission. 

The  ah.sence  of  strictly  technical  cla.ssificatioii  under 
some  of  the  headings,  notably  10.6,  is  a  commendable  fea- 
ture where  the  system  is  to  be  handled  by  inde.x  clerks 
with  little  or  no  technical  knowledge.  Though  draftsmen 
and  engineers  would  be  able  to  use  a  more  detailed  classi- 
fication than  is  shown,  the  majority  of  general  office 
clerks  would  not  be  able  to  apply  such  a  thorough  outline 
with  accuracy  and  intelligence. 

The  logical  arrangement  of  data  and  the  inclusive 
divisioning  eliminate  the  need  of  an  alphabetically  ar- 
ranged working  key  and  as  a  .standard  classification  can 
be  readily  adapted  to  large,  small  and  general  power- 
plant  engineering  data. 
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Dr.  Gnede's  Molectuilar  Air 
P^amp 

Tlic  jiiilillit'sis  of  tlic  "\is((isily"  Inritiiifs  of  'I'cslu  nnil 
iilluTs,  wliicli  liirliiiirs  liiiM'  III)  l)lii(lcs  lull  an-  iiirriiMl 
around  liy  tlio  tlunl  friction  of  tin-  stciim.  i>  tlic  iMolrcuinr 
air  |uiin|i  of  I  >ni  im    tiiiciji-.     Tin- 

((I||hl.sl8     >illl|ll\      of     a     ivlllllll'l'     .1 

iiioiitilcd  upon  a  shaft  ii  and  run 
nin;^  fii'i'l\  liiil  fairly  doM'ly  with 
III  the  casiiij;  /;.  A  |MirLci  niu  \> 
fornit'il  ill  llii'  lasiii;:  and  a>  llir 
cyliiultT  is  i('\ol\cd  till'  air  is  cai- 
rii'd  with  ii,  |iiddii(iii^  a  dill'i'i- 
c'luu  in  iircssiirc  at  the  dill'crciil 
t'lidtj  of  llir  |Mick('l.  as  shown  iiy 
tilt'  iiiunoiiiclcr  ill  liic  sketch.  'I'hc 
iincntor  says  that  with  a  piiiiii* 
driven  hy  a  '  :i-lM'-  i""''"!'  i>  Hocnt- 
iicn  tuhc  of  1  liter  miIiiihc  can  bo 
e\lunistcd  to  a  \aciiuiii  of  .">  nun. 
in  1(J  soc.  Tile  operation  is  from  live  to  ten  times  as  ra])id 
as  ill  the  ordinary  puiii]). 

The  following  tahle  gives  tiie  relations  between  the 
pressure  dillerenees  and  the  revolutions  per  minute,  hut 
our  information,  which  comes  from  Die  Xaliinrissrn- 
schafteii,  does  not  imlude  the  diameter  of  the  ruiiiiei'  nor 
allow  the   peripheral   sjiced   to   he  calculated: 


Powtn 

'I'liK  (I.VKDi-;  .M()i,i;c 
11. .U!  Alt;  I'l  Ml- 


r.i).in, 

12.000 
12.000 
12,000 
12,000 
6,000 
2,500 


Pi 

U.05 
1.00 
10.00 
20.00 
0.05 
0.05 


P:; 

0.0000002 

0.000005 

0.00003 

0.0003 

0.00002 

0.0003 


J.VME.S    T.    H.VI'H.KY 
James   T.   Iladley.  aged   42.  seLietaiy-treasurer  of   ttie  Reid 
Gas  Engine  Co.  and   of  the   Rpid   Land   Development   Co.,   died 
at  his  home   in  Oil  City,  I'enn..  Dec.  28,  after  a   long  illness. 

MURRAY    FORBE.S 

Jluriay  Forbes,  aged  50  years,  died  ;\t  hi.s  home  in  Greens- 
burg,  Penn..  Dec.  28.  He  was  a  native  of  Thiladclphia.  In 
1S86  he  settled  in  Greensburg  and  since  then  had  been  identi- 
fied prominently  in  the  water  plant  and  power  business.  At 
the  time  of  his  death  he  was  treasurer  and  general  manager 
of  the  Westmoreland  Water  Co.  He  was  a  heavy  stockholder 
in  the  Derry  Water  Co.,  Trwin  Water  Co.  and  the  Dennison 
Water  Co.,  Dennison,  Ohio.  Mr.  Forbes  was  a  son  of  William 
S.  Forbes,  professor  of  surgery  at  Jefferson  Medical  College. 
Philadelphia,  and  was  a  member  of  several  scientific  and  en- 
gineering  societies. 

HERM.\N    MBINHOLTZ 

Herman  Meinholtz.  vice-president  and  superintendent  o' 
the  Heine  Safety  Boiler  Co.,  died  Dec.  24.  His  death  was 
due  to  heart  trouble,  following  an  illness  of  two  weeks,  and 
occurred  at  his  home  in  St.  Louis.  He  was  born  in  St.  Louis, 
Feb.  7,  1868,  and  received  his  education  in  the  St.  Louis  gram- 
mar schools  and  the  manual  training  school  and  night  classes 
of  Washington  University.  Following  a  year  of  work  with 
Prof.  J.  B.  Johnson,  at  Washington  tiniversity,  Mr.  Meinholtz 
was  successively  employed  with  Shickle.  Harrison  &  Howard, 
the  N.  O.  Nelson  Manufacturing  Co..  and  the  Heine  Safety 
Boiler  Co.,  all  in  St.  Louis.  From  1895  to  1900  he  was  en- 
gaged in  supervising  boiler  construction  in  various  contract- 
ing shops.  Since  that  time  he  has  been  in  full  char'ge  of  the 
Heine  shops.  The  present  shops,  completed  in  1909.  were 
designed  and  their  construction  supervised  by  him.  Mr.  Mein- 
holtz was  a  member  of  the  American  Society  of  Mechanical 
Engineers  and  an  active  participant  in  the  work  of  the  Boiler 
Rules    Committee. 


Los  Anc^eles  Power  Plasus 

I'liiiiH  Ii.  .I.MbM'  •>  iMurih  i|ial  |i..i\.r  |.ii.Jiil,  liiV'ilvliiK  an 
I  xpi-iiilltun-  lit  $10,(10(1,000  III  .Miiiiii  •'otinly,  wi<i'«  oiillliu'd  !■«• 
r<iri'  thi'  Sliite  iiiianl  of  Wali-r  I'nwi-r  ('oiitrol  by  alloiiiiyt 
llllll    <MIKlll<'<-l  H    ri'pli'Hi'lltillK    the    illy    lit    LoM    AllKl-l<-H    rei'cn" 

A   tiMiiiel  2i>  MiilcH  loiiK,  to  curry   wiili-r  fnim  HtreiimH  l< 
tiiry   til  Mono  Luke  iiidi  (he  Owt'HH   Klver   viilley,   when-  ii 

Ik-    llieruerl    with    the    LoHH    .\nK<-ll<H    lll|lle(lu<'t    project,     Ih    im 
III)'    iiioHl     pi  fli'iil  liiiiH    reiitiiieH    of    till'    iM'iipoHed    un<li-rliil< 
Tliii'i'    power     pliiiitH    III     .Mono    I'oiiiity    are    alHo    proj. 
'I'lii'Hi-   pliiMH   were   i<'V<-aled    In  I'xplaniitlon   of   Loh   .ViiKcleh 
liiiHllloii    to    the   iippllcatloii    lit    K    C.    Ryan,    ii    Soiith-'rii    I'., 
ili'lectlvc.    who    hail    axked    fiii'    peiiiiltH    to    appropriate    v. 
from   ItUMh   Creek  uiid    Li-eviiin  Creek,   in   the   vicinity  of   .M 
Lake.      At   the  conference   AHMlslunt   (Mty    Attorney   .S.    H.    I 
liisnii    declared    that    It    waH    hlH   opinion    that    Kyan    waM   i<  : 
Mi'iitliiK     the    Cliappell     liitereHlH,     which     control     the     Ne\ 
('aliriii  Ilia    Power    Co..    the   Slcira    Power   <'r>..    the   Mono    p.. 
Co,    ;iM(l    the    Ilydro-Eli-ctrIc    Co.    Ryan'H    altorney«    deny    Mils 
;illi'K'>l  l'>ii    lint    have    refused    to    make    their   financial    backing 
inihlir. 
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Walter  L.  Mulligan,  manager  of  the  United  Electric  Linht 
Co.,  Spiinglield.  Mass.,  was  presented  a  large  silver  loving 
cup  by  the  members  of  the  United  Electric  Light  Co.'s  Km- 
ployees'   Relief  Association   on   Dec.   19. 

W.  J.  Kerr,  for  over  thiee  years  chief  draftsman  for  the 
Green  Engineering  Co.,  has  become  associated  with  \V.  A. 
Blonck  &  Co.,  manufacturers  of  boiler  efficiency  meters,  and 
will  have  his  head<iuarlers  at  the  main  otilces  in  the  Fishei 
Rullding,  Chicago,   111. 

!*; 

fiOTway'H  Klectrica!  I'roiliictlon — In  Norway  12  years  ago 
there  was  practically  no  i)roduction  of  electricity  worth  men- 
tioning, but  the  horsepower  now  generated  or  being  devel- 
oped is  approaching  half  a  million.  The  practice  has  beer 
to  harness  existing  v.-aterfalls  or  to  dam  natural  lakes.  Johaii 
Haare,  of  Trondhjcm.  has  worked  out  a  completely  new  proj- 
ect which  consists  in  the  construction  of  an  artificial  lake 
as  a  reservoir  for  a  small  river,  the  Surna,  in  Nordmcire.  Tht 
course  of  the  river  is  to  be  altered  by  leading  the  watei 
through  a  tunnel  in  a  mountain  a  distance  of  two  miles,  thus 
obtaining  a  considerable  fall.  The  electrical  power  statior 
will  be  located  at  the  lower  end  of  this  tunnel.  About  50.00( 
hp.    will    be    made   available. 

The  OreKon  Hyilrw-EIlretrU-  Commiittilon  has  completed  iti 
oi  g;inizati()n  here  and  outlined  a  plan  of  procedure  in  iti 
work  which  includes  a  study  of  every  phase  of  productior 
and  utilization  of  electric  power  in  the  Northwest.  The  com- 
mission plans  to  make  investigations  in  all  counties  wher« 
electric  power  is  being  developed  from  water  power.  It  in- 
tends to  urge  Washington  and  Idaho  to  organize  similai 
commissions  and  cooperate  in  the  work,  so  that  the  problems 
of  water-power  development  and  application  of  electricity  t( 
manufacturing  and  other  power  purposes  may  be  workec 
out.  (Jne  of  the  largest  projects  to  be  investigated  under  th( 
new  commission  is  the  canalization  of  the  Snake  and  Colum- 
bia rivers,  for  improving  navigation  and  developing  hydro 
electric  power  in  large  quantities.  Idaho  and  Washingtoi 
will  be  asked  to  cooperate  in  this  survey,  and  the  effor 
aimed  at  is  to  interest  the  Federal  Government  and  devisi 
methods  whereby,  along  the  rivers,  districts  may  be  organ 
ized  to  carry  out  the  proposed  power  and  navigation  projects 

Duty  to  Safeeuard  Electric  Wires — A  company  whic-l 
maintains  wires  carrying  deadly  currents  of  electricity  mus 
use  the  highest  degree  of  care  to  avoid  injury  to  personi 
who.  in  their  lawful  employment,  are  liable  to  come  in  con 
tact  with  them.  "One  who  is  brought  by  his  employment  ii 
close  proximity  to  electric  wires,  which  are  apparently  in 
sulated  cannot  be  fairly  charged  with  contributory  negll 
gence  in  coming  in  contact  with  the  wires,  unless  the  contac 
was  the  resiilt  of  heedlessness  or  of  his  own  lack  of  prope 
precautions  for  his  safety."  (Pennsylvania  Supreme  Court 
Yeager  vs.  Edison  Electric  Co..  88  Atlantic  Reporter  872) 
An  electric  company  whose  wires  were  strung  over  a  high 
way  was  bound  to  anticipate  injury  to  one  while  driving  ; 
hay  derrick  along  the  highway,  on  account  of  the  derrick  com 
ing  in  contact  with  an  uninsulated  wire,  if  it  was  previous!: 
a  common  practice  for  persons  in  the  locality  to  drive  der 
ricks  along  public  road.  (Oregon  Supreme  Court,  Greenwooi 
vs.  Eastern  Oregon  Light  &  Power  Co.,  136  Pacific  Reporte 
336L 
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DeLRAY  BOILER-7400  HP. 


I  he  Delray 
Detroit   Edi- 
tion carry  200 
(175  deg.  F. 
and  their  fur- 
lb.  coal  per  hr. 
grate  at  nor- 
e\'aporate5.64 
hr.  per  sq.  ft.  of 
Notice  that 
"double"Stirling 

er  ha\ing     T 


boilers  at  the 

son  Go's  sta- 

Ib.  pressure 

superheat) 

naces  burn  40 

per  sq.  ft.  of 

malratingand 

lb.  water  per 

.'ating  surface. 

they  are    of   a 

type,  each  boil- 

T    two  stokers. 


Compound  turbine-30,ooo  kw. 

In  the 74th Street  .^-^^Station of  the  Interbor- 
%■.  '^  .  Transit  Co., 
^%^      ^TXCity,  three 

^is//%^g^^   ■  house 

^*W^X  ~<~^  ^^'^^^ '^^'• 
"^y^-^i-    :<      soon  be  installed. 


ough  Rapid    ^^^     ^=i 
NewYork  ^.    /'^^ 
Westing-  '^^M^^ 
compound     ^^ 
aggregating  ■  ,  • 
(120,644  hp.)  will 


Turbine  rotor-150  tons 


Ihe  rotor  of 
"Imperator's"    "''^i 
sureturbines 
150  tons,  is    \ 
and  transmits  \^ 


one  of  the 

'*^f  \  low  pres- 

%'}j    weighs 

of  steel 

1 6,000  hp. 


0.93  LB.  COAL=l  HP.  -  HR. 

Ihe  angle  compound  engines  and  their  low 
pressure  turbines  ^^  at  the  59th  Street 
Station  of  the         -^^S^S?^  Interborough 

RapidTransitCo.operateon  1.251b.  coal  perkw.hr. 
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i<)'.\()l'SlS  —A    jiltnil   of  JSJKXt  lioilrr  liiirsriiDirrr  iiilli  li'clHui.    fur   n   xlciim   ricviilor    in    llic   ininii    liiiildm;^,    Inr 

coinplvlc  cunl-  and  (i.fli-li(iiiilliiifj  fdrililirs.    Slrani  is  iisiil  lifiitiii;;  llic  clmrity  (lock,  lor  Kii|)|ilyiii;j  a  ^i)()-toii  nimoi|i- 

/(»;■  liraliiKj  and  fook'iiiij,  in  lliv  lainiilri).  in  an  ahsor/ilion  lion  rt'l'iip'raliii^'  |iliiiit,  ami  for  iiimicrotis  oilier  iisch.     Il 

rifriiji'ralinij   plant   ami  far  iillicr  parjiascs   annnion    la  was  necessary  lo  install  a  new  plant  with  snllicicnt  cap 

liDspitals.     Currrnl  for  llijlitintj  and  putrrr  is  snpplird  hij  ily  lo  snjiply  all  this  steam,  and,  althoii^li  this  plant  I 

lltr  luli.iiin  Co.  Iieeii    in    operation    nearly   foiii-  years,   it  lias   never   liecii 

yj  ;ii\(ii  the  attention   in  the  lechnical  press  that  its  dcsif/ii 

lU'lleviie  aiitl  Allied  llos])itMls  of  New  York  City,  coin-  and  f^eneral    layout    would  seeiii   to  warrant, 
nionly  conceded   to  he  the  larf,'est   institution  of  its  kind  Primarily,  the  plant  f,'enerates  steam   for  heatiiifj  ;i!  -I 

in   the   world,  covers  a   larjje  area  of  ground,  extendiii;;  the  other  uses  nientioned  and  take>  no  part  in  supplyi 


Fig.  1.  View  in  Bqilici!  Room  at  Bellevt^e  Hospital 


from  Twenty-fiftli  to  Tweuty-niuth  St.,  and  from  First 
Ave.  to  the  East  River.  In  all  there  are  about  20  build- 
ings, which  vary  in  height  from  two  stories  in  the  older 
structures  to  six  and  seven  stories  in  the  new  buildings, 
commonly  referred  to  as  the  Xew  Bellevue.  The  hospital 
is  operated  hy  the  city,  and  is  under  the  general  super- 
vision of  Dr.  George  O'llanlon. 

For  the  various  purposes  for  which  steam  is  required  in 
a  hospital,  large  quantities  were  in  demand,  and  more 
was  needed  after  the  completion  of  the  late  addition. 
There  are  practically  200,000  sq.ft.  of  radiating  surface, 
large  quantities  of  steam  are  required  in  the  laundry,  for 
cooking,  sterilizing,  disinfecting,  for  the  large  number  of 
pumps  supplying  water  for  general  use  and  for  fire  pro- 


current  for  lighting  and  power.  Edison  service  is  installed 
throughout  the  hospital  and  the  load  hafS  recently  aver- 
aged approximately  85,000  kw.-hr.  per  mouth.  It  will 
be  consideralily  more  when  current  is  turned  into  all  of 
the  new  buildings. 

An  inspection  of  the  accompanying  drawings  will  .show 
that  the  boiler  room  is  equipped  with  the  latest  devices 
to  assist  in  its  operation.  There  are,  in  all,  eight  350- 
hp.  B.  &  W.  water-tube  boilers  arranged  in  batteries  of 
two.  The  boilers  operate  at  a  pressure  of  125  lb.  and  at 
times  six  of  them  have  been  put  into  commission  to  sup- 
ply the  heaviest  demands.  Other  buildings  are  to  be 
erected,  however,  and  at  their  completion,  practically  the 
full    boiler   capacity   will    be    required.     Each    boiler    is 
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f(|iii|i|iiil  Willi  II  W  ilkiii>iiii  III!  Iiiii'd  ;:nilf  >lnkri.      Ii    will       |iliiiil.     'I'lif  ^tiickf^  III!'  1    ll.  fl  III.  iii.-nli'  ilLiiiMicr  iiikI  i  ihi 
|ii»>lmlil,v  III'  ii'iiiriiiluTnl  llia(  llic  nialc  of  iIicm'  sl(>kci>  ih       l.'i:t  I'l.  hIxac  iIii-  j^ratc  level, 
iiuxle  ii|>  of  liiiilou   Imii's  which  liiive  iin  allenintc  rurwanl 


iiiotiini   (if  iilioiit   -'ll    ill.   proiliici-ij   liy  a   iiydraiilii'   iiiold 
iiHiitiitfd  (III   till'   fatr  nl'  tin    hdiler.      At    (he  end  of  each 
>;rate  Imr.  a  small  slenni  jet  i.x  inserted,  ami  all  llic  air  nr 
ilral't  for  the  tire  passes  thn)ii;;h  the  Imr.-^  with  llic  steam. 
issuing  ihrdu.irii  n|>cniiii.'s  in  tiic  steps  oj'  the  ;;riilc.      lUiiw- 


1 1  AMii.iNd  Com,  \  Ml  .\^ii 

\u.  I  ImicI, wheal  coal  in  used  as  I'licl.  mid  il  is  all 
li\cred  l»y  water.  Ah  iriiich  as  (JO  tons  per  'i\  hr.  is  ii-(;(| 
in  the  winter  inoiitliH  and  varviiif^  with  the  weather  con- 
ililions  (lie  dial  consiimptioii  dio|»s  to  IH  tons  during.'  < 


Fk;.   .'!.   TiiAxsvKKSE   Si:rTT()x   Tiiiioroii    Bott.kk   l^oo^r 


ers  shown  in  the  acconipauying  elevation  force  the  air 
through  a  duct  to  the  wind  saddle  at  each  boiler  from 
,  which  it  passes  through  the  grates  to  the  furnace.  Ji]ngine- 
driven  blowers  are  also  installed  to  force  the  draft  when 
necessary.  The  products  of  combustion  pass  through  a 
flue  which  drops  to  the  basement  floor  and  passes  along 
to  the  stacks,  of  which  there  are  two.  each  located  midway 
between  the  two  batteries  of  boilers  on  either  side  of  the 


sLimiucr.  It  is  elevated  from  a  barge  on  the  river  by  ', 
Hunt  clamshell  digger,  the  bucket  of  which  has  a  ca 
]iacity  of  2800  lb.  A  double  10x1 2-in.  engine  operatei 
the  hoist  and  a  6x8-in.  double  engine  drives  the  trolley 
From  the  bucket  of  the  hoist  the  coal  is  delivered  into  i 
receiving  bin  of  1 00  tons  capacity,  and  from  this  bin  it  ii 
discharged  bv  gravity  through  an  automatic  filler  into  i 
Hunt  bucket  convevor  carr\'ing  it  to  the  main  storagi 
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bin  over  the  boilers,  wliicli  has  a  capacity  of  3000  tons. 
In  its  passage  from  the  storage  to  the  hopper  of  the 
stoker,  the  coal  is  weighed  in  a  hopper  scales.  These 
weights  are  recorded,  aiul  serve  to  check  the  first  weighing, 
which  takes  place  as  the  coal  is  delivered  into  the  receiv- 
ing bin,  another  scale  being  provided  at  this  point. 

The   ashes  are  dumped   from   the   dead   plates   of   the 
stokers  to  receiving  pits  below  each  boiler.     Unfortunate- 


Fk;.   I.  ('(i\[.  Hoist  ox   U'i.iof  of  Stokauk  Brii^uixc 

ly,  tliere  is  liltle  headroom  in  the  basement,  so  that  it  is 
necessary  to  rake  out  the  ashes  from  the  pits  onto  the 
liiisement  floor,  cool  and  then  shovel  them  into  the  con- 
veyor M'hich  handles  the  coal.  They  are  delivered  into  an 
ashbin  under  the  hoisting-engine  house,  and  from  there 
chuted  into  contractors'  wagons  or  into  barges  on  the 
ri  ver. 

Feed  Water 

During  the  colder  mdiilhs,  the  returns  from  the  heating 
system  form  a  large  part  of  the  feed  water  for  tlic  boil- 
ers. Makeup  water  comes  from  the  city  mains  and  on 
its  way  to  the  boilers  it  is  raised  in  temperature  to  208 
deg.  by  Webster  heaters.  The  feed  pumps  are  of  the 
Worthington  Admiralty  vertical  type,  and,  as  shown  in 
the  drawings,  are  placed  midway  between  the  batteries  of 
boilers.  In  all,  there  are  four  jmmps,  12,  17  and  81/^  by 
15  in.  A  ring  system  of  piping  allows  any  boiler  to  be 
fed  by  any  one  of  the  four  ])nmps,  and  each  pump  can 
feed  in  either  direction. 

The  water  supply  to  the  hospital  is  through  two  12-in. 
mains,  which  enter  the  basement  of  the  plant  and  are 
connected  with  filters,  suction  tanks,  pumps  and  other 
appliances  necessary  to  equip  a  central  pumping  station 
adequate  for  the  entire  property.  It  is  thus  evident  that 
even  the  boiler  water  is  filtered. 

For  general  service,  an  Acme  water-storage  system,  hav- 
ing a  capacity  of  60,000  gal.,  has  been  installed,  and  the 
plant  may  be  adjusted  so  as  to  automatically  maintain 
any  pressure  which  is  desired  between  60  and  100  lb. 
to  the  square  inch.  The  equipment  includes  a  40.000-gal. 
suction  tank,  eight  water-])ressiue  tanks,  each  with  a  ca- 


pacity of  "^Hlo  gal.,  live  air-pressure  tanks  located  in  the 
attic,  with  a  combined  capacity  of  73o0  cu.ft.  The  water 
pumps  are  four  in  number,  steam  driven  and  of  the  com- 
pound duplex  type,  with  a  capacity  of  963  gal.  per  min. 
each.  The  air  is  supplied  by  two  steam-driven  air  com- 
pressors, each  having  a  capacity  of  80  cu.ft.  of  air  per 
min.  against  a  pressure  of  225  lb.  As  this  system  has 
been  on  the  market  for  a  number  of  years,  its  principles 
of  working  are  prol)a])ly  familiar  to  all. 

Tliree  steam-driven  Underwriter  fire  pumps,  each  with 
a  capacity  of  1000  gal.  per  min.,  furnish  protection  against 
lire.  Naturally,  all  of  these  ]nim])s  are  supplied  with 
steam  from  the  boiler  i-oom  and  in  ojjei'atiou  I'cquii'e  no 
small  amount. 

Steam  Supply 

In  supplying  steam,  the  boilers  feed  into  two  ring  mains, 
one  an  auxiliary  to  the  other.  Through  taps  from  the 
mains,  high-pressure  steam  is  carried  to  the  various  build- 
ings, a  complete  tunnel  system  being  provided.  At  each 
point  of  supply  a  reducing  valve  connected  between  the 
two  mains  reduces  the  steam  to  1  ib.  pressure  for  the 
heating  system.  Two  buildings  are  equipped  with  the 
Paul  system,  others  have  vacuum  on  the  air  line,  and  one 
building  has  a  complete  Webster  system. 

During  the  winter  months,  the  double  engines  on  the 
c  oal  hoist  operate  on  the  average  three  days  a  week.  On 
such  days  the  exhaust  is  turned  into  the  auxiliary  main 
and  is  sufficient  in  quantity  to  heat  thi'ee  of  the  latest 
l)uildings.  The  balance  of  the  heating  is  flone  by  live 
steam.  The  long  main  acts  as  an  accumulator,  and  dis- 
tributes the  supply  over  the  nonoperating  period  of  the 
lioist.  When  the  hoist  is  in  operation,  it  stores  the  steam 
at  a  pressure  higher  than  that  required  in  the  buildings, 
and  a  sufficient  quantity  is  stored  to  last  until  the  next 
trill  of  the  bucket. 


Fro.  5.  Undei!\vi;itei;  Fii;k  Pimps  and  Pl'mps  eok 
Genei!Al  Servick 

All  new  buildings  are  provided  with  Johnson  tempera- 
ture control,  and  with  full  ventilating  equipment,  such  as 
cheesecloth  strainers,  tempering  coils  and  Johnson  humid- 
istats.  In  line  with  discussion  that  has  been  going  on  for 
the  last  year  or  two  before  hygienic  and  heating  societies, 
the  doctors  have  recently  contended  that  window  ventila- 
tion is  better  than  artificial,  so  that  this  apparatus  is  in- 
operative at  the  present,  but  may  be  continued  in  service. 
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In  tlio  lios|)ilal,  icfiij^fratioii  is  rci|iiirf(l  in  tiic  kilciiciis, 
in  till'  nu>r;;u«'  mid  for  llic  .stoni^'c  of  imtliolofiicnl  spcci- 
nu'ii.s.  LiHXi'  qniintitiis  of  iic  nn'  also  iisfd.  At  tiic  pics- 
<nt  till'  n-fri^jci-atiM;;  plant  consi.^ts  of  two  l(l()-lon  S'ork 
alisorplion  niaiiiincs.  ami  ^\h\iv  lia.s  liccn  left,  for  a  liiini 
unit  which  will  he  nccdcil  wIumi  the  icf  tank  Inis  liccn  in- 
stalled and  all  of  tiic  new  liuildin^'s  arc  snjiplicd  with 
ice  water  fur  diinkin;,'  purposes.  As  shown  in  the  ac- 
I'onipanyiiiir  plioto.i,M-aph  and  liin'  dinwinf:;  the  a|>paralns 
is  of  the  shell  and  coil  type,  wiili  llic  usual  vertical  stands 
for  the  f^eiicratttr.  an;il\/cr  ••hkI  cvrhaniicr.  Simni  :il  ."> 
to  .'M  11).  i>ressnre,  dcpcmlinu  nn  llic  tcinpcrntiirc  of  llic 
eondensini;  water,  is  supplied  fidiii  llic  lioilcrs.  Willi  ilic 
e.\ee]ition  of  the  condenser,  whirli  i>  of  the  ai  inospliri-ir 
typo  and  not  of  the  new  "^lnplcy 'dcsiun,  the  plmil  is  npto- 
dato  in  (>very  respect  and  is  prad  icnilv  aiiininaiic  in  iis 
o])oration.  The  eonden.sor  is  Iv'  pip's  lii.:.;li.  "Jii  ft.  \i\i\-j:. 
and  arran.ijcd  on  '.^5  stands.  .\s  usual  v'-in.  jiipc  is  em- 
ployed, 'i'ho  dehydrator  is  Imatcd  on  the  idof  just  ahove 
the  condenser. 

Salt  water  is  iist'd  for  coolinu-  purposes.  It  is  drawn 
from  the  East  River  tiirouijii  lOlliolt  strainers  hy  eitlier 
of  two  Blake  and  Knowlos  ])uni25s,  which  against  a  head 
of  30  Ih.  will  deliver  500  gal.  ]ier  niiu.  Each  piece  of  ap- 
paratus requiring  cooling  water  is  supplied  separately, 
and  when  the  water  has  served  its  jiurpose  it  is  discharged 
to  the  sewer.  The  ])lant  is  equipped  with  three  strong 
aqua  pumjjs.  ■?(!  am!  1-  liy  S  in.,  with  Burnham  steam 
ends  and  York  ammonia  ends.  Each  pump  is  equipped 
witii  a  !Masoii  pum])  governor.  :>  K'ochester  lubricator  and 
an  American  rcxolution  counter. 

.\.s  tlie  [ihuit  is  (if  ihe  ,ilist)rplioii  type,  the  brine  sys- 
tem is  em])loycd.  There  are  two  brine  coolers,  one  for 
each  IdO-ton  plant,  t  alt  ium-chloride  brine  with  a  density 


of  \.'^'Mi  i.H  used,  and  •'">'?()  gal.  |)er  iniii.  are  cooled  from  ii 
temperatiire  of  I")  to  )((  deg.  K.  with  cooling  water  at  KO 
(leg.  and  steam  at  not  over  .'tO  Ih.  pressure  in  thc!  gen- 
erator. The  brine  Ih  eirciihiled  hy  either  of  two  punipN 
having  a  capacity  of  '..''>()  gal.  per  min.  against  a  head 
"f     I  "ill    III.       The    pumps    are    supplied    wilii    bleam    a! 


■'  AnnONIA  PUMPS  — ' BPINE  COOL £P    '-'  RCCCIVERS  I— T 

Fig.  8.  L.vvolt  i/t  IiKFiatJi;iaTi.\G  Pl.vxt 

80  lb.  pressure  and  each  is  equipjied  with  a  Richardson 
sight-feed  oiler,  a  Mason  governor  and  a  Schaeffer  & 
Budenlierg  revolution  counter. 

An  unusually  complete  set  of  gages  has  been  provided 
so  that  it  is  possible  to  know  at  a  glance  the  pressure  in 


Fig.  6.  Two  100-Tox  .\bsorption  Plants 


Fig.  7.  Thk  Threk  Sthoxg-Liquor  Pumps 
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any  part  vA'  tlic  <y>tfni.  There  are  gages  for  receiver  pres- 
sure, generator  pressure  both  anunonia  and  steam,  ab- 
sorber pressure  and  boiler-steam  pressure.  There  are  also 
a  combination  suction  and  pressure  gage  to  show  the  pres- 
sures of  tlie  brine  supply  and  return,  a  gage  to  show  the 
salt-water  suction  pressure,  and  an  eight-day  clock. 

We  are  indebted   to   McKim,   Mead   &   White,   archi- 


tects for  the  plant,  for  the  acc()mi)anying  drawings,  and 
much  of  the  information  was  obtained  from  M.  J.  Har- 
kins,  supervising  engineer  of  the  hospital.  For  14  years 
Mr.  Ilarkins  has  been  attached  to  Bellevue,  and  previous 
to  this  has  had  wide  experience  in  marine  and  power- 
plant  engineering.  AV.  II.  O'Neill  is  engineer  in  charge 
of  the  i)lant  and  W.  T.  Meinzer  is  operating  engineer. 


SYNOPSIS — Principal  features  of  ihe  Stevens  Creek 
development  of  31,000  lip,  transmitting  power  to  Augusta, 
Ga.,  and  the  Parr  Shoals  development  of  29,000  hp.  sup- 
phjing  poiver  to  Columbia,  S.  C. 
W. 
A  development  of  31,000  hp.,  ultimate  capacity,  known 
as  the  Stevens  Creek  development,  is  being  built  for  the 
Georgia-Carolina    Power    Co.    on    the    Savannah    Eiver, 


liv  Geoi;ge  G.  SiiEDiif 

a  dam,  having  a  total  leiigth,  including  the  power  house. 


of  2700  ft.,  a  power  house  designed  for  an  ultimate  equip- 
ment of  31,000  hp.,  -with  a  present  installation  of  15,600 
hp.,  and  the  lock,  30  ft.  wide  by  150  ft.  long  in  the 
clear.  A  pond  created  by  the  dam  extends  about  14 
miles  up  the  Savannah  River  and  about  13  miles  up 
Stevens  Creek,  and  will  have  a  surface  area  of  about  4200 


Fig.  1.  General  Vif.w  of  Stkvkxs  Creek  Power  House  and  Dam  Ju.st  Pifiou  to  CojirLEXioN 


about  eight  miles  above  Augusta,  Ga.,  to  supply  that 
locality,  and  another  of  29,000  hp.,  ultimate  capacity, 
known  as  the  Parr  Shoals  development,  is  being  built 
for  the  Parr  Shoals  Power  Co.  on  the  Broad  River,  about 
27  miles  above  Columbia,  S.  C. 

Stevens  Creek  Development 

The  location  chosen  for  this  development  is  just  below 
the  confluence  of  Stevens  Creek  with  the  Savannah  River, 
and  practically  at  the  foot  of  a  long  series  of  rips  in  the 
main  river.  The  average  horsepower  available  has  been 
computed  for  a  period  of  27  years,  and  on  a  basis  of  a 
load  factor  of  331/}  per  cent,  was  found  to  be  very  rarely 
less  than  20,000  delivered  horsepower. 

General  Description — The  development  consists  of 


♦From  a  paper  read  before  the  American  Association  for 
the  Advancement  of  Science,   Atlanta,   Dec.   30.   1913. 

tSupervising  engineer  with  the  .T.  O.  White  Engineering 
■Corporation. 


Dam — The  dam  is  of  cyclopean  concrete,  the  spillway 
section  being  2000  ft.  long  of  the  ogee  type,  with  an  av- 
erage height  of  30  ft.,  and  a  maximum  height  of  47  ft. 
The  nonoverflow  sections  have  a  combined  length  of  233 
ft.,  with  crest  elevation  15  ft.  higher  than  the  spillway. 
The  dam  was  designed  to  pass  safely  a  freshet  of  450,000 
cubic  feet  per  second,  which  is  almost  50  per  cent,  larger 
than  the  greatest  freshet  on  record. 

In  order  to  assist  in  operating  flasliboards  on  the  dam, 
as  well  as  to  aid  in  taking  care  of  water  during  construc- 
tion, and  to  provide  a  means  for  complying  with  the  gov- 
ernment requirement  that  no  water  shall  be  stored,  when 
the  flow  is  below  a  certain  specified  limit,  five  sluice  gates, 
8x8  ft.  each,  with  venturi  settings  are  provided  through 
the  spillway  section  adjacent  to  the  lock,  and  are  op- 
erated at  present  by  hand  from  a  tunnel  in  the  dam,  al- 
though motors  will  be  used  in  the  future.  Provision  is 
made  for  the  future  use  of  flashboards,  and  sockets  are 
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also  |ii()M(lt'(l  for  v'liii"!  I'iiis,  to  safcj^Miiinl  llir  inni  wlim 
o]HTiitiiig  lliislilKiiinls. 

Hydkaiimc  Kgni'XiKNT  — Tlic  lurliincs  an-  liciii;,'  liii- 
iiislicil  liy  tlii>  I.  V.  Morris  Co.,  ami  arc  of  (lie  vertical. 
siiij;U'-nimu>r,  siiigU'-(listliarj;i'  type,  101  in.  in  dianiclcr, 
set  in  a  conirctt'  spiral  ('a.-^in;^.  ami  provided  willi  con- 
erete  draft  IuIk's  ;  tiicy  will  run  nornniily  at.  'T)  r.p.ni.  Tlie 
ellieieney  is  expected  to  l)o  better  than  SO  per  cent.  I'lacli 
unit  is  ]>r«>vide(l  with  a  double  ll(tatin;f-lever  oil-ojjorated 
fiovernor,  which  can  he  controlled  from  the  switchhoiird 
or  by  haiul.  .\  central  oil-pnnipiiifj  pressure  system  i> 
provided,  workin>,'  normally  at  20tl  lb.  The  exciter  tur- 
liines  are  rated  at  toO  hj).  at  J?00  r.p.in.,  and  are  of  a  type 
similar  to  the  nuiin  turbines. 

Kl.KCTiat'AI,   Kyi'ri'MK.NT — The  electrical   e(pii|)menl    of 

the  first  installation  consists  of-five  vertical  Westiiifriiouse 
revolvinfT-lield,  three-jjliase,  60-cycle,  2.'500-volt  generators 
rated  at  t?:on  k\.-a..  two  300-kw.,  -'riO-volt  exciter.s  and 
throe  T)  |()0-k\  .-a.  transformers,  slejtpinf,'  up  from  5J.300  to 
44,000  volts. 


]'  Mill  SlIO  \i>    I  »i:vi  I.OI'MKN'T 


Vol.  :<!)     .\o.  :i      I 

J 

Milted    ulmut    I^^H 
S.  ('.,  and  v'71^1 


'I'he  I'arr  Shoals  developiniMit  is  lodited  almut  1 
miles  upstream  from  IViik  and  Alston,  S.  ('.,  an«l  ^7^ 
miles  idiove  ColumbiiL  Hased  on  pa.-t  riMcirds,  and  i 
weekly  load  factor  of  li.'J'/j  per  cent.,  thi-  delivered  powi  i 
at  Colnmbia  will  oidy  occiwiomilly  b«!  less  tinin  <J(),000  hp. 

(Ji:\i:ii.\i,     DiuscKiiTiON — TIh;     development     eonsi^l•^ 
principally  of  a  dam,  having  a  total  length  of  about  JJT  I" 
ft.,  including  the  ])ower  house,  a  power  houst;  .'{OOxr)!    It 
in  plan,  a  lailrace  which  is  obtained  simi)ly  by  widenin 
and  ilee]>ening  tiie  original  east  river  channel,  a  doulili 
circuit    steel-tower   transmission    line,   '■i(!    miles    long,    !'■ 
Columbia,  and  a  substation  at  Columbia. 

The  dam  is  of  cyclo])ean  concrete  with  the  spillway  sc. 
lion  of  the  ogee  tyjx;,  2000  ft.  long,  aiul  an  average  hcigliL 
of  about  3!)  ft.;  the  maxinnini  height  is  55  ft.  A  short 
section  of  nonoverflow  dam,  with  its  crest  15  ft.  above  the 
spillway,  is  constructed  between  the  i)ower  house  and  tlu; 
east  shore,  and  a  15-ft.  earth  einbiuikmcnt,  30f)  ft.  long, 
has  been  builL  on  the  west  sbi)n\ 


Fig.  ",;.   Showing  Mktuod  of  CoxsTiircTiXG   I^am  at 
Stevens  Creek 

TR.VXSMISSION  Line — The  transmission  line  to  Augusta 
is  approximately  seven  miles  long,  with  galvanized-steel 
towers,  designed  for  two  circuits,  with  three  wires  on  each 
side.  The  wire  for  the  power  circuits  is  Xo.  1/0,  17- 
strand,  medium,  hard-drawn  copper,  and  the  ground  wire 
is  ^'u  in.,  seven-strand,  copper-clad  cable,  having  30  per 
cent,  conductivity.  The  power  circuits  have  one  com- 
plete transposition  hetween  the  jjower  house  and  the  sub- 
station, and  are  hung  on  ■suspeusion-t}'pe  insulators. 

Substation — There  is  a  substation  at  Augusta,  wliich, 
on  account  of  the  limited  ground  space,  was  designed 
with  two  galleries.  Here  there  will  ultimately  be  in- 
stalled in  three  banks  of  three  each,  2000-kv.-a.,  single- 
phase  transformers,  stepping  down  from  44,0Q0  to  13,- 
000  volts.  Only  one  bank  of  three  transformers  is  at 
present  installed.  Provision  is  also  made  to  step  down 
from  13,000  volts  to  the  existing  circuits  in  Augysta  of 
2300  volts,  two-phase.  All  of  the  switches  in  the  substa- 
tion are  of  remote  control,  and  will  be  controlled  from  the 
switchboard  in  the  steam  station  of  the  Augusta-Aiken 
Railway  &  Electric  Co.,  which  is  adjacent  to  the  substa- 
tion. 


Fig. 


3.     SUBSTIfUCJlJIi;     OE     I'OWEl! 

Stevens  Creek 


iiorSE     AX 


The  dam  contains  six  sluice  gates  adjacent  to  the  power 
house,  with  a  clear  opening  of  7x9  ft.,  each.  These  ha\e 
a  combined  capacity  of  about  14,400  cu.ft.  per  sec.,  with 
head  water  at  the  crest  of  the  dam,  and  tail  water  at 
nornuil  level.  The  operating  devices  for  the  sluice  gates 
are  located  within  the  dam,  and  the  crest  of  the  dam  is 
fitted  with  the  flashboard  sockets,  which  will  later  be  u.sed 
for  5  ft.  of  flashboards. 

Hydraulic  Equipment — The  turliincs  are  of  vertical, 
single-runner,  downward-discharge  type,  86  in.  diameter, 
and  have  draft  tubes  molded  in  concrete  and  so  propor- 
tioned that  the  velocity  is  gradually  decreased  to  5  ft. 
per  sec.  The  flumes  are  controlled  by  large  steel  gates, 
hinged  at  the  bottom,  and  operated  by  means  of  a  travel- 
ing hoist,  running  on  tracks  on  the  head  wall.  The  tur- 
bines are  designed  to  rim  at  a  speed  of  100  r.p.m.  and  will 
furnish  3600  b.hp.  at  35-ft.  head  with  an  efficiency  of  86 
per  cent. 

The  governors  are  located  on  the  main  floor  and  ar- 
ranged to  be  controlled  from  the  switchboard,  although 
hand  control  is  also  provided.  They  are  of  the  oil-pres- 
sure, double-floating-lever  type,  with  a  central  oil-pump- 
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iiifi'  and  pressure  systiMn,  opcraling  normally  at  16-")  lb. 
They  are  designed  to  control  the  speed  within  very  nar- 
low  limits,  and  eliminate  entirely  any  hunting  or  racing 
tendency  which  causes  so  much  wear  and  tear  on  the  gate 
rigging. 
Electrical  Appauatus — For  the  present  the  electrical 


ing  voltage  and  pha.se  of  the  Columbia  Railway,  Gas  & 
Electric  Co. 

Construction — Authorization  to  proceed  with  these 
two  projects  was  received  at  about  the  same  time  iu  the 
latter  part  of  June,  1912.  Construction  forces  were  im- 
mediately organized,  camps  built,  wagon  roads  and  rail- 


Fk;.  4.  Gkx1';i;al  View  of  Park  Shoals  Develofmknt  fkom  Dowx-Stkkaji  Side 


quipment  will  consist  principally  of  five  revolviug-field, 
! bree-pha.se,   40-cycle,   2300-volt,  3100-kv.-a.    (at   75  per 

cut.  power  factor)  generators,  two  300-kw.,  125-volt  ex- 
■iters  and  three  three-phase  transformers,  each  of  6200- 
kv.-a.,  stepping  up  from  2o00  to  66,000  volts.  Ultimately, 
'ight  units  will  be  installed. 

Tkansmission  Line — The  transmission  line  is  being 
I  HI  i  It  at  present  to  Columbia,  and  consists  of  galvanized- 
-Icel,   double-circuit   towers   carrying  stranded   medium- 

ard-drawn  No.  1/0  copper  wire. 


roads  constructed  in  ortler  to  deliver  nuxterial  and  con- 
struct the  plant  as  cheaply  as  possible.  As  both  projects 
were  away  from  settlement  of  any  size,  it  was  necessary 
to  provide  accommodations  for  practically  the  entire 
force.  At  Stevens  Creek  the  maximum  number  of  men 
employed  at  one  time  was  about  800  and  at  Parr  Shoals 
about  1100,  which,  with  the  families,  made  a  total  popu- 
lation to  provide  for  of  about  1200  and  1500  people  re- 
spectively. Great  care  was  taken  to  safeguard  the  health 
of  the  camps,  pure  filtered  water  and  sewerage  systems 


m 
<^»'l 


Fig.  5.  Parr  Shoals  Power  House  and  Dam  from 
Up-Stream  Side 

Stbstatiox — A  substation  located  in  Columbia  has 
been  built,  which  will  also  act  as  a  distributing  station  for 
ihe  present  liydro-elcctric  plant  and  steam  plant  of  the 
Columbia  Railway,  Gas  &  Electric  Co.  All  the  power 
Licnerated  by  these  two  plants,  and  the  plant  at  Parr 
Shoals  will  be  distributed  from  this  station.  There  will 
be  two  distributing  voltages,  18,000  and  3400  volts,  both 
10-cvcle.  throe-phase.     The  latter  is  the  present  distribut- 


FiG.  6.   Substructure  and  Forms  for  Draft  Tubes 
AT  Parr  Shoals  Power  Housio 

being  provided,  aiul  a  hospital,  full}'  equij)[)cd,  with  a 
resident  physician  always  in  attendance.  As  the  Stevens 
Creek  cam]>  was  only  a  mile  or  two  from  the  intake  of  the 
Augusta  water-works,  additional  precautions  had  to  be 
taken  to  safeguard  Augusta.  For  this  reason  incinerators 
were  provided,  and  a  filter  bed  used  to  purify  wash  water 
from  the  sewerage  system.  The  wisdom  of  these  precau- 
tions has  been  proved  by  the  renuu'kable  freedom  from 
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sickni'ns  in  bolli  »iiiiii>s.  Mnlniia  wuh  wry  prcvnlciit.  in 
tin-  vicinity  alu>nl  liolli  iiinips,  l(\il  l)y  nsinjj  nii'tluMls  sim- 
ilar to  tliosi'  found  so  flTt'ctivf  at  I'anania,  lliis  lias  j,NVcn 
no  Inmlil*'.  fxcoitl  for  tlii'  (irst  IVw  niontlis  at  Stwi-ns 
C'lvok.  For  tin-  protection  of  the  caiui),  a  lirt'  hripidi'  was 
orfrani/t'd;  tclcplioni's  and  idi-ctric  li^dits  were  also  jiro- 
vidt'd.  and  to  ki'i'|)  tlii'  men  contcnti'd,  atldi'tic  sports  have 
lu'iMi  cncoura^ird,  siicli  as  hascliail,  rootliall,  tiMinis  aii<l 
trai>  shoot injj. 

I'ri'liniinarv  to  the  construction  of  llic  dam  a  colTcr 
(him  was  l)uilt,  consistinj,^  of  a  si'rics  of  rock-lillcd  ciili 
jiifrs  with  l2-([.  olKUiings  hctwciMi,  wiiirli  were  later 
closed  hy  stoj)  lofjs,  or  oiioii  erihhing,  with  ihe  up>treaMi 
face  sheathed  and  tcx'-filled.  Later,  and  hefore  the  linal 
closure  was  made,  these  openinfjs  were  shot  out,  and  the 
water  jiassed  throuj,^h  to  the  sluice  {jates  and  tem])()rary 
openings  which  had  hecn  left  in  the  dam  for  this  ])ur])(>se. 

Quarries  and  sand  i)its  were  opened,  and  very  ellicient 
stone-crusliinjj  and  concrete-mix ing  i)lants  were  set  u]), 
Iiaving  a  capacity  of  1000  cu.yd.  of  well  mixed  concrete 
per  day. 


The  general  sehenii'  adopted  was,  whenever  possihh;,  to  *' 
start  the  various  fcaturt-s  of  th(!  work  at  such  times  aH 
would  hring  their  <  ninplclion  an  nearly  as  possible  to  the 
dale  of  delivering  power.  In  this  way  o\w  of  the  most 
ex])ensive  items,  that  of  interest  during  construction,  was 
reduced  Ion  minimum.  Work  on  the  suhstruclure  of  the; 
power  house  was  started  first;  then  the  sections  of  dain, 
containing  sluice  gates  and  temjtorary  openings,  f(dlowed 
hy  the  main  dam,  substation,  transmission  line,  power- 
jiou-c  Mipcr>tri:rtiirc,  and  finally  the  power-house  equip- 
ment. 

It  is  expected  that  the  Stevens  Creek  development  will 
he  ready  to  deliver  |)ower  some  time  this  month  and  the 
J'arr  Shoals  development  very  shortly,  which  is  only  about 
a  year  and  a  half  from  the  dale  of  beginning  work,  a 
very  short  lime  for  ilevelo])ments  of  this  magnitude. 

The  entire  work  of  engineering  and  construction  on 
!)oth  jirojects,  except  the  raising  of  the  Southern  Railway 
is  being  handled  by  the  J.  G.  White  Engineering  Corpora- 
tion, of  New  York. 


Tlh®  IimduEcttioini  M©4©if=°VE 


r,v  !■'.  A.  Anni-tt 


CoM:Mrp.\roi!-Tvi'K  Sixgi.k-Phask  Motors 

The  split-i)liase  starting,  single-])ha,'^e  induction  motor 
caii  be  successfully  designed  to  meet  certain  requirements 
of  service,  such  as  constajit  speed,  starting  under  loads 
that  do  not  require  large  starting  torque  and  where  a 
large  starting  current  is  not  objectionable.  It,  neverthe- 
less, fails  to  meet  the  requirements  for  accelerating  loads 
that  demand  a  large  starting  torque  with  reasonable  start- 
ing current,  also  for  varying  and  adjustable  speed  service. 
To  successfully  meet  this  demand  several  types  have  been 
developed,  each  employing  a  commutator  and  known  in 
general  as  commutator-type  single-phase  motors. 

To  those  familiar  with  the  direct-current  machine,  the 
series  type  of  these  single-phase  motors  will  appear  sim- 
ple, but  designing  engineers  have  had  many  difficulties 
to  overcome  in  successfully  developing  these  alteniating- 
current  series  motors,  which  have  brought  about  many 
radical  departures  from  the  principles  involved  in  the 
direct-current  machine.  Among  these  is  the  laminating 
of  the  field  frame  and  poles  to  keep  down  the  eddy  cur- 
rents set  up  by  the  action  of  the  alternating  flux,  instead 
of  solid  cast-iron  or  steel  as  in  the  direct-current  ma- 
chine. Also,  the  number  of  coils  on  the  armature  is  in- 
creased with  a  corresponding  increase  in  the  number  of 
commutator  bars ;  and  high-resistance  carbon  brushes  are 
used  with  a  resistance  connected  in  series  with  the  coils 
on  the  armature  between  the  coils  and  commutator  bar. 
All  this  is  to  prevent  sparking  at  the  brushes  due  to  the 
transformer  action  set  up  in  the  short-circuited  coils  un- 
der commutation,  and  a  compensating  winding  placed  in 
slots  in  the  ]X)le  faces  prevents  armature  distortion. 

This  type  of  series  alternating-current  motor  possesses 
the  same  speed  and  torque  characteristics  as  the  direct- 
current  series  motor  operating  through  wide  ranges  of 
speed  and  torque  with  no  inherent  speed  regulation  and 
if  the   load  is  removed  the  speed   will   increase  without 


limit.  On  the  other  hand,  if  the  load  is  increased  the 
motor  slows  down  very  greatly  with  a  large  increa.ee  in 
torque.  The  chief  application  of  this  type  of  motor  is  for 
railway  work  and  cranes,  where  the  motor  is  continually 
under  the  guidance  of  an  operator. 


Fig.  53.  Stator  of  G.  E.  Repulsiox  Motor 

There  are  many  classes  of  service  demanding  a  motor 
having  good  speed  regulation  after  being  brought  up  to 
speed  and  with  a  torque  which  increases  as  the  speed  de- 
creases or  characteristics  approaching  the  direct-current 
compound  motor.  Single-phase  alternating-current  motors 
of  this  type  are  usually  known  as  repulsion  induction 
motors.  The  stator  is  constructed  very  similar  to  the 
polyphase   induction   motor  except   that  it   has   but  one 
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(windiug,  concentrated  so  as  to  form  distinct  poles.  Fig. 
53  shows  the  complete  stator  of  a  G.  E.  riveted-frame  re- 
pulsion induction  motor.  The  rotor  is  constructed  the 
same  as  the  armature  of  a  direct-current  machine  but  in- 
stead of  tlie  armature  current  being  supplied  from  an  out- 
side source  as  in  the  direct-current  motor,  the  brushes 
are  short-circuited  and  the  current  is  induced  in  the  rotor 
by  the  flux  set  up  by  the  current  supplied  to  the  stator. 
The  following  will  explain  the  action  : 

To  understand  a  simple  analysis  of  the  repulsion  motor 
it  is  necessary  to  keep  in  mind,  first,  the  law  governing 
the  operation  of  an  electric  motor,  which  is,  essentially, 
that  a  current  passed  through  a  wire  in  a  magnetic  field 
causes  the  wire  to  move  at  right  angles  to  the  lines  of 
force,  the  direction  of  motion  of  the  conductor  depending 
upon  the  direction  of  the  current  in  the  conductor  and 
the  direction  of  the  lines  of  force  in  the  magnetic  field. 
This  is  shown,  bj'  reference  to  Fig.  54,  a  and  h.  In  a  is 
shown  a  conductor  in  a  magnetic  field  the  lines  of  force 
of  which  are  passing  from  the  north  to  the  south  pole,  as 


is  of  opjiosito  direction  to  that  setting  up  the  magnetic 
flux.  This  is  shown  in  Fig.  55.  Consider  coil  a  connected 
to  a  source  of  alternating  current  and  the  current  at  the 
instant  flowing  in  a  direction  as  indicated  by  the  arrow- 
heads. This  will  set  up  a  varying  magnetic  flux  through 
the  core  of  a  polarity  as  shown,  which  will  induce  an 
e.ni.f.  in  coil  6  opposite  to  that  applied  to  coil  a,  and  if 
the  terminals  of  coil  6  are  closed  through  a  resistance  R, 
a  current  will  be  set  up  in  it  in  a  direction  opposite  to 
the  current  in  coil  a. 

In  Fig.  56,  consider  a  closed-coil  armature  between  two 
field  poles,  the  two  field  coils  connected  to  a  source  of 
alternating  current  and  the  current  at  the  instant  in  a 
direction  to  produce  north  and  south  poles,  as  shown.  As 
the  flux  from  the  field  poles  thread  through  the  armature 
coils  it  induces  an  e.m.f.  in  them  opposite  to  that  ap- 
plied to  the  field  coils,  or  in  a  direction  shown  by  the 
arrow-heads,  which  indicates  that  the  current  in  the  field 
is  flowing  in  one  direction  at  the  right-hand  side  and  in 
the  opposite  direction  at  the  left-hand  side.     The  e.m.f. 
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Fie. 60  FIG. 61 

Figs.  54  to  61.  Tlhstrating  Current  Actions  in  the 
Repulsion  Motor 

indicated  by  the  arrows.  The  conductor  is  carrying  cur- 
rent down  through  the  plane  of  the  paper  which  sets  up 
lines  of  force  about  it  in  a  clockwise  direction.  This  mag- 
netic field  set  up  about  the  conductor  reacts  upon  the 
field  from  the  polepieces  and  distorts  it.  This  distortion 
tends  to  force  the  conductor  to  the  left  as  indicated.  If 
the  current  is  reversed  in  the  conductor  as  at  h,  flowing 
up  through  the  plane  of  the  paper,  the  lines  of  force  set 
up  about  the  conductor  will  be  in  an  anti-clockwise  di- 
rection. This  will  distort  the  lines  of  force  from  the  pole- 
pieces  in  the  opposite  direction,  and  the  motion  of  the 
conductor  will  be  to  the  right. 

The  second  rule  to  bear  in  mind  ii? :  When  a  varying 
magnetic  field  threads  through  a  coil  of  wire  it  sets  up  an 
electromotive  force  that  will  cause  a  current  to  flow  which 
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induced  in  the  armature  coils  varies  in  value  from  zero 
at  points  a  and  h  at  the  center  of  the  polepieces  to  a  maxi- 
mum at  points  c  and  d  between  the  polepieces,  for  at 
points  a  and  b  the  flux  divides  and  passes  through  each 
half  of  the  armature  coil,  therefore,  the  coils  at  this  point 
will  have  no  lines  of  force  threading  through  them,  while 
coils  at  points  c  and  d  will  have  a  maximum  flux  passing 
through  them  which  will  induce  a  maximum  e.m.f.  It 
will  also  be  seen  that  the  e.m.f.  in  the  right-hand  half  of 
the  armature  is  in  opposition  to  that  in  the  left-hand  half 
so  there  will  be  no  current  set  up  in  the  coil,  therefore 
no  torque  will  be  developed. 

Xow  let  the  coils  be  connected  to  a  commutator,  as  in 
Fig.  57,  with  brushes  placed  on  the  axis  ab  and  connected 
together  by  a  conductor  I.  This  is  the  point  of  maximum 
e.m.f.  across  the  armature.  This  current  is  flowing  in 
the  opposite  direction  under  each  half  of  the  polepieces, 
and  by  referring  to  Fig.  54,  it  will  be  seen  that  the  cur- 
rent under  the  right-hand  half  of  the  north  pole  (Fig. 
57)  produces  a  torque  to  the  left ;  likewise  under  the  left- 
hand  half  the  current  in  the  conductors  is  in  a  direction 
that  produces  a  torque  to  the  right,  as  shown  by  the 
curved  arrows  t  and  //.  The  same  condition  exists  under 
the  south  pole.  From  this  it  will  be  seen  that,  although 
a  maximum  current  is  set  up  in  the  conductors  it  is  of 
such  a  direction  that  the  torque  developed  in  one-half  of 
the  armature  is  opposite  to  that  developed  in  the  other 
half,  therefore,  the  turning  eff(n't  cannot  impart  anv  mo- 
tion to  the  armature. 

If  the  brushes  are  placed  on  the  axis  rd.  as  in  Fig.  58, 


mill  tlic  ciinviil  i.»  s<i|)pli('(l  l<>  Ihr  iiriiiiitiiri'  rniiii  an  (nil 
sido  soiii'ci',  thcsf  ItnislicH  will  lie  in  ii  |>imitiiiii  In  iiniiliiif 
)i  iiiiixiiMiiiii  t()n|uc,  fill'  all  tlic  ('oikIucIiiih  iiiidfi-  fiicli  imiIc 
tiif  (•anviiii;  (iiiifnt  in  llic  miiih'  diivctioii.  Coiinidci  ihf 
ciirroiil  lit  the  iiistaiil  ol'  a  dircrtioii  nn  hIidwii  liy  tin; 
aiTow-licads.  Apiiii  n-rt'iriii;;  I"  I'i^'-  •'">!.  i(  "ill  '»*'  «i'i''i 
that  tin-  iiiriciit  in  tlic  ( oiiiliictois  in  Ki>,'.  r»K  is  of  «uc1j  a 
(lirtH'tioM  as  to  iirodiicc  a  toi'i|uc  in  a  cluckwiKt-  direction 
iiiidor  liotli  the  north  and  soulii  poles. 

Consider  iijiiiiii  that  liic  current  in  the  aniiiiliirc  con- 
diictorn  is  set  ii|)  hy  the  induced  e.iii.l'.  produced  liy  tiie 
varyiiifr  ma;,Mietic  Hiix  Iroiii  the  polepieces  and  tiiat  the 
hriislu's  are  set  on  the  axis  cd  jiiul  sliuil-circiiiled  hy  llic 
conductor /,  as  shown  in  Vi'^.  all.  Ii  will -he  seen  tlial  no 
current  will  tlow.  for  the  e.ni.l'.  induced  in  section  ac  of 
the  armature  is  oppositi-  to  that  induced  in  section  ad; 
likewise,  for  .sections  he  and  /*(/;  that  is.  the  e.iii.t'.  at  c 
is  equal  and  opposite  to  the  e.iii.f.  at  d.  The  re  Tore,  no 
t'urreiit  will  tlow  in  the  arnialurc  conductors  and  no 
lor(|ue  will  he  produced. 

If  (he  lirushes  are  set  at  mhiic  iiiterniediato  ])oiiit  he- 
tween  the  axis  ah  and  cd.  such  as  rf.  Fij;.  (id,  a  current 
will  he  sci  lip  ill  tlic  annalnrc  ciinijiictors  of  a  direction 
siiown  liy  the  anow-licails.  liy  referring  to  Fi<^.  56  and 
couiiiariiiif  tiic  direct  imi  nf  the  e.in.f.  in  the  armature 
i-oils  with  that  of  tlie  current  in  the  nriiialurc  coils  in  sec- 
tion «./  and  be,  Fig.  GO,  it  will  lie  seen  that  the  current  in 
af  and  be  is  opposite  to  the  direction  of  the  e.ni.f.  in  a 
corresponding  section  of  Fig.  56.  This  heing  true,  the 
e.m.f.  effective  in  setting  up  current  through  the  hrushes 
is  that  induced  in  .sections  ae  and  /;/  of  the  armature 
minus  the  e.m.f.  indnced  in  sections  af  and  he,  respec- 
tively. This  is  equal  to  the  e.m.f.  in  tiie  coils  hn-ated  he- 
tween  the  point  eg  and  fh,  respectively. 

By  referring  to  Fig.  53  and  applying  Rule  1,  to  Fig. 

60,  it  will  be  seen  that  the  current  under  each  polepiece 
is  in  a  direction  that  will  produce  a  torque  as  indicated 
by  the  curved  arrows  t  and  t^.  With  reference  to  axis  ab, 
this  is  in  a  direction  with  the  lead  of  the  brushes.  This 
is  true  of  all  repulsion  induction  motors — they  revolve 
in  the  direction  that  the  brushes  are  shifted  with  refer- 
ence to  the  axis  of  the  field  poles.  All  that  is  necessary 
to  reverse  the  direction  of  rotation  of  the  motor  is  to 
shift  the  brushes  backward  to  the  position  gh,  as  in  Fig. 

61,  and  the  current  will  be  in  a  direction,  as  shown  by 
the  arrow'-heads.  By  a])plying  the  rules  for  the  movement 
of  a  conductor  carrying  a  current  in  a  magnetic  field,  it 
will  be  seen  that  the  armature  will  turn  in  a  anti-clock- 
wise direction,  as  shown  by  the  curved  arrows. 

This  type  of  motor  develops  about  250  per  cent,  full- 
load  starting  torque  for  350  per  cent,  full-load  current 
when  connected  directly  across  the  line,  but  if  operated 
as  a  repulsion  motor  it  has  speed  and  torque  character- 
istics of  a  .series  motor,  which  makes  it  unsuited  for  con- 
stant-speed service  under  varying  loads;  therefore,  most 
al!  single-phase  motors  of  this  type  are  only  started  by 
the  repulsion  principle.  After  they  have  attained  nearlv 
synchronous  speed  a  centrifugal  device  located  in  the  in- 
terior or  at  one  end  of  the  rotor  removes  the  brushes  from 
the  commutator  and  at  the  same  time  short-circuits  the 
commutator  segments,  thus  converting  the  machine  into 
one  that  has  the  characteristics  of  a  squirrel-cage  motor 
and  practically  a  constant  speed  from  no  load  to  full  load. 


Cy^clicAl    Cfi^an]g(es    of   Texnpera* 
ture  in  n  Gas-En^ime  Cylinder 

III  a  paper  read  hefcrc  the  I  n.-t  it  iit  ion  of  Civil  lOn 
iiecrs  on  Dec.  Ki,  i'rof.  I'l.  (i.  Cokcr  and  W.  A.  Sco! 
gave  an  Hccoimt  of  experimental  work  carried  on  dun 
the  jiaHt  four  yearn  to  (h'ttjrmine  the  cyclical  change- 
tem|ierature  at  the  Hurfuee  and  in  the  wallH  of  the  cyl 
der  of  a  gas  engine;  aluo  the  temperature  of  the  exjdo 
charge  itself.  The  (!ngine  used  for  this  investigation  '. 
of  a  standard  type  made  by  the  National  (liij^  lOngine  <  " 
and  dcvclojied    12  lip.  at  310  r.p.ni. 

The  temperature  measurements  were  made  hy  means 
of  llic'ino-electric  (-(uiples  with  the  inclusion  in  the  circuit 
of  a  revolving  contact-imiker  enaliling  the  tetri])eral  i' 
to  be  determined  al  any  point  of  the  cycle.  The  surl 
metal  teni])eratures  and  their  cyclical  changes  were  n 
vestigated  at  the  centers  of  the  inlet  and  exhaust  vahc, 
and  at  three  jioints  on  a  vertical  diameter  of  the  pisti.n. 
Cast-iron  plugs  with  their  faces  turned  very  thin  were 
inserted  at  the.«e  jioints,  and  iron  wires  let  through  and 
riveted  on  the  face  of  the  metal  to  form  tlie  couples.  The 
fiighest  temperature  found  was  at  the  center  of  the  ex-, 
haust  valve,  this  being  753  deg.  F.  The  highest  tempera- 
ture at  tiu!  inlet  valve  was  590  deg.  F.,  and  at  the  center 
of  t!ie  ])iston,  644  deg.  The  cyclical  change  was  greatest 
at  the  center  of  the  piston,  where,  in  one  case  with  a 
minimum  mixture  and  cold  jacket,  it  was  176  deg.  F. 
This  large  range  was  due  principally  to  low  temperature 
at  the  beginning  of  the  suction  stroke.  A  richer  mixture 
or  warmer  jacket  eliininated  tliis  low  temperature  and 
reduced  the  range  to  al)out  100  deg. 

PV 

A  allies  of  -^   were  calculated  for  several  points  on  an 

V  'ansion  curve  and  found  to  be  high  at  the  explosion 
oecause  the  measured  temjierature  was  low;  but  they 
settled  to  consistent  values  near  the  middle  of  the  work- 
ing stroke. 

The  temperature  of  explosion  was  found  to.  vary  from 
3300  to  about  4000  deg.  F.,  the  latter  value  being  ob- 
tained in  a  very  rich  mixture. 

The  cyclical  variations  of  temperature  in  the  exhaust 
pipe  were  also  investigated.  The  maximum  temperature 
during  exhaust  was  found  to  be  between  030  and  1030 
deg.  F. 

In  conclusion,  it  may  be  said  that  the  temperature  was 
governed  mainly  by  that  of  the  jacket  water  at  outlet, 
and  that  the  temperature  drop  along  the  barrel  of  the 
cylinder  was  very  steep  with  rich  mixtures,  the  latter  ef- 
fect being  due  to  the  high  temperature  of  the  metal  sur- 
rounding the  explosion  chamber. 


A  Benevolent  Fund  has  been  estabHshed  b.v  the  Institu- 
tion of  Mechanical  Engineers  of  Great  Britain,  to  give  finan- 
cial aid  to  prominent  members  who  may  through  no  fault  of 
their  own  become  destitute.  A  public  meeting  was  recently 
held  to  arouse  interest  in  the  project  and  some  $20,000  has 
already  been  contributed  toward  the  fund.  The  plan  of  oper- 
ation is  to  keep  the  fund  invested  and  use  the  income  only 
for  the  relief  of  deserving  cases.  It  will  be  manifest  that 
with  6000  members  the  income  from  a  small  fund  will  be 
sufficient  to  give  substantial  relief  only  in  occasional  iso- 
lated cases.  It  does  at  times  happen,  however,  that  engi- 
neers who  have  held  high  rank  in  the  profession  and  to  whom 
the  profession  as  a  whole  may  be  largely  indebted  may  in 
their  declining  years  be  placed  in  a  position  where  the  aid 
ordinarily  afforded  by  friends  and  relatives  in  such  cases  is 
unavailable  and  the  members  of  the  profession  itself  ought  to 
extend   relief. 
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WNOPSIS — Air,  sleani  and  water  as  mediums  for  tin; 
lisiribulion  of  heal.  Figuring  the  heat  losses  from  a 
uilding  and  the  radiating  surface  required. 


The  first  forms  of  heating  apparatus  comprised  open 
ire  places  and  stoves  of  different  types;  hut  these  were 
ipplicable  to  single,  or  at  the  most  two  or  tiiree,  rooms. 
The  heat  of  the  fire  was  dissipated  by  radiation  and  to  a 
imited  extent  by  convection.     The  hot-air  furnace  was 
he  next  development   to   heat   several   rooms  from  one 
ire.     For  the  reasons  stated  in  the  first  article  under  the 
iliove  title,  the  hot-air  furnace  is  seldom  used  except  for 
i-iiiall  installations,  and  here  for  the  purpose  of  reducing 
Mic  initial  cost.     Its  bulk  fur  a  given  capacity  is  com- 
'atively  great  and  the  nature  of  the  medium  limits  the 
I  ient  transmission  of  heat  any  distance.     In  larger  in- 
Mallations,  if  the  hot-air  system  is  of  ample  capacity  to 
iln  the  work,  there  is  little  difference  in  the  initial  cost 
-  compared  Avitli  other  forms  of  apparatus. 
J'^or  all  installations  of  any  size   water  or  steam   ap- 
paratus is  used  with  either  direct  or  indirect  radiation. 
Direct  radiation  as  the  name  implies  means  radiators  or 
any  form  of  heating  surface  placed  in  the  rooms  to  be 
inated.     Indirect   radiation   is  a  special   form  intended 
I"  be  placed  at  the  base  of  a  flue  in  order  that  air  may  be 
heated  and  passed  into  the  room  for  ventilation.     The 
aM  may  be  circulated  by  gravity  or  by  mechanical  riieans. 
in  all  large  installations  where  ventilation  is  required 
iIh'  latter  is  treated  as  a  separate  problem  from  the  heat- 
iiii;'.     This  is  especially  true  where  the  building  is  of  a 
public  or  semi-public  character  where  mechanical  venti- 
lation would  be  required  only  a  few  hours  out  of  the  24. 
'IMie  buildings  are  heated  by  direct  radiation  and  the  air 
supply  is  operated  only  when  the  building  is  occupied. 
Ill   dwellings  and  small  buildings  gravity  air  supply  is 
M-rd  as  a  heating  medium  and  to  furnish  ventilation  at 
1  lie  same  time. 

In  many  factories  the  heating  is  accomplished  by  means 
"I  an  air  supply  recirculated  over  indirect  steam  or  water 
Miators.    This  method  of  heating  is  generally  attractive 
■  to  the  low  initial  cost.    The  major  portion  of  the  ap- 
aiatus  consists  of  the  ducts,  etc.,  and  their  cost  is  gen- 
rally  concealed  in  the  builders'  contract.     The  heating 
.pparatus  then  comprises  simply  a  fan  heater,  engine  or 
iiiiilor  and  the  immediate  duct  and  steam  connections  to 
llie  fan  heater  and  engine. 

Direct-indirect  radiation  is  a  form  of  direct  radiatdr 
placed  in  the  room,  with  an  air  connection  to  the  outside 
I'M  ventilation.  These  radiators  are  provided  with  a  box 
liasc  and  the  heating  sui'face  is  more  or  less  jacketed  in 
Older  that  the  outside  air  may  be  l)rought  in  contact  with 
tlie  surface  of  the  radiator.  Dampers  are  provided  so 
tliat  the  air  connection  to  the  outside;  may  be  shut  off  and 
ilie  air  of  the  room  recirculated.  This  is  only  a  maJ<e- 
-li'l't  as  far  as  ventilation  is  concerned,  as  the  air  sup- 
pl\  is  uncertain  and  inadequate,  and  the  jacketing  of  the 
I  idiator  destroys  its  efficiency  as  direct  heating  surface. 
Ill  some  cases  the  air  current  will  be  found  to  be  fioni 
(lie  room  out  of  doors  instead  of  inward. 


The  |)rimary  objects  of  a  heating  apparatus  are  to 
maintain  the  space  to  be  heated  at  a  livable  temperature, 
say,  65  to  72  deg.,  regardless  of  the  outside  weather,  and 
to  transmit  the  greatest  amount  of  heat  per  unit  of  sur- 
face in  the  shortest  space  of  time  with  a  minimum  ab- 
sorption of  heat  in  raising  the  temperature  of  the  ap- 
paratus and  the  heating  medium. 

Just  as  a  radiator  dissipates  the  heat  of  the  heating 
medium  to  the  rooms,  the  building  radiates  the  heat  to 
the  outside.  ^Vhen  the  dissipation  of  the  heat  of  the  radi- 
ators exceeds  that  given  off  by  the  building  the  room  tem- 
perature rises  and  when  the  rate  per  unit  of  time  is  less 
the  room  temperature  drops.  To  nuuntain  a  constant 
temperature  efficiently  requires  a  medium  that  can  be 
readily  varied  in  temperature,  and  an  apparatus  and 
medium  whose  mass  will  absorb  the  minimum  of  heat 
for  each   temperature  change. 

In  the  temperate  zone  the  outside  temj)erature  may 
vary  from  70  deg.  when  no  heating  is  required,  to  zero 
or  even  — 20  deg.,  depending  on  the  locality.  All  heating 
systems  should   include   sufficient   radiation   to  maintain 

T.^iBLE  1.       PERCENTAGE  OF  MAXIMUM  LOAD  AND  NUMBER  OF 
HOURS  FOR  EACH  TEMPERATURE  PERIOD 


Temperature 
Period 
0 
0-  10 
10-20 
20-30 
30-40 
40-50 
50-60 


Per  Cent. 

Max.  Load 

100 

93 

80 

65 

50 

25 

15 


Per  Cent,  of 
Season 

1  29 
5.25 
16.47 
29.13 
22.49 
25  37 


Hours  Each 
Period 


264 
829 
1471 
1122 
1275 


100.00  5027 

the  required  room  temperature  in  the  coldest  weather. 
Some  engineers  recommend  somewhat  less  than  the  maxi- 
mum due  to  the  limited  period  of  extreme  weather.  The 
few  hours  of  maximum  operation  then  require  a  higher 
temjierature  and  pressure  when  steam  is  the  medium  and 
a  higher  temperature  in  the  case  of  hot  water.  The  source 
of  heat,  however,  whether  boiler  or  heater,  must  be  cai> 
able  of  supplying  the  maximum  requirements  in  heat 
units  at  the  higher  temperature  of  the  medium. 

Table  1  gives  the  percentage  of  the  maximum  require- 
ments for  each  10-deg.  period  in  the  vicinity  of  New 
York,  as  well  as  the  percentage  of  time  for  each  period 
in  the  entire  heating  season  of  about  5000  hr.  The 
weather  bureau  reports  giving  the  maximum  and  mini- 
mum daily  temperatures  were  plotted  on  thermometer 
charts,  and  the  total  hours  for  each  period  determined. 

Attention  is  called  to  the  fact  that  there  is  consider- 
able time  even  in  January  and  February  when  the  tem- 
perature is  40  to  50  deg.  This  table  shows  that  the  maxi- 
mum load  lasts  only  1.3  per  cent,  of  the  time,  and  75  per 
cent,  of  the  time  the  demand  for  heat  is  less  than  one- 
half  of  the  maximum  in  zero  weather. 

A  heating  system  to  be  efficient  should  be  capable  of  a 
wide  range  in  temperature  or  capacity  and  quickly  ad- 
ju.stable  to  suit  varied  requirements.  Where  the  tempera- 
ture of  the  medium  is  nearly  constant,  as  in  the  case  of 
low-pressure  steam,  the  only  method  of  varying  the  heat 
supply  is  by  shutting  off  ami  turning  on  radiators  either 
by  hand  or  automatically.  When  the  steam  pressure  may 
be  varied  though  a  cousideral)le  range,  there  is  room  for 
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mljiistiiii'iil.   as   cmli    varintion    in    |in'ssiirc   cliaMi^i's    llic 
lciii|)i'raliir('  of  tlic  iiiiMliiini. 

Water  <aii  lir  xarii'd  in  t('iii|HTatiirt'  tlir<ni>;li  a  tim;;i' 
of  r>'0  (li'f{.  and  as  a  rai)i<l  ihan;,'t'  is  |i(issilili'  at  any  ilis 
taiicc  if  tlic  riniilation  is  fnrccd.  it  makes  llie  must  desir- 
al>le  and  ellieienl  liealin;;  niediuni.  Mot  an  laii  also  lie 
\aried  tliioii.uli  a  etmsideralile  ranj^e  of  teni|ieialiiic  Inil 
its  s|teeilie  Ileal  limits  its  canyini;  ea|iaeily  ami  make- 
tlu'  losses  in  transit  exeessixc. 

Tile  first  consideration  in  tlu'  design  oT  any  licalin^ 
apparatus  is  the  lu-at  losses,  expressitd  in  it.l.ii.,  Irom  liic 
l)iitldinu;  l>v  radiation  and  leakai^e  in  extreme  wenllier  lor 
tiie  particular  locality.  In  \c\\  \uvk  llic  lowesi  oiit.-KJc 
temperature  is  taken  at  zero  and  the  I'ollowin^i;  indoor 
temperatures  are  used  in  many  cases,  allliouiili  in  spe- 
cial manul'acturinu  plants  the  owners  Liciicrally  specify 
the  re(]niremcnts. 
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[                    12  0.37  14,8  1(1  (1  18  .')         20,3 

...       ,         i  Kramo  housf  con.  .      0  29  11    II  13  14  .->          16 

J:.""''         ,'  Kactory  building.  .        0  24              '.Ml  10  8  12              13  2 

"alls         [  Factory  biiildinR.  .        0  4(1  18  4  2(1  7  23              2.5  3 

[  .Sinnlc-  1    10  44  49..-)  .").'>              (10  .") 

Windows     ^  Double.  0  .■)72  22  9  2.i.7  28.0         314 

(  Wire  Klas.s  1  40  4.i  50              55 

4,,     ,.   ,,        (Single 103  412  46.4  51.5         50  7 

SkyliKht.s         |)„„bie 0.021  24  8  28  31              34.1 

(15',,  w.,  35%E 0.572  22  9  25.7  28.0  31.4 

^""'^^         i  Plain 0.414  10(1  18.7  20,7  22.8 

(  Joist  with  double  Hour  0  07  2H  3    15  3  5  3.85 

E    1  Stone  floor  on  arch  0  2  8  9  10  11 

§{  Planks  laid  on  earth.  0   10  0  4  7  2  8  8.8 

E      Planks  laid  on  asphalt.  0  2  8  9  10  U 

I  Stones  laid  on  earth..  0  29  11(1  13    1  14   5  10 

S   J  Joist  with  linglc  floor 0  1  4  4  5  5  5  5 

^    I  Arches  with  air  space 0   14  5.0  03  7  77 

I  Cor.  iron  with  4-in.  framing...  2.14  85  0  90  3  107  118 

Tile  with  4-in.  framing 1  40  45  50  _  5o 

Copper  on  1-in.  framing 0.45  18  20.2         22.5  24  8 

Zinc  on  1-in.  fnimiuK 0.45  18  20.2         22  5  24  8 

Slate  on  1-in.  framing 0.43  17  2  19  4  215  23  0 

Asphalt 0  27  10  8  12  2  13  5  14  9 

Office,  f-chools  and  dwellings,  TO  dcg. ;  foundries,  50 
deg.  and  generally  intermittently  operated  ;  storage  places, 
^)0  deg.  to  prevent  the  sprinklers  freezing;  paint  sliops. 
70  to  75  deg.  with  a  dry  atmosphere ;  machine  shops,  65 
to  70  deg.:  textile  mills.  7n  deg.  witii  a  liigh  degree  of 
humidity. 

The  heat  losses  comprise  the  radiation  of  heat  through 
walls,  window.s,  skylights,  floors  and  roofs.  Only  such 
])ortions  of  individual  rooms  are  included  as  are  exposed 
to  lower  teinjieratures  than  that  of  the  room  under  con- 
sideration. Partitions  and  floors  between  rooms  to  be 
heated  are  not  considered.  V.'here  floors  or  walls  are  be- 
low grade,  the  temperature  of  the  ground  should  be  taken 
at  about  40  deg.  instead  of  the  lowest  outside  tempera- 
ture. Air  spaces  in  walls  or  under  the  roof  and  double 
windows  with  an  air  space  reduce  the  losses  by  .radiation 
by  a  considerable  amount. 

Table  2  gives  the  factors  in  B.t.u.  per  hour  for  different 
kinds  of  building  construction  for  all  temperature  dif- 
ferences between  the  room  and  outside  up  to  100  deg. 


'I'hc   con8triiclion    of   the   building,    as    indiealed    on    tb 
plan><,  will  determine  vvhal   raelors  should  be  used  in  ao' 

part  K  iiliir  case. 

Many    rules   are  given    for  esl limiting   the   amoiini    '■ 
radiation   and    large   |)ereentages   are   added    for   leal 
ex|)osiire,  prevailing  winds,  etc.     Tiiese  additions  i> 
llic  ic-iill   merely  nil  outside  guess  and  will  geiierall\ 
loo  iMiK  li   ladialion.     Some  use  a  ratio  of  radiating     ..i 
fai  ('  lo  ciiliic  coiileiils  of  the  building  based  on   the  in 
divKliial's  experience.     This   is  proper   for  tlu;  iiiHividiia 
bill    IS    daiigcroii.^    for    others    wilbmil    ex|terieiiee. 

Il  is  the  custom  of  the  aiilhor  lo  add  nothing  for  - 
posiirc  or  |)revailing  winds.  'I'lie  sun  may  be  obsi 
for  long  intervals  and  winds  are  liable  to  blow  from  :iiii 
diriM  lion,  .-o  that  llicse  variables  are  as  likely  to  alVecl  oik 
side  of  a  liiiildiiig  as  another  at  diifereiit  times.  When 
llierc    Is   a    livelihood    for   the  expoMire   of   I  he   building  af 

S  KINDS  OK  SI  UKACIOS  I.N  15. 11      I'IMf  IIK    I'KH  S(J  IT, 
DifTcrence  in  Temperature,  deg.   I*' 
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fectiug  the  heating  of  one  side  or  section  differently  fron 
another,  the  piping  can  be  easily  provided  with  contro 
valves  .so  that  the  particular  .section  may  be  regulated  in 
dependcntly  from  the  remainder  of  the  building. 

The  accompanying  form,  used  by  the  writer  and  showi 
near  the  top  of  page  91,  includes  all  quantities  u.set 
111  the  calculations  for  the  radiation  of  a  building.  Thii 
can  lie  hied  for  reference  and  used  afterward  ii 
checking  any  part  of  the  work.  All  jooms  are  given  i 
number  as  well  as  the  name  generally  indicated  on  th< 
arch.itect's  plan.  The  cubic  contents,  glass  surface  aiu 
wall  surface  are  determined  and  placed  in  the  propei 
columns,  as  shown. 

In  place  of  adding  for  exposure  the  writer  uses  tin 
cohmm  marked  air  change,  giving  the  cubic  contents  o: 
the  room,  which  is  multiplied  by  the  factor  in  Table  ^ 
for  the  pro]X'r  temperature  difference  between  the  roon 
and  outside.  These  factors  are  the  B.t.u.  required  t( 
raise  one  cubic  foot  of  air  the  number  of  degrees  at  th< 
head  of  the  column.    The  temperature  outside  is  assumec 
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— 10  (leg.  ami  with  the  room  at  70  ilcj;-.  tlu'  factor 
uuld  he  1.6-1  B.t.ii.  for  80  deg.  dift'ereiiee. 

For  all  rooms  under  4000  eu.t't.  of  volume,  one  change 
■r  hour  is  used  and  from  4000  to  10,000  cu.ft.,  one 
laiige  in  two  hours.  The  larger  the  room  the  greater  the 
me  estimated  for  the  air  change. 

Yo.   13  is  presumed   td   lie  a   corner   vooiu   with    lliicc 

Job 

City 

iputcd  U> —  


Cast-iron  radiation  is  Iniilt  in  heights  from  15  to  45 
in.  and  from  one  column  to  hvi;  columns.  Most  radiators 
are  standardized  so  there  is  little  difference  in  the  prod- 
ucts of  the  different  manufacturers.  It  is  always  best  to 
obtain  as  good  distribution  as  possible,  and  where  it  is 
impossible  additional  radiation  should  be  provided.  Cast- 
iron  I'adiation  well  distributed  will  gixc  up  1.7  B.t.u.  per 


Started . 
I''ini.sli.  . 


Cubic 
Con- 
tents 


Air  Willi  Glass 
ChanKc  S(|.  Sq. 
Cu.Ft.      Ft.         Ft. 


S<i. 


.Size 
24x30x12 
24x20x12 

24x20x12 


Air 

Change 


B.t.u.  Losses 

Wall      Glass     Floor 


8040 
57(iO 
.37(10 


4:i20 
.-)0()() 
."lOOO 


192 
12S 
128 


708.-, 
S200 
8200 


14,8.31 
0,405 
(),40(i 


Roof 

16,89(>    4608  43,440 

11,2C4      25,870 

11.2(14      .,  25,870 


Pu- 
pils 

No. 


Air  .Supply ■     • Direct  Kadiation 

-    ■        -  ~     "  Sq.        .Sq 

Ft 


si 

2H 


Cu.Ft. 
per 
Min. 


1400 

noo 

900 


Ft.  on 

B.t.u. 

Basis 

19(> 

117 


Type 


stld. 
190 

120 

120 


2()"  single 
Col. -90  sec. 
38"  2     col. 
30  sec. 
38"  2    col. 
30  sec. 


Ratio 

Rad.  to 

Cu.  Cont. 

B.t.u.     .\c- 

Basis     tual 

44       46 


Total    95,180 


{(•marks  and  Factors  Used: 

Max.  O.T.  =  —10°:    IT.   =  70°:    Av.  Innp.  rad.,  200;    Trans,  perilcc,  I    7; 
fac,  6.4;   B.t.u.  per  sq.ft.  rad,.  221;    Air  change  1.64  B.t.u.  i)er  cu.ft, 

-kIcs  exposed  and  with  six  windows,  8x4  ft.,  or  l!)v  sq.ft. 
,i>f  glass.     The  Avail  surface  is 

(30  +  30  +  :i4)  X  ^'i  =  li'<»8  ■'<q.fl- 
1008  —  1<)2  =  81  (i  ,sY/./7. 

of  net  wall.  Eoom  N"o.  12  will  also  have  720  s(i.ft.  of 
floor.  All  factors,  as  taken  from  Table  2,  should  be 
placed  in  the  remarks  space.  The  following  B.t.u. 
lushes  can  now  be  determined  for  this  room  and  placed 
iinder  the  proper  headings: 

B.t.u. 

Air  change 4320  X  1.64   =     7,085 

Wall 816  X  18.2   =  14,851 

iGlass 192  X       88  =  16,890 

;Floof 720X6.4     =     4,608 

j  Total  43,440 

Table  3  gives  the  transmission  of  radiation  under  dif- 
fcicnt  temperature  conditions  of  room  and  heating  sur- 

I  TABLE  3        HEAT  UNITS  EMITTED  PER  HR,   PER  SQ.FT.  OF  CAST- 
I  IRON   RADIATION 

Steam  Steam  Temperature  of  Room,  Deg.  F. 

ric.ssure  Temp.  40  45  50  55  60  65  70  75  80  85  90  95  100 

10      287  420  412  402  395  386  378  370  360  352  344  335  327  318 

.50      275  400  391  383  375  365  357  349  340  332  323  315  307  298 

25      267  386  378  369  .360  352  347  335  327  318  310  301  293  284 

20  259  373  364  356  347  339  330  321  313  3i)5  296  288  279  271 
15  250  .357  349  340  332  323  315  306  29S  289  281  272  264  255 
10      240  340  332  323  315  306  298  289  281  272  264  255  247  238 

5  227  318  310  301  292  284  276  267  259  250  241  233  225  216 

0  212  292  284  276  267  255  2.50  241  233  225  216  204  198  191 
In  Vacuum 

5i  200  272  264  255  247  238  230  221  213  204  196  187  177  170 

10  190  255  247  238  230  221  213  204  196  187  177  170  162  153 

13  180  238  230  221  213  204  196  187  177  170  lf>2  153  145  136 

18  170  221  213  204  196  181  177  170  162  153  145  136  128  119 

19  160  204  196  187  177  170  162  153  145  136  128  119  110  102 

21  150  187  177  170  162  1.33  145  136  128  119  110  102  94  85 

face.  A  flat  transmission  rate  is  used  in  this  table  of 
1.7  B.t.u.  per  square  foot  per  degree  difference  per  hour. 
As  the  room  is  70  deg.  and  the  medium  300  deg.  aver- 
age, the  radiation  will  transmit  231  B.t.u.  per  hr.  By 
dividing  the  British  thermal  units  per  hour  by  970.4,  the 
condensation  in  pounds  from  and  at  213  deg.  is  obtained, 
and  by  dividing  the  condensation  by  34.5  gives  the  boiler 
horsepower  required. 

Dividing  the  tofal  B.t.u..  43.440  by  221  B.t.u.  will 
give  196  sq.ft.  of  radiation.  The  last  column  headed 
"ratio  cubic  contents  to  radiation"  is  obtained  by  dividing 
the  contents  in  cubic  feet  by  the  radiation  in  square  feet. 
With  sufficient  experience  it  is  possible  by  looking  over 
the  ratio  column  to  detect  any  glaring  error  of  judg- 
ment or  calculation  and  this  serves  as  a  check  on  the 
work. 


Wall  fac,  20"  brick, 18  2  H,t,u,;    Glass  fac,  88  B.t.u,;    Roof  fac,  21 ,  6  H-  2;    Floe. 

s(|.ft.  jier  lir.  per  (leg.  ditfci'eiiee,  hut  if  wide  high  radi- 
ators are  used  this  may  be  reduced  to  1.5  B.t.u.  If  low 
radiators  five  loops  wide  are  used  they  are  as  efficient  as 
the  narrow  high  radiator.  Pipe  coils  and  single-column 
radiators  on  temperatures  averaging  over  200  deg.  will 
transmit  1.8  B.t.u.  per  deg.  difference. 

The  rate  of  transmission  depends  largely  on  the  veloc- 
ity of  the  air  over  the  outside  and  that  of  the  medium 
within.  The  higher  the  temperature  of  the  radiator  the 
faster  the  air  flows  over  the  surface,  and  the  more  rapidly 
the  !nedium  is  circulated  through  the  radiator  the  greater 
the  efficiency. 

In  estimating  the  radiation  for  gravity  hot-water  heat- 
ing the  drop  for  which  the  job  is  designed  and  the  initial 
tem])erature  will  determine  the  average  temperature  of 
the  radiation.  If  the  system  were  planned  for  a  30-deg. 
drop  and  the  maximum  temperature  is  190  deg.  the  av- 
erage temjierature  of  the  radiation  would  be 

11)0  4-  l(j() 

=    I  I  O   (/{'(/. 

/i 

If  the  water  Avas  circulated  in  a  closed  system  with  5 
lb.  pressure  on  the  expansion  tank,  the  outboard  tempera- 
ture could  lie  320  deg.  Avithout  boiling  the  water  out  of 
the  system.  If  the  return  was  200  deg.  the  drop  would  be 
20  deg.  and  the  average  temperature  310  instead  of  175 
deg.     The  heater  or  boiler  must  have  the  same  capacity 

TABLE  4.  HEAT  UNITS  PER  CU.FT.  OF  AIR  PER  HOUR  PER  DEGREE 
DIFFERENCE  OF  TEMPERATURE  BETWEEN  ROOM  AND  OUTSIDE 

Degree  difTerence .30  35  40  45 

Heat  units 0  616  0.718  0.821  0  923 

Degree  difference 50  55  60  65 

Heat  units 1026  1.129  1231  1334 

Degree  difTerence 70  75  80 

Heat  units 1.436  l.,539  1641 

Degree  difference 85  90  95  100 

Heatunits 1.744  1847  1.949  2  ()52 

Degree  difference 110  120  1.30  140 

Heatunits 2.2.57  2  462  2.667  2  873 

Degree  difference 150  160  170 

Heat  units 3,077  3  2S3  3  488 

in  l)oth  cases,  but  tlic  amount  of  va(liati(Hi  Avonld  be  less 
as  follow^-  • 

(175_-0)X1.G       1G8       ^__        ,^,. 

(FlO  -  70)  X  1.7  =  238  =  "•  '^'  =   '"•''  ^""-  '■""'■ 

Thus  nearly  30  per  cent,  less  radiation  could  be  u.sed,  and 
in  this  case  the  amount  of  surface  would  be  no  more  than 
for  a  steam  sy.4em.     The  same  results  can  be  obtained 


I    »  /  \i    r.  u 


witli  ciilicr  system  as  lUr  iis  vmviiif,'  llic  tciiiiM'niliirc  is 
ttninTiicil,  with  till'  liisl  citst  ((iiisidfinhly  lowrc  t'(ir  tlio 
Hystt'iii  I'lnployiiij;  lii>;li   ti'm|i('tiitiiic. 

TiiliU'  1  slitiws  tliiil  '.'10  (Ic^r.  woulil  lie  iri|iiin'(l  only 
l.Vl'  \H'r  it'iil.  of  till'  time,  iiikI  if  only  oiii'-liaH'  tlic  licaL 
»vt'iT  ii'tniir»'(l  TTi  |i('r  cfiil.  (if  llic  liiiif,  the  water  tMtiild 
be  iMi'eiilaled  at  a  lemiierat  lire  ni'  I  l.">  ilej,'.,  ;,'i\iii;r  a  tniiis- 
niissiiiii  (iT 

(I  !:>—  lo)  X  !■<)  =  I"-'''  /'•/.". 
l>er  s(|uare  root  of  radiation,  or  oiie-liall'  the  iiiMMinniii  of 
!?;i.s  H.t.ii.  pi'r  lir.  'This  eahiihitioii  shows  the  ralhiey  of 
liiTiiring  llie  hoiler  |i(iwer  Iroiii  the  radiation,  assuiniiig  ii 
flat  rate  ol"  eoiuhMisatioii  per  sciuare  t'oot.  'l"he  Ilritish 
tliermal  unit  loss  should  he  used  I'or  estiinalinf;  the  l)()ih'i- 
power  plus  a  certain  aiiKninl,  sa\,  in  per  cent.,  I'or  h)sses 
ill  radiation  of  mains,  etr.,  if  well  covered.  The  boiler 
power  will  then  he  correct  even  if  errors  occur  in  figuring 
llie  radiation,  all  hough   it    is  well   to  check  the  result   hy 

hdlh    llleliloijv. 

hi  llie  acidiiipanying  I'onii  the  example  used  \\as  a 
classroiini  in  a  school.  In  most  states  the  law  leipiiics  a 
miiiiliuim  of  30  cu.ft.  per  miii.  ])er  pu|)il  lor  air  supply 
from  outside  and  in  some  cases  the  .same  amount  has  to  ijc 
exhausted.  In  case  all  the  air  i<  heated  from  the  outside 
temjierature  to  70  deg.,  the  (  iihic  feet  in  the  column  un- 
der air  supply  can  he  totaled  and  the  tuhii-  feet  per  hour 
for  the  air  supply  determined  l.y  multiiilying  hy  60  min. 
In  this  case  the  air  is  raised  in  temperature  from  — 10 
to  70  deg.,  and  hy  iiuiltiplying  by  80  and  dividing  by  55, 
the  cubic  feet  of  air  1  !>.t.u.  will  raise  1  deg.,  the  B.t.u. 
required  will  be  obtained. 

In  the  columns  ior  air  change  and  number  of  pui)ils 
the  proper  quantities  are  placed,  in  room  Xo.  11  there 
arc  25  pupils  and  35  cu.ft.  per  min.  is  furnished  for  each, 
so  that  875  cu.ft.  of  air,  or  in  round  numbers,  900  cu.ft., 
are  provided.  This  air  must  be  heated  to  70  deg.  from 
— 10  deg.  In  room  No.  13  there  are  40  pupils  and  1400 
cu.ft.  of  air  is  required.  Multiplying  by  60  min.  and  80 
deg.  and  dividing  by  55  gives  the  B.t.u.  per  hr.  as  122,181, 
or^  122,200. 

In  case  the  room  is  to  be  heated  by  an  existing  air  su])- 
plv  for  ventilation  its  temperature  will  have  to  be  in- 
creased to  do  the  work.  In  room  No.  14  the  air  contents 
are  changed 

60  X  900 


5760 


9.4 


times  per  hour.  The  B.t.u.  required  for  heating  are  as 
given  in  the  form,  25,870  per  hr.,  and  the  number  of  de- 
grees above  70  that  the  900  cu.ft.  of  air  must  be  raised 
w'ill  be 

25,870  X  55       „.  .,   , 

— '—- -—  =  26.3  deo. 

900  X  60  •' 

This  means  that  the  900  cu.ft.  per  min.  will  have  to  be 
raised  from  — 10  to  96.3  deg.,  or  106.3  deg.  and  the  B.t.u. 
required  will  be 

900  X  106.3  X  60 


55 


=  104,367  B.f.ii. 


It  might  be  that  if  this  were  an  isolated  room  and  the 
oalance  of  the  air  for  the  building  were  raised  96  deg. 
instead  of  106,  it  would  be  proper  to  increase  the  air 
changes  for  this  room  purely  to  reduce  the  final  tempera- 
ture for  heating.  In  case  15  changes  per  hour  were  de- 
sired, practically  1500  cu.ft.  of  air  per  min.  would  bo; 


reipiired    aii<l   the   evtra   1<>mperature   for   tliiM   would   ix' 
,"g  X  26.:J  --   15.8  ,/>'</. 

'I"he  entering  air  W(»iild  lie  at  K.'t.M  instead  <if  Im;..(  deg. 
and   the   It.t.ii.  per  liotir  recpiired   would  be 

1600  X  »fi.H  X  60        ,,,.  ^,.., 

=    I5(),<().{ 

55 

instead  of  |(il..'167  H.l.ii.  'I'his  extra  Iosh  Ih  goiieraliy 
o\ercom<'  by  arranging  the  ducts  to  n-cireulat*'  tlie  air 
of  the  room  during  nunsessions  if  there  are  many  rooms 
healed  in  this  manner.  If  the  indoor  air  were  recfirciilati'd 
llie  tem|)eratiin'  drop  would  la;  15.8  deg.  in  one  c«h<!  and 
26..'!  in  the  other.  The  heat  los.x  would  be;  the  same  an 
for  direct  radiation  plus  the  loss  for  window  leakage,  or 
iilKiiil  15  per  cent,  increase.  It  is  plain  why  direct  radia- 
lioii  is  more  economical  for  heating,  especially  in  isolated 
rooms  where  little  ventilation  is  rcquiri'd  by  the  occu- 
pants. A  restricted  air  supply  with  high  entering  tem- 
peratures increases  the  duct  lo.s.ses. 

Another  method  in  a  case  of  this  kind  is  to  place  an 
auxiliary  indirect  stack  at  tb(!  base  of  the  flue  for  raising 
the  temperature  of  the  air  before  it  enters  tiie  particiibir 
room.  The  stack  is  controlled  aut(miatically  by  a  thernio- 
slat  in  the  room.  This  method  doi-s  not  require  a  higher 
t(>mperature  for  the  air  to  the  remainder  of  the  building. 

Receiratl  Co^ipH  DecnsnoBas 

DiKcstLd    hy    .V.    I,.    II.    .STKKKT 

Lluliillt}  for  C'o-emplojee'H  XeKllKeiioi- — .\n  employer  is 
not  responsible  for  injury  to  a  workman,  resultinK  from  ex- 
plosion of  a  boiler,  due  to  the  neKlisrence  of  its  engineer,  If 
the  injured  worker  wa.s  in  the  same  general  department  as 
the  engineer,  unless  the  latter  had  bein  habitually  so  negli- 
gent  or  incompetent  that  the  employer  is  blamable  for  re- 
taining him.  (Kentucky  Court  of  Appeals,  Wiltshire's  Ad- 
ministratrix vs.  Kister,  160  "Southwestern  Reporter,"  743.) 
[This  principle  does  not  apply  under  the  Workmen's  Com- 
pensation Acts  nor  in  states  where  the  "fellow-servant" 
doctrine    is    not   api)licd. — Kditor.] 

l/iability  ConeernlniBr  Open  Ditchex — A  power  company  is 
not  liable  for  injury  to  a  horse  through  falling  in  an  opin 
ditch  excavated  by  the  company  in  a  street,  if  the  horse  was 
running  at  large  in  violation  of  an  ordinance.  (Texas  Court 
of  Civil  Appeals,  Dallas  Gas  Co.  vs.  Wheat,  160  "Southwest- 
ern Reporter,"  980.) 

Right  to  Enjoin  DIverMion  of  Water — An  owner  of  land 
bordering  a  channel  on  the  eastern  side  of  the  Susquehanna 
River  is  entitled  to  enjoin  a  water  and  power  company,  which 
owned  land  on  the  western  channel,  from  diverting  water 
from  the  eastern  channel  by  obstructions  and  dredging  in 
the  western  channel,  subject  to  the  company's  right  to  con- 
demn the  privilege.  (Pennsylvania  Supreme  Court,  Rider  vs. 
York  Haven  Water  &  Power  Co..  88  ".Vtlantic  Reporter,"  903.) 

Duty  to  Insulate  Wires — An  electric  company  is  liable  for 
the  death  of  a  telephone  company's  subscriber,  caused  by  the 
escape  of  a  dangerous  current  from  the  electric  company's 
wire  to  a  nearby  telephone  wire  at  a  point  vhere  the  former 
wire  was  negligently  permitted  t6  remain  uninsulated.  (Ken- 
tucky Court  of  Appeals,  Paducah  Light  &  Power  Co.  vs. 
Parkman's   Administrator.    IfiO    ".Southwestern   Reporter,"    931.) 

Employer's  Duty  Concerning  Hollers — An  owner  of  a  steam 
power  plant  owes  it  to  his  employees  to  maintain  the  boilers 
in  a  reasonably  safe  condition,  and  to  warn  them  of  any 
danger  which  they  do  not  have  reasonable  opportunity  to 
know.  An  employer  was  held  liable  for  injuries  sustained 
by  plaintiff,  an  employee,  under  the  following  circumstances: 
Defendant  employer  maintained  two  boilers,  which  were  side 
by  side,  and  which  were  emptied  through  valves  which  con- 
nected with  the  same  blow-off  pipe,  which  extended  outside 
the  building.  It  was  the  plaintiff's  duty  every  night  to  blow 
off  the  boiler  which  had  been  used  during  the  preceding  day. 
While  blowing  off  a  live  boiler,  and  on  opening  the  valve  for 
that  purpose,  hot  water  and  steam  escaped  from  the  valve  of 
the  other  boiler,  scalding  the  plaintiff.  It  was  found  that  the 
plaintiff  was  not  negligent  in  not  notic:->g  the  condition  of 
the  boiler  not  in  use.  (Massachusetts  Supreme  Judicial 
Court.   Perry  vs.   Webster   Co.,    103    "Northeastern   Rep.,"    379.) 
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As  the  annual  reports  of  many  central  station-power 
companies  show,  nearly  all  have  had  a  substantial  busi- 
ness growth,  particularly  in  current  for  power  purposes. 
That  much  of  the  increased  denuand  is  from  industries, 
too  small  to  need  plants  of  their  own,  is  undoubtedly 
quite  true.  Still  there  are  many  large  industries  con- 
tracting for  considerable  current.  For  example:  The 
Edison  ))lionograph  works  in  West  Orange,  N.  J.,  has  in- 
creased its  purchased  current  4700  horsepower  during 
the  past  year.  Not  many  months  ago  we  were  informed 
that  the  Maryland  Steel  Co.  had  contracted  for  6000 
horsepower  for  its  Sparrows  Point  works.  It  is  also  re- 
ported that  the  American  Steel  and  Wire  Co.,  has  been 
considering  the  use  of  purchased  current  for  its  three 
large  works  in  Worcester,  Mass.,  and  that  some  of  the 
large  textile  mills  in  southern  New  England  may  be 
supplied  by  recent. hydro-electric  developments. 

When  central  stations  increase  their  sale  of  current 
to  small  industries  that  would  not  be  justified  in  main- 
taining their  own  plants,  tiicy  are  to  be  commended. 
What  reason  (or,  shall  we  say,  excuse?)  is  to  be  offered 
when  industries,  already  using  thousands  of  horsepower, 
contract  for  additional  thousands?  The  cheapness  of  hy- 
dro-electric current  is  often  a  sound  reason,  but  contracts 
for  large  quantities  of  current  are  more  and  more  often 
being  made  with  steam-driven  central-station  companies. 

There  are  six  main  reasons  why  sncli  contracts  are 
made : 

Because  it  actually  pays  to  make  them;  because  Ijotli 
owner  and  engineer  are  ignorant  of  the  proper  way  to 
produce  power;  because  the  management  is  shortsighted 
and  fails  to  cooperate  with  the  engineer  (as  by  using 
rattle-trap  equi])ment  with  inevitable  service  interrup- 
tions) ;  because  of  current-rate  discrimination ;  because 
of  lazy,  incompetent  engineers  interested  in  their  work 
only  as  a  livelihood  (and  such  men,  thoiigh  few,  menace 
the  welfare  of  their  more  conscientious  brothers)  ;  and 
because  of  managers,  who  believe  that  the  responsibility 
of  a  power  plant  is  not  comjiensated  by  the  saving 
over  purchased  current. 

AVhat  worth-while  engineers  want  to  know  is  how  to 
meet  the  situation ;  how  to  make  their  present  equip- 
tiient  enable  them  to  compete  with  the  power  companies. 
Turbines,  high  vacuum  machinery,  superheated  steam, 
'tc,  are  conducive  to  high  economy,  but  it  would  be  folly 
to  expect  the  owners  of  plants  now  in  service  to  discard 
ilicir  present  equipment  or  extensively  remodel  their 
plants,  because  this  is  so.  Meanwhile  the  engineer  must 
make  the  plant  run  at  a  cost  so  near  the  power  com- 
piiny's  bid  that  the  owner  will  not  sign  a  contract  he 
|M'rhaps  will  eventually  regret. 

Power  has  done,  is  doing  and  will  continue  to  do  all 
il  can  to  help  the  engineer  in  this  direction.  Though  let 
it  be  understood,  as  we  have  often  stated,  that  when 
li'iwcr  can  be  bought  for  less  than  it  can  be  made,  and  the 
service  is  continuous  and  constant,  buy  it  by  all  means. 


ill  Ciilunilius,  Ohio,  a  taxpayei'^s  suit  is  now  pending 
in  whicli  llic  cily  cITicials  having  supervision  over  the 
niuni(i|ial  lighting  ])lant  are  accused  of  rate  discriinina- 
tidii  in  selling  electricity  below  cost  to  private  concerns 
and  individuals. 

There  are  nuuiy  who  bi'lievc  the  suit  to  have  been  in- 
stigated by  the  central-station  interests,  which  arc  in 
competition  with  the  city  plant.  Again,  the  plaiiitilV 
may  represent  isolated-plant  interests  or  he  may  be  a 
real  altruist  working  upon  his  own  initiative.  The  mo- 
tive is  of  little  consequence,  the  important  question  be- 
ing whether  discrimination  exists ;  if  it  does,  the  case 
should  be  treated  as  wmild  a  private  plant,  for  if  some 
are  getting  electricity  below  the  cost  of  production,  the 
taxpayers  are  making  up  the  difference.  Unfortunately, 
figures  were  not  submitted  showing  the  actual  cost  of 
production  and  in  the  absence  of  these  the  plaintiff  would 
have  difficulty   in   proving  a   case. 

It  is  easy  to  imderstand  the  attitude  of  the  city  officials. 
Briefly,  their  contention  is  that  the  plant  having  been 
built  to  supply  electric-light  service,  the  initial  invest- 
ment would  have  to  be  made  for  this  purpose  and  the 
load  would  be  at  night  only:  therefore,  any  day  load  that 
might  be  taken  on  would  be  at  an  expenditure  merely  of 
fuel,  water,  attendance  and  additional  maintenance. 

This  seems  perfectly  logical  when  viewed  from  one 
angle  only.  However,  since  the  city  has  gone  into  the 
electrical  supply  business,  it  is  just  as  logical  to  view 
the  situation  from  a  different  angle  and  consider  the  day 
load  paramount  and  the  night  load  subordinate.  Ac- 
cording to  the  foregoing  reasoning,  the  connnercial  load 
would  then  carry  the  fixed  charges  and  the  city  would 
be  charged  a  very  low  rate  for  street  lighting.  Obviously, 
both  of  these  contentions  are  wrong  and  the  only  fair 
way  is  to  make  the  municipal  lighting  plant  a  self-sup- 
porting enterprise,  apportioning  the  fixed  charges  over  the 
entire  load  and  charging  the  city  for  its  street  lights 
just  the  same  as  any  private  customer. 

The  incapacity  of  the  courts  often  to  grasp  such  prob- 
lems is  strikingly  illustrated  in  the  decision  on  the  first 
petition  (see  page  110)  which  states  in  part:  "Upon 
what  ])rinciple  can  the  entire  interest  on  the  bonded  debt 
be  charged  to  the  current  furnished  to  private  consumers? 
...  If  the  amount  furnished  to  private  consumers  is  but  a 
small  part  of  the  total  current  generated,  and  if  that 
same  portion  should  be  charged  with  the  burden  of  the 
interest  on  the  bonds  issued  for  building,  equipping  and 
enlarging  the  ])lant,  it  would  stand  little  chance  in  Com- 
petition with  a  privately  owned  plant  which  distributed 
that  charge  to  the  entire  output." 

We  fail  to  see  wherein  the  petition  claimed  that  the 
whole  interest  on  the  bonded  debt  be  charged  (o  the 
electricity  sold  to  private  consumers. 

The  revised  petition,  which  is  now  pending,  is  more 
specific  than,  the  first,  and  if  properly  interpreted  by 
the  court,  the  decision  will  go  far  toward  defining  the 
relation  of  municipal   plants  to  the  public. 
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I\.eceipts  fiin^dl  Recipes 

SupiHisf  a  lioiis»'koc'|tiii}i  paiu'i-  wt-n-  nskcd  liy  one  «»r  ils 
gentle  render.^  to  jjive  her  m  recipe  for  ti  Klove  polish,  and 
replied  that,  havin>:  aeeepled  ;iood  inoiiey  from  tlie  iiiak- 
eis  of  liie  Ki.xiiiji  Snn  and  ('rnn>l)s  of  Coinfoil  hraiids 
for  adverlisinjj  their  products,  it  <'ould  not  conscicn 
lionsjy  tell  aiiyhody  how  to  make  |)olish  for  herself. 

Woidd  the  fair  reader's  estimate  of  the  disintensicd- 
ne.-s  of  the  i)aper,  and  her  respect  for  its  advi<c  luul 
opinit)n,  he  enhanced  or   punctured  ? 

Wiiiiid  a  |iiipcr.  the  editorial  policy  nf  wliiili  was  con- 
.liiitiil  mIoiii;  Ihc  lilies  indicated  liy  tins  slraw.  win  a 
stronj;,  pcrnninent,  loyal  constituency,  and  a  rcpntalion 
for  unl)iased  opinion  and   disinterested  advice? 

.\n  advertising;  i)atron  of  I'owKii  reproaches  us  hc- 
cauM'  when  a  corres|)on(len{  asked  us  for  a  reci|)('  lor 
sonu'thinjr  in  his  line,  we  <;ave  him  a  receipt  whii  li  every- 
body is  at  lihcrly  to  use,  instead  of  tellin-;  liiiii  to  hiiy 
the  advertised  jioods.  lie  says  that  our  failure  to  do  >o  in- 
ilicates  a  lack  of  conlidence  in  tlie  goods  which  we  ad- 
vertise, and  inferentially  warns  the  inquirer  not  to  use 
them,  by  recoinnu'nding  something  which  the  editor  evi- 
dently thinks  is  helter. 

Not    at    all!     The    lair    deUer    into    the    mysteries    of 
stove  jiolish  probably  knows  all  about  the  l?ising  Bun  and 
the  C'rundjs  of  Condurl.     Slu'  knows  that  she  could  run 
around  to  the  corner  grocc'ry  and  get  a  choice  of  brands, 
all    nicely   put    u|i    in    ]>retiy    ])ackages.   with    printed    di- 
rections, and  ])erhaps  a  couimn   negotiable  for  a  Morris 
chair  when  .she  gets  enough  of  them.  She  does  not  want 
to  be  told  that  she  can  "icarn  of  several  reputable  and, 
■we   believe,   thoroughly   ellicacious    brands   by   consulting 
our  advertising  columns."     She  wants  to  know   how  to 
make  some;  and  it  is  up  to  the  editor,  the  fountain  head 
of  all   household  knowledge,  to   tell   her.     Her  curiosity 
-satisfied,  that  may  end  it.      She  may  even  go  so  far  as  to 
mix    up   a    batch,   but    when    she   finds   that   graphite   at 
drug-store    prices    costs    more    than    the    nicely    done-iip 
package,  coupon  and  all,  and  counts  in  carfare  and  both- 
er, and  what  she  gave  away,  and  the  soiling  of  her  pret- 
ty hands,  and  the  doubt  if  the  efl'ect  is  really  as  nice  as 
tiiat  at  which  the  darky  mammy  is  grinning  in  the  post- 
er ad,  she  will  go  back  to  the  ready-made  article. 
And  this  is  the  pith  of  the  whole  matter. 
The  ready-made  article  must  be  good.     The  success  of 
the  manufacturer,  the  permanency  of  his  good  will,  the 
value  of  his  business,  all  depend  upon  establishing  and 
maintaining  a  reputation  for  excellence.     And   it  must 
not  cost  so   much   more   than   something   that   one   can 
make   which   will   answer  the   purpose,   that  people  will 
not   buv   it  in   preference   to   making  their   own.      This 
does  not  mean  that  the  i)rice  must  be  less  than  the  ma- 
terials can  be  bought  for  at  retail;  the  user  is  willing  to 
pay  something  for  convenience  and   assured  excellency. 
As  a  rule,  the  consumer  will  save  time,  money  and  tem- 
per by  buying  the  prepared  article,  but  if  he  wants  to 
know  how  to  make  it  himself   it  is  the  ])rovinee  of   bis 
paper  to  tell  him. 


It  is  unfortunate,  in  some  respects,  that  factors  of 
safety  are  expressed  in  terms  of  the  ultimate  theoretical 
strength  of  the  vessel  or  structure  to  which  they  are  ap- 
plied.    It  is  largely  on  this  account  that  the  real  signifi- 


cunce  of  the  Kafety  factcu-  is  so  often  misunderst I,  e.i 

among    engineers,    and    the    laynnin     is    ummlly    diiml)- 
i'ounde(|    at    the    extreme    wiiKtefidness    of    the    engincei' 
when  he  learns  that  a  structure  is  designed  to  carry  onlv 
one-fifth    to  oiu--teritli   of   the   nutximiim    load    it    is   e  ii 
mali'd  to  be  ca|iahlc  of  supporting. 

Tlie  fact(H'  of  safely  has  often  been  called  a  faclur  wf 
Ignorance,  which  is  by  no  means  justified,  because  a  rcln- 
ti\ely  snudi  |>art  of  it  is  usually  devoted  to  coverinjf 
unknown  conditions.  While  the  idtinnile  strength  of  h 
structure  may  be  five  limes  the  working  strain,  most  en- 
gineers know  that  two  or  three  times  the  working  load 
on  such  a  struetiiic  will  usually  |)roiluce  defornuitionK 
that  are  a|)parent  to  the  eye.  and  of  such  extent  that  they 
would  generally   render  its   further  use   impractical. 

While  deformations  of  structure  of  such  severity  that 
lliey  would  become  at  once  apparent  ai'c  usmilly  produced 
considcrablv  below  the  actual  hreaking  load,  there  are 
others  that  are  not  apiiareiit  to  the  eye  but  which  are  ab-^d 
extremely  detrinuMital  In  the  continued  safe  use  of  the 
structure  and  which  are  produced  by  loads  more  or  lesi* 
closely  approaching  the  safe  loail. 

For  example,  assume  a  boiler  built  of  steel  ])late  of  .■)■"),- 
(1(10  ))ounds  tensile  strength,  the  design  being  such  that 
at  150  ])ounds  working  pressure  the  factor  of  .safety  it 
live;  thai  is.  I  lie  working  load  is  11.000  ])ounds. 

.\  piece  ol'  this  ])late,  tested  in  a  machine  for  tensih 
strength,  would  probably  show  a  permanent  stretch  ai 
about  30.000  ])ounds.  and  in  time  would  fail  under  thii 
load.  It  has  been  found  that  the  working  load  must  hi 
considerably  below  this  point  of  permanent  stretch  t( 
])re\(!nt  serious  injury  to  the  material,  so  we  may  say  that 
if  all  strains  were  known  to  he  just  as  they  were  calcu 
kited,  for  a  boiler  as  described,  and  leavin.g  out  the  (pu-s 
ti(m  of  uncertiiinty  of  the  material  as  regarding  assunu-i 
values,  the  shell  could  not  be  expected  to  withstand  : 
strain  of  more  than  .say,  2'/i,000  pounds. 

Under  the  assunu'd  conditions  our  factor  of  safety  ha 
dropped  from  five  to  only  two.  and  this  is  all  the  margii 
left  to  care  lor  the  numei-ous  unknown  factors  connectei 
M'ith  the  variations  in  (piality  of  material  or  maximun 
strains  ]n-oduced  and  is  surely  not  enough  to  warrant  th 
entire  factor  of  safety  being  called  a  factor  of  ignorance 
Jioilers  are  run  on  a  faitoi-  of  safety  of  four,  with 
fair  degree  of  safety,  but  below  this  point  the  owner,  an 
cs]jecially  the  operator,  is  skating  on  thin  ice. 

Those  not  accustomed  to  test  materials  have  a  vagu 
idea  of  the  ela.stic  stretch  of  material,  such  as  boile 
])late.  simply  because  the  quantities  dealt  with  are  s 
small,  but  if  an  extended  section  under  test  is  consideret 
the  realness  of  the  stretch  becomes  apparent  at  once. 

For  instance,  consider  a  7'i-'\u.  boiler,  built  for  a  worl 
ing  pressure  of  150  pounds,  a  factor  of  safety  of  four, 
(piadruple-riveted  joint  of  94  per  cent,  efficiency,  assun 
ing  a  tensile  strength  of  55,000  pounds  for  the  materia 
The  load  on   the  shell   material,  due  to  a  test  pressui 
50  per  cent,  higher  than  the  operating  pressure,  would  t 
•20,625   pounds   per  square   inch  on   the  net   section  h 
tween    the   rivet    holes,   and   in    the    solid    plate    19,38 
pounds.     A  load  of  this  amount  would  stretch  steel  aboi 
0.000645  times  its  own  length,  or  the  girth  of  a  YS-ii 
boiler  0.146  inches,  which  is  measurable  with  a  tape. 
'^] 
The  Index  for  Volume  38.  the  last  half  of  Powkk  f( 
1913.  is  now  ready.     A  postcard  request  gets  you  one. 


January  20,  1!)14 

III     I  lllllllll  III  lllllll  III  inill  II  II  II    I    II  MM    II  II  I    I  llllll  Mill    I 


POWER  95 

U  I  llllll  III  I  III  II  II  II    II    MM    I  II  II  II  lllllll  II  II     lllllll    I    I  Mil  Ul  II  II  III  llllll  llllll    Mb 


^orrespOEndleinice 


lllinilllllllllllHIIIIIIIIIIIIIIIIII"l">IIIINIIIIIIIIIIIIIHIIIIIIIIIIIII"llllllllllll"IIINIIIIIIIIIIIIIIIIIIIIIIINIIINIIIIIIIIII^ 

Ca^Se    off  Mimocfes    aim    P'siainaps  *  black,   wliich   when   jJi-oduccd   comiiiercially   is  commonly 

(■in])l()yt'(l  Rir  ini|)artin<;-  tint  to  ])aints.  and  the  coarser 
deposit  of  ordinary  coal  or  wood  (ii'c  wliich  goes  by  the 
name  of  "soot,"  and  it  is  to  be  expected  that  there  is  a 
diU'ereiicc  in   llicir  beat-transmitting  capacities. 

in  a  lecture  l)erore  tlie  yottingliam  (hiild  of  Mechani- 
cal and  Electrical  Engineers.  I'rof.  Jacques  Abady  poiiiteci 
out  the  relative  loss  u\'  beat  conductivity  of  boiler-heal- 
iug  surfaces  due  to  dilferent  thicknesses  of  soot  deposit 
by  comparing  the  conductivity  of  clean  pipes  with  tliat 
of  soot-coaled   pipes.  \iy.. : 

Loss  Per  Cent. 

0,00 


lieferring  to  .lohii  Ferguson's  letter  on  this  subject  in 
he  Nov.  IS  issue,  page  T27,  I  should  like  to  add  another 
iiiporlant  cause  and  its  remedy. 

'I'lirough  weai'  shoulders  are  produced  in  both  ends  of 

'\\r  steam  and  water  cylinders.     The  rings  in  the  steam 

lid   and    packing    in    the    water   end    ride   up   on    these 

duiulders  and  have  a  tendency  to  stick  there.     When  the 

Mrcssurc  is  suflicient,  the  ])ump  starts  off  with  a  jump. 

To  remedy  this  in  the  steam  end,  the  only  thing  to  do 
>  to  bore  out  the  cylinder,  and  if  the  wear  is  excessive. 
II t  in  new  and  larger  rings  and  pistons.     The  shoulders 
-liould  aJso  be  removed  from  the  water  end  by  boring.  If 
ithis   is  not    feasible   at   the  time,  it   can   be   temporarily 
remedied  by  filling  in  the  piston  with  .small  or  old  pack- 
iig  at  either  end  and  full-size  Jiew  packing  in  the  center. 
The  rings  I  use  are  made  to  fit  and  from  the  same  ma- 
terial as  is  used  in  the  s(puire  hydraulic  packing.    These  I 
find  very  satisfactory. 

I'or  immediate  relief  in  case  of  emergency,  shorten 
the  stroke  of  the  ])nm]).  if  it  is  so  constructed  that  this 
can  be  done.  To  do  this  either  move  the  tappit  blocks 
nearer  together  or  ])ut  on  a  leather  washer  in  front  of 
the  tappit  block  on  the  side  opposite  to  the  one  which  is 
affected. 


A.  W.  WiLsox. 


Sterling.  111. 


Referring  to  Mr.  Pearce's  letter  in  Dec.  2  issue  on  use 
of  soot  for  jacketing  of  cylinders,  the  heat-nonconducting 
efficiency  of  lampblack  in  comparison  witli  other  ma- 
terials generally  used  for  covering  pipes  was  brought  to 
notice  by  Prof.  J.  M.  Ordway  in  a  paper  on  "Xoncondnct- 
ing  Coverings  for  Steam  Pipes"  before  the  American 
Society  of  Mechanical  I'lngineers,  to  be  found  in  Vol.  Vf, 
1884-188r).  of  transactions  of  that  society,  page  168,  etc. 
The  i)aper  includes  results  of  experiments  made  in  de- 
termination of  the  nonconducting  properties  of  many 
combustible  and  iioiic(unbustible  substances  that  might 
be  turned  to  good  advantage  as  coverings  foi'  pii)es  and 
cylinders  of  steani  engines. 

The  relative  conductivity  of  different  materials  was  as- 
certained by  taking  one  inch  thickness  of  each  placed  on 
a  flat  surface  of  iron  kept  heated  by  steam  to  a  tem])era- 
tuie  of  310  deg.  F.  and  the  pounds  of  water  heated  10 
deg.  F.  per  hour  throuuh  1  s(|.ri.  ol'  the  substances  gave 
for 


Looso  wool 
Loose  lamp  bla 
Hair  felt.  . 
Carded  cotton 
Air  space  alonr 
Fine  asbestos 


8,1  lb,  of 

9.8 
10.3 
10.4 
48 
49 


There    is.    however,   considerable   difference   in    texture 
between  the  light,  finely  divided  material  known  as  lamp- 


Clcali  pipe    

3^  in.  coating  of  soot 
i%  in.  coating  of  .soot 
a  in.  coatint£  of  soot. 
i  in.  coatinK  of  soot. 


26  2 
45,2 
09,0 


From  the  above  it  can  be  seen  that  laniplilack  and  the 
difi'crent  coai'scr  grade-,  of  deposit  known  as  soot  should 
be  very  good  nonconducting  materials  foi-  cylinder  jacket- 
ing and  for  similai-  uses.  Soot  lias  a  c(mimercial  value 
for  many  i)ur])ose.s,  among  olbei-s  being  extensively  used 
as  a  "filler"  for  the  material  of  bard-rubber  goods,  but 
its  value  in  the  arts  need  not  deter  its  use  for  jacketing 
of  cylinders  as  its  priiu-ipal  cost  is  in  the  gathering,  an 
item  of  exi)ense  that  may  be  regarded  as  inconsiderable 
in  any  steam  powei-  plant  where  the  material  can  be  used 
with  economy  as  a  heat-nonconducting  material  for  cyl- 
inder jacketing  or  steam-])i])e  coNcring. 

The  lieat-resisting  (pialities  of  soot  arc  readily  ap- 
preciated on  comjiaring  radiation  fi'om  an  iron  smoke 
uptake  befoi'c  ami  after  it  lias  lieen  cleaned  of  soot  and 
in  view  of  this  common  ex]K'rience  it  is  I'ather  surprising 
that  a  imiteiial  so  readily  obtained  is  not  more  frequently 
'employed  U>v  ])revention  of  loss  of  heat  from  steam 
]iower-|)lant    appliances. 

11.    S.    M.VIUIKX. 

Fort  Monroe.   \'a. 

I*; 

\\  ith  regard  to  the  corresi)ondence  in  the  issue  of  Nov. 
11,  on  page  (')^)2,  on  the  corrosion  of  condenser  tubes,  Mr. 
Chester  states  that  it  would  seem  that  the  quantity  of  am- 
numia  and  similai-  products  of  sewage  works  present  in 
livers  is  so  small  as  to  be  negligible.  Now,  ammonia  and 
ammonium  salts  when  in  solution  in  water  become  highly 
ionized  and  are  thus  \t'ry  activt'  in  assisting  corrosion; 
hence  even  when  present  in  small  cpianlities  the  effect  of 
these  constituents  in  assisting  corro>ion  can  hardiv  be 
disregarded.  To  illustrate  this  a  simple  chemical  experi- 
nient  might  be  carried  out. 

If  a  piece  of  zinc  is  placed  in  concentrated  sulphuric 
acid  it  will  not  be  dissolved,  but  if  the  acid  is  largely 
diluted  by  the  addition  of  water  it  will  be  noted  that  the 
zinc  dissolves  quite  readily.  The  reason  for  this  is  that 
the  sulphuric  acid  wdien  in  solution  in  water  becomes 
highly  ionized  and  hence  more  active  as  a  corroding  agent. 
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Tlif  uliilitv  (if  mills  to  tlissol\c  mdnls  (|c|m'ihIs  Inrp'lv 
oil  tlii'ir  ili'>,Mi'c  of  ioiii/alioii.  Wlicii  m-h  xmiIit  is  ii.-cd  ns 
II  liioliii;;  ajrt'iit  its  most  (li'stniclivc  <'onHliliii'iil  is  pi-r- 
liaps  nia^'iu'siuiii  diloriilf.  Now.  ina^iH'siurii  cliloridc  in 
Mihitioii  in  water  aiitl  iiiuItT  tin-  iiilliu'iiri'  of  linil  liccoiiu's 
lissociati'tl  into  niafiiii'siiini  uviilc  iiikI  livilruililcirn  acid, 
iluis 

M-CL,  +  ll,(>    -  MiiO  +  -i  IHL 

Now,  as  livdroi  liloric  acid  in  solution  in  wntir  i-  in  a 
lii<jiily  ionized  stale  it  l'oiin>  an  active  rea;,^'iit  which  at- 
tacks the  liihes  verv  readilv.  'I'his  is  only  an  i'\iiin|ih' 
of  one  constituent,  hut  will  serve  to  illustrate  tiie  ;,'roiiiids 
on  which  1  slate  iho  opinion  that  the  leni|)eraliire  may 
have  a  certain  elTecl  on  the  life  of  ihc  tiihes  as  is  also 
staled  ill  (\.  U.  Hen^oiinh's  report. 

Mr.  Chester's  statement  lluit  hi- c\pcrience  ha>  led  him 
to  believe  that  the  temperature  has  little  or  no  c licit  on 
the  rale  of  corrosion  may  he  explained  hy  the  ahsence  of 
impurities  in  the  evolvinj^  water  which  would  hehave 
similarly  to  the  niaj^iiesium  chloride  mentioned  ahove. 
The  ahove  two  points  are  ojumi  to  discussion,  hut  the  re- 
mainder of  the  report  and  corrc-poiidcMcc  iias  l)ccii  shown 
to  he  heyond  ar;iumeiit. 

Jon  N     II.    (  ilil.    MoiIIMSON. 

(II astro w.  Scotland. 

Cost  of  Fo'weff'  f©a=  Hce  MsiMnira^ 

On  readin<i;  Mr.  Hiown's  letter  in  rowKii  of  Dec  -i'A. 
(ne  is  led  to  believe  that  he  cliamj)ioiis  the  eause  and 
course  of  central  .stations.  I  think  he  is  inclined  to  beg 
the  question,  however.  The  telephone  companies  he  men- 
tions have  so  arranged  their  .service  that  the  report  of  a 
'busy  wire"  means  that  the  firm  or  jjcrson  called  has  been 
luwilling  to  incur  the  expense  of  sulTicient  a])paratus  to 
liandle  his  individual  business. 

If  a  factory  taking  street  current  has  too  l\'w  motors  to 
do  its  work,  the  central  station  cannot  be  blamed  if  it 
remains  undone. 

It  is  much  more  of  a  liardsbi]i  for  railroad  companies 
ta  be  limited  to  a  fixed  rate  of  transportation  "jdus  ser- 
vice" than  it  would  be  for  the  central  stations  to  be  com- 
pelled, to  charge  a  fixed  reasonable  rate  for  current,  for  in 
the  case  of  the  railroads  their  rolling  stock  is  not  only 
useless  during  nonrush  hours,  but  they  arc  put  to  the 
extra  expense  of  getting  the  unused  cars,  etc.,  out  of  the 
\»-ay  and  on  to  more  or  less  expensive  storage  tracks. 

Mr.  Brown  nicely  says  the  central  stations  "are  entitled 
to  charge  an  adequate  rate  lor  service."  No  one  doubts 
this,  but  the  public  is  beginning  to  doubt  the  equity  of 
the  methods  of  arriving  at  the  rates  charged.  If  Mr. 
!3rown  is  awake  to  the  tendency  of  the  times,  he  must 
have  observed  tliat  it  is  becoming  the  custom  more  and 
more  to  frown  on  and  forbid  the  furnishing  of  similar 
articles  or  service,  at  the  .same  time  and  place,  to  different 
buyers,  at  different  prices.  It  cannot  be  denied  that  one 
of  the  questionable  ])ractices  of  central  stations  is  to 
charge  the  highest  rates  they  are  alile  to  squeeze  from 
their  ciistomers  unless  their  customers  think  and  liave 
the  means  to  install  an  isolated  plant. 

If  any  ice-making  plant  (located  where  good  coal  may 
be  bought  for,  say,  $3  per  ton")  is  paying  more  than 
about  li/4c.  per  kw.-hr.,  it  is  not  doing  as  well  as  it  should. 
The  writer  has  knowledge  of  a  plant  using  sawdust  for 
fuel  that  is  making  clear  ice  with  less  than  12  lb.  of  saw- 


dust per  hour  pci'  ton  of  ice  made  per  day,  wliiili  may  he 
eipiivaleiil   to  ahoiit   'i^/i   lb.  of  coal. 

If  any  cenlral  stalion  will  sell  ciiricni  at  approvimalely 
the  aliove  eont,  it  would  be  advisable  for  an  ice  maiiiifac- 
liirer  to  close  the  contract.  If  it  will  not,  see  what  olherh 
are  doing  and  endea\o|-  lo  do  as  well. 

I'  \i  1.  I5iiji;i,()\v. 

Ncu    York  City. 

Testing  Valve  for  Leakage 

.V  short  time  ago  it  was  necessary  to  lesl  a'  valve  for 
leaks,  which  was  de.-igned  to  work  under  vacuum.  A 
pressure  pump  was  not  available.  .\s  there  were  ^1  jiortg 
spaced  2  in.  ajiart,  a  leak  between  two  ports  in  the  center 
of  ihc  casting,  if  it  were  a  small  one,  would  hardly  be 
nolhcd  at  the  end  of  a  poit,  so  we  had  to  use  water. 
.Xotbiiig  else  being  available  I  took  a  water  coluinn  off 
a  >1cam  boiler  not  in  service  at 
the  time  and  connected  it  as 
shown  in  the  sketch.  A  plug 
was  iiLserted  in  the  valve  Q  in 
place  of  the  nipple  li.  The  ap- 
paratn.-  was  filled  with  wal<  r 
(tiiiicctcd  to  the  air  line  .1. 
I'lidcr  s.".  III.  pre.ssure  the  ap- 
f\     J-,  m  pa  rat  US  proved  tight,  at  least  no 

i  N^-l^Jli^         ]||||  water  leaks  were  visible.  I  would 

have   preferred   to  test  with  air 
uith  ilic  \alve  under  water,  but 
dill    iioi    have  even   a  barrel  for 
(■  pui'ijose. 

Coniicition,  was  then  make  to 
the  plates  by  replacing  the  plug 
with  nipi)le  R.  (iaskets  were  put 
under  the  plates.  The  globe 
val\e  (J  and  the  drain  V  were 
ol)ened  and  the  port  to  be  tested 
filled  with  water,  the  air  pres- 
sure being  turned  on  to  make 
sure  that  the  port 
was  full. 

There  was  85  lb. 
air  pressure  on  the 
gage,  and  the  water 
high  in  the  glass.  The 
valves  L,  M  and  Q 
were  opened  and  the 
drip  cock  closed.  To 
see  how  the  pressure 
held  I  clo.«ed  valve  D, 
ami  the  pressure  re- 


„/-V|  Clamping Plafss^'_ 
Testixg  Outfit 


mained  the  same.  1  then  closed  the  valve  L  at  the  top  of 
the  water  glass  and  left  the  bottom  valve  M  open.  To  my 
surprise  the  gage  pressure  began  to  drop  and  the  water 
in  the  glass  drojjped  out  of  sight  while  the  pressure  was 
falling  off  from  85  to  70  lb.  Opening  valve  L  the  water 
came  back  in  the  glass  to  the  original  level ;  then  closing 
it  the  water  dropped  out  of  sight  in  the  glass  with  a  fur- 
ther drop  in  pressure.  There  were  no  leaks  that  I  could 
find  either  of  water  or  air.  This  same  thing  would  bap- 
pen  on  every  port  out  of  the  24  tested. 

Tvx-Q  days  later  the  casting  came  back  after  being  ma- 
chined to  be  retested,  and  there  was  no  evidence  of  leaks. 
I  tried  the  same  ex])eriment   with   the  valve  L  and   the 
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waler  slowly  rose  until  it  filled  the  glass,  with  only  a 
slight  drop  in  pressure.  What  I  would  like  to  find  out  is, 
whv  the  water  in  the  glass  went  down  in  the  first  test.  I 
have  asked  several   niechanics  and   tiiey  are  as  badly  at 

sea  as  myself. 

J.  F.  McRai.;. 

Chicago,  111. 

A.  Pohhnan,  in  his  article  (Nov.  25)  on  the  ahove  sub- 
ject, says:  "When  a  man  manages  a  plajit,  he  should, 
whenever  possible  and  consistent  with  efficient  operation, 
keep  the  cost  of  producing  power  at  a  minimum." 

This  statement  is  somewhat  contradictory  because  it 
opposes  "efficient  operation"  to  "keeping  the  cost  of  power 
at  a  minimum."  If  we  interjjret  Mr.  Pohlman's  meaning 
right,  it  is  this:  That  a  man  in  charge  of  a  steam  plant 
-liould  strive  to  reduce  the  cost  of  power  (increase  the  effi- 
.•ncy)  at  the  lowest  cost  for  apparatus  to  bring  this 
,,iK)ut.  That  is  a  commendable  principle.  Mr.  Pohlman, 
bdwever,  is  in  error  when  he  says  that:  "The  tendency 
now  is  to  analyze  fuel  gases  only  so  long  as  is  necessary 
lo  determine  the  changes  required  to  bring  the  boiler  up 
to  the  highest  possible  efficiency  obtainable  under  local 
I  onditions,  and  then  disregard  the  gases  entirely  ex- 
.(■pt  for  an  occasional  checking  up." 

The  present  tendency  is  toward  closer  control  of  boiler- 
house  oi)erations,  and  especially  of  the  process  of  combus- 
!  ion.  Those  who  have  given  the  problem  of  boiler-room 
economy  most  attention  have  found  that  sporadic  analyses 
of  the  flue  gas  are  quite  inadequate  to  maintain  maximum 
clficiency. 

Mr.  Pohhnan  cannot  have  given  the  i)roblem  very  sen- 
ilis or  logical  consideration;  otherwise  he  would  not  draw 
,1  parallel  between  the  engine  and  the  boiler  in  the  way 
lie  does.     The  two  have  little  or  nothing  in  common. 

Tf  the  l)oilers  are  adequate,  the  engine  receives  the  re- 
'iuired  steam  at  a  practically  uniform  pressure.  It  runs 
ii  a  uniform  speed,  the  steam  consumption  is  automatical- 
ly regulated  to  the  load,  there  are  practically  no  vari- 
ables to  contend  with,  the  valves  having  been  correctly 
-ct,  by  the  aid  of  an  indicator,  and  other  minor  adjust- 
ments made,  an  efficiency  peculiar  to  the  engine  and  its 
load  will  result,  and  continue  for  weeks  and  months. 
There  is  very  little  or  nothing  that  the  attendant  can  do 
Id  better  it.  Mr.  Pohlman  is  therefore  quite  right,  so 
lar  as  the  engine  is  concerned,  an  occasional  set  of  in- 
dicator cards  is  all  that  is  required  to  enable  one  to  keep 
the  engine  at  normal  efficiency. 

It  is  far  from  true,  however,  that  an  occasional  analysis 
(if  the  flue  gases  is  sufficient  to  assure  the  economic  op- 
I  ration  of  a  steam  boiler.  The  boiler  is  operated  on  van- 
nbles  so  to  speak.  The  fuel  bed  varies  from  minute  to 
minute.  The  coal  may  vary  from  nearly  all  coarse  to 
mostly  fine  in  an  hour,  where  soft  coal  is  used,  and  with" 
the  cheaper  grades  of  anthracite,  it  is  nothing  unusual  to 
have  the  ash  vary  from  12  per  cent,  to  20  per  cent,  and 
more  in  successive  carloads.  The  same  holds  true  for 
soft-coal  screenings. 

The  furnace  conditions  are  entirely  different  just  before 
and  after  cleaning  the  fire.  This  change  of  condition 
from  the  best  to  the  worst  takes  place  gradually  in  the 
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course  of  a  few  hours.  And  on  toj)  of  all  this  a  fluctuat- 
ing demand  for  steam  must  be  met  by  the  boilers.  There 
are  numerous  other  variables  that  influence  the  operation 
of  a  boiler  which  need  not  be  mentioned  here. 

Mr.  Pohlman  says:  "Do  with  your  boiler  as  you  would 
with  your  steam  engine.  An  indicator  is  used  on  an  en- 
gine to  locate  trouble,  and  after  adjustments  are  made, 
fhat  ends  the  use  of  the  indicator  for  the  time."  What 
adjustments  does  Mr.  Pohlman  propose  to  make  to  meet 
these  variables  in  the  operation  of  a  boiler  once  for  all? 
Can  permanent  adjustments  be  made  to  meet  these  con- 
ditions at  all  ? 

From  the  parallel  which  Mr.  J'ohlman  draws  between 
the  boiler  and  engine,  we  must  infer  that  those  little 
things  are  not  worth  bothering  about,  for  he  says:  "An 
indicator  is  used  on  an  engine  to  locate  trouble,  and  after 
adjustments  are  made  that  ends  the  use  of  the  indicator 
for  the  time." 

Applying  this  principle  to  the  boiler  it  means  simply 
this,  tluit  so  long  as  the  required  steam  is  forthcoming 
and  there  is  no  kick  from  headquarters  about  the  coal 
bills,  there  is  no  occasion  for  gas  analyses,  but  when  the 
supi)ly  of  steam  falls  short  or  is  kept  up  with  increasing 
difficulty  or  the  coal  bills  begin  to  incite  adverse  com- 
ment, bring  out  your  Orsat,  make  a  few  analyses  to  lo- 
cate the  trouble,  effect  the  necessary  adjustments,  then 
put  it  away  until  trouble  again  calls  for  its  use.  And 
this,  Mr.  Pohlman  says,  is  the  present  tendency  in  the 
practice  of  gas  analyses  in  power  plants.  The  outlook 
for  marked  improvement  in  boiler  efficiency  would  be 
dubious  if  it  were  true. 

Mr.  Pohlman  agrees,  however,  that  a  recording  CO., 
meter  would  be  preferable  to  an  Orsat.  The  writer  ad- 
mits that  a  hand  apparatus  is  better  than  nothing,  but  it 
must  be  used  regularly,  not  merely  to  correct  manifest 
trouble,  but  to  anticipate  trouble,  to  detect  air  infiltra- 
tion and  to  improve  the  methods  of  firing.  It  may  also 
be  admitted  that  there  are  a  large  number  of  small  steam 
plants,  and  even  larger  plants,  that  are  irregularly  or  in- 
termittently operated  where  a  recording  COj  meter  would 
not  pay,  but  there  is  not  one  steam  plant  in  a  hundred 
developing  250  hp.  or  over,  running  10  hr.  or  more  a 
day  and  300  days  per  year,  in  which  recording  CO, 
meters  would  not  be  a  paying  investment,  provided  proper 
attention  is  paid  to  them  and  the  information  which  they 
give.  Even  a  cheap  hand  apparatus  is  a  poor  investment 
unless  it  is  regularly  and  intelligently  used. 

E.  A.  Uehling. 
Passaic,  N.  J. 

:*: 

While  passing  the  switchboard.  I  heard  an  unusual  sound 
like  that  of  a  vibrator  of  an  induction  coil  and  it  was 
evidently  coming  from  somewhere  behind  the  switch- 
board. Four  lead-covered  cables  coming  from  two  2200- 
volt  alternating-current  generators  are  led  to  the  switch- 
board through  a  4-in.  drain  tile  laid  in  cement  and 
sealed  with  cement  at  the  ends  where  the  cables  come  out. 
The  cables  are  taken  through  a  small  square  hole  in  the 
floor  of  the  switchboard  platfonn  and  through  this  hole 
I  could  see  a  dim  flash  whenever  the  sound  occurred.  I 
also  thought  I  could  smell  hot  insulation. 

T  proceeded  at  once  to  tear  up  the  floor,  lUid  in  doing 
so   disturbed   the    cables    so    that   the    noise   practically 
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.slojipiil.  '1'linikmf.j  the  llll^•ll  wiis  (inly  some  .slatu  ili- 
turltiiiut',  (liu-  to  I'Mcssivc  iIiimi|)  wi-utlior,  I  went  lioinc, 
i  list  nut  i  11^'  llic  nif^'lit  »'iijjiiiiMr  to  watcli  rloscly. 

Ndlliiiif;  (Ifvclopt'd  diiriii;.'  the  iiif^lil  and  wlicii.  tlif  noxl 
iiioniiiitr.  I  inoct'ctlftl  to  iiiM'sti^iatc,  fvi-i ytliiii;;  looked 
all  ri.ulit.  Iiiit  wIh'Ii  I  ran  my  hand  down  tlif  calilcs  to  tlic 
point  wliiTi'  tlii'V  onuT^i'd  from  the  tile,  I  found  a  dead 
mouse,  head  and  shonldei>  mil  of  a  hole  in  the  cement. 
Tullinc:  it  out,  I  found  ihe  lefl  ^Imuider  liurned  to  tiie 
hone. 

.\  (lo>er  iii\('>li;;ali<'ii  -JKiWcd  ihal  the  lead  and  rnhlicr 
insulation  had  heen  ,irna\ved  from  one  wire  from  ea(  h 
nuiehin(\  only  one  of  which  was  runninj:. 

W.  (i.  (;i(i;r.Ni,i:Ks. 

I'll  C'amuo,  'I'rx. 
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X(.\.  J")  i.^^ue.  |)a;:c  ^(il,  li.  ('.  Tucker  says  in 
rc,L;ai'd  to  my  former  comniunicat  ion  :  ".Vny  fjood  lathe 
hand  laii  make  a  nut  which  has  no  lost  motion."  This  is 
not  so,  for  as  loiip  as  the  nut  can  he  tuined  on  the  thread 
it  can  be  shown  with  instruments  of  precision  tiiat  there 
is  always  some. lost  motion.  Machine  tools  have  not  yet 
attained  ivrfoction. 

What  was  under  consideration  was  ordinarily  j^ood  nui- 
chino  work  and  with  such  work  there  is  sullicieiit  lost  mo- 
tion in  nuts  to  alVccI  the  adjustment  of  journals,  such  as 
of  a  larjie  inarine-en<rine  crankshaft,  Avliich  if  adjusted 
hy  the  iiut  ne.xt  the  eaj).  and  then  a  jam  nut  is  set  up 
against,  that  nut,  there  is  likely  to  he  some  music. 

('ii.\i!m:s  II.  M.\NNrxG. 

Manchester.   \.   11. 

FanltiS5Pe   of  Pistloira°IR©dl    K-ave^nna^ 

1  have  read  with  interest  the  account,  page  't'Ab,  .Nov. 
18,  on  the  above  subject,  also  your  editorial,  page  725, 
with  which  I  entirely  agree.  Riveting  of  this  sort,  as 
suggested,  has  to  be  taken  largely  upon  faith,  and  for 
that  rca.son  should  not  be  depended  upon  when  serious 
damage  may  result  from  sudden  failure. 

A  short  time  ago  I  had  an  experience  with  faihu-e  of  a 
riveted  piston  rod  under  conditions  which  may  possibly 
be  cousidert'd  as  more  exacting  than  those  referred  to, 
though  involving  less  risk  of  personal  injury.  One  of  the 
steam  hammers  under  my  charge  gave  out,  the  piston  and 
rod  parting.  This  was  originally  of  the  usual  riveted 
type,  the  break  taking  place  close  lo  the  pi.ston.  To  save 
delay  while  another  forging  was  obtained  I  had  the  piston 
bored  out  and  recessed  for  riveting  in  the  manner  of  the 
repair  described,  and  had  the  piston  shrunk-  on  and  well 
riveted  over.  This  worked  for  less  than  two  hours,  the 
rivet  head  shearing  off  at  a  sharp  corner  which  had  been 
left  at  the  bottom  of  the  recess  made  in  the  piston  for 
the  rivet  head.  On  making  a  second  attempt  I  had  the 
corner  rounded  off.  The  job  then  proved  satisfactory  and 
we  have  continued  the  use  of  the  repair,  although  extra 
parts  have  been  ready  for  some  time.  Experiences  of  this 
kind  have  made  nie  somewhat  careful  of  accepting  any 
form  of  riveting  for  dangerous  service. 

As  suggested  by  your  editorial,  too  much  work  of  this 
kind  is  put  out  for  no  other  purpose  than  the  saving  of  a 


few  cents,  or  from  lack  of  ap|)reciMlion  of  Ihe  risks  thai 
are  taken.  'I'lie  i-lliciency  of  cold  riveting  is  always  <l()ubt- 
ful  and  sue!)  work  should  not  lie  accepted  without  care- 
ful  inspection  of  the  joli  liefore  and  after  riveting. 

.ludging  from  tlii'  de.scription  of  the  piston-rod  rivet- 
ing referred  to,  |)age  T.'J').  the  original  job  sluuiifl  have 
heen  refused  on  account  of  iiiHunieient  rivt^t  head. 

I''iii:i)  I'.  Siii.xr  n.\N. 

r,c'ira>l.    hvland, 

L/Unbricators   Filled    frourm    Force 
P^l1mp 

In  I  he  jilant  where  I  am  employed  we  have  a  luhricat- 
ing  kink  that  for  cleanlinc.-.-  and  time  .saving  is  hard 
to  heat.  The  illustration  shows  three  lubricators,  con- 
nected to  a  1-gal.  hand  pump  liy  a  '/i-'"-  P'pe.  Olobe 
valves  AAA  in  i)ranch  lines  from  tlu;  jiumi)  are 
lo  he  kc])!  closed  at  all  times  except  when  in  ii.^^e ;  Ji  is  a 
globe  valve  in  the  su])ply  pipe  to  the  pump  and  ('  is  a 
check  valve  in  the  main  discharge  line  from  the  pump. 
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The  operation  of  lilling  the  iuhricator  is  to  close  all  globe 
valves  except  one  in  the  branch  leading  to  the  lubricator 
about  to  he  filled,  open  this  valve  and  work  the  pump 
until  the  lubricator  is  full  of  oil.  The  time  and  trouble 
of  draining  the  lubricator  is  di.spcn.«ed  with  as  the  oil 
forces  the  water  into  the  steam  main.  The  flow  of  the 
water  into  the  steam  line  is  so  slow  that  it  is  not  notice- 
able in  the  cylinder.  This  device  can  be  attached  to  anv 
number  of  lubricators  any  distance  from  the  pump.  Each 
lubricator  has  the  top  of  the  filler  plug  sawed  oft',  tapped 
and  threaded  for  Vi-in-  pipe. 

F.    B.    DUXBAI!. 

Pueblo,  Colo. 

H.  Rolling,  in  the  Dec.  !•  issue,  asks  for  different  views 
on  operating  cross-compound  condensing  engines  under 
light  loads.  I  was  much  interested  in  his  letter. 
It  is  a  difficult  matter  to  comment  on  the  opera- 
tion of  another's  plant  unless  one  is  familiar  with  the 
conditions.      Evidently    the    plants    discussed    were    not 
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equipped  as  mine  iw.  A  receiver  should  pr()|)erly  lie 
equipped  with  a  trap,  the  discharge  oi'  which  siiould  he 
open  to  the  atmosphere  and  where  it  can  he  seen. 

As  to  operating  under  light  loads  with  a  vacuum  in 
the  receiver,  it  has  heen  my  experience  that  it  could  not 
he  done  for  the  reason  that  as  soon  a.s  the  trap  fills  with 
water  it  will  open  the  discharge  to  the  atmosphere  and 
there  will  be  a  rush  of  air  through  the  trap  and  water 
seal  into  the  receiver  and  on  being  admitted  to  the  low- 
pressure  cylinder  and  condenser  this  will  break  the  vac- 
uum. With  the  vacuum  gone  a  ])rcssure  will  be  created 
in  the  receiver,  causing  the  Irap  to  discliargc  and  drain 
the  receiver.  In  reference  to  ilir  daii.u'cr  of  carrying  a 
receiver  pressure  causing  the  low-iircssui'c  cylinder  to  d<i 
the  work  and  the  high-pressure  ])iston  to  draw  water  i'ldiii 
the  receiver,  while  there  is  a  prest^iire  in  the  receiver  ninl 
the  trap  is  working  pro])erly  there  would  be  no  water 
in  the  receiver  for  the  high-pressure  piston  to  draw. 
Again,  with  no  receiver  ])ressure.  when  the  trap  opened 
to  discharge,  the  water  would  flow  through  the  trap  and 
keep  the  receiver  drained. 

There  should  be  a  relief  or  safety  valve  between  the 
liigh-  and  low-pressure  cylinders  am])le  cnoiTgh  to  take 
( are  of  any  excess  pressure  that  might  occur  from  acci- 
dent to  valve  motion  or  reheaters. 

The  writer  has  never  ex])erienced  any  trouble  witli 
water  in  either  cylinder,  but  has  h)st  the  vacuum  due  to 
air  rushing  through  the  tra])  into  the  receiver.  Since 
that  time  I  have  always  carried  2  or  3  lb.  receiver  pres- 
sure on  light  loads.  I  might  state  that  my  condensers 
are  of  the  barometric  type  and  perhajis  more  sensitive 
than  others  in  handling  air  leaks. 

H.   MOORK. 

Milwaukee.  Wis. 
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Discussion  along  the  lines  suggested  by  H.  EoUins,  in 
the  Dec.  9  issue,  relative  to  running  cross-compound  en- 
gines on  light  loads,  v;ill,  no  doubt,  be  Ijeneficial  to  all. 

Receivers  should  be  equipped  with  a  safety  valve  and 
trap.  There  should  be  a  live-steam  line  connected  to  the 
receiver  through  a  pressure-reducing  valve  for  the  pur- 
pose of  supplying  steam  direct  from  the  boilers  to  the 
low-pressure  side,  that  the  engine  may  be  operated  from 
that  side  alone  if  necessary.  The  safety  valve  should  be 
set  to  blow  at  about  5  lb.  above  the  pressure  maintained 
by  the  reducing  valve  and  it  should  be  large  enough  to 
take  care  of  a  sudden  inrush  of  steam  from  any  source. 
The  trap  should  be  connected  to  the  lowest  point  in  the 
receiver  and  the  discharge  should  never  be  under  higher 
pressure  than  that  of  the  atmosphere.  Some  traps  have 
an  internal  bypass,  but  with  this  type,  as  well  as  others, 
it  is  better,  even  though  a  few  more  valves  are  required, 
to  have  a  bypass  around  the  trap  the  full  size  of  the  other 
connections. 

Tn  one  plant  where  the  writer  was  employed,  this  trap 
served  a  twofold  purjiose :  that  of  draining  the  receiver 
and  the  low-pressure  cylinder  as  well  when  Ihe  engine 
was  not  in  operation. 

All  of  the  four  engines  were  connected  through  one 
exhaust  line  to  two  condensers,  so  when  any  of  the  en- 
gines were  shut  down  the  exhaust  valves  were  closed  and 
as  they  may  be  required  for  service  at  any  time,  a  1-in. 


Iiy])ass  around  the  high-pressure  throttle  valve  wa-s  ])artly 
open  at  all  times,  maintaining  about  2  lb.  pressure  on 
both  cylinders  and  receivers,  holding  the  air  out  of  the 
system,  as  well  as  keeping  the  engine  warm.  The  elbow 
in  the  line  leading  from  the  low-pressure  cylinder  to  the 
exhaust  line  was  connected  through  a  drip  to  the  intake 
side  of  the  trap.  The  valve  on  Ibis  drip  line  was  close 
to  the  L  and  was  closed  when  the  engine  was  in  opera- 
tion. When  the  engiiu;  was  shut  down  this  valve  was 
oi)en,  permitting  the  trap  to  take  care  of  the  low-pres- 
sure (ylinder  condensation  under  the  ahove  conditions. 
AVithout  this  dram  the  cylinder  would  fill  with  water 
and  the  purpose  of  the  steam  bypass  would  be  defeated. 

About  five  minutes  before  starting,  unless  the  engine 
was  needed  quickly,  the  trap-bypass  valve  was  opened, 
also  the  throttle-bypass  valve  and  all  of  the  water  blown 
out  of  the  cylinders  and  receixcr.  Then  the  \iilve  on  tlu^ 
low-])i-essure  drip  line  was  closed,  also  the  Inpass  on  the 
ti-aji,  and  before  opening  the  exhaust  valve  the  three-way 
indicator-connection  valve  was  opened  to  first  one  end  of 
the  cylinder  and  then  the  other,  blowing  out  the  air  in 
the  system,  especially  when  not  kept  warm  as  mentioned 
above.  We  would  then  increase  the  supi)ly  of  circulating 
water  to  the  condenser,  after  which  the  exhaust  valve 
would  be  o])ened  and  ihe  engine  started  with  the  vacuum 
on  the  receiver. 

Under  these  operating  conditions  the  vacuum  on  the 
system  would  remain  constant  when  starting  the  idle 
engine,  while  if  the  same  engine  was  started  up  prac- 
tically cold  and  without  blowing  the  air  out  of  the  cylin- 
ders and  receiver  the  \acnuni  would  di'op  at  times,  as 
much  as  f(l  i]i. 

Of  course,  we  run  with  the  vacuum  on  the  receiver  for 
(uily  a  short  time,  and  1  would  not  recommend  this  meth- 
od of  running  for  any  length  of  time,  even  though  the 
receiver  could  be  drained,  for  under  these  operating  con- 
(i.itions  lubrication  of  the  low-pressure  cylinder  is  ])rac- 
tically  impossible  and  a  scored  cylinder  may  re.sult. 

On  light  loads  we  always  shortened  the  cutoff  on  the 
low-pressure  side  by  manipulating  the  adjustment  pro- 
vided for  that  purpose  on  cross-compound  engines  of  the 
Corliss  type,  maintaining  a  receiver  pressure  of  one  or 
two  pounds.  However,  the  low-pressure  cyliiuler  was  not 
doing  all  the  work,  as  suggested  in  Mr.  Rollins'  article, 
for  the  high-pressure  side  supplied  the  steam  to  keep 
uji  the  receiver  pressure. 

I  note  in  the  article  referred  to  aboxe  that  one  engi- 
neer runs  his  engine  during  the  noon  hour  with  all  the 
drips  open  and  a  vacuum  in  the  receiver.  J  doubt  very 
much  the  practicability  of  this  method  if  moi-e  than  one 
engine  is  served  by  the  same  condenser,  unless  they  are 
all  working  on  the  same  load.  The  opening  of  the  drains 
on  one  might  admit  air  to  the  system,  reduce  the  vacuum 
and  interfere  with  the  working  of  the  other  engines. 

A.    K.    \'l;AI)EXBri!GH. 

Albany.  .\.  Y. 

('oKiiKCTio>f :  In  the  resume  of  "Condenser-Tul)e  Cor- 
rosion," in  the  Dec.  K.,  1913,  issue,  the  author  is  mis- 
ipioted  on  page  844,  about  the  middle  of  the  first  col- 
umn. The  sentence  reads:  "The  speed  of  the  cooling 
water  through  it  should  not  be  less  than  100  ft.  per  min. 
to  |)revent  saJfs  from  depositing  on  the  tubes."  In  place 
of  the  word  "salts"  it  should  read  "any  particles  of  solid 
matter." 
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Wrt  nnd  I»r.v  Itrturn  IMpm — In  ii  Krnvlty  Hti-iim-lu-alliiK 
HyHtcm,   wliiit   Id   tin"  ilifffioiu'i'   l)t'twoon  w<>t   and   dry   n-turiiH? 

C.  W     H. 

A  w»>t  rotnrn  plpo  is  one  which  l8  bolow  tho  watn-  llin-  nt 
the  »y»trni  while  u  dry  return  Is  one  which  Is  mainly  iihovr 
the   wator  lino. 


I>uni|i    i;mil.'ii.y— What    Is   th< 


lipcMl 


cfllclcncy   of  a   pnmp  based 

S.  K. 

Till'  olIlci'Muy  of  a  pump  Is  tin-  ratio  of  the  actui.l 
work  perforint'd  In  foot-pounds  of' output  of  the  pump  to  the 
number  of  foot-pound.i  of  power  required  to  be  applU^d  to  the 
pump. 


DllVereiloe  Iirl^veen  (inHoM  nnil  ViiporN- 

llon    between    K^ses    and    vapor.-i" 


-What  is  the  dlstlnc- 


C.  B. 


I'lider  ordinary  temperatures  and  pressures,  If  the  temper- 
ture  of  a  jras  is  kept  constant  its  pressure  may  be  increased  by 
decreasins'  its  volume,  whereas  vapors  exist  only  witli  a 
definite    pressure   corresponding   to   each   temperature. 

Mennlnic  of  ".VIr  Hound" — What  is  meant  by  the  statement 
that  a  pipe,  radiator,  trap,  pump,  or  other  steam-plant  appli- 
ance is  "air  bound? 

C.  C. 

That  air  or  gases  that  may  have  been  liberated  from  water, 
or  by  condensation  of  steam  are  present  in  pockets,  or  com- 
pletely fill  the  pipe  or  appliance,  and  interfere  with  its  proper 
operation. 


Ko.seiitinK  Slide  \  nlve — How  can  a  leaky  steam  slide  valve 
of   an    air    compressor    be    repaired? 

S.  C. 
If  the  valve  or  seat  is  badly  cut  and  worn,  its  faces  should 
be  machine  planed  and  scraped  true  and  tight.  If  only 
slightly  worn  the  faces  can  be  filed  and  scraped,  but  filing 
or  scraping  should  not  be  attempted  except  by  one  who  is 
skilled   in   the   operation. 


Relative  Hent-Transinls.sloii  DlfTerences — What  are  the 
relative  heat-transmitting  efficiencies  of  boiler  plates  and 
tubes   of   different    thicknesses 

A.   C.   L. 

The  conductivity  decreases  with  their  thickness,  but  the 
absolute  difference  is  so  small  for  thickness  ordinarily  em- 
ployed as  to  have  no  appreciable  effect  on  the  rate  of  conduc- 
tion and  transmission  of  heat  through  clean  boiler  plates  or 
tubes  of  different  thicknesses. 


CompreHslon  in  Low-Pressure  Cylinder — Is  there  any  ad- 
vantage of  compression  of  exhaust  in  the  low-pressure  cyl- 
inder  of  a  compound   engine? 

E.  P. 

In  running  a  compound  engine,  compression  is  equally  as 
beneficial  in  the  low-pressure  as  in  the  high-pressure  cylin- 
der for  filling  the  clearance  space  with  exhaust  steam  com- 
pressed to  nearly  admission  pressure  and  in  contributing  a 
cushioning  effect  on  the  reciprocating  action  of  the  engine. 


Relieving  HiRii-Pressure  Steam  Line — How  can  water  of 
condensation  forming  in  a  high-pressure  steam  line  be  re- 
turned to  a  boiler  without   using  a   pump  or  injector? 

D.    C.    G. 

If  the  steam  line  is  high  enough  above  the  boiler  for  the 
pressure,  due  to  the  head  of  water  in  a  drip  taken  out  of  the 
line  to  be  in  excess  of  boiler  pressure,  the  condensate  may  be 
returned  to  the  boiler  as  In  an  ordinary  gravity-return 
steam-heating  apparatus.  Or,  the  water  of  condensation  may 
be  returned  to  the  boiler  by  a  steam  loop.  See  "Power."  page 
1633,    Sept.    13,    1910. 


Lap    of    Steel    Stacic    Joints — For    greater    durability, 
should   the   girth    joints   of  a   steel    stack    be   lapped? 


how 


.St<-el  HmokeBtackH  bent  wltliHtand  the  corroHlvc  action  <il 
the  weather  and  hiHt  longer  when  i-ach  coume  in  entereil 
Into  the  < nurHi-  below  It.  When  the  courMeK  nre  entered  In- 
side of  those  above,  soot  slflH  from  the  Inside  of  the  stack 
down  throuKh  the  Joints,  and  finding  Its  way  to  the  exterior 
surfact!  when  niol.Mti'iied  causes  illscolorlng  streaks  and  rapid 
corrosion. 

.\dvnntaKe  of  Interfuollnic  In  4'ompreHHluK  Air — What  an- 
the   advantages    of   (ompresslTig   .'ilr    with    lnt<Tcoolln»?? 

J.    1). 

Prlnclpall.v  in  reduction  of  powi  r  re<|ulred  for  compres- 
sion. By  intercooling,  the  air  is  delivered  by  the  firnt 
cylinder  against  lower  pressure,  there  la  less  waste  due  !■ 
clearance  and  therefore  somewhat  greater  amount  of  air  pi  : 
stroke  Is  taken  Into  the  compressor.  The  more  efficient  the 
intercooler,  the  greater  the  reduction  of  strains,  leas  loss  of 
power  from  friction  and  more  uniform  air  resistance  In  the 
compressor. 


C'leaninK  Iloiler  of  Oil — What  method  should  be  followed 
to  thoroughly  <'lean  a  100-hp.  return-tubular  boiler  of  oil? 

B.    R. 

The  boiler  should  be  cut  out  of  service  and  when  cooled 
it  should  be  emptied.  After  introducing  two  or  three  pallfuls 
of  soda  ash,  the  boiler  should  be  filled  with  water  and  gently 
fired  for  12  to  15  hours,  keeping  the  steam  pressure  betweerj 
10  and  15  lb.  A  portion  of  the  water  may  be  run  off  at  Inter- 
vals and  be  replaced  by  feeding  clean  water.  At  the  end  of 
the  "cooking"  period  the  boiler  should  be  allowed  to  cool  and 
emptied  and  the  interior  should  be  well  rinsed  with  clean 
water. 


t;illeieney  and  Frietion  Horsepower — A  steam  engine  drives 
a  direct-connected  pump,  the  output  of  which  is  190  hp.,  with 
a  mechanical  efficiency  of  85  per  cent.  If  the  indicated  horse- 
power of  the  engine  is  250,  what  is  its  mechanical  efficiency 
and  what  is  the  friction   horsepower? 

J.  P.  C. 
The  net  power  developed  by  the  engine  and  received  by  the 
pump   is 

190   hp. 

223.53  .hp. 

0.85 
and  the  mechanical  efficiency  of  the  engine  is 
223.53 

'- —   -   0.8941,  or  89.41  per  cent. 

250 
The  pump   friction   is 

223.53   —    190     -    33.53. 
The  engine  friction  is 

250  —  223.53    -    26.47    hp. 
Therefore,  the  total  friction  is 

33.53    +    26.47,   or   60   hp. 


IDconomy  of  Coal  vs.  \Vood  as  Fuel — What  would  be  the 
saving  by  the  use  of  average  good  coal  for  boiler  fuel  at 
$6.50  per  ton  of  2000  lb.  in  place  of  cut-and-dried  jack  pine, 
costing    $5    per    cord? 

J.    L.    S. 

The  calorific  value  of  dry  wood  is  about  8250  B.t.u.  per  lb. 
A  cord  of  commercial  dry  firewood  weighs  about  2000  lb.  and 
contains  about  25  per  cent,  weight  of  water;  hence  the  calorific 
value  of  the  cord  wood  would  be  about  75  per.  cent,  of  8250, 
or  6187  B.t.u.  per  lb.  Evaporation  of  the  moisture  and  its 
expulsion  at  the  temperature  of  the  chimney  gases  would  re- 
quire an  expenditure  of  about  315  B.t.u.  per  lb.  of  wood,  which 
reduces  the  calorific  value  to  about 

6187  —  315  =  5872  B.t.u.  per  lb. 
of  wood  as  against  14,000  B.t.u.  per  lb.  of  average  good  coal. 
There  would  be  somewhat  greater  proportion  of  waste  of 
combustible  discarded  when  using  coal  than  wood,  reducing 
the  relative  boiler  evaporative  value  of  coal  from  14,000  to 
about  13,000  B.t.u.  per  lb.,  making  each  pound  of  coal  equal 
in  value  to  about  2.2  lb.  of  wood.  Under  otherwise  equally 
favorable  conditions  the  use  of  coal  in  place  of  wood  should 
result  in  a  saving  of  about  44  per  cent,  of  the  cost  of  fuel. 
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Tiri  ^o  sa  ©mm  etbrs''" = H  X 

Last  Lesson's  Axsweks 
36.     The  an^^le  C  is 

180  _  (10  -f  4G)    =   134  (leg. 
From  equation  27  and  tlie  table   (Lesson  II)   for  the 
value  of  the  sines  of  the  angles  A    (10  deg.)   and  B  (4G 
deg.)  and  a  =  500. 


500  _  0.17:3(; 
y  ~  0.71'.);J 


i  = 


500  X  0.719:3 


0.17:56 


,  .      a       sui  A 

([  irom  the  equation  -  =  —. — 7, 


500 
c 


0.17:36 


500  X  0.8-290 


=  2071.72 


=  2:387.67 


0.8290  0.17:36 

(The  sine  of  124  deg.  is  equal  to  the  sine  of  180  —  124 
=  56  deg.  and  is  so  found  from  the  table.) 

37.     Irom  the  equation  -  = 


137.5       0.2250 


sin  C  = 


sin  C 

512.5  X  0.3250 


512.5        sm  C  "'"  "   ^  137.5  " 

The  angle  C  therefore  is  57  deg.  and  hence  A  is 
180  —  (13  +  57)   =   no  deg. 
From  equation  27 


0.8386 


0.939"; 


137.5  X  0.939^ 
0.2250 


137.5       0.2250 
38.     The  angle  C  is 

180  —  (23  +  134)  =  23  deg. 
sin  A 


574.26 


From  the  equation-  = 


23 


sin  C 
0.3907 
0.3907 


a  =  23 


(It  was  evident  at  once  that  a  would  equal  r  since  angle 

C  proved  to  be  equal  to  angle  A.) 

h      sin  B 

1"  roiii  the  equation-  =  —. — 7=, 

c       sm  U 

b   _  0.7193  _  23  X  0.7193  _ 

23  ~  0.3907  0.3907        ~ 

39.  Calling  the  85-deg.  angle  A,  the  45-deg.  angle  B 
and  the  100-ft.  side  c,  the  distance  between  the  poles  will 
be  the  side  h  which  it  is  required  to  find.  The  angle  C 
will  be 

ISO  _   (85  +  45)    =   50  deg. 

i^roni  tlie  equation-  =  —. — 7=^ 
^  V       sm  L 

J  _  0.7071 

100  ~ 


0.7660 


J  =  iQox,0:^Q^i  =  ,o.;3i 


0.7660 


10.  Call  the  angle  to  be  determined  .1.  The  known 
angle  is  not  one  within  the  triangle  but  is  an  exterior 
angle,  so  called,  and  its  supplement  (180  —  45  =  135 
deg.)  is  the  B  angle  of  the  triangle.  One  known  side  is 
the  length  of  the  crank,  18  in.  and  is  the  side  a.  while  the 
other  is  the  leiii^dh  of  the  connecting-rod.   15  in.,  which  is 


the  side  h.     The  angle   rccjiiircd   then  can   be  fouinj   di- 
rectly from  equation  27. 

18       sin  A              .      .       18X0.7071       ^,  ^^,^, 
sin  A  =  — =  0.2828 


45      0.7071 


45 


Therefore,  the  angle  ('  is  Ur'/j  deg.,  or  about  16  deg. 
26  min. 

Solution  of  Obliqi-k  Tui-\\(;les  Continued 
Cask  ill 

Solutions  of  triangles  having  two  sides  and  the  included 
angle  given  require  the  use  of  either  The  Law  of  Cosines 
or  The  Law  of  Tangents.  The  Law  of  Cosines  is  stated 
thus : 

The  square  of  any  side  of  a  triangle  is  ei/ual  to  the  sunt' 
of  the  squares  of  the  other  two  sides,  less  twice  the  prod- 
uct of  the  sides  and  the  cosine  of  the  included  angle. 

This  may  be  proved  by  referring  to  Figs.  8  and  9  in 
both  of  which 

a-  =  k-  +  BIP 
c  c 


Fig.  8 


Fig.  9 


In  Fig.  8,BD  =  c  —  AD  and  in  Fig.  9,  BD  =  AD — 
c,  so  that  in  both  cases 

BD'-  =  AD'  —  2c  X  AD  -\-  c"" 
Therefore,  in  all  cases, 

a"  =  7t2  +  AD-  J^  c^  --2  cX  AD 
But, 

Ir  +  MP  =  b'' 
and 

AD  ^  h  cos  A 
Therefore, 

a-  =  h-  ^  c'  —  2bc  cos  A  (28) 

In  the  same  way  it  could  be  shown  that 
i^  =  a^  -\-  c-  —  2ac  cos  B 
c"  =  a^  -{-  b^  —  2ab  cos  0 
The  Law  of  Tangents  is  stated  thus : 
The  sum  of  the  two  sides  of  a  triangle  is  to  their  differ- 
ence as  the  tangent  of  half  the  sum  of  ike  opposite  angles 
is  to  the  tangent  of  half  their  difference. 
This  may  be  proved  as  follows: 
From  equation  87 

a  _  sin  A 
b       sin  B 
Adding  1  to  both  sides  of  this  equation 

n  sin  A    ,    _,       a  -\-  b      sin  A  -\-  sin  B 

7  +  1  =  —. — i^  +  1  or  — ; —  = ^ — =i 

0  sin  B  b  sm  B 

Subtracting  1  from  both  sides  of  equation  27 
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row  !■;  i{ 


\'«)i.  :t!).  No.  :{ 


a  mil  A 

7/  "  sin   It 


1  or 


I)       silt  J         sill  li 
h       "  sin  li 

hiMilui;:  tlu'  lirst  liy  llif  scioml. 

a  -\-  b       sill   .1    f   sill  It 
~ir        ~        sill  li 
a  —  b      Mill  A       sill  H 
h  sill  It 

('aiucliii;;  llu'  /<>  jiihI  tlir  .m;(  //V, 

It  -]-  b  _  sill  A  -\-  silt  U  , , 

a  —  h      sin  A  —  sin  li 
In   till'  answer  to  (|iu'>liiMi    In   hi    lii--son    \'   \\wyv   \\;i.- 
(lodiicrd  tlu-  (•(inali<)n 

sin  (.1  +  H)  +  sin  (.1  ^  li)  =  •.'  su,  .1  n>s  n 
Siniiliirly.  as  llicro  worked  out,  it  could  he  shown  lluit 

sui  (.!+«)—  ■-■'"  (I  —  li)  =  'i  <■<>■'<  A  sin  li 
liy  niakinK  .1  -\-  Ji  =  .r  and  A  —  li  =  y.  then  .1 
woiihl  equal  .r  —  H  and  also  //  +  li,  so  that  2  A  =  r  — 
Ji  -\-  !j  -\-  B  =  .r  +  ij  and  .1  =  \U  (x  +  y).  an'l  i"  t'l*' 
same  way  ^  =  V2  (•'■  —  .'/^-  i'l'^'H  sul)stitutin.ij  in  the 
last   two  equations  they  would   I)eeonie 

sin  ./•  +  s'i/(  //  =  i  sin  VL>  (•*'  +  .'/)  (-'"■''  V2  (•''  —  U) 
sin  .(■  —  .SIM  //  =  ^  cos  1/2  {.!■  +  //)  sin  1/2  (•''  —  .'/) 
I)ivi(lin<i;  the  last  two,  one  l)y  the  other, 

sin  X  +  sill  !i  _  -l  sin  \  (x  +  1/)  cos  \  (x  —  y) 
sin  X  —  sin  ij  ~  'l  ms  i  (.r  +  //)  sin  §  (x  —  ?/) 

sin        .  ,  cos 

Bnt  as         =  fini  and    .—  =  cor. 


iVs 


<in 


sin  X  -\-  sin  11        .       ,   /      ,      \       .  -i  /  \ 

— ^     ■    •'  =  fan  i  (.(■  +  //)  cof  i  (:r  —  .?/) 

stn  X  —  sin  y 

Again,  as  ian   =     .  ,     and   substitutiny-  .1    for  .'■  and    li 

for  //.  as   the  application    is  i;eneral  and   either   represent 

any  angles, 

sin  A  +  -^in  B  _  fun  \  {A  +  B) 

sin  A  —  sin  B  ~  frin  i  (A  —  B) 

,       .     sin  A  +  sin  B 
FimUlv,  suhstitutmg  this  vauu'  lor^ 


in  A  —  sin  B'' 


in  equation  20, 


«  +  J       fan  i  (J  +  B) 


(:50) 


a  —  b       fan\  {A  —  B) 
Given,  then,  tw^o  sides,  a  and  h,  and  the  included  angle 
C  of  a  triangle,  the  angles  .1  and  B  may  both  be  found 
from  equation  30,  which  may  bo  written 

fan  i  (.4  —  li)  =  "-^^^\  X  tan  \  {A  +  B) 

Since  1/2  (.4  +  B)  =  1/2  (180  deg.  —  ('),  the  value  of 
%  (4  -\-  B)  is  known,  so  that  this  equation  enables  de- 
termining the  value  of  1/2  (.-1  —  H).  Then  .1  and  li  can 
be  found,  for 

1/0  (-4  +  5)  +  1/2  (.4  —B)=  1/2  A  +  1/2  B 
+  Vo  4  —    y2B  =  A 
and 

1/2  (.4  +  5)  —  y2  (-4  —B)=B 
After  /4  and  5  are  known,  the  side  c  can  be  found  by 
The  Law  of  Sines. 

By  another  method  the  side  c  may  be  found  directly 
from  one  of  the  alternative  forms  of  equation  28 

c  =  V  «'-  +  b^  —  2  aJ  CO.?  C 


and  then  liy  'I'he  I, aw  ol"  Sines  the  angles  .1   and   //  <  an 
he  computed. 

SlI'DV   (/I   KSIIONK 

II.       Cmcii  ,/  .Sir,/>  :u'.K\,C  :t(i  deg.  ;  finil  /t, 

Ji  and  c. 

42.     (liven  b  =  rt'iT.H,  r  =  72;{.(;.  .1  jfio  deg.;  lind 

the  other  three  parts. 

t::.  It  is  CO  It.  I'roni  the  peak  to  I  he  ca\(>  ol'  a  gabh- 
rool'  and  Ibe  angle  at  the  peak  is  110  rieg.  What  is  tin; 
overall  wultli  of  the  budding? 

II.  .\  pipe  line  is  I0  be  put  underground  in  a  |)lanl, 
but  on  accouni  ol  walls  and  other  obsl  ruclions,  itx  length 
cannot  well  be  uu'asured  in  advance.  From  a  |)oint  oul 
side  of  ibc  plant,  li(jwe\cr,  ."iO  yd.  from  one  (Mid  (jf  iIm' 
re(piired  run  and  !M)  yd.  from  the  otiier  (Mid,  both  ends 
are  visible  and  the  angle  between  the  lines  of  sight  is 
found  to  he  'M  deg.     How  long  must  the  pipe  line  he? 

15.  The  supporting  legs  of  a  tank  tower  are  45  ft. 
long  and  l-'i  ft.  apart  at  Ibe  ba.se.  The  angle  which  tbc 
legs  make  with  a  horizontal  line  between  the  feet  is  « t 
deg.      Il(iW  far  apart  are  the  tojis  of  the  legs? 


I 


By  .).\.\:  i:s  .M.  I'iikki.l 

Tn  most  low-head  water-power  plants,  racks  are  gen- 
erally placed  across  the  wheel-pit  openings  to  catch  the 
logs  and  trash  that  nuiy  damage  the  wheels.  These  racks 
at  times  are  so  obstructed  as  to  interfere  seriously  with 
the  operation  of  the  plant.  An  added  danger,  becau.se  of 
the  immense  ])ressures  they  must  bear,  is  due  to  the  im- 
])()unded  water  in  front  of  the  racks. 

(ienerally  this  clogging  is  caused  by  two  things:  In  the 
autumn  the  leaves  are  washed  from  the  river  hanks 
and  are  i)rought  down  to  the  racks.  This  period  extends 
from  Oct.  1  into  the  middle  of  December.  Later  on  there 
are  ice  ditticulties.  The  large  cake  or  surface  ice  can  be 
easily  cared  for,  hut  the  frazil  or  "needle"  ice  causes 
trouble.  This  ice  appears  as  needle-like  crystals  merging 
into  a  thick,  mushy  condition,  clinging  to  the  racks  even 
to  the  bottom,  and  gradually  forming  a  thickness  which 
presents  an  impenetrable  barrier  to  the  water. 

An  indicator  to  show  the  difference  of  pressure  in  the 
wheel  chamber  and  the  headrace  may  he  of  interest.  This 
difference  between  the  front  and  rear  of  the  racks  indi- 
cates their  condition,  as  foreign  matter  on  the  racks  woulcl 
cause  a  reduction  in  their  area,  and  a  difference  of  level 
between  the  wheel  chamber  and  the  headrace.  The  sketch 
shows  the  indicator  construction ;  A  is  a  i/^-in.  glass  tube 
bent  into  the  form  of  an  ell,  on  the  shorter  leg  of  which 
a  %-in.  coupling  B  is  attached.  Into  this  coupling  a 
rubber  stop])er,  sufficiently  large  to  make  a  tight  joint, 
is  screwed,  a  hole  is  drilled  through  this  .stopper  and  the 
glass  tubing  forced  in,  making  a  water-tight  joint.  On 
the  other  end  of  the  coupling  a  bushing  reducing  to  I/4. 
in.  is  provided,  from  which  this  pipe  is  run  to  the  l)ulk- 
head  or  any  other  convenient  point. 

The  distance  X  is  divided,  each  part  being  0.88  in. 
long,  the  height  of  a  column  of  mercury  which  will  bal- 
ance a  foot-column  of  water.  This  distance  X  must  be 
sufficiently  long  to  care  for  the  pressure  difference  be- 


January  20.    19U 


P  0  W  p]  R 


103 


tweeii  the  race  level  ami  the  point   where  the  ])ipe  is  at- 
tached. 

All  ahirni  can  be  jirovidcd  \>\  puttiiif;'  a  liglit  float  on 
top  of  the  mercury  column  with  a  rod  attached  and  a 
contact  maker  D  made  of  a  thin  strip  of  coi)per.  If  the 
water  in  the  wheel  chamber  should  be  lowered,  due  to 
obstructions  on  the  racks,  the  strip  J)  would  make  con- 
tact across  the  points  E  and  F  and  ring  the  bell.  The 
complete  indicator  may  be  mounted  ou  a  board.  Instead 
of  this  rigging  a  pressure  gage  might  be  used.    The  range 


Indk'atoi!  to  Show  riiEssuui';  Diffekexck  in  Whekl- 
PiT  AND  Head  Race 

of  this  gage,  in  pounds  ])ressure.  -would  lie  the  difference 
in  level  between  G  and  B  in  feet  divided  by  0.434.  The 
alarm  attachment  can  be  fixed  by  prcniding  a  contact 
brugh  on  the  gage  hand,  which,  on  reaching  a  predeter- 
mined point  on  the  scale,  would  complete  the  circuit 
through  a  small   copper  segment  attached  at  tliat  ])oiiit. 


OVER  THE  SFBIUlL^y^AY 

J  I'  K  T   J  K  S  T  S,  J  A  H  8,  J  ( I  S  H  K  ,S  A  SI)   .11;  M  li  L  E  S 


Jiuioka!    stz    h(?.      What?   sf/.   I.      Peipotual   motion!    scy.    he 
me.     Me   eye!  .sez  J   to   him — an'   then   we  elinehed!— "Boiler- 


room  Ballads." 

This  is  a  "newly  patented  primary  battery"  widely 
heralded  in  Chicago  as  "coming  within  5  per  cent,  of  per- 
petual motion."  The  enthusiastic'  salesmen  say  that  "when 
the  invention  becomes  known  coal  mines  may  as  well  shut 
down,  for  heat,  light  and  power  will  be  leduced  to  one-tenth 
its  present  cost."  When  this  "invention"  becomes  known  for 
wliat  it  really  is.  the  fleeing'  falesmen  will  need  perpetual 
motion   to  escape  the  angry  populace. 


Sometimes,  even  an  editor  is  sent  to  Bellevue  Hospital. 
One  of  the  "Power"  bunch  went,  not  long-  ago,  to  write  up 
the  power  plant  of  "The  largest  institute  of  its  kind  in  the 
world."  The  editor  was  crazy  to  get  it;  perhaps,  you'll  be 
crazy  to  read  it — the  article  on  page  78.  (English  is  a  great 
language.  You  can  easily  say  one  thing  In  it  and  mean  an- 
other.) 


They  say  J.  P.  Morgan  has  a  project  for  merging  London's 
light  and  power  companies.  Let's  see,  didn't  somebod.\' 
"merge"  the  New  Haven  road?  The  stock  was  formerly  200; 
now  its   65 — sub-mei-ged. 


"One  day  I  noticed  the  valve  gear  of  one  of  our  300-hp. 
Corliss  engines  making  an  awful  noise,  the  valves  being  so 
dry  that  the  dashpots  could  hardly  pull  the  valves  closed," 
writes  an  engineer  in  Cuba.  "I  found  the  lubricator  reservoir 
to  be  full  of  ordinary  thin  bearing  oil,  which  the  oiler  said 
he  had  been  ordered  to  use.  I  straightened  out  the  trouble 
by  substituting  cylinder  oil  and  then  asked  the  chief 
mechanic  how  he  could  make  such  a  mistake.  'Why,  I'm 
saving  all  the  drip  oil  from  the  engine  and  filtering  it.  1 
thought  that  the  best  place  to  use  it  was  in  the  cylinder,  as 
there  was  no  babbitt  metal  there  to  melt  if  it  happened  to 
run  hot.'  " 


The  new  appearance  of  the  A.  S.  M.  E.  "Journal"  is  bully! 
It  just  sticks  right  out,  with  its  standard  size  (9x12)  and 
handsome  typography.  Welcome  to  our  mongst!  as  our  chief 
would   say. 


"Relations   between   Engineering  and   Art" — Headline. 

This  must  be  what  is  meant  by  "strained  relations."  Some 
time  when  you're  down  town  in  New  York,  stand  in  front  of 
the  new  Municipal  Building  and  watch  a  dinky  horsecar  ooz- 
ing out  between  gigantic  stone  columns  and  drawn  by  a 
couple  of  hors-js  who  also  have  strained  relations,  probably — 
soaps,  fats  and  suchlike.  Art  may  be  a  relation,  but  in  some 
engineering  its  relationship  is  like  the  Scotchman's  cousin — 
16    times   removed. 


A  Locomotive  Crane  tvith  iin  Eleotro-llaBuet  Lift,  fitted 
with  a  small  turbo-generator  set  to  furnish  electric  current 
for  the  magnet,  has  recently  been  experimented  with,  by 
the  Brown  Hoisting  Machinery  Co.,  of  Cleveland,  Ohio.  A  15- 
ton  crane  with  a  40-ft.  boom  was  fitted  with  a  5-kw.  Terry 
turbo-generator  set.  By  this  means  electric  wiring,  exterior 
to  the  locomotive,  is  eliminated.  The  turbo-generator  set  is 
independent  of  the  other  operating  portions  of  the  mechan- 
ism, wiiich  adhere  to  standard  practice,  and  is  mounted  in  a 
compartment   beneath   the  floor  where  stands  the  operator. 


Humplirey  Pumps  Tested — Results  of  the  official  tests  on 
the  Humphrey  gas  pumps  installed  at  Chingford,  Eng.,  and 
described  in  "Power"  for  Apr.  29,  1913,  have  just  been  made 
public.  The  pumps  were  installed  under  a  guarantee  of  1.1 
\h.  of  anthracite  per  water  horsepower-hour,  but  the  test 
showed  even  better  results,  the  average  fuel  consumption  of 
the  four  large  pumps  being  0.931  lb.  and  of  the  small  pump  O.S 
lb.  per  water  horsepower-hour.  The  lower  fuel  consumption 
of  the  small  pump  is  accounted  for  by  its  greater  relative 
valve  area.  The  average  thermal  efficiency  of  the  pumps  was 
23%  per  cent,  and  of  the  producers  82  per  cent. 


The  trade  papers  are  giving  much  publicity  to  the  flatiron 
campaign  out  in  Defiance,  Ohio.  Glad  this  town  can  get  away 
with  it.  A  man  who  once  held  a  flatiron  in  defiance,  when 
the  domestic  campaign  was  hottest,  told  us  it  couldn't  be 
done — and  the  "peak  of  the  load"  was  the  laast  profitable. 


"Henry  J.  Scriver,  engineer  of  the  Stearns  Lumber  Co., 
Neponset,  Mass.,  was  thrown  15  yards  into  the  air,  turned 
several  somersaults  and  came  down  on  his  feet  when  a  boiler 
at  the  plant  exploded.  Beyond  Scriver's  slight  injuries,  the 
only  damage  was  to  the  boiler  room.  When  the  explosion  oc- 
curred, the  blast  all  but  blew  the  roof  off.  and-  with  it  the 
engineer.  The  shock  of  landing  was  so  great  that  it  al- 
most   knocked    'lis   wind    out. 

"The  polic--  made  an  investigation  into  the  cause  of  the 
explosion,  w'.iich  they  believe  was  due  to  a  defective  pipe  that 
ran    throug'/i    a    pile   of   sawdust." — "Boston    Herald." 

Hen  Soriver  knows  his  business — or  any  other  engineer 
who  can  land  on  his  feet  after  a  45-ft.  flight,  accompanied  by 
sundry  portions  of  roof.  What  gets  us  is  how  the  police 
knew    that    the   (iefective    pipe    caused   all    the    commotion. 
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S)'X()rslS — Fails  ni/iinliii;/  llir  ilfsii/ii  of  hriiriiuj  nil  AiihIIm'I'    IVniiiri'    which    is   uHcii    in'Kh'clcil    ih    thi'    oil 

ijrDiivrs,  .^liini'iiii/  irUij  Uw  usual  iruiis  nf  niahiu;/  llimi  arc  '^rnows  in   Ihc  hdltom  h(i\   ol'  tin-  Ix-iiriii;^,  an  il  ih  Dlh-n 

Ni)l  flic  bi'sf.  ami  sainirsliinis  fur  iiiijirDvniii'uls.  iiiikIc  without  thciii.      In  one  case  a  lar^c  air  coinprcsHor 

wliich  hickcd  oil  ^rooNo  in  tin;  Ixittnin  liox  ran  hot  until 
<h't'|)  ones  were  provided,  as  shown  in  Fi;;.   I.  They  shonhl 

Invcstif^ntion    ni'    a    nninlirr    of    hcarin/^s    wliich    ^^avo  he   made  (Iee|)  and   smooth,   to   prevent  the   lodf^nient  ol' 

tronlih'   from  healin;,',  showed   the   fault   to  he  either  in-  dirt   In   Hooding',  win  n  the  lnreif^Mi  matter  can  lie  washed 

sullicient    oil    ^rcMJVCs    or    lack    ol'    |ir(i\i>ion    for    the    oil  out. 

to   propei-|y    I'eed   in   hotween    the   sIimI'I    ami    Ihc   iicaiin;:.  It    is  advisiddc  to  examine  the  oil  ;,M'ooves  of  all   l)c;ii 

This  trouhle  is  more  pronounced   in  iicnrin^'s  made  with  ings  occasionally,  especially  after  tliey  have  shown  a  ten 

throe  or  four  parts.  deney  to  heat.     Sometimes  the  outside  cd'  a  lar>^(!  hcjarin 

One  way  of  makin<(  (pnirter  hoxes  and  hottom  heariiifjs  does  not   indicalc  hcalinu;,  while  next  to  tlu;  shaft  it  may 

is  shown  hy  Fi<;.  1,  in  which  the  edf^es  .1  are  chamfered,  he   hot    enoiiL;li    to   dra^^   th,.   hahititt  and    fill   up   the  oil 

a.-;  shown,  and  the  edf,'es  H  left  sharp.     Willi  the  direction  grooves.     After  such  an  oceurrenee  a  slif^ht  stoppaf^'e  oi" 

of  rotation  indicated  hy  the  arrow,  the  jiarts  ('  and  /-',  if  the  oil  supply  will  cause  llie  bearing  to  heat  up  rapidly. 
..•A-.. 


FIG.  2 


F1&.   3 


"^"^•4  FIG.S 

Showing  Details  of  Bearixo  ("oxstructiox,  Oil  (Jkoovks  and  C'eaxk-Rod  Bkasses 


provided  with  proper  oil  grooves,  will  allow  oil  to  feed 
between  the  shaft  and  bearing,  but  the  sharp  edge  at  B 
of  the  quarter  box  E  will  act  as  a  scraper  and  prevent  the 
oil  from  working  in  between  it  and  the  shaft.  This  is 
further  influenced  by  the  shape  and  position  of  the  oil 
grooves  as  usually  made  in  quarter  boxes,  as  shown  in 
Fig.  2. 

On  practically  all  the  Corliss  engines  examined,  the 
front  and  back  quarter  boxes  are  grooved  and  chamfered 
alike.  The  explanation  is  that  this  is  done  so  that  the 
eno^iue  may  rotate  in  either  direction  and  still  feed  the 
oil.  As  Corliss  engines  are  usually  built  to  order  and  the 
direction  of  rotation  is  given  when  ordered,  it  would  seem 
that  the  bearings  should  be  made  to  suit  the  direction 
of  rotation. 

It  is  evident  from  Fig.  2  that  it  is  not  correct  to  make 
the  oil  grooves  alike  for  both  front  and  back  quarter 
boxes.  If  the  direction  of  rotation  is  as  indicated  by 
Fig.  1,  and  the  part  E  is  grooved  as  shown  in  Fig.  3  there 
will  be  a  chance  for  all  the  oil  passing  under  the  shaft 
to  be  drawn  up  between  tbo  liack  quarter  and  the  shaft. 


Crankpin  boxes  of  connecting-rods  arc  usually  made 
with  oil  grooves  in  both  brasses  alike,  but  for  the  best 
results  they  should  be  made  to  suit  the  direction  of  rota- 
tion, but  lack  of  proper  oil  grooves  in  the  brasses  will  not 
cause  as  much  trouble,  as  on  main  bearings,  when  the 
crankpins  are  oiled  from  the  center. 

Crankpin  bras.ses  or  boxes  F  and  G,  Fig.  5,  are  gen- 
erally left  open  to  allow  taking  up.  As  the  pin  is  fed 
from  the  center,  part  of  the  oil  is  retained  in  the  oil  hole 
n  until  it  passes  the  openings  ././,  when  it  is  thrown  out 
and  wasted,  making  more  work  for  the  wiper.  'Fitting  a 
strip  of  very  soft  wood  into  the  openings  will  prevent 
this  trouble.  The  wood  can  be  compressed  considerably 
before  it  is  hard  enough  to  prevent  taking  up  the  wear 
properly.  When  putting  in  wood  strips  it  will  be  ad- 
visable to  cut  out  one  side.  Fig.  6,  so  it  will  not  scrape 
oil  off  the  pin.  This  point  must  not  be  neglected  when 
applying  strips  under  main  bearing  caps,  or  a  hot  bearing 
may  result. 

The  valve-gear  parts  of  Corliss  engines  run  hot  from 
the  high  temperature  of  the  cylinder,  and  when  the  usual 
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eu'^ni.'  oil   IS  u«'il,   :t   is  almost    iniinodiatcly  thrown  olL 
Cvliuder  oil  is  an  excollent  lubricant  for  the  gear. 

'The  means  employed  in  oiling  Corliss  valve-gears  are 
not  in  keeping  with  the  improvements  in  oiling  the  other 
important  parts  of  the  engine.  The  parts  are  made  light 
and  there  is  no  provision  for  taking  up  the  wear,  aud  the 
oiling  must  be  done  through  small  holes,  often  not  even 
countersunk  on  the  outside  to  assist  in  getting  the  oil- 
can spout  into  the  holes  when  the  valve-gear  is  in  mo- 
tion. It  is  easy  to  put  the  oil  everywhere  except  where 
it  belongs.  Consequently  the  gear  is  running  without 
proper  lubrication  most  of  the  time. 

Another  thing  the  writer  strongly  advocates,  is  the  con- 
stant lubrication  of  piston  rods,  almost  compulsory  with 
metallic  packings,  and  very  desirable  with  fibrous  pack- 
ings. This  is  best  accomplished  with  an  oil  cup  ar- 
ranged to  feed  cylinder  oil  on  top  of  the  rod.  The  best 
results  are  obtained  when  the  rod  is  kept  clean  and  free 
from  dust  and  grit  by  the  device  shown  in  Fig.  7.     It  is 


made  I'rom  a  piece  of  spring  steel,  ai)out  V(j-x%  in., 
formed  as  at  A',  and  a  little  larger  than  the  piston  rod.  It 
is  wound  with  caudle  wicking  as  at  L,  sprung  over  the 
rod  and  fastened  to  the  gland  nuts.  After  once  being 
saturated  with  oil  it  will  keej)  the  rod  clean  and  well 
oiled. 

Most  engineers  may  be  well  ii(qiuiint(>(l  with  the  fore- 


FiG.  7.  Pi.sT()\-H()D  LriiiiU'ATiN'ci  Ring 

going  suggestions,  Init  because  they  are  simple  they  are 
often  neglected. 
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By  .1.  J.  McIxTo.sii 


i^YNOFtSIS — Sto7-age   and   conveyance    of   oil   and  sys- 
iciiiis  of  piping  for  large  and  small  plants. 
W. 

Plants  using  fuel  oil  must  have  ample  facilities  for 
storage.  This  is  accomplished  by  constructing  tanks 
eitlier  above  or  below  ground.  Where  tanks  are  placed 
above  ground  they  are  usually  constructed  of  steel.  Un- 
derground tanks  are  constructed  of  reinforced  concrete 
and  should  always  be  plastered  on  the  inside  with  a  good 
<ement  plaster  to  prevent  seepage.  All  storage  tanks 
should  be  constructed  with  properly  placed  manholes  and 
a  vent  pipe  of  ample  size.  These  manholes  should  be  pad- 
locked to  prevent  a  careless  person  from  setting  fire  to 
the  oil.  The  vent  should  always  be  as  straight  as  pos- 
sible, and  the  vent  opening  should  not  be  placed  where 
there  is  a  possibility  of  its  coming  in  contact  with  a  naked 
flame  or  intense  heat.  It  is  advisable  to  solder  fine  wire 
gauze  in  the  vent  openings  of  all  oil  tanks.  This  will 
prevent  any  back  flash  into  the  vent  pipe,  and  at  the  same 
time  permit  easy  exit  of  the  vapor. 

All  fuel-oil  storage  tanks  should  be  provided  with  some 
means  to  quickly  extingiu.sh  a  fire  that  might  become 
started  from  any  possible  mea)is.  This  can  be  accom- 
plished by  fitting  tanks  with  a  ring  of  steam  pipe,  placed 
at  the  top  of  the  tank.  This  ring  must  be  provided  with 
an  ample  number  of  openings  for  jets,  and  it  must  be 
large  enongli,  and  be  so  placed,  that  it  will  quickly  and 
effectually  provide  a  solid  sheet  of  steam  to 'cut  off  the 
air  supply,  and  thus  smother  the  fire. 

The  delivery  of  oil  is  made  in  tank  cars  especially  con- 
structed for  that  purpose,  or  if  on  a  waterway,  from 
barges  or  tank  steamers.  Whenever  possible  the  storage 
tanks  should  be  so  arranged  that  the  supply  can  be  un- 
loaded by  gravity  directly  into  the  tank,  thereby  saving 
pumping  costs.  The  boiler-room  supply  tank  should  also 
be  placed  as  near  the  boiler  room  as  practical  to  facili- 
tate pumping.  When  it  is  necessary  to  unload  tank  cars 
some  distance  from  storage  tanks,  a  hopper  is  usually  con- 
structed   beneath    the   tracks    and   connected    to   storage 


tanks  by  means  of  a  pipe  line.  In  the  case  of  receiving 
oil  from  barges  or  tank  steamers,  it  is  generally  neces- 
sary to  pum|)  it.  In  practice  it  has  been  found  advisable 
to  have  the  inlet  in  the  storage  tanks  fitted  with  a  screen 
to  prevent  dirt  from  entering  the  tanks.  This  screen  must 
1)0  so  arranged  that  it  can  easily  be  removed  for  cleaning. 
Storage  tanks  must  also  be  fitted  with  a  reliable  sounding 
rod  or  oil  gage  marked  in  gallons,  barrels  or  tons  per  foot. 


Fic;.    1.    XoNinoTrTix    Systkm    of    Piping 


The  ease  with  which  oil  can  be  stored  and  conveyed 
gives  it  a  great  advantage  as  compared  with  coal.  Oil 
can  be  unloaded  directly  from  cars  into  underground 
storage  tanks  at  a  trifling  cost.  The  storage  space  re- 
quired for  oil  is  considerably  less  than  tliat  required  for 
coal.  Approximately  50  per  cent,  nioic  heat  value  can 
be  stored  in  the  same  volume  of  space  witli  oil  than 
with  coal.  This  kind  of  fuel  can  be  pumped  from  the 
storage  tank  into  the  furnace  as  needed.  The  cost 
of  equipment  recjuircd  is  small  as  conqjared  with 
the  conveying  equipment  neces.sary  to  handle  coal.  If  a 
plant  is  located  at  a  considerable  distance  from  the  points 
of  unloading,  the  difference  in  the  cost  of  handling  these 
two  fucis  assumes  pro])ortions  that  cannot  be  overlooked. 
For  example,  in  a  certain  case  the  cost  of  pumping  a  10,- 
000-gal.  car  of  oil  3300  ft.  against  a  20-ft.  head,  by  elec- 
trical power  at  10c.  per  kw.-hr.,  was  $3.  The  cost  of 
handling  this  same  heat  value  in  coal  was  $21. 


On,  l*iri\(!  \\i»  I'li'iNt!  Syhtkms 
III  Viii.  I  i>  sliiiwn  nil  )irruii>;i'iiit'iit  of  oil  pipiii;;  known 
lis  till'  nttnicturn  system.  Al'lrr  Iciivinj;  Hit'  Itink,  the 
oil  passes  tlinni^'li  llii>  slniincr  pliitcil  in  tlic  kiicUoii,  iiihI 
llu'ii  (lirettiv  into  tlii"  pump,  tlicncc  to  the  Iniincrs,  'I'liis 
is  alioiit  tlic  siniplcsl  ananp-infiil  of  piping  that  coiilil 
in'  (Ifvisi'ii,  iinil,  while  it  is  used  to  a  (eriaiii  extent  in 
small  plants,  it  is  not  recommendeil.  The  economy  •>f 
such  a  system  will  he  tar  helow  that  of  a  correctly  lilted 
lip  installation.  The  operatiiifi  eiif^fineer  who  has  to  con- 
teiid  with  a  system  of  this  character  can  iin|)r(ive  ninl- 
ters  some  hy  installing  two  oil  strainers  instea<l  ol'  one 
Kijj.  'i  shows  a  set  of  oil  strainers  so  arraiifjed  that  one 
strainer  may  he  cut  out  and  cleaned  without  interrupt int; 
the  pumi'  oi>ciiilitin.     Tlic  dc'-ijiii  of  an   oil   >tiaiiicr  used 
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Fig.  2. 


Fig.  3. 


FiR.  2.  Set  of  Oil  Strainers  Arranged  So  That  One  May  Be 
Bypassed.  Fig.  3.  Oil  Strai.ner  Well  Adaoted  for  Oil-Burning 
Plants. 

in  fuel-ail  installations  must  be  such  that  it  can  be  easily 
and  quickly  "  :.noved  and  cleaned. 

Dirt  '  .  ■  a  persistent  habit  of  working  into  oil  tanks. 
!"'  the  '  il  tanks  are  not  covered  absolutely  tight,  except 
for  the  vent,  so  that  no  foreign  matter  can  work  itself 
into  the  oil,  trouble  is  sure  to  occur  sooner  or  later.  In 
some  plants  great  annoyance  is  caused  by  foreign  matter 
in  the  oil.  In  many  cases  this  is  not  so  much  the  fault 
of  the  oil  companies  delivering  the  oil  as  to  carelessness 
at  the  plant. 

Fig.  3  .«hows  a  type  of  oil  strainer  that  is  well  adapted 
fur  oil-burning  plants,  provided  that  a  strainer  is  located 
on  both  the  suction  and  discharge  sides  of  the  pumps. 
When  it  becomes  necessary  to  clean  this  strainer,  the  oil 
is  forced  through  the  l)ypass  and  the  strainer  is  cleaned 
bv  steam,  the  dirt  being  forced  out  through  the  valve  at 
the  bottom. 

In  Fig.  i  is  shown  a  system  of  oil  piping  that  is  known 
among  practical  engineers  as  the  circulating  system.  In 
this  arrangement  the  suction  in  the  oil  tank  is  surrounded 
by  a  heating  coil  to  facilitate  pumping.    The  oil  is  drawn 


rioiii  the  tank  through  the  duplex  suction  strainers  into 
the  puiii|>.     .Micr  leaving  the  pump,  it  (lows  through  lli< 
duplex  disrharge  strainers  into  the  oil  heater    located  in 
nealli  the  pumps  and  through   the  gas  separator  hidI  oil 
meter  into  the  hiirner  line.     The  unused  jmrtion  escape 
Ihroiigh    the  bleeder  valvo  hark    into   the  oil   wtrll.      Som 
engineers  prefer  having  this  return  oil   led  back  into  tli< 
Slat  ion  near  tli(!  pumps.     This  ariaiigemenl  is  often  tiic 
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source  of  trouijje  liccau.'^e  of  gas  tiiat  has  become  en- 
trapped in  the  oil  being  led  back  into  the  suction.  This 
gas  causes  the  ])umps  to  work  irregularly,  thereby  vary- 
ing the  oil  pressure.  The  gas  separator  is  for  the  pur- 
])ose  of  .se])arating  any  gas  that  may  have  accumulated 
and  also  smootlis  out  the  pulsations  of  the  pump.  The 
gas-overflow  valve  at  the  top  of  the  separator  mu.st  be 
kept  closed,  excejit  in  times  of  trouble  when  gas  is  being 
formed,  and  the  separator  sliould  be  located  at  the  high- 
est point  in  the  .system.  It  will  be  found  advisable  to 
place  a  thermometer  at  .■^ome  convenient  point,  on  both 
the  suction  and  discharge  sides  of  the  ])umps,  so  that  the 
liremen  may  observe  the  oil  temperature  at  all  times. 

Fig.  ")  shows  the  general  arrangement  of  tlie  Koertiiig 
mechanical  oil-burning  system  on  a  stationary  boiler.     In 


Fig.   5.    Koertixg    Systkm   ox    St.vtioxary   Boiler 

the  drawing,  R  is  the  burner,  attached  to  the  air  register, 
*S7  is  the  steam  inlet  to  the  oil  heaters,  I)  the  steam  dis- 
charge from  heaters,  H  the  oil  heaters,  F  the  oil-pumping 
outfit,  PS  the  pressure  strainer,  SS  the  suction  strainer, 
LS  the  steam  blowout,  T  a  thermometer  and  DlC  a 
duplex  interlocking  cock. 

Fig.  7  shows  an  oil-burning  system  that  is  used  to  a 
considerable  extent  in  some  of  the  Western  states. 

There  are  several  different  methods  of  regulating  the 
fires.  It  may  be  done  by  adjusting  the  burners  under 
each   boiler   for    a    change    in    load.      As    the    amount 
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I  'of  oil  forced  into  the  furnace  varies,  and  consequently 
ithe  fire,  with  a  varying  oil  pressure,  it  is  obvious  that  it 

is  of  advantage  when  firing  by  tlie  above  method,  to  niain- 
Itain  a  constant  oil  pressure.     This  may  be  accompii-^hcd 

by  placing  a  governor  on  the  oil  pump  or,  when  using  a 


])lant  of  any  size,  carrying  a  variable  load,  it  would  be 
difficult  to  maintain  a  steady  steam  pressure  l)y  the  first 
named  method  of  firing.  By  using  the  second  method,  it 
is  possible  to  regulate  the  fires  under  all  boilers  according 
to  the  demand  for  steam  by  one  operation  from  a  con- 


f  IG.  6.  Oil  Regulator  in  Moore  System  Fig.  7.  System  Commonly   Used  in  Western  Stx\.tes 


Fui.  8.  Small  Outfit  Suitable  for 
Boilers  of  25  to  150  Hp. 


Fig.  9.  Outfit  for  J'lants  Ranging  from  250  to  ;5(I()0  Ht. 


jsystem,  as  in  Fig.  4,  l)y  jilacing  a  regulating  valve  in  the  veuient  point  in  the  boiler  room.     Any  sudden  changes 

oil  overflow.  in  load  can  be  immediately  compensated  for.     The  load 

Another  method  of  firing  is  to  open  the  oil  valves  on  can  be  divided  between  all  boilers  and  each  unit  made  to 

all  burners  wide  open,  or  nearly  so,  and  regulate  the  fires  deliver  its  share  under  varying  load  conditions.     A  Iiigher 

lunder  all  boilers  by  means  of  the  bleeder  valve.     In  a  economy  is  the  direct  result. 
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'riici')'  lire  a  iiiiimIht  of  |)at*>iit(>(l  niitniiinln'  '^ysli'iii'-  nf  In  Min  liaiiiriil  rii<-l-oil-i)uriiiii;;  hyHtctns  |Ih>  oil  ih 

linM<;   III  IIS*-.     One  of  llit>sc  sy.sd'iiis  llni(    lias  i mnr  iiilo      lo  a  l('iii|M'raliin'  of  iihuul  'liCtU  dc^.  F.     Tlic  roriiiii 
|in)iiiiii('ii('i',  |>r(>l>al)l,v  Iktiuihc  it  Iiiim  Ikh'II  iiislalliil  m  iiiu;      ^uh  tit  (IiIh  tfiii|ifratiiri-  iH  prcvciitcil  liy  larryin^ 
of  llu'  larjji'st  [ilaiits  in  the  W'cM,  wliicli  lias  a  icioni  lor      picHsurt'  in  arconlaiicc  with  the  tcmixTatun'. 
Iii;jli  ('coiioiiiy,  is  I  lie  Moore  sysloin.     It  conHi.-^ts  of  tliifc 
iii<lc|i(>ii(l(>nt   r(>;.;iilators,  iiaiiu'ty.  oil   to  hiirncr  i'f;;ulator. 
Htcani  to  luinwr  rcf^iilator  and  tlic  (laniin-r  controller.  Tlic 
H';.rnlators  control    tlic  supply  of  oil    to  all   Inirncrs.   llic 
supply  of  atoini/.in;;  a;,'cnt  to  all  liiirncrs.  and  tlic  suiijily 
of  air   for  coinliustioii.   all    from   a    central    point.     This 
system  can  he  arraiiiTcd  lo  t  arc  I'tir  any  nunihcr  of  lioilcis. 
Fij^.    ti    sliows    ihc    rc^Milalor    cunt  rolling:    the    oil    In    llic 
burner. 

Fifjs.  S  to  1(1.  inclusive,  show  a  make  of  apimratu- 
that  has  fjaiiicd  considerahle  favor  hoth  in  stationary 
work  and  on  siiipiioard.  Fi^r,  S  illustrates  a  small  outlit 
suitai)lc  for  a  lioiicr  of  from  ^5  to  InO  hj).  The  outlit 
shown  in  Fiji;.  !)  is  desijined  for  i)iants  raiif^nnj,^  from  'iT)!) 
to  ;5()()0  hp.  The  {jeneral  arranfreinent  of  one  of  the  sets 
is  shown  in  Fijj.   Id. 

In  an  oil-liurninj;;  .system  it  is  importaiil  that  ainpiu 
])rovision  he  made  for  lieatinjj;  the  oil.  The  hotter  the  oil 
tiie  greatiT  the  ease  of  atomization.  As  fuel  oil  gives  ofT 
vapors  at  a  comparatively  low  temi)erature,  the  oil  on  the 
suction  side  of  the  oil  pumps  cannot  bo  heated  to  tlie  de- 
sired temperature.  It  is,  therefore,  customary  to  iieat 
the  oil  in  two  stages — first  on  the  suction  side,  usually 
in  the  oil  tank,  and,  second,  by  means  of  an  oil  heater 
on    the   di.scharge   side.      In    some    installations   exhaust     ^'^'  ^'' 


lieat(<d 
tion  (if 
the  oil 


Fui.   11 


Fig.    U 


Heater  for  Raising  Oil  to  High 
Heater  of  Pig.   11   Arranged 


Temperature, 
in  Duplex 


Fig.  12. 


Pri/  Steam  from  doiler 
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Cold  Oil  Bypass 


Fig.  10.  Genkral  Ahraxgkmext  of  System  for  Power  Plant 


steam  Yalve 


Pump  Governor  and 
Pressure  Regulator 

Live  Steam  and 
Exhaust  Bypass 


,]  Exhaust  Steam  to  Copper ■ 

Coil  to  Heat  Oil  in  Heater 
Sniffer 

Extra  Heavy  Seamless 

Copper  Coil,  tested  500  lb. 
Snifter 

Exhaust  from  Coil 
'•^-Qil  Heater  Tested  3001b. 

BlotYoi/tand  Cleanout 
for  Sand,  Dirt  and  Mater 


steam  is  used  m  the  heating  coil  in  the  oil  well  aud  also 
in  the  oil  heater.  In  others,  exhaust  steam  is  used  in  the 
well  alone  and  live  steam  in  the  oil  heater.  To  raise  the 
oil  to  a  high  temperature,  it  will  generally  be  found  nec- 
essary to  use  live  steam  in  the  heater.  In  oil-burning 
systems,  using  steam  as  an  atomizing  agent,  the  oil  de- 
livered to  tlie  burners  ought  to  be  heated  to  at  least  135 
deg.  F. 


In  Fig.  11  is  shown  an  oil  heater  especially  constructed 
for  heating  the  oil  to  a  high  temperature.  The  oil  enters 
at  A  and  is  discharged  at  B.  Steam  enters  at  C ;  part  of 
it  is  carried  by  the  branch  pipe  between  the  shell  and 
outer  tube  and  the  other  portion  enters  the  inner  tube. 
Fig.  12  .shows  the  same  heater  arranged  in  duplex,  there- 
by allov^ing  one  heater  to  be  cut  out  for  cleaning  or  re- 
pairs without  interfering  with  the  operation  of  the  plant. 
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111  tlie  above  tyjie  ol'  healer,  all  joints  are  external.  K.\- 
Iperience  has  shown  this  to  be  the  best  method  of  eoustrue- 
tion.    In  Fig.  13  is  sliown  the  nsnal  method  of  placing  a 


Fig.  l;5.  Usual  Method  of  Plac- 
ing Heating  Coil  in  Oil 
Well 

heating  coil  in  an  oil  well.     The  pipe  used  in  snch  a  coil 
should  never  be  smaller  than  2  in. 


By  T.  E.  OiUFFiTH 

It  was  the  writer's  earnest  desire  to  learn  why  the  coal 

consumption   per   kilowatt-hour   in   his   plant   varied   so 

imuch  from  day  to  day.     Believing  that  this  was  largely 

due  to  firing  methods,  a  list  of  apparatus  required  for 

I  flue-gas  study,  giving  the  expense  and  advantages  to  be 

uained,  was  made  out  and  presented  to  the  office.  It  was 

iinied  down  flat,  but  through  the  assistance  of  a  drum- 

ncr,  who  frequented  the  engine  room,  the  loan  of  an  Or- 

at  apparatus,  acids  and  all,  was  obtained.  Then,  all  that 

I'liiained  to  be  done  was  to  change  the  piping  and  charge 

I  to  "boiler  repairs." 

I'.ach  boiler  intake  was  tapped  for  a  Vi-in-  S^s  pipe 
that  reached  to  the  center  of  the  uptake  just  above  the 
water  tubes.  These  pipes  were  connected  to  a  %-in. 
header  extending  along  the  end  of  the  boilers.  From 
iliis  a  line  was  run  to  a  testing  shelf  in  the  engine  room, 
and  all  was  ready  for  a  series  of  tests  on  each  boiler.  The 
gases  were  carried  through  a  sight  bottle  and  on  to  a 
tap  in  the  condenser  intake,  where  a  valve  could  be 
"lacked  so  as  to  allow  the  desired  amount  of  gas  to 
jiass;  this  being  so  small  as  not  to  affect  the  condenser. 
Tlie  sight  bottle  showed  just  bow  much  gas  was  passing 
and  any  stoppage  of  flow,  which  was  frequent,  in  the 
line. 

Our  plan  was  to  get  the  actual  furnace  conditions 
hour  bv   hour,   during   twentv-four  hours.     This   would 


iiHlicatc  the  hours  during  which  the  licsl  results  were  ob- 
tained. Tlie  coal  was  weighed  each  hour,  and,  at  the 
same  time,  kilowatt  readings  at  the  switchboard  were 
taken,  and  also  as  many  flue-gas  tests  as  possible.  Curves 
were  plotted  showing  the  total  number  of  pounds  of  coal 
burned  per  hour,  the  kilowatt  load,  the  horsepower  ol'  the 
boilers  connected  and  the  pounds  of  coal  per  square  foot 
of  grate  area. 

Before  obtaining  a  sam])lc,  the  gases  were  caused  to 
flow  through  the  sight  bottle  »S',  Fig.  1.  The  flow  was 
regulated  by  valve  F,  valve  T  being  used  only  to  test  the 
siffbt-bottle    connections    for   leaks.      Valve    A'    was    used 
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Fig.  1.    Testing  Shelf  in  Engine  Room 

to  prevent  air  from  backing  up   into  the  pipe  when   a 
change  of  gas  receivers  was  being  made. 

When  a  test  of  the  gas  at  some  precise  moment  was 
desired  and  there  was  plenty  of  time  to  work  out  the 
test  before  taking  another,  the  sample  was  introduced 
directly  into  the  apparatus.  But  to  get  a  series  of  sam- 
ples taken  in  rapid  succession  over  a  period  of  time,  say 
four  or  ten  minutes,  the  time  of  one  firing  to  another. 
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Fig.  2.    J^khgentage  CO.,  1()-Min.  Fires,  7  to  9 
Shovels  to  Door,  ;Mn.  Ash  on  Orate 

a  set  of  one-quart  beer  boltlcs,  each  fitted  with  a  two- 
hole  rubber  stopper,  were  obtained.  Two  glass  tubes,  one 
extending  to  the  bottom  of  the  bottle  and  the  other  not 
quite  through  the  cork,  were  also  ])rovided  for  each  bot- 
tle. If  the  short  tube  extended  more  than  through  the 
cork,  it  was  impossible  to  get  all  the  air  out  when  filling 
the  bottle  with  water  ready  for  a  sample.  Connections 
were  made  with  rubber  tubing  and  ])inch-cocks  .served  as 
val  ves. 

To  get  an  average  sample  of  gas  covering  any  period  of 
time,  two  3-gal.  demijohns,  such  as  are  shown  in  Fig  1. 
were  used,  the  pinch-cock  on  the  discharge  being  set  so 
that  the  demijohn  would  be  emptied  of  water  and  filled 
with  gas  in  the  desired  time. 
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Ki^'.  2  was  plotted  to  kIiow  just  liow  a  Ift-min.  (in- 
nets.  Tliis  was  tlu>  kind  of  liriiig  used  during'  tin-  li^lit 
loads.  Tiu'  (iirinaii  (Incw  seven  (o  nine  full  shovels  in 
oaili  door.  This,  of  course,  is  not  the  hest  method  of 
firing;  i>\it,  nevertheless,  it  was  the  method  our  men  used 
most  of  the  time.  Tlic  lire  at  first  produces  stnoke,  the 
COj,  goes  to  S  per  lenl.  with  a  trace  of  CO.  The  CO. 
ineroa.ses  (o  S.I  per  cent.,  then  drops  to  7.H  per  cciil,  mid 
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on  down,  as  the  lire  hums,  until  tiie  door  is  opened  lor 
a  new  fire.  It  then  drops  to  1  per  cent.,  but  quickly 
rises  to  8  per  cent.,  as  the  firing  is  completed.  It  is  in- 
teresting to  notice  the  shape  of  the  curve  for  the  first  four 
minutes  of  the  period  and  to  consider  the  advantage  had 
the  boilers  been  fired  again  at  that  time  and  the  low  last 
half  of  the  curve  avoided. 

Fig.  3,  taken  when  the  load  was  heavier,  sliows  a  4- 
niin.  fire.  Here  the  average  and  the  high  i)art  of  the 
curve  are  considerably  greater  than  in  Fig.  2,  and  the 
coal  burned  per  kilowntt-liour  was  lower. 
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Fig.  4.   Effect  of  Dampek  OxX  Peu  Cent.  CO^ 

Fig.  4  was  taken  during  average  load  conditions,  when 
the  boiler  "popped  off"  vicionsly  and  the  damper  -was 
closed.  The  CO^  ran  much  higher  than  usual,  and  thi^ 
suggested  that  it  might  be  just  as  well  to  use  the  damper 
more  or  less  to  regulate  the  supply  of  air.  All  these 
readings  were  taken  with  the  fires  fairly  clean. 

Fig.  5  was  taken  when  the  fires  were  dirty,  with  from 
6  to  9  in.  of  ash  on  the  grates.  The  load  was  fairly  light 
and  it  is  surprising  to  see  the  high  position  of  the  CO^ 
curve.  During  this  period  the  coal  consumption  was  al- 
so light.     Apparently  the  thick  bed   of  ashes  tended  to 
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Fig.  5.    Percextage  CO,,  10-Mix.  Fires,  7  Shovels 
TO  Door,  6-  to  9-Ix.  Ash  ox  Grate 

retard  the  flow  of  air  and  fill  the  same  office  as.  a  stack 
damper. 

These  tests  were  of  great  value.  We  saw  that  ridicu- 
lously poor  methods  of  firing  had  been  used  and  we  were 
able  to  show  the  firemen  just  where  and  how  it  all  hap- 
pened.    The  results  from  the  gas  apparatus  were  verified 


to  Ihrir  alisolule  Hatisfuct  inn  by  (lie  records  of  coal  iMirnod 
pi-r  kilowatt-hour  during  the  same  intcrxal  of  time.  Dam- 
pers  with  chain  controls  within  convenient  reach  (»f  the 
firemen  were  at  once  installerl,  tin-  fires  Wure  earned 
thicker  and  more  even  and  it  is  needless  to  say  that  llic 
coal  per  kilowatt-hour  dnipjied  an  appre(  iable  ainoiinl. 

This  shows  the  results  that  an  ingenious  and  thinking 
engineer  nuiy  obtain  even  though  the  mi-n  higher  up  are. 
.■-ecmingly,  limiting  and  jireventing  him  from  showing 
his  real  worth.  The  test  cost  ns  less  than  $.'">.  The  edu- 
>  at  ion  of  the  liromen  was  worth  much  more,  not  to  men- 
tion  the  saving   in    fu(4. 


Rate   IDsscriiniiiin^atiom  by  a 
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On  Nov.  16,  Hil.'i,  a  pitltlon  wuh  niid  In  the  C:ourt  of  Com- 
ini.ii  Pleas,  Franklin  C'.>uiit>,  (Jhio,  in  whl<h  the  dly  of  C-'olum- 
Iius  was  the  plaintiff  an.1  the  u< '"ndants  named  were  certain 
elt.v  ofllcials,  namely,  the  mayor,  c.lr-ector  of  public  safety, 
director  of  public  service,  superlntcndtn :  of  the  municipal 
electric-llKht  plant,  the  auditor  of  the  city,  ai:J  the  Kllburne 
&  Jacobs  Manufacturing  Co.,  a  corporation  In  the  city,  which 
under  contract  wa.s  obtaining  electricity  from  the  municipal 
lightlnB   plant. 

This  suit  was  brought  by  Stuart  R.  Bolin,  the  city  solicitor, 
III   compliance   with   the   written    request   of   James   M.    Butler. 

As  the  ofHclals  of  the  city  were  without  the  services  of  the 
city  solicitor  to  defend  them,  it  became  necessary  for  the 
council  to  act,  which  they  did  by  engaging  the  services  of  the 
film  of  Weinland  &  Scarlett,  of  Columbus. 

On  Mar.  8,  1913,  the  city  solicitor  apparently  yielding  to  the 
pressure  of  public  opinion,  appeared  before  the  court  and 
moved  for  leave  to  dismiss  the  action  without  prejudice  to 
future   action.      The    court    ordered    the   action    dismissed. 

Then  as  the  city  solicitor,  Bolln,  refused  to  bring  action  as 
requested,  James  M.  Butler,  as  a  private  Individual,  through 
Max  Goldsmith  and  James  M.  Butler,  attorneys,  on  Mar.  14. 
1913,  instituted  proceedings  by  filing  a  petition  in  the  court 
of  common  pleas,  naming  James  M.  Butler  as  plaintiff  and 
the  parties  named  in  the  previous  petition  as  defendants, 
except   the   Kllburne    &   Jacobs   Manufacturing   Co. 

The  contract  with  the  Kilburne  &  Jacobs  Manufacturing  Co. 
calls  for  electricity  not  in  excess  of  500  kw.-hr.  for  a  period 
of  five  years.  The  consumer  is  to  pay  the  city  a  net  rate  of 
$0.0155  per  kw.-hr.,  and  in  consideration  of  the  low  rate,  the 
consumer  agrees  to  use  not  less  than  300  kw.  per  hr.  during 
the  hours  from  6:30  a.m.  to  6:30  p.m.  on  working  days,  and 
also  agrees  not  to  use  current  between  the  hours  of  6:30  p.m. 
and  6  a.m.  when  requested  not  to  do  so  by  the  city,  excepting 
for  the  operation  of  such  machinery  and  lighting  as  may  be 
essential  for  the  preservation  of  life  and  property."  If  the 
consumer  desires  to  do  lighting  during  the  day,  the  city  will 
furnisli   the  current  at  the  same   rate  as  power. 

The  petition  of  Mr.  Butler  claimed  that  the  city  through  Its 
officials  is  maintaining  and  operating  a  plant  to  furnish  cur- 
rent to  illuminate  the  city,  to  sell  power  to  the  city  and  to  sell 
to  private  consumers.  That  many  streets  and  public  places 
are  not  now  lighted,  because  the  plant  has  not  capacity  to 
extend  its  system.  That  the  prices  to  private  consumers  are 
substantially  less  than  tlie  costs  of  generating,  distributing 
tlie  current  and  paying  interest  on  the  bonds.  That  prices 
charged  to  the  consumers  are  not  uniform.  That  although 
much  of  the  current  sold  to  private  consumers  is  for  day- 
time consumption,  during  many  months  of  the  year,  the 
street  lights  are  lighted  often  earlier  than  4:30  p.m.,  whereas 
nearly  all  the  private  consumers  use  current  until  at  least 
5:30  p.m.,  and  frequently  later.  That  by  reason  of  sale  of 
current  to  private  consumers  at  less  than  the  cost  of  generat- 
ing and  distribution,  including  proper  interest  and  depreciation 
charges,  the  city,  plaintiff  and  all  other  taxpayers  are  directly 
paying  a  part  of  the  cost  of  current  for  private  consumers. 
That,  therefore,  public  funds  of  the  city  are  misappropriated. 
That  by  reason  of  the  overlapping  of  time  in  private  and 
public  use  of  the  current,  the  plant  is  unable  to  carry  a  larger 
load  and  light  the  public  places  now  needing  light.  That  the 
city  officials,  etc.,  are  exceeding  their  authority  and  that  of 
the  city.  That,  therefore,  the  tax  rate  and  taxes  are  hightr. 
That  public  requirements  are  neglected  and  denied  for  the 
benefit  of  the  private  consumers.  That  the  machinery  and 
equipment  of  the  plants  are  overloaded  and  burdened  far 
beyond   the   factor   of  safety,   thus   imperiling   the   public   .=v3- 
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Um  of  the  city.  That  the  plant  is  rapidly  deteriorating  and 
ilcpreclating  and  greatly  in  excess  of  the  standard  and  neces- 
sities of  a  properly  loaded  plant.  That  there  is  no  adequate 
remedy  in  law  for  the  city,  citizens  and  taxpayers  save  in  a 
rourt  of  equity. 

The  action  sought  to  enjoin  the  city  and  its  officials  from 
ntering  into  any  further  contracts  with  any  person  for  the 
use  of  current  for  private  purposes  at  any  rate  or  price,  which 
..ill  not  return  to  the  city  a  fair  profit  over  and  above  the  cost 
(.1  production  and  distribution,  including  proper  interest  and 
ilcpreciation  charges.  It  also  requested  that  the  present 
private  contracts  for  the  sale  of  electrical  energy  at  less  than 
■  ost  be  terminated  and  held  as  naught.  That  the  city  be 
I  njoined  from  entering  into  any  contract  for  the  sale  of  cur- 
rent for  private  purposes  until  such  time  as  it  will  not  pre- 
vent the  city  from  extending  the  public  lighting  system,  and 
especially  from  furnishing  current  for  private  use  at  any  time 
or  hour  when  the  street-lighting  system  is  in  operation;  and 
that  in  selling  current  for  private  use  the  officials  be  en- 
joined from  discriminating  either  as  to  price  or  as  to  location. 
On  Apr.  7,  1913,  a  demurrer  was  filed  by  the  city  solicitor's 
office,  defending  the  city  on  the  following  points: 

(1)  The   plaintiff   has   not   legal   capacity   to   bring  action. 

(2)  Tlie  court  has  no  jurisdiction. 

(3)  The  petition  does  not  state  facts  which  show  a  cause 
of  action  in  favor  of  the  plaintiff  and  against  any  or  all 
defendants. 

The  court  overruled  No.  1  and  No.  2,  the  defendants  ex- 
cepting to  the  ruling,  but  sustained  No.  3,  the  plaintiff  ex- 
cepting. 

In  rendering  the  decision  the  court  considered  the  petition 
of  the  plaintiff  under  the   following  headings: 

1.  Prices  charged — less  than  cost. 

2.  Prices  charged  not  uniform. 

3.  Overlapping  of  time  of  city  and  private  service  and 
overloading  machinery   by   private  loads. 

.  It  would  appear  from  the  complaint,  said  the  court,  that  the 
plaintiff  entertains  the  view  that  the  city  has  no  right  to  sell 
current  to  private  consumers,  except  at  a  price  which  will 
at  least  equal  the  cost  of  generating  and  distributing  it  to 
the  consumers  and  the  interest  charged  upon  the  bonds.  The 
court  does  not  understand  how  this  can  be  a  correct  measure 
by  which  to  determine  a  proper  rate  for  current.  This  leads 
to  a  consideration  of  the  objects  and  purposes  to  be  accom- 
plished by  the  city  in  the  construction  and  maintenance  of 
this  plant.  The  statute.  Section  3618,  provides  that  "the 
municipalities  shall  have  the  power  to  establish,  maintain 
and  operate  municipal  light,  power  and  heating  plants  and 
to  furnish  the  municipality  and  the  inhabitants  thereof  with 
light,  heat  and  power  to  procure  everything  necessary  there- 
for and  to  acquire  by  purchase,  lease,  or  otherwise,  the  neces- 
sary lands  for  such  purposes  within  and  without  the  munici- 
pality." Section  3928-12  provides  that,  "the  city  council  when 
It  deems  necessary,  may  issue  and  sell  bonds  for  erecting 
or  purchasing  gas  works,  or  works  for  the  generation  and 
transmission  of  electricity  for  the  supply  of  gas  and  elec- 
tricity to   corporations  and   the  inhabitants  thereof." 

In  the  light  of  these  provisions  the  court  held  that  there 
< Duld  be  no  doubt  as  to  the  right  of  the  municipal  corporation 
to  manufacture  and  sell  electricity  for  light,  power  or  heat  to 
private  consumers  from  its  municipal  plant.  The  mode  of  the 
exercise  of  this  power  is  confided  to  the  discretion  of  the  city 
officials.  They  are  not  required  by  the  statute  to  light  all  the 
streets  and  public  places  of  the  city  before  furnishing  current 
to  private  consumers.  It  is  doubtful  if  a  city  is  under  obli- 
gation to  light  its  streets  at  night  in  the  absence  of  statutory 
M  quirement,  although  there  is  apparently  some  conflict  in 
the  decisions  on  this  subject.  It  may  be  more  economical  for 
the  city  to  furnish  current  to  light  a  part  of  its  streets  from 
the  municipal  plant  in  conjunction  with  furnishing  power  and 
light  to  private  consumers  and  to  light  a  portion  of  its  streets 
liy  private  contract,  and  that  discretion  cannot  be  controlled 
liy  the  court.  If  the  city  assumes  the  exercise  of  this  power 
;nid  undertakes  to  furnish  current  to  private  consumers,  it 
must  do  so  in  competition  with  other  corporations.  The  posi- 
tion of  the  plaintiff  in  reference  to  this  question  of  the  price 
of  current  to  private  consumers  is  that  the  contracts  with 
private  consumers  must  be  at  a  sufficient  rate  to  provide  for 
generating  and  distributing  the  current  and  also  to  provide 
for  the  payment  of  the  interest  on  the  bonds.  Upon  what 
lirinciple  can  the  entire  interest  charge  on  the  bonded  debt 
•  Tiated  for  the  purpose  of  building,  equipping  and  enlarging 
'lie  plant  be  charged  upon  the  current  furnished  to  private 
'  imsumers?  The  interest  on  the  bonds  issued  for  that  pur- 
pose is  a  fixed  charge,  which  must  be  met  either  by  the  earn- 
ings of  the  plant,  or  by  taxation.  If  the  plant  is  confined 
ill  its  operations  wholly  to  the  lighting  of  the  streets  and 
public  places  of  the  city,  the  entire  charge  must  be  met  by 
taxation.      If.    however,    current    is   sold   to    private    consumers 


at  a  rate  which  will  cover  the  cost  of  generation  and  distri- 
bution and  some  portion  of  the  interest  charge,  to  that  ex- 
tent the  taxpayers  are  relieved  of  the  burden.  What  pro- 
portion of  the  current  generated  at  the  municipal  lighting 
plant  is  furnished  to  private  consumers  and  what  proportion 
is  used  in  lighting  the  streets  and  public  places  is  not  dis- 
closed. If  the  amount  furnished  to  private  consumers  is  iiut 
a  small  part  of  the  total  current  generated,  and  if  that  same- 
portion  of  this  current  should  be  charged  with  the  burden  of 
the  interest  charge  on  the  bonds  issued  for  building,  equipping 
and  enlarging  the  plant,  it  would  seem  clear  that  the  munici- 
pal plant  would  stand  but  little  chance  in  competition  with 
a  privately  owned  plant  which  distributed  that  charge  notably 
to  the  entire  output  of  its  plant.  The  complaint,  therefore, 
with  reference  to  the  price  charged  to  private  consumcr.s 
furnishes  no  ground  for  interference  by  the  court,  or  rather, 
it  should  be  said  that  the  petition  does  not  state  facts  to  show 
that  there  is  any  just  ground  for  complaint  as  to  the  price. 

The  next  complaint  is  that  the  prices  charged  to  private 
consumers  are  not  uniform.  The  word  uniform  in  its  ordinary 
significance  means  not  varying,  unchangeable.  The  charge  is 
not  made  more  specific.  The  plaintiff  urges  that  the  city 
officials  in  charge  of  the  plant  have  no  right  to  discriminate 
between  those  who  apply  for  the  use  of  the  current.  But  what 
does  discrimination  mean?  The  law  does  not  permit  corpora- 
tions, public  or  private,  to  discriminate  unjustly  as  to  rates. 
But  the  law  does  not  and  never  did  require  that  the  rates 
should  be  unvarying.  The  rule  is  that  they  must  not  dis- 
criminate in  rates  to  different  patrons,  so  as  to  give  one  an 
undue  advantage  over  another.  It  is,  however,  not  an  undue 
preference  to  make  one  patron  a  less  rate  than  another,  where 
differences  in  conditions  exist,  when  there  is  such  a  difference 
in  the  expense  or  difficulty  of  rendering  the  service  as  to 
justify  the  difference  in  rates.  It  would  seem  that  in  the 
case  of  electric-light  companies  there  are  potent  reasons 
which  would  justify  a  greater  difference  in  rates  than  in  the 
case  of  either  railroad  or  telegraph  companies.  In  the  case 
of  a  large  consumer  whose  plant  is  close  to  the  lines  of  the 
company,  it  would  seem  that  power  could  be  furnished  at  a 
less  rate  than  to  one  whose  plant  is  remote,  and  who  uses 
but  a  small  amount.  The  petition,  therefore,  only  averring 
that  the  prices  are  not  uniform,  does  not  state  a  fact  which 
shows  any  right  of  action  for  the  plaintiff. 

The  next  ground  of  complaint  is  that,  because  of  overlap- 
ping of  the  time  when  current  is  used  by  private  consumers 
and  the  time  when  it  is  needed  to  light  the  streets  and  public 
places  of  the  city  and  the  limited  capacity  of  the  plant,  many 
of  the  streets  and  public  places  are  not  lighted.  A  city  is  not 
required  to  light  all  the  streets  and  public  places  from  the 
municipal  plant.  It  may,  if  it  sees  fit  to  do  so,  light  a  part 
of  the  streets  and  public  places  by  contract.  It  may  never 
have  been  the  intention  of  the  city  authorities  to  light  all  of 
its  streets  and  public  places  from  this  plant,  as  it  may  be 
that  the  cit.v  is  not  financially  in  a  condition  to  so  extend  its 
plant  that  it  can  at  this  time  do  so,  but  conceding  as  we  must 
for  the  purpose  of  the  demurrer,  that  the  city  refused,  because 
of  the  rate  of  this  current  to  private  consumers,  to  extend  at 
this  time  the  system  of  street  lights  from  the  municipal  plant, 
the  court  finds  no  law  which  requires  the  city  to  discontinue 
its  sale  of  current  to  private  consumers  in  order  to  extend  the 
street  lighting  from  this  plant.  It  is  doubtless  true  that  one 
of  the  purposes  for  which  the  plant  was  erected  was  to  fur- 
nish light  for  the  streets,  but  the  city  is  also  empowered  in 
its  discretion  to  furnish  current  to  private  consumers.  It 
may  be  that  one  of  the  purposes  or  objects  of  the  city  in 
erecting  and  maintaining  the  plant  is  to  furnish  competition 
in  the  business  of  furnishing  light  and  power  to  the  inhab- 
itants of  the  city.  The  court  sees  no  reason  to  hold  that  one 
object  may  not  have  been  as  prominent  as  the  other  in  lead- 
ing to  the  erection  and  maintenance  of  the  plant.  In  the 
opinion  of  the  court  this  furnishes  no  ground  for  the  inter- 
position  of   a    court   of   equity. 

The  next  complaint  is  that  by  reason  of  the  sale  of  current 
to  private  consumers,  the  machinery  and  equipment  are  greatly 
overloaded  and  burdened  beyond  the  factor  of  safety  and  are 
rapidly  deteriorating  and  depreciating  in  excess  of  the  stand- 
ard and  necessity  of  a  properly  loaded  plant.  To  this  it  may 
be  said  that  it  might  just  as  truly  be  charged  that  because 
of  the  extent  of  the  lighting  of  the  streets  the  plant  is  over- 
loaded and  burdened  beyond  its  capacity.  But  looking  beyond 
that,  it  is  doubtful  whether  a  court  of  equity  will  interfere  to 
restrain  municipal  authorities  who  are  increasing  adminis- 
trative functions  upon  the  mere  ground  that  they  are  not 
acting  wisely  in  the  judgment  of  the  court  so  long  as  theii- 
acts  are  closely  within  the  power  granted.  It  is  a  well  estali- 
lished  principle  of  law  that  municipal  officers,  in  the  exercise 
of  administrative  or  legislative  discretion,  are  not  subject  to 
judicial  control  or  review  in  the  absence  of  fraud,  and  there 
is  no  charge  of  fraud  made  in   the  petition.     A  case  might  be 
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nmtli'  wlili'h  would  nlmw  mii'li  Kronn  inliiinnniiRi<m<'iit  that  It 
woiilil  tiiiiolilit  til  ri'tiiiil  or  coiintltiili-  ki'omm  iiIiiihi',  ImiI  II  would 
HOi'iii  that  till'  uvi'i'iiii'iitM  of  till'  pi'llllon  on  iIiIh  point  urc  not 
Hiill\i-li'nt  to  t'lill  for  til)'  Inti'i  poHltlon  of  it  court  of  i-iiulty. 

Th<>  oni<  riirthi't-  I'oinpliiint  In  Hint  the  prln-x  of  ciiiri'iil  to 
pi'lviiti-  t'onMiiiiiiTH  liiivi'  lii'fii  iiialiiliilncd  for  two  yiiirM  iind 
will  coiitliiiii-  III  Ix'  niMliilalni'il  iiiiIinh  riHtriilnrd  li.v  lln'  court, 
ir  the  condiiHlon  rcaclK'tl  tliiil  the  petition  docn  not  Hlntc 
factH  to  hIiow  that  the  prlccM  chiirKi'd  are  not  xnineleiu  to 
Hhow  any  aliUHe  of  dlNcretlon  on  the  part  of  city  olllelalH,  the 
continuance  of  the  riitcii  would  furnlMli  no  KroundH  for  Inter- 
ference. The  concliiBlon,  therefore,  is  that  the  (letltlon  doi-H 
not  8tate  fiiclR  nufllclent  to  Hhow  a  riKht  of  action  In  the 
plaintiff  and   the  demurrer  In  HUHtalned." 

The  plalntirr  waH  nlvcn  leave  to  ann'iid  hiB  iictlllon,  and, 
accordlnnly.  an  amendment  to  the  petition  wa.-*  lllod.  In  which 
the  plalntirr  reiterated  the  statemi'iilH  and  charKrH  and  fur- 
ther averred  that  prices  chiUKcd  liy  the  city  for  current  Hold 
to  nunierouti  private  consumers  were  HuliMtantlally  Ichh  than 
not  only  either  the  proportionate,  fair,  Just,  ren.tonnhle  equit- 
able or  actual  coat  of  BeneratlnR  such  current  and  dlstrlbul- 
niK  the  same,  hut  also  either  the  proportionate,  fair.  Just, 
reasonabli',  eiiultalile  or  actual  fjart  of  the  interest  on  the 
bonds  previously  issued  and  the  money  used  for  the  purpose 
of  buildlnf?,  equipping  and  enlaiRliiK  the  plant.  That  the 
prices  charKed  by  the  city  for  electricity  to  private  consumors 
are  far  below  any  just  equitable  price  and  far  below  the  cost  of 
production  or  distribution,  even  considering  all  the  circum- 
stances under  which  the  said  plant  furnishes  both  street  and 
municipal  and  private  llRhl  and  power  and  without  regard  to 
any  profits,  and  considering  also  any  alleged  advantage  that 
may  accrue  to  the  said  city,  because  of  its  sale  of  current  to 
private  consumers.  That  ilectiicity  sold  as  aforesaid  has 
never  at  any  timi-  been  sold  at  any  profit  to  the  city.  That 
on  the  contrary,  the  sale  has  at  all  times  entailed  a  loss  to 
the  city.  That  the  prices  charged  to  private  consumers  have 
been  at  no  time  uniform  under  like,  similar  or  same  condi- 
tions. That  consumers  under  like  conditions  have  at  all 
times  been  charged  widely  varying  prices  without  any  reason 
or  excuse  therefor.  That  some  consumors  have  been  charged 
higher  prices  and  rates  than  others,  some  of  whom  were  under 
the  same,  otheis  under  like  and  others  under  similar  condi- 
tions, circumstances  and  situations.  That  the  city  has  never 
used,  and  is  now  using  no  uniform,  equitable  or  scientific 
schedule,  or  any  system  of  rates  whatsoever  either  for  light 
or  power  for  private  purposes.  That  rates  are  made  without 
any  regard  to  conditions  under  w'hich  consumers  may  tal<e 
electrical  energy,  and  without  any  regard  to  any  distribution 
of  cost  either  of  generation  or  of  transmission,  or  of  overhead 
or  other  cost,  as  between  electricity  for  the  street  and  public 
or  municipal  lighting  and  power,  and  that  for  private  light- 
ing and  power.  That  the  city  through  its  officers  and  agents 
is  still  arbitrarily  furnishing  electricity  to  some  customers 
and  refusing  to  supply  other  persons  living  in  the  same  local- 
ity under  substantially  the  same  conditions  and  circum- 
stances. 

The  plaintiff  in  this  later  petition  seeks  to  have  the  court 
order  the  defendants  to  prepare  and  submit  an  equitable 
schedule  of  rates  that  will  be  substantially  uniform  under 
like  conditions  and  circumstances,  that  ■will  not  discriminate 
between  citizens  and  consumers  under  substantially  the  same 
conditions  and  that  will  require  the  consumer  to  pay  at  least 
the  substantial  cost  of  the  production  and  transmission. 
The  matter  is  now  resting  at  this  stage. 

It  is  stated  that,  after  the  municipal  light  plant  entered  the 
field  of  serving  private  consumers,  the  Railway  &  Light  Co. 
reduced   its  rates. 

The  yearly  return  to  the  city  for  this  private  service  in  1912 
was  about  $40,000  gross.  The  total  operating  expenses  were 
about  $84,000.  The  total  interest  on  the  bonds  was  about 
$34,400.  There  were  $860,500  bonds  outstanding  January, 
1913.  One  plant  and  equipment  complete  were  valued  on  the 
books  at  about  $913,000  at  that  time. 

A-luainasaa 

The  midwinter  meeting  of  Stevens  Alumni  Association 
was  held  on  .Ian.  9  and  10.  On  the  afternoon  of  the  9th. 
preceding  the  meeting,  s  conference  of  Stevens  graduates 
and  many  other  consulting  and  constructing  engineers  was 
held  in  the  ir.ain  assembly  hall  of  the  Stevens  Institute  of 
Technology,  Hoboken,  N.  J.  The  principal  subject  under  dis- 
cussion was  "The  Engineer's  Part  in  the  Regulation  of  Public 
Utilities." 

Jlost  of  the  speakers  had  experienced  relations  with  pub- 
lic-utilities commissions  and  were  unanimous  in  expressing 
the  opinion   that  the   work  of  the  commissions  was  seriously 


liaiMiii  lipped    from    lack    of    onRlnoerlng    IntelllKcnru    on     iii 
part     of    thi<    pi>riiunii<>l     of     the    eoiniiilHNloiiH    an,     up    to     tli 
pieHi'iil,    they    have    hiiil    to   ilepi-nd    for    technical    Inforiiiiitlnii 
mainly    on    Hiich    an   Iiiih    been    fiirnlnhed    l>y   tlio   v<<ry   coipoin- 
tlon«    •vhleh    the    eoiiiiiilHNlonH    weri'    preHiiiiied    to    reKuliili- 

Sevi-rill  of  the  speiikerH  referri-d  to  IriHtlineeH  where  nnu 
inlHHloiierH  who  liiiil  Ill-en  iidvi-iHi-ly  erltlolzed  for  their  rullm 
both  for  and  iiKiiltiHt  the  oorporiitloiiH  hud  taken  refiiKe  < 
thi'lr  own  iKnorance  of  englneorlng  i|ueHtlonH,  Helf-Mul  Im(|. 
Ill  emuliilliiK  the  HophlHtry  of  Hoclal  eionoinlHtH  "who  edinii' 
theniHi'lveH  by  reading  each  olherM'  bookM"  Inntead  of  HludyhiK 
physical    tuvln. 

President  Alexander  C.  IIiiinphr'VH  thought  that  nil  nt  prPB- 
ent  eoiiHtltuted  the  tendency  of  piilille-iit llltleH  coinmlHHlonH  In 
to  dlH<'Ourage  and  break  ilowii  i oiiipet  Itlon  by  eiicouriiglntc 
monopolli-H.  Spi-aking  of  tin-  usual  peiHoniiel  of  oommlHHlonii 
he  saiil:  "I  maintain  that  the  factH  show  that  Home  of  thene 
oommlHMlonH  are  quite  ns  iiiiich  In  need  of  n-gulation  an  arc 
the  public  utlllticH.  In  a  country  like  oiirH  we  cannot  blind  oi;- 
eyes  to  the  facts  as  to  how  appolntmi-ntH  to  any  Buch  ofli^  ■ 
too  often  are  obtained.  They  are  part  of  the  Hpoila  of  pai  i 
victory  and  control.  Too  often  the  men  appointed  are  im.i 
quallliod   to  exi-rclBe   the   great   power   plaied    in    their   hundH 

"I  hold  that  on  every  one  of  thi'Se  commisHioiiB  the  i-nul- 
neerlng  profession  should  be  adequately  represented  In  the 
persons  of  men  educated  In  the  science  of  engineering  and 
later  trained  in  the  hard  school  of  experience.  These  men 
should  be  voting  commissioners.  I  by  no  means  maintain  that 
because  a  man  Is  an  engineer  he  Is  thus,  necessarily  qualified 
for  membership  on  such  a  board,  any  mon-  than  he  is  quali- 
fied to  be  a  judge  because  he  happens  to  be  a  lawyer.  What- 
ever his  profession  be,  a  commissioner  should  be  broadly 
trained  and  should  have  had  experience  in  the  exercise  of  ad- 
min 1. strati  ve   functions." 

Addresses  were  also  made  by  John  \V.  l.,ieb,  Jr.,  vice-presi- 
dent of  the  Edison  Co.,  New  York;  Newcomb  Carleton,  vice- 
president  of  the  Western  Union  Telegraph  Co.;  James  E. 
Sague,  of  the  Public  Service  Commission  of  the  second  dis- 
trict of  New  York,  and  other  alumni   and   invited  guests. 

In  the  evening  the  regular  annual  midwinter  session  of  the 
Alumni  Association  was  held  at  Castle  Stevens.  On  the  fol- 
lowing morning,  Jan.  10,  members  of  Stevens  clubs  from  all 
parts  of  the  world  held  a  conference,  and  in  the  evening  the 
midwinter  meeting  was  closed  by  a  dinner  of  the  alumni  at 
the   Hotel   Astor,   New  York.      Covers  were  laid   for   400. 

AfflmeracaEa   StLsnadlardl    of  Fatltiirags 


airac 

At  a  meeting  of  the  Committee  of  Manufacturers  on  Stand- 
ardization of  Fittings  and  Valves,  held  at  30  Church  St.,  New 
York  City,  on  Dec.  17,  1913,  the  following  resolution  was 
adopted: 

Resolved — That  the  schedule  which  was  adopted  by  this 
committee  on  Sept.  17,  1913,  and  which  was  reported  by  the 
committee  of  the  American  .Society  of  Mechanical  Engineers 
on  standardization  of  flanges,  at  its  annual  meeting  held  Dec. 
3,  1913  (which  subject  is  held  over  for  its  next  regular  meet- 
ing), be  concurred  in  and  reaffirmed  to  take  effect  as  orig- 
inally planned,   on  Jan.  1,   1914. 


SOCHETY  HOTES 


On  Saturday  evening,  Jan.  10,  the  second  annual  b.anquet 
of  Atlantic  City,  N.  J.,  No.  9,  N.  A.  S.  E.,  occurred  in  the 
large  dining  room  of  the  Islesworth  Hotel,  and  was  well  at- 
tended. The  toastmaster  was  John  Callahan,  past  state  presi- 
dent. The  committee  of  arrangements  were  George  Hasson, 
Harry  Pennypacker,  Arthur  Truman,  John  Higgins,  Patrick 
Sheeran,  Robert  Black,  Frank  Atkinson,  John  Haldeman,  John 
Halhersal.  Gott.  Seeh.  William  Simms.  Among  the  speakers 
were  National  President  James  R.  Coe.  Past  President  William 
.).  lieynolds.  National  Conductor,  John  J.  Reddy.  The  mayor  of 
Atlantic   City   made   the  address   of  welcome. 


George  O.  Harris,  of  Evansville.  Ind.,  died  at  his  home  in 
that  city  on  Dec.  21  after  a  long  illness.  Mr.  Harris  was  an 
active  member  of  Evansville  No.  7,  N,  A.  S.  E.,  having  held 
offices  in  that  association  as  well  as  the  state  and  national 
associations. 
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THIS  is  not  a  new  subject,  but  it  is  so  important 
to  the  engineer  as  to  warrant  its  reiteration. 

It  is  initiative  which  makes  the  individual's  head 
stick  out  above  the  general  mass,  where  it  may  be 
struck  by  the  Hghtning  of  advancement. 

What  profession  presents  a  better  field  for  original 
thought  and  action — for  initiative — than  the  operating 
engineer's.?  Yet,  perhaps  in  few  fields  is  there  a  greater 
lack  of  originality  in  thought  and  action. 

A  prominent  railroad  official  has  stated  that  during 


a  term  of  years  extending  over  a  quarter  of  a  century 
the  operating  department  of  his  road  showed  no  record 
of  any  suggestion  by  any  engineer,  brakeman  or  con- 
ductor for  improvement  of  the  company's  train  ser- 
vice. Every  suggestion  of  this  character  had  come 
from  patrons  of  the  road,  and  from  the  higher  officials. 

The  employer  of  an  engineer  will  never  know  that 
he  can  sing,  unless  the  engineer  occasionally  tries  out 
his  voice  in  the  employer's  presence. 

[By  Harry  B.  Goodwin,   Holyoke,  Mass.] 
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S)  XOI'SIS — This  iilnnl.  S!>  iiiilrs  from  Allanhi,  (la.,  is 
operated  iritlt  a  U(K)-fl.  Iieiul.  the  hicjhesl  in  the  Soiilh. 
The  fire  turbines  are  the  lii(/hesl  jioirered  in  the  Uniletl 
Stntes.  hariny  derelopeil  IS.dOd  iiji.  under  test.  The  (jen- 
eralvrs  are  of  SOOO  Ah'.  caparitij,  SO  per  cent,  power  factor. 
Water,  impounded  hij  a  concrete  dam  700  ft.  long  and  111) 
ft.  high,  provides  a  snppli/  t)asin,  from  irhich  the  water 
flows  through  a  0U70-ft.  tunnel  to  a  surge  basin  from 
which  five  5-ft.  steel  pen.^tocks  lead  to  the  turbine  wlieels. 
Electrical  energy  is  generated  at  (idOO  volts  and  sent  out 
on  the  line  at  110.000  rolls  to  I  he  open-air  transformer 
slalion,  at  Atlanta,  the  largest  of  ils  1,-liid  in  llic  irorhl. 

It   lias  Ik'cii   in'cilirlcil    thill    wilhiii   ihc  next   (Icciulc  At- 


FiG.  1.   Upstream  View  of  Ua.\i  and  Counterweight 
Flashboards 


laiilii,  (ill.,  will  ii(^  a  siiioki-lchs  city;  n  |HiH.siliilily,  liocaiiHO 
of  the  al)Uiiiliiiit  waU-r  pouiM*  a\ailalil<'  williiii  a  nidiuB 
of  100  iiiiii's,  wliicli  warrantH  H  waicrwliccl  inslallatioii  of 


Heavy  ctoffec/  Lines 
indiccrf-e  Section 
Hirougfi  Sluice  &afe 


!     -.'O    1,1-    •    '•   '    45- V,   '  ■ 

1.'  -     Y  -^^ssj/r^^     r^ 
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Fig.  3.    Section  through  Concrete  Intake  Dam  at 
Tallulah  Falls 


Fig.  3.  Eemote-Controlled  Valves     Fig.  4.  Penstocks  and  Concrete     Fig.  5.   A^entuki  Meteiis  and  Steel 
at  Head  of  Penstocks  Anchorage  Blocks  Bridge  Towers 
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Pig.  6.  Venturi  Ixdicatixg  axd  Recoeding  Instruments.    Fig.  7.   Partial  View  of  the  Generator  Room 
AND  Four  8000-Kw.  Generators.  Fig.  8.   IIydraulically  Operated  Waterwheel  Gate.    Fig.  9.  Bench- 
board IN  Switch-Control  Room.    Fig.  10.    Loav-Tension  Busbar  and  Oil-Switch  Room.  Fig.  11. 
Transformers  of  3333  Kv.-a.  Capacity  Each 


approximately  1,()00,000  hp.  If  all  of  the  available  de- 
velopments within  190  miles  of  the  city,  are  taken  into 
consideration,  there  will  be  a  total  waterwheel  installation 
of  approximately  3,170,000  hp. 

Of  the  numerous  water-power  sites,  the  Georgia  Rail- 
way &  Power  Co.  owns  10,  with  a  total  waterwheel  capac- 
ity of  345,000  hp.  Of  these,  five  are  on  the  Savannah 
watersheds,  four  are  on  the  Chattahoochie,  and  one  is  on 
the  Etowah  watershed.  The  power  plant  on  the  Savannah 
watershed,  nearly  completed  and  partly  operated,  is  at 
Tallulah  Falls,  Ga.,  89  miles  distant  in  an  air  line  from 
Atlanta,  Ga. 


Dams  and  Storagi:  Watku, 

Storage  water  for  this  development  is  obtained  by  hold- 
ing back  the  water  coming  from  various  sources  by  a  stor- 
age dam  at  Mathis,  about  seven  miles  above  the  generator 
station,  where  a  reserve  storage  of  approximately  1,250,- 
000,000  cu.ft.  of  water  is  held  to  be  "released  for  power 
purposes  as  the  stage  of  water  demands.  This  dam  is  of 
the  Ambussen-deck  type,  700  ft.  long  and  90  ft.  high; 
and  is  provided  with  three  48-in.  hydraulic  gate  valves 
to  drain  the  reservoir  of  water. 

The  dam  has  been  designed  to  house  a  small  power 
plant  of  two  3000-kw.  units  which  will  utilize  the  energy 
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riDtii     lIll'IC    SlMlt    OVlT    I  lie 
coiimii'itiiil  use. 


ntiin    I ninsiiiission    line.'-    I'oi' 


(if  (hf  water  n-loasfd    Iroiii   (lie  storage  roscrvoir.     Tins      an-  (((iiiH'ct)-)!  at   tlic  oilier  end   to  the  to|>  of  the  Ma-h 
eiier|;y  will  Im'  traiisinitted  to  the  main  |)ower  plant  and      lioardn.  The  other  four  Keelionn  anr  to  he  (ilte<]  with  hiiilt 

ii|)  rernovahle  ihislihonrds. 

Another  feature  of  this  d mi  in  the  nine  concrete  |)i<  i 
Kpaced    2H   ft.    ajnirl,    KUpjiortinf,'   a    liiKhway    hrid>,'e, 
shown.     There  in  hIho  a  plalfctrni   from  which  the  fin 
hoards  can  he  operated  hy  haiid-(»peralc(|  hoists  if  nee  > 
sarv.     Ki^r.  'i  shows  a  secti(;n  tliroii^rh  the  main  dam  ami 
spillway. 

TlNNKI,    AM)    I'lASTOCKS 

'I'll is  dam  creates  a  storaj^e  j)oiid  or  forehay  for  th« 
liiniiel  intake,  which  is  hiiill  in  solid  nxk  from  just  ahove 
I  he  dam  to  a  point  ahove  the  jiower  plant.  The  intake 
iiead  jrates  at  the  mouth  of  the  concrete-lined,  iiorseshoe- 
sliapcd  tunnel  are  just  ahove  one  end  of  the  dam.  The 
tiiiuiel  is  6(i7()  ft.  \(m<r  with  a.  net  sectional  area  of  151 
s(|.lt.  It  discharges  into  a  reinforced-concrete  surj^e  hasin 
:Mi  II.  deej),  70  ft.  loiifj  and  '.i',  ft.  wide.  The  walls  are 
constructed  of  structural  steel  framework  and  concrete. 
From  tills  hasin  five  o-ft.  steel  [K'listocks  run  to  the  pow.  : 
plant.  (10(1  ft.  hclow,  wliich  is  huilf  practically  on  the  dl 
(if  llic  river  bed  in  a  deep  gorge. 

At  the  entrance  of  each  penstock  there  is  an  emergeiK  y 
steel  gate  7t/^  ft.  square.  The  gates  are  hinged  on  a  pin 
at  tlie  top  side  and  held  open  hy  a  chain-  and  hand-op- 
erated mechanism  placed  at  the  top  of  the  surge  hasin. 

At  the  upper  end  of  the  penstocks  fiO-in.  remote-con- 
trolled, motor-operated  valves  are  provided,  Fig.  3,  oi' 
erated  from  the  power  house.  Each  penstock  is  anchor 
at  the  lower  end  hy  a  cast-steel  casing  embedded  in  coii- 
crete.  The  anchorage  is  to  take  the  thrust  of  the  pen- 
stock and  relieve  the  wheel  casings  of  stresses.  Each  pen- 
stock, Fig.  4,  contains  an  expansion  joint  just  below  the 
anchor  blocks  to  take  care  of  the  expansion  and  contrac- 


I'li:.    I'J.     lll(;il-'l'i:.\Sl()N    SUIK   II    AM)    iJl  SHAIt    Koo.M 

About  one  mile  above  the  power  plant  is  a  second  or 
main  rubble  concrete  dam  110  ft.  high  and  arched  to  a 
radius  of  900  ft.;  it  is  444  ft.  long  on  the  crest.  The 
spillway  is  880  ft.  long  and  is  divided  into  10  sections,  as 
shown  in  Fig.  1.  Each  .section  is  fitted  with  a  swinging 
flashboard,  hinged  at  the  lower  edge  and  controlled  by  a 
rolling  counterweight  so  arranged  that  the  water  back  of 
the  dam  will  be  maintained  at  within  3  in.  of  the  luirmal 
elevation  when  discharging  12.000  cu.ft.  per  sec. 


u!^,''         <-^ ^iSl 


Fig.  13.    Plan  of  Gkxerator  axd  Switch  Houses 


The  flashboard  counterweights  are  concrete  cylinders 
39  in.  in  diameter  and  26  ft.  long,  and  fitted  at  each  end 
with  a  rack  gear,  which  rolls  on  curved  racks  .secured  to 
the  side  of  the  piers  above  the  crest  of  the  dam.  When  the 
pressure  of  the  w'ater  lowers  the  flashboards  the  counter- 
weights are  rolled  up  the  incline  by  steel  cables,  which 
wind  on  a  drum  on  the  ends  of  the  counterweights,  and 


tion  of  the  pipe  line.  Just  outside  of  the  switch  house  a 
venturi  meter  with  a  35-in.  throat  is  placed  in  each  pen- 
stock, as  in  Fig.  5.  The  indicating  and  recording  instru- 
ments are  on  a  platform  opposite  the  transformer  bays  in 
the  switch  house.  Fig.  6. 

Below  each  venturi  meter  is  a  hydraulically  o]>erated 
gate  valve,  45  iu.  in  diameter.     The  penstocks  are  fitted 
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with  an  operating  valve  desigued  ta  be  hold  in  any  posi- 
tion when  the  turbines  are  running.  The  head  ot  water 
in  the  penstoci<s  communicates  with  the  cylinders  and  liy- 
draulically  operates  the  valves. 

The  penstocks  are  carried  on  concrete  ])iers  spaced 
about  30  ft.  apart.  Anchorage  blocks  oi'  concrete  are  also 
provided  at  each  cliange  of  grade  for  straight  sections  over 
100  ft.  in  length.  The  maximum  grade  of  the  ])enstocks 
is  150  per  cent,  and  the  major  portions  are  on  grades  ex- 
ceeding 70  per  cent. 

Each  penstock  is  made  up  of  400  ft.  of  riveted  pipe, 
varying  in  thickness  from  %  in.  at  the  upper  end  to 
^  in.  at  the  lower,  where  it  is  joined  to  the  800-ft.  length 
of  the  welded  pipe,  which  is  1%  in.  thick  at  Ihe  u])per 
end  and  4ff  i"-  thick  at  the  bottom. 

roWEi;    Pl.AXT 

The  power  station  consists  of  two  brick  buildings,  the 
main  generating  house  and  the  transformer  and  high- 


room  with  a  stairway  at  the  ends  to  the  generator  floor. 
This  gallery  also  forms  the  roof  to  the  rheostat  room. 

The  five  main  generators  are  of  the  vertical  type  and 
rated  at  8000  k\v.,  at  80  per  cent,  power  factor,  6600  volts, 
60-cycle,  three-phase,  and  run  at  514  r.p.m.  On  the  dome 
of  each  generator  is  a  100-kw.,  250- volt  exciter,  of  a  ca- 
pacity sufficient  to  excite  two  generators  at  full  load.  A 
view  of  the  generator  room  is  shown  in  Fig.  7. 

In  the  basement  below  the  generator  are  the  five  10,- 
000-hp.  vertical-shaft  turbines  of  the  Francis  type,  made 
l)y  the  S.  Morgan  Smith  Co.  They  have,  however,  de- 
velo])ed  18,600  hp.  under  test.  These  wheels  are  designed 
for  a  600-ft.  head  of  water.  The  speed  is  regulated  by  an 
oil-pressure  governor  with  twin-gate-operated  cylinders 
and  a  walking-beam  to  operate  the  gates.  A  partial  view 
of  the  arrangement  is  shown  in  Fig.  8.  The  scroll  case 
of  each  turbine  is  provided  with  a  relief  valve  capable  of 
discharging  70  per  cent,  of  the  water  from  the  penstock 
in  case  of  a  sudden  closing  of  the  gate. 


Power 


Fi(i.  14.   Side  Elevation  op  the  Generatoi;  Poo.m  and  Waterwheel  Basement 


tension  switch  house.  Tlie  switch  house  is  28  ft.  from 
the  generator  house.  The  latter  is  next  to  the  river  above 
the  tailrace  excavation  in  the  river  bed.  The  two  build- 
ings are  connected  by  a  bridge  room  in  which  is  the 
switch-control  apparatus. 

In  the  generating  building,  which  is  192  ft.  long  and 
48  ft.  wide,  are  five  main  generators,  spaced  28  ft.  apart, 
center  to  center,  and  space  is  available  for  a  sixth  unit. 
As  would  be  assumed,  the  foundation  is  of  heavy  concrete, 
and  the  floor  of  the  generator  room  is  constructed  of 
heavy  steel  beams  to  carry  the  weight  of  the  generators. 
The  roof  of  the  building  has  a  monitor  extending  nearly 
its  entire  length,  and  is  covered  by  approximately  1200 
sq.ft.  of  glass.  The  wall  windows  have  steel  sashes  and 
glazed  glass. 

A  155-ft.  gallery  runs  along  one  side  of  the  generator 


The  wheel  runners  are  of  bronze  and  the  gates  of  steel. 
Each  wheel  case  has  a  14l/^-ft.  outside  diameter  and 
weighs  approximately  28  tons.  Water  is  discharged  from 
the  turbine  wheels  through  steel-lined  concrete  draft  tubes 
with  a  normal  draft  head  of  22  ft.  on  the  runner. 

The  vertical  nickel-steel  shaft,  carrying  the  turbine 
runner  and  the  revolving  field  of  the  generator,  is  sup- 
ported by  an  oil-pressure  thrust  bearing  at  the  upper  end 
of  the  shaft  between  the  rotor  and  the  exciter  generator. 
There  is  also  a  guide  bearing  below  the  generator  rotor 
and  one  above  the  turbine  runner.  In  the  rear  of  the 
basement  are  two  Goulds  4i^x8-in.  triplex  pumps;  one 
operating  the  governor,  the  other  supplying  the  thrust 
bearing  with  oil.  One  is  driven  by  a  chain  from  a  counter- 
shaft, which  is  driven  by  a  worm  gear  and  worm  from 
ihe   generator   shaft.      The   other   pump   is   driven   l)y   a 
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gomfil  uri-lip.  motor.     Tlic  Ihnist-lu'iiriiig  |)umii  of  catli  Kwidlictt  arc  coiiiici  led  lliroiij,'!)  Ilic  Imsliais  to  tlic  nU-p-iip 

jjciicrator  is  so  i)i|MMl  lliat  any  one  laii  lie  o|M'ratt'<|  with  traiiHroMiifrs. 

any  >;cinTatinv:  unit.  Tlicrc  arc  (liicc  ll.'l.'lJJ-kv.-a.  HiiiKlc-|»liaKc  tnuisforiiicrH 

The  switcli-conlrol   iiMim,   l''i^.  '.',  wliirli   juins  tlic  ^'cii-  [kt  ni'iicralor  on  the  lloor  al)i>vc  llic  low-tciiHioii  Ihissch  and 

cratiiiir   and    the   switrh    lumses   ami    ovcrlcKiks    the   ^'cri-  swittli  room.  V\ji.   II.  which  traiisroriiis  the  voltaj,'e  from 

'latois.  contains  the  instrument   and   intc^rratin;;   panels  (!(!(»(>  to  (i.l.r)()()  and    is  wnt   out  on    the   line  at    110,000 

and  a  henehhoanl  control  of  all  service  switches  and  si;,'-  volts,     'i'he  transformers  are  delta-connected  on  the  low- 

iial    lamps.   The   henehhoanl    is   laid   out    with    miniature  tension  an<l  star-connected  on  the  lii^jh-tenHion  side.  Krom 

busses.     On  the  main   Ihior  of  the  ;jenerator  rcjoni   under  Ihe  t  ransfoi  incrs  the  electrical   encr^^y   is  carrieil    to  the 


the  control  panels  is  one  direct-current  board  upon  which 
is  mounted  a  remote-control  field  switch,  operator's  sig- 
nals, etc. 

Switch  House 

Passing  from  the  control  room  to  the  switch  building 
1he  low-tension  busbar  room  is  entered,  where  the  busbars 
and  oil  switches  are  arranged  in  brick  compartments  and 
barriers,  Fig.  10.  Each  generator  is  isolated  from  the 
other,  and  the  low-tension  transfer  busbar  is  the  only  con- 
nection between  the  low-tension  switch  room  and  the  gen- 
erators, the  cables  of  which  run  to  the  switch  house,  where 
the  oil  switches  are  placed  in  groups,  as  shown.     The 


End  Elevation  of  the  Tallulaii 
Falls  Station 


high-tension  oil  switches  on  the  floor  above,  Fig.  12.  The 
high-tension  busbars  are  suspended  from  the  s{)ecially  de- 
signed roof  trusses.  From  the  busbars  the  outgoing  lines 
run  to  a  steel  tower  framework  outside  the  switch  station, 
where  the  choke  coils  and  lightning  arresters  are  placed, 
as  in  Figs.  4  and  5.  All  of  the  electrical  equipment  is 
of  General  Electric  make. 

A  plan  of  the  generator  and  switch  houses  is  shown  in 
Fig.  13.  Fig.  14  is  a  side  elevation  and  Fig.  15  is  an  end 
section  of  the  buildings.  From  these  a  comprehensive 
idea  of  the  layout  of  the  units,  controlling  apparatus  and 
electrical  equipment  is  obtainable. 


Miscellaneous 

It  is  not  the  purpose  of  this  article  to  go  into  detail  re- 
garding the  transmission  lines  leading  from  the  power 
plant  to  Atlanta,  89  miles  distant,  where  the  largest  out- 
door substation  in  the  world  is  located,  Fig.  16.     From 


i 


January  27,  1914 


POWER 


119 


Atlanta  the  electrical  energy  is  transmitted  over  steel 
tower  lines  to  Lindale,  Newnan,  Gainesville  and  Carters- 
ville,  at  which  points  are  also  outdoor  types  of  substations. 
The  transformers  at  the  Atlanta  station  arc  water  cooled, 
and  the  high-tension  od  switches  are  the  first  of  110,000- 
volt  capacity  built  for  outdoor  service.  This  substation 
has  an  ultimate  capacity  of  60,000  kw.  in  110,000-  to  11,- 
000-volt  transformers.  At  present  there  are  nine  3333- 
kv.-a.  transformers  with  a  rating  of  30,000  kw. 

The  hydro-electric  station  at  Tallulah  Falls  is  the 
largest  strictly  high-head  installation  in  the  Eastern  half 
of  the  United  States.     It  comprises  the  notable  features 


When  the  author  first  i)egan  to  analyze  the  flue  gases, 
the  ljest-equipi)ed  furnace  under  his  control  showed  5 
per  cent,  of  CO..  This  indicates  50  lb.  of  air  for  each 
pound  of  carl)on  burned.  The  stack  temperature  was 
550  deg.  F.  and  that  of  the  air  entering  the  furnace  85 
deg.  F.  As  previously  shown,  this  means  a  loss  of  111.6 
B.t.u.  per  pound  of  gas,  so  that  the  total  loss  up  the 
stack  per  pound  of  combustible  burned  will  be 

51  X  111-6  =  56!)  1.6  B.t.u. 
For  best  results,  there  should  have  been   19  lb.  of  gas, 
the  32   lb.  excess  gas  costing  practically  one-quarter  of 
the  fuel. 


Fig.  16.   Atlanta  Outdoor  Substation,  the  Largest  in  the  World 


•  il  operating  under  a  600-ft.  head  using  Francis  type  re- 
.iction  turbines  under  the  highest  head  in  the  South,  if 
H()t  in  the  country;  furthermore,  the  turbine  wheels  are 
.iinong  the  highest  powered  in  the  world.  Charles  0. 
Lenz,  of  New  York  City,  designed  and  supervised  the 
erection  of  the  entire  system,  consisting  of  the  main  gen- 
erating plant  and  auxiliaries  at  Tallulah  Fails;  and  of 
the  substations  and  connecting  transmission  lines. 


For  the  purpose  of  illustration,  assume  a  stack  tem- 
perature of  550  deg.  F.,  and  that  air  enters  the  fur- 
nace at  85  deg.  F.  With  these  conditions,  the  gases 
leave  the  heating  surface  465  deg.  above  the  temperature 
of  the  entering  air.  The  specific  heat  of  air  is  0.24  and 
that  of  the  gases  approximately  the  same.  Having  these 
data,  it  is  possible  to  get  the  approximate  loss  in  B.t.u. 
per  pound  of  gas  that  goes  u]i  the  stack.     Thus 

465  X  0.24  =  111.6  B.t.u. 
is  the  loss  in  the  present  case.  The  percentage  of  COo 
in  the  gas  will  tell  how  many  pounds  of  air  is  used  in 
liurning  a  pound  of  carbon.  With  18  lb.  of  air  to  1  of 
I  ;irhon,  there  would  be  19  lb.  of  gases  going  up  the  stack 
per  pound  of  carbon  burned,  and  the  CO^  reading  should 
be  about  14  per  cent.  The  loss  in  B.t.u.  would  be 
19  X  111-6  =  2120.4 


•Abstract  of  a  paper   read   by   Joseph  McCrary  before   the 
Practical    Refripreratingr    Engineers'    Association,    Dallas,    Tex. 


The  boiler  was  new,  and  it  seemed  that  there  was  lit- 
tle room  for  improvement  before  the  CO.  apparatus  was 
installed.  The  foregoing  figures  only  go  to  prove  how 
deceiving  appearances  are  and  how  important  is  the  CO, 
instrument. 

"'Finding  it  difficult  to  get  the  fireman  to  properly 
regulate  the  draft,  the  grate  area  was  reduced  to  a  point 
where  high  CO.  readings  could  be  obtained  with  the  draft 
full  on.  Instantaneous  readings  then  showed  as  high  as 
14  per  cent.  COj,  but  the  average  was  about  8  per  cent. 
This  low  average  was  caused  by  the  fire-doors  being  open 
at  the  times  of  firing  and  cleaning,  and  often  longer 
than  necessary.  There  were  about  60  sq.ft.  of  heating 
surface  to  one  of  grate  area.  The  temperature  of  the 
escaping  gases  was  around  460  deg.,  and  that  of  the  air 
entering  the  furnace  about  85  deg.  The  fuel  was  Ar- 
kansas slack  and  the  rate  of  combustion  \vas  about  20 
lb.  per  sq.ft.  of  grate  area. 

Between  the  above  temperatures  the  difference  is  375 
deg.  and  the  loss  in  B.t.u.  per  pound  of  gas  is  90.  The 
CO^  reading  of  8  per  cent,  indicates  that  an  average  of 
31  lb.  of  air  per  pound  of  combustible  was  used.  The 
amount  of  heat  going  up  the  stack  is  therefore 

32  X  90  =  2880  B.t.u. 
Under  the  first  condition  the  stack  loss  was  5691  B.t.u. 
per  pound  of  combustible,  and  after  making  the  changes 
the  stack  loss  was  2880  B.t.u.,  a  difference  of  2811  B.t.u. 
Figuring  carbon  at  14,600  B.t.u.  per  lb.,  the  saving 
amounted  to  19  per  cent. 
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SA^vmill    Boiler   Explosion  att 

Miley,  S.  C. 


\\\     .1.     II.    W  ISK 


mil,  1111(1  liiMilcil,  with  llic  liai'k  IkihI  still  iittiiclit-d  liy  l<'ur 
i'i\('ts,  ii^'Jiiiist  till'  side  of  the  mill  liiiildiiiK,  aiioiit  M)  ft. 
awuy.  y^H-  •'•  A  U-w  tnln-H  n'imiiiK'd  in  the  hiirk  Iwad, 
lint  the  major  |mit  of  tliciii  were  scattered  in  every  <liree- 
lioii  and  o\<'r  ii  consideralde  area,  several  K"''i>i  more 
One  holier  of  a  nest  of  four  reteiilly  exploded  at  a  jhiin  '»ll(l  ft. 
sawmill  plant  at   Miley.  S.  ('.,  wreekin;,'  it,  a.s  shown  in  Tlie  dome — \vei>,'hinf,'  (iTA  Ih.,  and  evidently  hlown  aU 

Kij;.    1.     The  hoiler  was   (!<)   in.   in   diameter  and    U!   ft.       niosl,   directly    ii|i — fell    ahoni    '<!()0    ft.   away,    rehoiindcd 
lon<r,  made  ii|)  of  six  <'(>iir.ses  of  two  sheeb*  each.     Tiic       lhron;,di  a  slieii  and  landed  in  an  aiitomohile.     The  coir 
jilates  were   ni-in.  thick,  hmffitiidinal  laj)  joints,  doiihh-       lion  of  the  dome  indicates  llnit   it  jiarted  from  the  hoi 
rivi'ted  witli  'Jt-in.   rivets  with  a  'J-iii.   pihh:  the  ^irlii-       lirst,  as  the  flanj.n' is  drawn  down  nearly  straight  in  jihn  • 
seiini  rivets  wore  ■'.(  in.,  with  a  ■•.',',,-iii.  |)iirli.     .\lin\c  llie      The  rivets  that   held  the  duiiie  to  the  shell  remain  in  i..^. 
tuhes  were  six  diaf^foiiiil  luaces  frinii  cadi  lica<l  t(»  the  shell       sheet  except   tliicc  in  the  ilaiific  of  the  donie.     'I'licy  show 


FlCi.      1.       WllKKE     THK     BoiI.HIi     ExPLODEl)  FiG.    •^.     PaRT   OF   P>OILKI!   TuAT   LaMJED   1  190   Ft.   AWAY 


Fig.  3.    Tubes,  Tube  Sheet  and  Torn  Boiler  Sheet 


and  three  through  braces.  The  dome  was  30  in.  iu  diam- 
eter, 36  in.  high,  with  a  1%-in.  cast-iron  head.  The  dome 
was  riveted  to  the  shell  with  two  rows  of  %-in.  rivets, 
2ys-in.  pitch,  and  was  located  over  tlie  girth  seam  between 
the  second  and  third  courses. 

An  llxl6-iu.  cast-iron  manhole  saddle  was  riveted  on 
the  fifth  course  of  the  shell  with  a  single  row  of  %-in. 
rivets,  spaced  21/4  in.  The  opening  through  the  sheet 
under  the  manhole  saddle  was  161/2x21  in. ;  the  boiler  had 
92  three-inch  tubes. 

The  boiler  was  fired  up  at  7  a.m.  and  exploded  at  about 
11  a.m.  The  front  head  and  the  first  three  courses,  re- 
maining intact,  passed  over  two  rows  of  dwelling  houses 
and  landed  1190  ft.  distant  in  a  field.  Fig.  2.  All  the 
tubes  pulled  out  of  the  front  head,  and  one  of  the  through 
braces  went  with  it.  The  remaining  three  courses  parted 
across  the  sheet  through  the  manhole,  were  straightened 


no  signs  of  shear;  on  the  contrary,  the  slianks  of  the  rivets 
project  from  tlie  boiler  sheet  and  the  ends  were  jagged, 
the  fibers  standing  up,  showing  that  the  heads  were 
pushed  off. 

The  rivets  at  the  middle  of  the  girth  seam  where  the 
boiler  parted  were  all  .sheared  fiush  with  the  sheet,  indi- 
cating that  the  boiler  parted  circumferentially  at  the  in- 
stant the  three  rear  courses  tore  across  the  sheets  and 
through  the  manhole,  as  in  Fig.  4.  The  section  marked 
indicates  a  piece  of  the  plate  not  yet  found. 

The  adjoining  boiler  was  thrown  across  a  railway  track, 
about  40  ft.  distant  and,  while  it  had  a  dent  in  one  side, 
was  not  much  damaged.  The  water  column  and  gage- 
glass  remained  unbroken. 

A  negro  fireman  was  leveling  the  fire  under  this  boiler 
at  the  time  of  the  explosion  and  was  blown  some  distance 
away,  but  except  for  a  few  slight  burns,  was  uninjured. 
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The  only  fatality  occuitchI  betwoon  tlic  boiler  shed  and 
mill  building,  where  a  negro  laborer  was  literally  l)lowii 
to  pieces,  as  was  also  the  mule  he  was  driving.  Why  more 
men  were  not  killed  is  marvelous  as  the  mill  was  being 
operated  at  the  time. 

There  is  none  of  the  usual  mystery  surrounding  this 
explosion ;  the  boiler  had  been  cut  out  the  day  before,  and 
the  main  stop  valve,   between   the   boiler  and  the  safety 
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Fig.  4.   Tokn  Poktiox  of  the  Tiihek  Rear  Sheets 

valve,  was  closed.  A  mill  employee  stated  that  on  a 
previous  occasion  he  had  seen  180  lb.  pressure  on  the 
steam  gage,  the  stop  valve  being  closed.  The  boiler  must 
have  been  25  or  30  years  old. 


Althonuii  the  Block  counter-current  ammonia  con- 
denser has  been  on  the  market  some  little  time,  it  is 
probably  not  familiar  to  all  of  our  readers,  and  it  may  be 
of  interest  to  repeat  in  part  what  Mr.  Block  himself  had 
to  say  about  the  condenser  at  the  recent  meeting  of  the 
Eastern  Ice  Association  in  New  York  City.  In  general 
appearance  it  is  like  any  other  type  of  atmospheric  con- 
denser. It  is  made  up  of  2-in.  pipe,  usually  20  ft.  long, 
and  is  from  16  to  24  pipes  high,  depending  upon  the  tem- 
perature of  the  Waaler  used  for  condensing  purposes.  The 
feature  in  which  the  Block  condenser  ditfers  from  any 
other  atmospheric  condenser  is  that  the  liquid  ammonia 
produced  is  for  a  time  held  in  the  pipes  for  the  purpose 
of  serving  as  a  heat-transferring  medium.  The  vapor 
enters  the  lowest  pipe  of  the  condenser,  begins  to  con- 
dense as  soon  as  the  superheat  is  removed,  usually  in  the 
third  pipe  from  the  bottom.  The  liquid  ammonia  now 
intermingles  with  the  vapor  and  it  travels  forward  and 
upward  together  at  high  velocity.  As  the  vapor  in  the 
form  of  globules  enters  the  liquid,  each  globule  is  sur- 
rounded by  liquid  and  is  itself  condensing  surface,  giv- 
ing up  its  heat  to  the  liquid.  The  liquid  in  turn  gives 
up  its  heat  to  the  pipe  through  which  it  passes,  and  thus 
to  the  water  flowing  over  the  pipe.  In  the  lower  pipes 
there  is  much  vapor  and  little  liquid,  but  the  proportion 
of  liquid  increases  as  the  mixture  travels  forward,  until 
finally  all  the  vapor  is  condensed.     A  farther  difference 


is  that  the  condenser  is  a  true  counter-current  apparatus, 
while  other  condensers  are  built  on  the  parallel-flow  prin- 
cii)le. 

The  heat  transfer  from  a  gas  through  metal  surfaces  to 
a  liquid  is  approximately  at  the  rate  of  60  B.t.u.  per 
sq.ft.  of  surface  per  degree  difference  of  temperature 
per  hour,  while  the  transfer  of  heat  from  a  liquid  to  a 
liquid  through  metal  surfaces  is  about  300  B.t.u.  under 
the  same  conditions.  The  transfer  from  a  mixture  of 
vaj)or  and  liquid,  such  as  is  present  in  the  Block  con- 
denser, to  water  flowing  over  the  outer  surfaces  of  the 
pipes  is  at  the  rate  of  from  180  to  200  B.t.u.  per  sq.ft. 
of  surface  per  degree  difference  of  temperature  per  houi'. 
This  explains  why  the  Block  condenser  is  from  three  to 
four  times  as  effective  as  the  ordinary  type. 

As  the  circulation  of  the  ammonia  is  from  the  bottom 
of  the  condenser  toward  the  top,  the  liquid  ammonia 
leaves  the  condenser  where  the  water  is  coldest  and  must 
therefore  be  cold  itself.  This  is  an  important  point  when 
it  is  considered  that  liquid  ammonia  before  evaporating 
in  brine-cooling  or  direct-expansion  coils,  must  first  cool 
itself  down  to  the  temperature  at  which  it  evaporates. 

Take  the  case  of  a  refrigerating  machine  operating  at 
15  lb.  back  pressure,  which  is  equivalent  to  a  tempera- 
ture of  about  zero  Fahrenheit  in  the  evaporating  or  brine- 
cooling  coils.  Assume  that  the  temperature  of  the  liquid 
ammonia  coming  from  the  condenser  is  100  deg.  F.,  then 
it  is  evident  that  the  liquid  must  first  be  cooled  down  to 
the  temperature  of  zero  before  it  can  begin  to  do  effective 
cooling  work.  To  bring  about  the  cooling  of  the  liquid, 
part  of  it  must  evaporate  for  that  purpose  only,  and  of 
the  572  B.t.u.  of  latent  heat  per  pound  of  liquid  there 
remains  only  472  available  for  eifective  cooling  work.  The 
loss  is  nearly  18  per  cent.  If  the  liquid  leaves  the  con- 
denser at  70  deg.  and  is  cooled  down  to  zero,  it  will  re- 
quire only  70  B.t.u.  for  this  purpose,  and  practically  500 
B.t.u.  will  be  available  for  effective  cooling  work,  the  loss 
in  this  case  being  a  trifle  over  12  per  cent.,  making  a 
net  gain  of  6  per  cent.  It  is  thus  apparent  that  a  ma- 
chine making  100  tons  of  ice  in  24  hr.  under  the  first 


Block  C'ouxteh-Cuukent  Ammonia  Condenser 

condition  would  make  106  tons  of  ice  in  the  same  period 
of  time  under  the  second  condition  without  adding  to 
the  cost  of  operation. 

It  might  be  supposed  that  a  certain  effort  would  be 
necessary  to  push  the  liquid  produced  in  the  condenser 
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\i|i\vai(l  llironfjli  iilLtlic  pipf.s  and  ictiini  liciifls,  iitul  (Imih 
iiicrcasi"  tlio  I'oiuit'iisiii^f  urc^isinf.  'I'liis,  lidwcvcr,  in  not 
tlif  laKo,  an  the  following  explaiiatioh  liy  Mr.  IU(m  k  will 
show. 

AssuMH*  the  water  trinpcraturo  as  it  flows  on  llif  ii|i- 
wanl  pipo  of  tlu-  conck-nsfr  to  Ik*  70  doj,'.  K.,  and  the  tcni- 
peraturi'  of  the  watt-r  leaving  the  lowest  pipe  of  the  eon- 
denser  to  he  sr)  dejr.  K  The  pressure  within  the  u|iper 
l)ipe  will  therefore  he  that  due  to  n  temperature  of  TO  + 
U)  =  SO  ik'ii.  F.,  the  dilTerence  of  10  dei;.  hetween  the 
temperature  inside  of  the  pipe  nnd  liic  temperature  out- 
side heinfj  the  usual  allowance.  The  ammonia  pressure 
due  to  a  temjjerature  of  80  dej^.  K.  is  \M:i  11). 

Within  the  lowest  pii)e  of  the  eoinlcnser  the  tempera- 
ture will  be  M  -\-  10  =  1)5  deg.,  eorresponding  to  a  i)res- 
sure  of  1.S2.G  lb.  The  dilTerence  therefore  hetween  the 
pressure  in  the  upper  and  lowest  i)ipe  of  the  condenser 
is  13.1  lb.  This  ])ressure  is  quite  sullicient  to  induce  the 
mixture  contained  in  the  condenser  i)ipes  to  travel  for- 
ward ajul  upward  in  spite  of  the  friction  which  must  be 
overcome,  without  any  e.xtra  elTort  on  the  ])art  of  the 
compressor.  As  a  matter  of  fact  tiic  friction  absorbs  near- 
ly all  of  this  excess  pressure.  In  i)ractice  it  has  been 
found  that  a  slight  dillereiice  in  pressure  exists  between 
the  upper  and  lower  ])ipes;  a  difference  of  as  much  as  3 
lb.  has  been  observed  by  Mr.   Hlock. 

In  the  accompanying  drawing  of  the  condenser,  A  is 
the  hot-gas  header  from  which  the  gas,  or  rather  vapor, 
travels  downward  and  enters  the  bottom  of  the  condenser. 
It  tlieu  travels  back  and  forth  and  u])ward,  and  wlien  it 


reaches  the  second  or  third  pipe  from  the  top  all  of  it  lia« 
been  converted  into  li<piid,  which  leaves  the  condenser 
Ibmugh  liie  toji  pipe  and  enters  the  liquid  header  ('.  The 
liquid  Hows  through  lrii|)  7'  and  down  pip<;  J>  to  the  li(piid 
nreiver  I'',  the  trap  being  inserted  for  the  purpose  of  pre- 
venting the  accidental  discharge  of  unliquefied  vapor,  due 
to  a  momentary  interruption  of  IIk'  water  sup|)ly  or  for 
other  reasons.  At  Ji  is  the  e<juali/ing  hea<ler,  which  is 
connected  to  every  coil  of  the  condenser,  aiul  K  is  a 
si|)hon-breaker  on  top  of  trap  7'.  which  connects  with  the 
(■(pndi/.ing  header  J'J  and  prevents  the  discharge  of  the 
li(piid  in  jerks,  thus  insuring  a  uniform  How.  An  air 
drum  /''  is  also  connected  with  the  ecpndizing  header.  Air 
and  noncondcnsable  gases  will  autonniti(;aIly  collect  in 
this  drum,  and  if  it  is  desired  to  jjurgc;  the  condenser  oc- 
casionally it  can  b('  done  during  operation. 

To  do  llircc  times  as  much  work  with  one  of  iIm  • 
condensers  as  with  another  type,  it  is  necessary  to  sii])- 
ply  three  times  as  much  water.  The  Block  condenser 
do(;s  not  require  less  w^ater  than  any  other  to  do  a  stated 
amount  of  refrigerating  work,  nor  does  it  rcKjuire  more 
water.  If  loO  gal.  of  water  per  minute  are  charged  over 
seven  or  eight  condensers  of  the  ordinary  type  in  order 
to  condense  all  the  vapor  discharged  by  a  100-ton  re- 
frigerating machine,  then  it  will  re(piire  1-50  gal.  of  water 
per  minute  to  do  the  same  amount  of  work  with  three 
Block  conden.sers,  the  difference  being  that  the  water  here- 
tofore distributed  over  the  seven  or  eight  coils  of  the  or- 
dinary tyi)e  must  now  be  distributed  over  three  coils  of 
the  Block  type. 


Plamitl  vSo  Ptarcfrnasedl  Fowler   imi 

ps\rtiiimeiniil  SUore 

Bv  F.  W.  Rosi:* 

SYNOPSIS — Complete  poicer-plant  coRts  of  a  large  de-  and   the  usual  auxiliary  equipment.     The  building   has 

parfment  store  affording  an  actual  comparison  hetween  its  own  water  supply,  consisting  of  a  steam  pump  wliich 

the  costs  with  central-station  service  and  a  private  plant  takes  water  from  a  deep  well  and  delivers  it  to  a  pressure 

which  was  later  installed.  system. 

The  generating  plant  consists  of  a  100-kw.  and  a  200- 
kw.,  250-volt,  three-wire,  direct-current  units,  driven  by 

The  Emporium  department^  store,  of  St    Paul    Mmn.,  ,i^|e.„ank,    tandem-compound,    noncondensing    engines, 

is  a  four-story  and  basement  fireproof  building,  having  a  ^j^^^^  ^^^^  ^^^^^  .^  operation  in  September,  1910,  which 

cubical  content  of  1,950,100  cu.ft.    and  a  floor  area  of  ^^,^^  ^^^^  expiration  of  the  contract  for  central-station  ser- 

125,000  sq.ft.    The  heating  is  mainly  by  direct  radiation,  ^..^,^     -^^^  ^,^^  ^^^^^^^.  ^^  ^,^^  following  year  a  contract  was 

a  one-pipe  gravity  system  with  a  Paul  air  line  being  em-  ^^^^ ^  ^      power-plaxt  costs-1909-191o 

ployed.  Cost  of        KUowatt                                    Cost  Mis-                      Total 

The    basement    and    first    floor    have    a    ventilating    Sys-  Month      Purchased        Hours       Cost  of      Loads    collanpous     Labor      Monthly 

.                   „  1909          Current      Oenerated      Coal       of  Aah     supplies       Cost          Cost 

tem  in  addition  to  the  heating  system,  consisting  ot  two      g^pt.       $105000       »i36.7i  .     $1200     $225  00  $1423  71 

steel-plate  fans,  each  having  a  capacity  of  35,200  cu.ft.  S-^^',.        ^Z         ..:     IfsH     .:.       \tZ      li  oS    iesr  1? 

per  min.     The  two  fans  are  driven  by  a  10xl2-in.  hori-      d^Jj-^       loso.oo       950. eo     ....       12.00      225.00   22.37. eo 

zontal,  center-crank  engine.    In  the  tempering  coils  there  .1,-.         joso.oo       ......     608.4i      ....       ,0.00      225.00    ,05.3.41 

are  2272  sq.ft.  of  radiation,  and  in  the  heating  coils  3040  Mar,        1050.00       ......     4,4  si      ....       ,0.00      225.00,099:81 

soft.     The  air  is  drawn  through  an  air  washer  having  a      May         1050.00       247.69     ....       11.25      225.00    ,.5.33.94 

^    .^    J.  .,r  An«     j?4.        ■  J"°«'     1050.00            274.80   ....    11.25    225.00  1.501.05 

capacity  of  75,000  cu.ft.  per  mm.  juiy         loso.oo                   239.04     —       10.00      225.00    1.524.64 

When  the  building  was  built  in  1909  a  boiler  plant  was  A"«-        .17^°°        -  ^      ''y'     •  •  ■  •       "^«>      225.00    i460.57 

installed  and  provisions  were  made  for  a  generating  plant  "^^^^  ^^'  h  the  centra  -station  company  for  emergency  ser- 

1  •  ,               i  •            •                      1  4.„^     T^i,^  ^^r/^Z  ;.!<,,,+  ^'ic'^   «''"«   ^nght  lighting,  which  has  been  in   force  ever 

which  was  put  m  service  one  year  later.     Ine  boiler  plant  .                   -          ^        '^' 

consists  of  three  200-hp.  water-tube  boilers  with  Murphy  ^^^^'^-                                                    .     .1      x                         i 

.  ,         ^     1-     i.   I    -14!    ,1^  ..,„.  ^T.«„ -f^n-q  wo+oT  lionfpr  In  September,  1912,  au  addition  to  the  store  was  opcncd 

stokers,duplicateboiler-teed  pumps, open  teed-water  neater  '              '          '      .    ,         j.     .     ^  xi  •       n-x- 

'  to  the  public.      The  cubical  content  of  this  addition  is 

*Consulting  engineer,  Minneapolis.  Minn.  1,31G,470  CU.ft.  and  the  floor  area  is  85,440  Sq.ft.,  giving 
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a  total  of  3,266,G00  cii.ft.  and  210,440  sq.ft.  respectively, 
whicli  is  au  increase  of  67  per  cent.  No  change  was  re- 
qnired  in  either  the  boiler  or  generating  plant  to  take  care 
of  this  addition  aiid  there  is  capacity  for  still  further  ex- 
lension. 

At  present  there  are  21  motors  in  the  store,  having  a 
total  rating  of  193  hp.  Six  of  these  are  on  passenger  ele- 
vators, one  on  a  freight  elevator  and  one  on  an  escalator. 

Very  accurate  records  have  been  kept  and  the  data  in 
the  tables  were  taken  from  these  records.  Tables  1  and 
8  show  respectively  the  costs  for  the  first  year,   1909- 


TABLE  II.     POWER-PLANT  COSTS— 1912-1913 


Month 
1912 

Sept 

Oct. 

Nov. 

Dec. 
191.3 

Jan. 

Feb. 

Mar. 

Apr. 

\fay 

June 

July 

-Vug. 


Cost  of 

Purcliased 

Current 

$150.48 

112.31 

122.88 

106.32 

50.88 
36.00 
66.48 
105.60 
106.32 
108.24 
94.32 
100.08 


Kilowatt 

Hours        Cost  of 
Generated      Coal 
23,460      $552 . 


28,580 
31,660 
41,200 

42,400 
38,030 
35,630 
30,530 
31,000 
26,200 
24,190 
25,450 


462.42 
748 . 55 
433.54 

639 . 18 
1049.64 
850.92 
385.02 
320.85 
683.15 
215.51 
503.28 


Loads 
of  Ash 


Cost  Mis- 
cellaneou.s 
Supplies 
$5.06 
17.85 
34.10 
33.10 

22.21 
18.60 
51 .  55 
8.38 
37.73 
22.70 
14.60 
24.00 


Labor 
Cost 


Total 

Monthly 

Cost 


$332.66  81040.73 
392.66  985.24 
392.66  1298.19 
382.66       955.62 


414.00 
414.33 
386 . 33 
359.33 
3.59.33 
353.33 
353.33 
353.33 


1126.27 
1518.57 
1355.28 
858.33 
834.23 
1167.42 
677.76 
980.69 


i;MO,  when  central-station  service  was  employed  exclusive- 
ly, and  1912-1913  when  using  the  private  plant  with  pur- 
chased current  for  night  lighting.  Table  3  gives  a  com- 
parison of  costs  for  the  four  years  that  the  store  has  been 
in  use. 

The  ash  is  removed  by  the  company's  teams  and  no 


By  a.  L.  Brennan,  Jh. 

During  the  experimental  stages  of  self-starters,  com- 
pressed air  was  used  extensively  and  proved  entirely  re- 
liable; but  designers  soon  found  that  along  practical 
lines  it  was  adapted  only  to  heavy  power  units.  This  was 
principally  because  on  motor  cars  and  boats  the  space 
available  is  often  limited  and  since  the  first  require- 
ment of  a  mechanical  or  functional  self-starter  is  com- 
pactness, this  condition  could  not  always  be  had  when  us- 
ing a  system  that  is  not  self-contained. 

The  component  parts  of  a  compressed-air  system  con- 
sist of  a  valve  mechanism  or  distributor  for  controlling 
the  air  to  the  cylinders,  suitable  piping,  air  compressor, 
and  storage  tank  for  air.  A  tank  holding  air  sufficient 
to  start  even  a  small  multicylinder  motor  several  times 
without  recharging  must  be  of  fair  size  and  consequently 
takes  up  considerable  room.  Some  argue  that  a  tank 
holding  sufficient  air  to  start  the  motor  once  is  sufficient. 
This  is  poor  practice,  for,  unless  the  tank  is  of  sufficient 
volume  to  start  the  motor  several  times  without  recharg- 
ing, any  one  of  the  several  complications  liable  to  take 
place  when  starting  will  render  the  self-starter  inopera- 
tive. Little  difficulty  is  encountered  when  installing  this 
type  of  self-starter  in  stationary  plants  for  the  room  re- 
quired for  suitable  storage  tanks  is  usually  a  secondary 
consideration. 


TABLE  III.     POWER-PLANT  COSTS  FOR  FOUR  YEARS 


Cost  of 
Purchased 
Year  Current 

1909 and  1910  $12,600.00 

1910  and  1911  498.08 

1911  and  1912       1,694.60 


Kilowatt 

Hours 
Generated 

.336,116 
389,569 


1912  and  1913       1,159,91  378,330 


Cost  of 

Coal 
$4,218.99 
1 1,638  90 

7,405.73 


Cost  of  Ash 

Removal 

$76.79 

198.50 

149 .  .50 


6,854 .  .59  124 .  00 


Cost  of  Mis- 
cellaneous 
Supplies 
$135.00 
422.45 
304  38 
289 . 88 


Lost  Rent,  In- 
terest, Depre- 
ciation, Taxes, 
Labor  Cost  etc.  Total  Costs 

$2700.00         $2835.00       $22,565.78 
4284.00  4785.00         21,826.83 

4110.58  4785.00       *17,786.94 


4493.95 


Cost  Less 
Purchased 
Current 
$9,965.78 
21, .328.  85 
16,092 .  34 


Cost  per  Cost  per 

Cubic  Foot  Square  Foot 

1,157  cents  18.05  cents 

1,119  cents  17.46  cents 

0.912  cents  14.23  cents 


4785.00  17,717.33         16,547  42      0.512cents       8.41cent3 


*  Net  cost  after  deducting  $662.85  representing  charge  for  steam,  water,  electricity  and  labor  use  during  construction  work  on  addition  to  building. 


I  harge  is  made,  l)ut  in  figuring  these  costs  an  allowance 
of  50c.  per  load  was  made,  as  a  record  of  the  number  of 
loads  has  been  kept  for  each  year  except  the  first,  and  for 
the  first  year  the  cost  of  removal  of  ash  was  taken  as 
the  same  percentage  of  the  cost  of  coal  as  in  the  other 
three  years. 

The  lost  rent  charged  against  the  space  taken  up  by 
the  plant  was  figured  at  30c.  per  sq.ft.  per  year.  Interest, 
depreciation,  taxes,  etc.,  were  figured  at  12  per  cent,  on 
the  plant  investment  and  6  per  cent,  on  the  added  cost 
of  the  building  on  account  of  the  plant. 

It  is  interesting  that  the  total  costs  for  the  last  year, 
with  the  67  per  cent,  increase  in  the  store  space,  are  less 
than  any  of  the  preceding  years,  and  mucK  less  than  the 
first  year  when  central-station  .service  was  used.  Tliis  is 
accounted  for  in  a  very  large  measure  by  the  careful  watch 
kept  by  the  chief  engineer,  W.  G.  Lyon,  for  all  op- 
portunities of  reducing  the  cost  of  operation  without  im- 
pairing the  efficiency  of  the  results,  and  by  the  larger 
load  factor  on  tlie  plant  which  results  in  higher  efficiency. 
This  is  especially  true  of  the  boiler  plant,  as  only  one 
Ijoiler  has  ever  been  used  at  one  time  even  with  the  in- 
creased building.  Another  thing  which  has  reduced  the 
> osts  was  the  changing  of  lamps.  When  the  store  was 
lirst  opened,  a  large  number  of  arc  lamps  which  had  been 
used  in  the  old  store  were  installed.  These  lamps  have 
all  been  replaced  by  large  tungstens,  carbon  lamps  have 
been  replaced  by  tungstens  and  in  places  where  smaller 
lamps  would  give  satisfactory  results,  the  smaller  lamps 
have  been  used. 


The  first  cost  of  a  compressed-air  system  is  usually 
low  and  the  operating  and  maintenance  cost  is  small ; 
also  it  requires  little  attention.  In  regard  to  the  cor- 
rect installation  of  such  a  system  the  following  sugges- 
tion Avill  be  found  of  value. 

Instead  of  using  one  large  tank  for  the  storage  of  the 
compressed  air,  two  tanks  should  be  used,  one  large  and 
one  small,  fitted  with  suitable  piping  and  valves  to  reg- 
ulate the  admission  and  release  of  air  from  either  or 
both  tanks.  This  will  allow  the  compressor  to  feed  air 
to  either  or  both  tanks  and  the  small  tank  can  be  held  for 
emergency  purposes.  A  hand  jminp  should  be  connected 
to  the  small  tank,  thus  alfording  an  auxiliary  pump- 
ing system.  If  the  Joints  are  made  up  well  with  shellac 
and  suitable  valves  are  placed  at  the  tanks,  the  air  pres- 
sure should  remain  almost  indefinitely. 

Some  air-starting  mechanisms  are  controlled  by  a  dis- 
tributor which  operates  on  the  same  principle  as  a  timer 
which  governs  the  flow  of  electricity  to  a  spark  plug. 
This  method  has  proved  entirely  satisfactory  and  is  to 
be  found  on  several  motors  of  various  sizes.  On  other 
engines  the  direct-valve  system  is  employed,  the  valves 
being  controlled  by  a  shaft  which,  when  shifted,  engages 
with  the  inlet  compressed-air  valve  stems  and  ca.uses 
the  valve  to  open  and  admit  compressed  air  to  the  cylinder 
last  under  compression,  thus  forcing  the  piston  down, 
since  both  intake  and  exhaust  valves  are  closed.  The 
air  valve  is  closed  when  the  piston  reaches  the  bottom 
center  of  the  stroke  and  a  similar  set  of  oj^erations  take 
place  in  the  next  cylinder  in  the  order  of  firing.     The 
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Kiiinc  (i)ici lit  Kills  take  |iliit'r  in  rntiiirrtuni  witli  a  distrilin 
till'  Htartt'i',  tlir  iiiilv  tliiTcn'iiri'  liciii^'  that  tlic  air  in  h<I- 
iiiitti'il  li_v  till'  (li.-triliiiltii'  •  uiiciiMTiii;;"  iiislcml  uf  n  miUc 

0\WlUUji. 

Since  hdtli  inlet  ami  exiiaiisl  valves  are  cliised  dtinn;.; 
till'  admission  of  tin-  eompiessed  air.  the  elliciemv  <il'  tiie 
mi\tnie  is  not  impaired  lor  tlie  reason  that  the  iiir  is 
not  admitted  to  the  (vlinders  until  the  pistons  have 
passed  the  point  of  liriiij;.  The  "direct  valve"  method 
appears  to  hold  favor  on  larfje  motors,  althoiij,di  it  must 
not  lie  conceded  from  this  ihiil  the  disk  disl  riliiitin^r  valve 
IS  not   dcpciidaiile. 

Thi'  chief  dilUciilty  eiicoiiiitcred  with  aiitonialic  air- 
starters  is  attrihiitaiile  to  loss  of  pressure  wiiich  in  turn 
can  he  traced  to  poor  check  valves,  faulty  joints  in  the 
pipe  lino,  dislrihiitor  or  valves  leakiiifi.  worn  or  scored 
compressor  cylindi'r.  or  the  (.•oin))ressr)r  piston  or  riiij,'-* 
worn  or  hroken. 

Air  leaks  ari'  usually  easy  to  trace  if  undertaken  in  a 
systematic  way.  The  writer  has  found  an  old  shaving 
hrusii  and  a  piece  of  shaving  soap  convenii'iil  for  locat- 
ing leaks  of  this  n.iturc.  By  jiainting  the  joints  of  the 
pipo  line  and  other  parts  likely  to  leak  with  soaj)  suds,  a 
leak  is  easily  detected  and  in  fact  very  slight  leaks  can 
be  found  in  this  way  which  would  otherwise  go  unnoticed. 
Vine  should  t)e  exercised  when  making  up  joints  that  the 
pi|)e  fittings  taki'  hold  for  al  least  four  or  five  thread:-. 
Shellac  is  undoubtedly  the  best  medium  to  use  for  all 
air-line  joints  and  should  be  applied  evenly  to  both  .sets 
of  threads  and  the  joint  set  u])  firmly  at  oiuc.  Joints 
so  treated  will  staiul  vibration  without  leaking. 

Grinding  is  aliout  the  only  positive  remedy  for  a  leak- 
ing valve.  Valve  grinding  may  be  considered  an  art 
in  itself,  but  tlie  novice  can  get  good  results  by  follow- 
ing a  few  simple  rules:  Never  attempt  to  grind  a  valve 
without  first  removing  its  '"seating"  spring  for  other- 
wise both  the  valve  face  and  its  scat  are  likely  to  be 
deeply  scored.  Never  grind  a  valve  by  revolving  it  one 
way,  but  alternate,  revolving  the  valve  two  or  three 
times  in  one  direction  and  then  two  or  three  times  in 
the  opi)osite  direction.  When  changing  the  direction  of 
rotation,  lift  the  valve  from  its  seat,  turn  a  quarter  and 
again  seat,  this  will  cause  other  particles  of  the  abrasive 
to  cut  and  prevent  scoring  or  cutting  in  one  place.  Never 
use  a  dry  abrasive  except  the  very  fine  powders  for  fin- 
ishing. Grinding  is  greatly  facilitated  by  playing  a 
spring  under  the  valve  head  that  will  cause  the  valve  to 
leave  its  seat  when  relieved  of  the  pressure  exerted  when 
grinding.  The  valve  should  be  ground  against  its  seat 
until  both  have  a  bright  even  surface  which  will  insure 
an  air-tight  union. 

Starting  troubles  which  prevent  a  gas  engine  from 
picking  up  its  cycle  when  hand  cranking  is  employed  will 
likewise  result  in  a  non-start  of  motors  fitted  with  self- 
crauking  devices,  therefore,  if  a  motor  is  turned  over  by 
an  auxiliary  means  and  does  not  start  within  thirty  sec- 
onds.this  is,  usually,  a  positive  indication  of  existing 
trouble. 


Big  Western  Development — The  Stone  &  Webster  Corpor- 
ation, Boston.  Mass..  has  a  representative  in  Seattle,  Wash., 
completing  arrangements  for  starting  work  on  the  develop- 
ment of  85,000  hp.  for  the  operation  of  electric  car  lines 
and  power  purposes.  The  company  recently  acquired  rights 
to  the  Skagit  and  Cascade  rivers  and  their  tributaries. 
Plans  are  being  completed  in  the  company's  Eastern  office 
and  will  be  ready  for  starting  of  work  the  first  part  of  the 
year.      The  development  will   cost   about   $6,000,000. 


I 


Instruction  im  Refri|(eration 

M^    .).    S.    .\.   .lollNSON* 

The  u  liter  was  greatly  interested  in  a  I'owkk  editorial 
of  Oct.  '4H,  \'J\'.i,  i'n  which  an  appi-al  was  made  to  eiigi- 
neering  schools  to  offer  thorough  courses  in  refrigeration. 

In  the  course  in  mechanical  engineering  al  the  \  irgiiiia 
I'olyteelinic  Institute,  three  class  periods  jier  week  for 
oiii'  term  are  devoted  to  refrigeration,  while  the  theory  of 
the  subject  is  covered  in  thei'moilynamics.  in  addition 
to  the  class  work,  a  laboratory  course  is  given  which  in- 
cludes the  testing  of  compression  and  absorption  jilaiitH. 

Th(-  (|uanfilies  of  brine,  cooling  and  condensing  water, 
coal,  steam,  elect rieiil  and  iiiechanical  work,  and  tempera- 
tures of  brine,  ammonia  and  water,  are  obtained  in  the 
usual  manner,  by  weighing  or  measuring.  The  quantity 
of  anhydrous  ammonia  is  got  by  the  use  of  two  accunr 
ly  calibrated  measuring  reci-ivers,  provided  with  g:i_ 
liliisses  having  graduated  scales,  and  connected  in  a  l>y- 
|)ass  to  the   main   anhydrous  ammonia   line.     While  one 
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receiver  is  filling,  the  other  is  being  emptied.  A  correc- 
tion has  to  be  made  in  the  apparent  volumes  of  anhydrous 
ammonia  consunied  on  account  of  the  vapor  generated  (in 
the  receiver  which  is  being  emptied)  from  the  liquid 
which  was  in  that  receiver  after  the  closing  of  the  inlet 
valve.  For  instance,  when  receiver  No.  1,  Fig.  1,  is 
emptied  of  liquid  from  level  A  to  level  B,  the  actual 
weight  of  liquid  leaving  the  ves.sel  will  he 

(ir,  X  V)  -  (TV,  X  V) 

in  which  expression,  ]]\  is  the  s])ecitic  weight  of  the 
anhydrous  ammonia  (liquid)  at  the  given  pres.sure,  W^ 
the  specific  weight  of  saturated  vapor  at  the  same  pres- 
sure and  V  the  volume  included  between  the  levels  A  and 
B.  From  calibration  curves,  the  total  volumes  used  in  a 
test  may  be  determined. 

The  compressor  is  of  the  vertical,  two-cylinder,  single- 
acting,  belt-driven  type.  The  cylinders  are  tapped  and 
provided  with  special  valves  for  the  attachment  of  indi- 
cators so  that  the  clearance  will  be  a  minimum  w^hile  dia- 
grams are  being  taken. 

The  quantity  of  anhydrous  ammonia  used  in  the  ab- 
sorption plant  is  calculated  from  observations  on  the  total 
weight  of  .strong  liquor  circulated,  and  the  percentage 
strengths  of  the  weak  and  the  strong  liquors.  A  cooling 
coil  is  provided  for  sampling  the  weak  liquor,  the  tem- 
perature of  both  weak  and  strong  liquors  being  reduced 
to  60  deg.  F. 

♦Professor   nf   experimental    engineering. 
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As  a  clieck  on  this  nietliod,  observations  are  also  made 
(.11  the  main  annnonia  receiver  (in  tlie  absence  of  tlie  two 
;iii\iliary  measuring  receivers)  which  stands  vertically. 
Mild  is  provided  with  a  gage-glass  and  graduated  scale. 
Ii'i'lerring  to  Fig.  3,  the  level  of  the  ammonia  being  at  A 
at  the  beginning  of  the  test,  and  a  constant  flow  of  am- 
monia from  the  condenser  being  maintained,  I  he  \alvc  l' 
'  not  the  expansion  valve,  which  is  kept  at  constant  open- 
in)  is  opened,  and  the  level  of  ammonia  will  dro])  to  B 
in  time  Z^.  After  valve  V  is  closed  (level  at  B)  the  re- 
ceiver will  fill  to  level  ('  in  time  t.^.  If  Vc  represents  the 
volume  of  ammonia  between  B  and  C\  the  quantity  of  am- 
monia generated  in  time  f,,  while  the  receiver  was  empty- 
ing from  .1  to  B.  will  be  verv  iiearlv  equal  to 

Or,  letting  the  odd  subscripts  refer  to  times  of  emptying, 
and  the  even  to  filling,  the  quantity  of  ammonia  generated 
during  a  given  ])eriod  of  emptying  will  be 
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//  being  an  even  number  and  the  corresponding  time  in- 
terval being  a  period  of  filling.  By  adding  these  amounts 
to  the  amount  apparently  discharged  while  emptying,  the 
total  volume  of  ammonia  generated  during  the  test  may 
he  ascertained  with  possibly  greater  accuracy  than  l)y  a 
calculation  involving  the  total  weight  of  strong  liquor 
circulated. 

The  weight  of  steam  consunu'd  in  the  still,  or  generator, 
is  measured  after  discharge  through  a  trap  and  cooling 
coil. 

From  the  absorption  i)lant,  the  ammonia  liquid  (an- 
hydrous) is  conveyed  several  thousand  feet  to  the  rooms 
to  be  refrigerated,  while  in  the  compression  plant  the 
transmission  line  is  comparatively  short. 

Both  plants  afford  excellent  opportunities  to  the  stu- 
dents for  testing  and  observation,  and  the  course  in  re- 
frigeration  meets  with  much   favor. 


[wim. 
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Sl'NOPSIS — Being  the  first  of  a  series  of  articles  trealiiig 
of  llie  apparatus  and  methods  used  to  catch  the  cinders 
in  the  flue  gases  at  Waterside  stations  Nos.  1  and  2  of  tJie 
New  York  Edison  Co.,  New  York  City.  The  problem  ex- 
Irnds  hack  over  a  number  of  years  and  various  experts 
liiire  worked  on  H.  Tlie  first  scheme  urns  to  precipitate 
Hie  cinders  by  reducing  the  velocity  of  the  gases,  but  this 
jiroved  futile.  Next,  settling  clianibers,  baffles,  screens, 
irater  sprays,  etc.,  were  triced.  Finally,  higli  gas  velocity 
irilh  sharp  changes  in  direclion  of  fioir  and  impingement 
•  •n  films  and  surfaces  of  water  proved  successful.  A  spe- 
'  ial  cinder-producing  plant  was  erected  to  try  mil  rari- 
mis   cinder-calcliing   apparalus.      This   series   of   articles 


deals  witli  the  evolution  of  Ihe  cinder  problem  at  Water- 
■side,  describes  tlie  various  apparatus  used  and  the  condi- 
lions  met,  the  purpose  being  to  shoiu  ivhat  are  and  are 
not  successful  apparatus  and  methods  so  as  to  point  out 
the  strong  and  weak  points  in  cinder  elimination,  and 
shoiv  what  apparatus  may  work  successfully  in  ordinary 
plants  where  the  coal  consumplion,  is  much,  less  than  at 
Waterside. 

Difficulty  of  Solving  the  Cinder  Problem 
Suppose  you  had  all  the  money  you  needed  to  hire  ex- 
perts, to  erect  flues  with  numerous  kinds  of  baffles,  water 
sprays,   fans — to   even   erect   a   special   cinder-producing 
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Fig.  1.   The  Waterside  Stations  of  the  Xinv  York  Edison  Co:\r?.\NY 
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plant  ti>  try  out  apimnitus,  in  fnct,  suppose  you  had  all 
till'  n-sourt't's  iinafiinalilc  In  cnahlc  you  to  take  ciiidris 
out  of  snioko.  Kasy  !  Von  would  coiichidr  that  you  had 
the  j^'ivati'st  "linch"  of  the  a^'c.  liut  you  would  not.  The 
New  Y(uk  Kdison  Co.  had  and  has  all  those  thin>,'s  and 
has  spent  years  in  trying  to  solve  the  prol)leni  and  knows. 
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Xuniorous  exjierts  iiave  exercised  their  skill  and  talent  on 
the  problem  and  have  failed. 

The  Edi.-ion  company's  engineers  have  finally  dovelojjed 
a  succes.^l'nl  cinder-catching  apjjaratus  which  will  be  de- 
scribed in  this  series.    The  i)resent  article  deals  with  con- 
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Fig.  3.   Txcrease  of  .53.000  Kw.  i\  20  Mixutes 

ditions  as  they  existed  during  the  growth  of  the  cinder 
nuisance. 

From  Haxd-  to  Stoker-Fired  Furnaces 

Back  years  ago  when  the  Pearl  St.  plant  was  the  com- 
pany's principal  station,  hard  coal  was  cheap,  so  «heap 
that  not  a  pound  of  soft  coal  was  ever  burned  there.  But 
as  the  business  grew  and  Waterside  station  Xo.  1  was 
built,  soft  coal  was  used  in  26  boilers.  Fig.  1  shows  the 
Waterside  Xo.  1   and  ^0.  2  stations.     The  boilers  were 
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etpnpiM'd  with  stokers  wliicii  the  MiHnula<lurerH  \i,\u\\ 
Mulccd  would  meet  the  load  ronditioiis  and  produce  pra< 
tically  smokeless  i-i)ml)ustion.  I)espite  this  guaranl<' 
the  smoke  complaint  became  so  serious  that  neither  IIm 
engineers  Tor  the  stoker  makers  nor  the  Ivii.-on  engincc  1 
rould  stop  iM'  reduce  it. 

Hack    10  IIami  l'"ii(iN(i 

The  stokers  were  discarded  and  the  company  went  hack 
to  hand  firing,  burning  No.  :{  buckwheat  coal  on  stntion- 
ary   grates,   a    practice   not    uncommon    where  smoke   m 
dinances  are  enlorced.     While  the  use  of  hanl  coal  elimi 
iialcd  th(;  smoke  trouble,  yt't  its  use  resulted  in  new  dilli- 
culties.  owing  to  the  production  of  cinders. 

A  New  .Stokkh  is  l)i;vi:i.oi'i;i) 

\{   this  tinu'  a  now  well   known  stoker  was  in   its  ex- 
perimental  stage,   and   the    Kdison   company   believed  it 
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Fig.  4.    Wix-^d  Eose;  Waterside  Stations  in  Cexter 

could  develop  it  to  meet  its  needs  and  thus  \.'id  the  cinder 
evil  by  burning  a  mixture  of  hard  and  soft  coal.  This 
was  done  and  the  stokers  installed  in  reconstructed  fur- 
naces with  special  arches.  Owing  to  rapid  increase  in 
coal  consumption,  due  to  a  continuously  growing  load, 
the  trouble  became  greater  instead  of  diminishing. 

Load  Increases  52,000  Kw.  ix  20  Minutes 

An  idea  of  the  load  conditions  is  gained  from  the  load 
curves  for  the  different  seasons,  as  shown  in  Fig.  2.  Xote 
that  the  curve  for  Apr.  18.  1907,  shows  a  ri.se  of  .54,000 
kw.  in  one  hour,  which  means  that  the  fires  under  the 
standby  boilers  were  suddenly  disturbed,  the  draft  in- 
creased and  the  production  of  cinder  made  much  greater 
as  a  result.  Xot  long  ago  these  Waterside  stations  took 
on  nearly  52,000  kw.  in  20  min.,  due  to  a  sudden  shower 
increasing  the  demand.  Fig.  .3  shows  this  curve  contrasted 
with  a  normal  day  curve.  And  so  these  peaks  come  and 
go,  and  make  the  smoke  and  cinder  problem  difficult  of 
solution. 


I  January  27,  1!)14 
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Fig.  4  is  a  wiud  rose,  showing  the  directions  and  dura- 
ion  in  time  of  winds,  and  the  distribution  of  cinder.  The 
Taterside  stations  are  in  the  center,  and  the  clear  open 
l)ace  above  the  irregular  horizontal  line  represents  the 
ast  River.  The  prevailing  winds  are  northwest,  coming 
•om  that  direction  .'53  per  cent,  of  the  time.  West  winds 
re  next  highest,  blowing  for  15  per  cent,  of  the  time. 

The  rose  also  shows  that  76  per  cent,  of  the  cinder 
nitted  from  the  stacks  is  tdown  into  the  river,  due  to 
le  prevailing  winds  from  the  northwest.  The  other 
ortion  represents  the  area  within  which  the  remaining 
4  per  cent,  of  the  cinder  was  distributed.  This  rose 
lows  that  less  than  one-quarter  of  the  cinder  emitted  was 
eposited  in  an  area  from  which  complaints  came.  This 
ict  indicates  what  a  large  amount  was  blown  from  the 
tacks,  when  less  than  one-qnarter  of  it  caused  the  pro- 
ests  that  have  been  made.  Tt  is  from  a  study  of  this 
■ind  rose,  perhaps,  that  one  can  best  appreciate  how 
ericus  this  cinder  problem  really  is,  or  rather  was;  since 

successful  catcher  has  been  devised. 

Next  week's  article  will  de.scribe  the  boiler  and  flue 
rrangement  at  Waterside  and  illustrate  the  settling 
hambers  and  some  of  the  apparatus  used  and  will  tell 
i-hy  it  failed. 


Georges  Carets,  the  well  known  Diesel-engine  builder, 
n  an  address  before  the  North-East  (."oast  Institution  of 
ilngineers  and  Shipbuilders,*  gave  a  sane  and  most  com- 
rehensive  review  of  Diesel-engine  i)ractice  as  now  ap- 
)lied  to  marine  work. 

Admitting  that  the  progress  of  the  Diesel  engine  in 
his  field  has  been  slow,  he  attributed  this  partly  to  the 
ligh  price  of  oil  and  partly  to  a  reaction  from  the  extreme 
)ptimism  of  the  Continental  press,  most  owners  of  ves- 
iels  preferring  to  wait  and  observe  the  experience  of  those 
notor  ships  now  in  service  rather  than  join  the  pioneers. 

He  strongly  condemned  the  practice  of  some  firms  in 
ttempting  to  put  Diesel  engines  on  the  market  without 
xtensive  preliminary  tests  backed  up  by  the  necessary 
xperimental  work.  As  a  result  of  this,  many  troubles 
lave  developed,  but  these,  he  believed,  served  a  useful 
)urpose  in  showing  how  not  to  build  Diesel  engines. 

The  demand  a  few  years  ago  for  light-weight,  liigh- 
ipeed  engines  was  productive  of  a  great  variety  of  designs, 
u  many  cases  unreliable,  and  the  present  tendency  is  to 
revert  to  slower  s])eeds  and  to  fewer  types. 
I  Regarding  the  relative  merits  of  the  two-stroke  and 
four-stroke  cycles,  Mr.  Carets  had  this  to  say,  first  con- 
[-idering  the  high-speed  types: 

1.     The  two-stroke-cycle  engine  is  safer  because  it  has 

no  exhau.st  valves. 

I    2.     The   reversing  gear   with    the   two-stroke   cycle   is 

(Simpler. 

I    3.     Comparing   engines   of   the   same   power  and   the 

tsame  number   of   cylinders,   the   two-stroke-cycle   engine 

ihas  the  more  uniform  turning  moment. 

I  . 

I    4.     The  mean  temperature  is  higher  in  the  two-stroke 

cycle. 


•  !      'For  a  complete  report  of  this  paper  see   "The  Engineer,' 
Dec.  5,  1913. 


.5.  It  consumes  more  fuel  and  lul)ri(aling  oil  than  the 
four-stroke-cycle  engine. 

6.  Its  mean  eft'ective  pressure  is  lower;  therefore,  a 
high-speed,  two-stroke-cycle  engine  is  not  necessarily 
lighter  than  a  high-speed,  four-stroke  cycle. 

Comparing  slow-speed  engines  of  IkjIIi  cycles  reverses 
the  case.  Here  it  is  possible  to  obtain  a  mean  effective 
pressure  equal  to  or  higher  than  that  of  the  four-stroke 
cycle,  therefore,  the  s1ow-s)hh'(1,  two-.stroke-cycle  engine 
can  be  made  lighter  and  (licapcr  than  the  four-stroke- 
cycle  engine  of  the  same  power  and  speed.  Tlie  fuel  con- 
sumption is,  in  the  former,  a  tunelion  of  the  speed  (jf  the 
engine.  At  slow  speed  it  is  only  about  10  per  cent, 
higher  than  in  the  corresponding  four-stroke-cycle  en- 
gine; the  same  remark  apjdies  ap])roximately  to  the 
lubricating-oil  consumption.  I'oints  (I),  (2),  (3)  and 
(4)  still  apply. 

With  regard  to  slow-speed,  two-sti-oke-eycle  engines 
with  scavenging  valves  and  tho.se  having  ports,  Mr.  Carels 
jjointed  out  that,  although  the  latter  have  the  advantage 
of  greater  simplicity,  the  scavenging  is  less  perfect.  These 
features  were  thus  summarized. 

In  ail  cases  where  simplicity  and  robustness,  combined 
with  maximum  reliability,  are  the  essential  factors,  and 
where  the  fuel  bill  is  of  secondary  importance,  the  valve- 
less  two-stroke-cycle  is  recommended.  In  those  where  the 
fuel  economy  is  the  essential  factor,  but  high  speeds  are 
necessary  because  of  space  and  weight  limitations,  the 
fuur-stroke-cycle  engine  is  preferable;  this  applies  to  elec- 
tric-lighting sets  for  ships,  etc.  For  all  high-powered, 
slow-speed  engines  for  land  and  marine  purposes — say, 
from  1000  hp.  upward — the  two-stroke-cycle  engine  is  to 
be  preferred.  This  is  the  real  domain  of  the  two-stroke- 
eyele  engine,  where  its  advantages  can  be  fully  brought 
out. 

Taking  up  features  of  design,  Mr.  Carels  emphasized 
the  necessity  for  considering  not  only  direct  transmission 
of  forces,  but  also  those  due  to  expansion  in  all  parts  sub- 
ject to  high  temperatures — a  fact  which  makes  the  prob- 
lem much  more  complex  than  in  the  case  of  the  steam 
engine.  Due  to  the  high  transmission  of  heat  through 
the  walls  of  the  combustion  chamber,  only  special  grades 
of  cast  iron  are  suitable  for  these  parts,  and  it  is  highly 
desirable  that  more  extensive  study  be  given  to  the  ques- 
tion of  appropriate  cast  irons  for  this  service.  All  such 
])arts  should  be  very  accurately  machined,  the  clearances 
exactly  determined  and  the  relative  degree  of  wear  closely 
followed. 

Of  pistons,  Mr.  Carels  expressed  ]ireference  for  the 
crosshead  type  rather  than  the  trunk  type,  because  the 
latter  is  called  upon  to  fulfill  the  double  requirement  of 
taking  the  side  pressure  of  the  connecting-rod  and  yet 
remaining  gas-tight.  While  trunk  pistons  have  been  used 
successfully  in  many  medium-sized  engines,  cases  of  grip- 
ping have  nevertheless  occurred  from  time  to  time. 

A  part  that  needs  careful  attention  is  the  fuel  valve. 
Xot  only  should  the  needle  and  valve  seat  be  removable 
in  a  minimum  time,  but  this  should  not  make  resetting 
of  the  valve-gear  afterward  necessary.  Consideration 
should  be  given  to  the  influence  of  expansion  of  the  needle 
and  valve-gear  on  the  timing  and  the  design  should  be 
such  as  to  avoid  sticking  of  the  needle.  Also  the  starting 
valve  should  be  so  designed  that  it  cannot  rust  in  its  cas- 
ing. Sticking  of  the  starting  valve  has  frequently  given 
rise  to  trouble. 
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III  tlii>  roimcrlioii.  tlic  s|i('iikcr  siifjj^'CHtcil  lliiil  soiiii' 
nu'iuis  lie  pniviitcd  for  ^^riiuliii;;  llic  miIvc  on  its  scat 
from  tiiiu'  to  lime  wiiili-  the  cii^xiiu'  is  niiiiiiiiK. 

As  (o  tlic  fri't|iiciit  nipiicioiisiu'ss  ol"  liicl  |iiiiii|is,  Mr. 
Ciirt'ls  laid  ddwii  llir  IVatiircs  that  slioiilil  lie  rollowrd. 
Air  pockets  should  he  ahsoliilt'ly  avoidctl ;  valves  should 
Mot  lie  fiiveii  too  liroad  a  seat  ;  the  fuel  must  he  verv  finely 
lillered,  and  tin'  fuel  |ii|ie  from  the  |>um|)  to  the  fuel 
\alve  must  he  as  >li(irt  as  possilile.  In  marine  eiij^ines.  as 
the  possihie  reduction  of  the  iiuiiiImi  of  revolutions  at. 
slow  speed  is  larjj;ely  depciidenl  on  ihc  same  amount  of 
oil  iieiufj  fiiven  to  all  cvlinders.  there  should  he  a  separate 
pluiifrer  for  each  cylinder  and  not  a  fuel  distrihiilor.  iieie 
also  the  suction  and  disriiari^c  \al\cs  should  he  easily  re- 
moved ami  replaced. 

Ill  Mr.  Cards'  ojiinion.  iir.iny  iiiiulc  the  niisiakc  nl  oil- 
iiifl  their  compressors  too  |)rol'uscly,  or  allow  in^  too  iinicli 
to  enter  tlu'  compressor  cylinders,  and  then  providing;  iii- 
sutlieiont  or  no  means  of  separating;  that  oil  after  each 
stage  of  eompressioii ;  also  in  not  sulTicieiitly  intercooling 
the  air.  The  air  must  he  cooled  immediately  after  the 
discharge  \alve  of  each  stage.  Long,  uiicooled  ])ipe  strains 
hetween  the  comjiressor  and  the  cooler  should  always  he 
avoided  and  the  reeeivers  should  he  large.  It  must  not 
he  forgotten  in  ealculating  a  eompressor  that  the  air  in 
each  stage  uiust  reach  a  pressure  considerahly  higher  than 
the  receiver  ]n-essure  to  opeu  the  valves,  and  the  numher 
of  stages  must  he  so  ehoseu  that  the  final  temfwratures 
^hall  not  he  high  enough  to  cause  ignition  of  the  oil  vapors 
tarried  in  the  air. 

On  the  other  hand,  safety  valves  sliould  be  placed  im- 
mediately after  the  discharge  valves  and  not  at  the  cool- 
ers or  receivers,  because  an  e.xplosion  propagating  in  a 
long  pipe  produces  a  local  rise  in  pressure  sufficient  to 
blow  it  up  long  before  the  explosion  wave  reaches  a  safety 
valve  placed  further  on. 

The  air  bottles  should  be  provided  with  sufficient  drain- 
age conveniently  located,  the  best  method  being  to  pro- 
vide a  continuous  blowoff. 

One  more  important  point  taken  up  was  the  crank- 
shaft, which  should  have  a  high  factor  of  safety,  the  diam- 
eter being  about  0.6  that  of  the  cylinder.  A  short,  stiff 
crank  withstands  torsional  stresses  best  and  the  bearings 
should  be  preferably  short. 

InI©<l°'Wsi<t©iP  B©a]l©2=s  vso    ILav®° 

The  reply  by  Ira  N.  Evans  to  the  following  question 
of  a  reader  in  England  may  be  of  general  interest. 

"In  Power  of  July  18,  1911,  I.  N.  Evans  states  that  it 
is  very  difficult  to  regulate  the  fire  under  hot-water  boil- 
ers on  account  of  the  -svide  variation  of  the  outside  tem- 
peratures. Do  I  understand  this  occurs  if  temperature- 
controlled  dampers  are  used  ?  I  should  like  to  see  an  opin- 
ion of  an  authority  like  Mr.  Evans  if  he  considers  it  more 
economical  to  utilize,  say,  three  existing  Lancashire  boil- 
ers for  heating  approximately  60,000  sq.ft.  of  radiation 
and  circulate  the  water  in  series  through  exhaust-heated 
closed  heaters  and  then  through  the  necessary  number 
of  Lancashire  boilers  to  add  the  extra  heat  required,  or 
to  utilize  the  boilers  as  steam  producers  and  install  the 
necessary  live-steam  closed  heaters." 

Using  hot-water  boilers  on  a  system  of  heating  using 
forced  circulation  rather  than  a  live-steam  heater  is  a 


ipie>liiin  of  investment  and  numlier  of  fires  necesr-an 
ratiier  tlinn  one  of  criiiiniiiK  a!  Iniiisfer  of  heat  from  iIk 
fuel. 

In  case  a  live-sleaiii  heater  is  used  and  the  sl<-am  <  ir 
(lilt  broken  between  the  healer  and  boiler,  (jithcM'  by  dniii 
Irajis  or  pump  and  recei\fr,  a  loss  i>{  10  to  15  per  cent 
is  |tossihle.  Where  a  gravity  return  is  maintained  or  lln 
circuit  .sealed  the  live-steam  healer  airangcment  shoiili 
|)rove  (he  more  I'conomical. 

When    power   and    healing   are   required,    if    b(;lli 
water  and  steam  boilers  are  used,  reserve  capacity  ol 
types  has  to  be  maintained  for  each  branch  of  the  sci 
If  all   of  the  boilers  generated  steam  at   tin;  same   | 
sure  they  would   be   inl((rcliangeable  and  there  woulil  b 
less   liability   of   i)utting  extra    units   in    commission   t 
handle    the  peaks  of  lioth  branches  of  the  service.  If  th 
power  and  heating  were  balanced  during  the  peak  powe 
load,  exhaust  steam   would   be  available  for  heating  th 
balance  of  the   time,  and   when   the  exhaust    was   insuff 
cient  the  same  boilers  could  Mijiply  the  live-steam  heatei 
Hot-water  heating  boilers  are   idle  in  summer,  which  i 
another  distinct  disadvantage. 

In  a  recent  handbook  on  healing  an  arrangement  hj 
iieen  diagrammed  in  which  power  boilers  are  connecte 
so  as  to  be  used  as  steam  or  water  boilers.  This  in  til 
writer's  opinion  is  dangerous,  as  only  one,  or  perhajis  se^ 
cral,  valves  separate  the  circulating  water  in  the  heatir 
system  from  the  high -pressure  steam  in  the  boilers  wlie 
so  operated.  It  can  be  imagined  what  would  happen 
the  fireman  should  open  the  valve  by  mistake. 

AVith  a  high-pressure  steam  boiler  a  reduction  in  loa 
causes  the  pressure  to  rise,  closing  the  damper,  and  tl 
steam  and  water  in  the  boiler  form  a  storage  for  the  su 
plus  heat  of  the  fire.  The  latent  heat  in  steam  gives 
rapid  relief  when  the  boiler  blows  off  and  the  boiler  mo 
rapidly  adjusts  itself  to  sudden  changes  in  load. 

The  temperature  in  the  hot-water  boiler  would  have 
be  reduced  gradually  and,  although  the  water  in  the  boil 
has  considerable  storage  capacity  for  heat  absorption, 
is  all  sensible  heat  and  the  surplus  has  to  pass  into  tl 
heating  system  when  not  needed,  or  with  no  steam  spa 
the  pressure  will  go  up  rapidly.     It  is  a  common  o^'CU 
rence  to  have  a  change  of  from  25  to  50  deg.  in  outsii 
temperature  during  a  week  and  this  change  sometimes  o 
curs  in  a  few  hours.  When  the  outside  temperature  rang 
from  10  to  20  deg.  the  requirements  are  80  per  cent, 
the  maximum  heating  load  at  zero.     At  40  to  50  de 
outside  temperature  the  load  would  be  36  per  cent,  of  tl 
maximum,  or  less  than  50  per  cent,  of  the  former  i 
(juirement.     In  hot-w^ater  boilers  the  fires  would  have 
be  withdrawn  and  rebuilt  or  banked  for  a  period  of  hou 
to  perhaps  days,  as  the  requirements  demanded.     As  t 
peak  heating  load  only  occurs  from  2  to  6  per  cent, 
the  short  period  even  at  the  cost  of  more  fuel. 

With  a  live-steam  heater  efficiently  covered  and  a  seal 
steam  circuit,  there  would  be  practically  no  loss  exce 
by  radiation  and  such  a  heater  for,  say,  60,000  sq.ft. 
heating  surface  can  be  installed  and  connected  for  1( 
than  $1000.  By  its  use  there  would  be  fewer  fires 
take  care  of  and  less  banking  in  the  periods  between  i)e 
loads.  Of  course,  if  the  steam  boilers  were  old  and  wea 
ened,  so  as  to  be  unfit  for  high  pressure,  it  would  t 
make  any  great  difference  whether  they  were  placed  in  t 
water  circuit  directly  or  not. 
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UHfllasairaM  ^  GiP©Si^  Msit^s'Sill 


Long  as  it  has  been  known  that  there  is  jidwer  in  fall- 
no'  water,  it  has  remained  for  the  present  decade  to  show 
serious  disposition  to  utilize  any  appreciable  ])art  of  this 
;rcat  natural  resource.  Scientists  and  students  of  the 
ituation  have  repeatedly  warned  us  oT  the  ultimate  ex- 
laustion  of  our  fuel  supplies,  only  to  be  accounted  as 
ilarmists  by  some,  while  others,  almost  as  heedless,  have 
lismisscd  thought  of  the  consequence  of  such  a  prospect, 
vidently  misapplying  the  biblical  admonition,  "Sufficient 
into  the  day  is  the  evil  thereof."  Eather  selfishly,  it 
vould  seem,  they  would  leave  it  to  coming  generations  to 
vorry  about,  justifying  themselves  with  the  prediction 
hat,  wlien  the  time  comes,  some  substitute  for  coal  will 
)e  found.  While  this  may  be  true  and  there  are  already 
;vidences  that  water  will  be  one  of  the  important  factors 
n  meeting  the  conditions,  it  does  not  relieve  the  present 
,'eneration  of  its  responsibility. 

Beginning  with  a  few,  a  steadily  growing  number  have 
ensed  the  gravity  of  the  combination  of  an  ever-increas- 
ng  population  (and  they  becoming  more  and  more  de- 
nanding  in  the  gratification  of  their  desires  for  comfort 
md  even  luxuries,  thus  stimulating  the  affected  in- 
lustrics)  and  a  constantly  diminishing  store  of  the  yet 
mused  minerals  and  other  raw  materials.  Thus  has  been 
)orn  the  Conservation  Movement,  at  first  regarded  as  lit- 
:le  more  than  a  fad,  but  today  recognized  as  a  worthy 
ivork  and  so  rapidly  extending  its  influence  that  no  one 
an  estimate  its  future  importance.  It  is  not  confined  to 
.he  conservation  of  fuels  but  includes  more  particularly 
t  present  the  preservation  of  the  forests  and  others  of 
the  supplies  drawn  from  nature,  the  depletion  of  which  is 
most  threatening. 

Consciously,  or  otherwise,  the  engineer  has  always  been 
naturally  a  conservator,  for,  next  to  finding  ways  of  doing 
new  things,  it  has  been  his  function  to  find  new  ways  of 
loing  old  things  more  efficiently,  which  means  at  less  ex- 
pense. Although  his  motive  has  been  reduction  of  cost 
er  unit  of  production,  he  has,  nevertheless,  served 
significantly  in  minimi;nng  the  waste  for  which  those  yet 
unborn  would  the  sooner  have  suffered. 

To  offset  the  engineer's  endeavors,  however,  there  has 
|l)een  the  human  tendency  to  greater  prodigality  in  the 
'use  of  everything  that  is  made  cheaper.  As  fast,  for  ex- 
lample,  as  means  of  trans])ortation  have  been  improved  in 
economy,  greater  demands  have  been  made  upon  them,  as 
for  greater  speed,  added  comfort  or  their  more  extended 
I  use.  So  it  is  a  question  if,  after  all,  the  work  of  the  en- 
iginecr  has  not  had  the  effect  of  accelerating  the  exhaus- 
ition  of  many  of  our  resources. 

Conservation  of  the  supply  of  woods  seems  in  a  fair 
jway  to  be  solved.  The  government  is  active  in  the  cause, 
.directing  attention  to  the  need  of  conserving  and  the 
j means  of  so  doing.  The  forests  are  striving  to  replace 
j themselves  and  are  being  assisted  by  cultivation  and  by 


precautions  against  their  desi ruction  l)y  fire.  When  eon- 
sumption  gets  ahead  of  growth,  advancing  prices  dis- 
courage waste  and  even  many  uses  so  that  metal  sub- 
stitutes are  found,  and  the  attractiveness  of  profits  in  the 
field  of  forestry  draws  more  into  the  ranks.  More  or  less 
automatically,  therefore,  forest  i)reservation  takes  care 
of  itself. 

But  what  shall  be  done  for  heat,  light  and  power  when 
coal,  gas  and  oil  are  gone?  From  seed  to  cut  timber  is  a 
matter  of  a  few  years,  but  our  mineral  resources  were 
ages  in  the  forming.  The  next  most  evident  step,  then, 
aiul  the  time  to  take  it  is  now,  that  the  fuels  may  last 
the  longer,  is  the  utilization  of  water  powers.  Although 
more  has  been  done  recently  than  ever  before,  it  is  as 
notliing  to  what  may  be  done  before  any  considerable  part 
of  the  immense  available  supply  of  energy  from  this 
source  is  in  service. 

What  a  contrast  is  afforded  between  the  small  begin- 
nings in  jSTew  England  a  century  or  so  ago  when  that  was 
the  only  industrial  center  of  this  country,  and  the  plants 
in  the  Middle  and  Far  West  and  the  South  which  have 
lately  been  put  into  commission.  Compare  the  old  under- 
shot and  overshot  wheels  of  that  earlier  time  which  got 
such  a  small  part  of  the  energy  out  of  the  falls,  with  the 
present  highly  efficient  hydraulic  turbines.  Then,  use  of 
the  power  was  restricted  to  within  distances  reachable  by 
belt  or  rope  transmission.  Today,  by  electric  current,  the 
power  is  being  distributed  over  hundreds  of  miles. 

As  boys  we  stood  down  by  the  old  sawmill  and  watched 
the  water  pour  over  its  clumsy  wheel  and  it  was  all  very 
wonderful  to  us.  Now,  older  and  less  impressionable,  we 
are  still  more  thrilled  when  we  stand  in  a  plant  such  as 
those  at  Keokuk,  Hale's  Bar  or  Tallulah  Falls,  described 
on  another  page  of  this  issue,  and  hear  the  hum  of  the 
mighty  machinery  or  gaze  over  the  construction  work 
that  brings  this  power  to  the  generators.  Truly  we  can 
but  marvel  when  we  think  of  what  has  been  done  and  con- 
jecture what  may  he. 

The  evolution  of  cinder-catcher  apparatus,  as  carried 
out  at  the  Waterside  stations  of  the  New  York  Edison 
Co.,  will  be  described  in  Power  in  a  series  of  articles,  the 
first  of  which  appears  in  this  issue.  Engineers  acquaint- 
ed with  modern  boiler  and  metallurgical-furnace  prac- 
tice know  that  much  has  been  accomplished  in  recent 
years  in  abating  smoke  from  such  furnaces,  but  that  little 
has  been  done  in  contriving  an  apparatus  to  successfully 
catch  the  cinder. 

There  will  also  be  described  for  the  first  time,  and  of- 
ten in  detail,  numerous  cinder-catching  schemes,  many 
of  which,  although  not  suitable  for  the  Waterside  sta- 
tions, should  prove  valuable  in  smaller  plants  where  the 
conditions  are  less  extreme.  These  devices  should  also 
be  helpful  to  engineers  confronted  with  the  cinder  nuis- 
ance in  central  stations,  in  cement  and  even  in  factory 


]>liiiils  ill  thickly  spttlod  (lislrnis  cir  iifiir  parks,  where 
Veirelalitiii  is  destroyed.  Siiuike-iliKpt'ctioii  depiirlineiils 
shdiihl  lind  iiumy  vahiiihh'  .-u>,';;esti(His  appliiiihle  tn  their 
work. 

It  is  ^jratil'yiiif,'  to  know  tliat  witli  halUes  and  pipin;; 
of  siiital)h'  inati-riai,  the  water  in  the  eiiider-eatehers  may 
hf  used  over  and  over,  altimn^'h  iniieii  make-up  water  is 
needed  to  rejtlaee  that  lost  hy  evaporation  and  in  spray 
earrii'd  away  i»y  the  f,'ases.  'Po  avoid  unduly  rajiid  de- 
terioration oi  the  metals  it  would  he  hetter  to  draw  oil 
the  water  and  suppy  fresh  water  more  (d'teii  rather  than 
eontinue  its  u.se  until  it  heeame  heavily  iinpre^nuited  with 
the  sulphurous  and  sul|)hurii'  aeids.  'i'iiis.  of  course, 
wmild  depend  on  the  cost  id'  pumping,  whether  tiie  |)hint 
was  elose  to  a  river  or  tither  water  souree,  and  to  the 
price  of  water  if  ])urchase(l  from  the  city.  I'rohahly 
there  arc  cities  which  would  sell  water  at  reduced  rates 
for  cinder-arrester  purposes  that  they  might  rid  tliem- 
pelvcs  of  tlic  nuisance  as  it  now  exists. 

FuaJbaac^U^nllnfty  Sec^isrnties 

One  of  the  favorite  arguments  of  tlic  water-power  in- 
terests against  government  charges  for  water  ])rivilegcs 
is  the  liigh  initial  investment  necessary  and  the  financial 
risk  involved.  Tlial  the  first  cost  is  usually  high  is  un- 
deniahle,  hut  in  the  light  of  recent  statistics  the  risk  np- 
pear.<  more  fanciful  than  real. 

The  particular  statistics  to  which  we  refer  were  com- 
piled hv  Henry  1..  Doherty  &  Co.,  a  well  known  firm  of 
liankers  and  extensive  dealers  in  puhlic-utility  securities. 
The  statistics  cover  a  period  of  ten  years  and  hy  means 
(if  charts  show  clearly  the  comparative  increa.se  in  out- 
standing securities  of  gas  and  electric,  steam  railroad  and 
industrial  companies,  also  the  net  earnings  in  each  class. 
In  spite  of  an  increa.se  in  railroad  securities  of  54  ])er 
tent,  during  this  ])eriod,  the  rate  of  net  earnings  has  re- 
mained fairly  constant,  averaging  ahout  4.25  per  cent. 
The  increase  in  industrial  securities  was  less  than  20  per 
cent,  and  the  net  earnings  averaged  7.79  per  cent.,  al- 
though with  violent  fluctuations.  In  striking  contrast 
has  been  the  increase  in  gas  and  electric  securities,  of  110 
per  cent.,  with  an  average  net  return  of  81/^  per  cent. 
Moreover,  this  rate  has  been  particularly  constant. 

Of  still  greater  .significance  in  showing  the  stability  of 
public-utility  securities  is  the  fact  that  the  average  annual 
amounts  of  securities  in  receivers'  hands  per  $100  of  out- 
standing securities  for  the  past  30  years  has  been  as  fol- 
lows: Gas  and  electric  companies,  37  cents;  national 
hanks,  $1.93;  railroads,  $1.84,  and  industrial  establish- 
ments, $2.07.  These  figures  include  all  gas  and  electric 
companies  and  steam  railroads  in  the  United  States  and 
all  industrial  concerns  large  enough  to  have  been  men- 
tioned in  financial  reports.  Just  what  proportion  of  these 
electrical  securities  represent  water-power  developments 
and  what  proportion  steam  plants,  is  not  stated,  nor  is  it 
shown  how  the  average  return  on  .steam  plants  compares 
with  that  on  water-power  plants  ;  such  a  comparison  would 
be  most  instructive.  Government  reports,  however,  for 
this  period,  show-  that  water-power  development  increased 
by  nearly  200  per  cent.,  which  is  even  greater  than  the 
combined  utilities.  Hence,  it  may  he  assume*!  that  the 
net  earnings  as  stated  fairly  represent  those  on  water- 
power  developments,  and  that  instead  of  representing  a 
risk  they  are  actually  safe  and  attractive  investments. 


Safety    Valves  om    SwperlKeeitera 

.\  correspondent  calls  att<Miti<in  on  page  lli'i  to  ;ii 
iiiteresliiig  Hitiiatioii.  A  rule  formulated  by  tlic  iM 
cliusetis  Hoard  of  Hoiler  idiles  and  adopted  by  tin;  <> 
Hoard  prescribes  that  :  "When  a  superheater  can  he  stmt 
off  from  a  hi)iler,  whether  attached  or  separately  fired,  it 
shall  have  an  ample  safety  valve  nl  nr  nrar  llir  slfon 
Itilfl." 

If   the  (inly    puip(i>c  (if   the    \al\e  were  to  relieve  the 
supci'iiealei    fi(ini   an   a(  (  iimulalioii   of   presHurc   wlic"   '' 
was  shut  off  from  the  boiler,  it  would  not  seem  to  i' 
much  diirerence  whether  it   were  located  at  the  inh 
the  outlet  of  the  Kuperheater.     The  motive  in  sett  in; 
valve  at  the  inlet  was  apparently  to  save  it  from  tii' 
fects  of  the  sui)erheated  steam;  but  when  the  Hujierli' 
is  shut  oil'  from  the  boiler,  which  it  would  he  in  this 
by  a   valve  between   the  safety   valve  and   the  boilci 
that  it  ciudd  discharge  would  be  very  highly  superlii 
steam,  although  there  would  not  be  much  of  it,  aint 
valve  might  as  well  be  located  at  the  outlet  or  the  miiuiu 
of  the  siij)erheater. 

A  safety  valve  located  at  the  outlet  of  the  superheater 
however,  and  set  a  few  pounds  lower  than  the  safety  valvi 
on  the  boiler  itself,  serves  another  useful  purpose  whi(;l 
justifies  its  u.se  even  when  the  sui)erheater  cannot  be  sliu' 
off  from  the  boiler  and  is  guarded  against  overprcssuri 
by  the  main  safety  valve.  In  case  of  a  sudden  and  serioui 
diminution  of  the  call  for  steam  the  hoiler  will  relievi 
its(df  through  the  superheater,  keeping  it  from  hurnin| 
out  wliile  the  fires  are  being  brought  under  control.  But  i 
safety  valve  so  located  does  not  comply  with  the  law 
There  is  nothing  to  prevent  the  u.se  of  two,  one  to  sav- 
the  superheater  and  the  other  to  satisfy  the  inspector,  bu 
it  would  be  interesting  to  know  why  that  upon  the  out 
let  would  not  serve  every  purpose  of  safety  in  the  case  o 
a  superheater  which  "can  be  shut  off  from  a  boiler"  be 
sides  furnishing  a  precaution  against  the  injury  of  th 
superheater  when  it  is  not  so  shut  off. 

The  Babcock  &  Wilcox  boilers  at  one  of  the  stations  o 
the  Boston  Elevated  Railway  Co.  are  set  eight  feet  abov 
the  stoker  grate,  at  the  rear  or  lowest  end.  It  is  interest 
ing  to  know  that  should  more  boilers  be  installed  this  dif 
tance  may  be  increased,  but  surely  never  diminishec 
From  all  indications,  we  may  expect  to  see  an  extensiv 
application  of  the  scheme  of  raising  boilers  much  highe 
above  the  grate  than  has  heretofore  been  practiced. 

:*: 

The  announcement  that  the  engineering  department 
of  Harvard  University  and  the  Ma.ssachusetts  Institut 
of  Technology  are  to  merge,  may  be  regarded  as  one  o 
the  most  important  educational  steps  of  recent  years.  Th 
already  splendid  organization  of  the  Institute,  with  it 
recent  acquisition  of  funds  for  new  buildings  and  equif 
ment,  augmented  by  the  liberal  endowment  of  Harvan 
should  m.ake  it  possible  to  set  a  new  standard  for  eng: 
neering  instruction  and  at  the  same  time  take  up  researe 
work  on  an  extensive  scale,  as  is  being  done  by  some  c 
the  European  universities. 

We  are  glad  to  see  that  the  daily  press  has  at  last  take 
up  the  question  of  electricity  rates  in  New  York  Git 
This  should  be  a  potent  factor  in  arousing  the  interest  c 
those  most  concerned. 
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Ksscess  ASff"  Siiadl  CO2 

H.  L.  II.  Smith's  article  on  tiic  above  .subject,  in  the 
Nov.  25  issue,  was  read  with  a  iniiigled  feeling  of  sym- 
pathy and  amusement.  Someone  has  evidently  heen 
bombarding  Mr.  Smith  with  "excess  air,"  so  long  ("six- 
er eight  years")  and  so  persistently  that  it  gut  on  his 
nerves.  This  excess  of  "excess  air"  and  CO^  argument 
■with  which  Mr.  Smith  has  been  so  "continually  afflicted 
and  pastered  with"  must  have  been  local  and  possibly 
personal.  The  technical  press  certainly  has  not  given 
this  question  undue  consideration,  since  the  majority  of 
operating  engineers  still  seem  to  lack  a  clear  understand- 
ing of  what  is  necessary  to  aftniii  and  maintain  maxi- 
mum boiler  efficiency. 

Mr.  Smith  asks:  "Why  do  we  speak  of  excess  air  at 
all,  why  not  substitute  deficiency  of  coal?"  There  are 
several  reasons  why  it  is  more  logical  to  speak  of  excess 
of  air  than  of  deficiency  of  coal. 

1.  Because  the  first  is  definite  and  the  second  is  in- 
definite. For  any  given  fuel,  a  definite  per  cent,  of  CO, 
means  a  definite  per  cent,  of  excess  air.  If  the  fuel  were 
pure  carbon,  the  excess  of  air  would  be  as  follows :  For 
70  per  cent.  CO,  200  per  cent.,  lOi/a  per  cent.  CO2  100 
per  cent.,  14  per  cent.  CO2  50  per  cent,  excess.  This  re- 
lation is  also  very  nearly  correct  for  anthracite  coal,  but 
the  excess  of  air  for  a  given  per  cent,  of  CO2  becomes 
less  as  the  content  of  hydrogen  in  the  fuel  increases,  but 
the  relation  is  always  a  definite  one.  Furthermore,  every 
per  cent,  of  excess  of  air  carries  to  waste  up  the  chimney 
a  definite  amount  of  heat  for  every  pound  of  coal  con- 
sumed. On  the  other  hand,  what  relation  is  there  be- 
tween COo  and  deficiency  of  coal  on  the  grate?  For  ex- 
ample, what  per  cent.,  how  many  pounds  or  shovels  full 
of  coal  deficiency  does  7  per  cent,  of  CO^  represent?  The 
idea  is  absurd  and  really  does  not  matter,  but  what  does 
matter  is  Mr.  Smith's  remedy.  lie  says:  "If  the  CO, 
is  thought  undesirably  low,  and  the  draft  is  fixed,  let 
the  fireman  shovel  coal  more  rapidly."  This  will,  no 
doubt,  increase  the  rate  of  driving  and  may  result  in  a 
higher  per  cent,  of  COa  but  it  by  no  means  follows  that 
it  will  be  conducive  to  fuel  economy,  because  : 

2.  The  low  CO2  (excess  air)  may  be  due  to  other 
causes  than  a  thin  fire  (deficiency  of  coal).  There  may 
be  ample  coal  on  the  grate,  but  if  it  is  not  evenly  spread, 
low  CO2  will  result ;  in  which  case  shoveling  coal  more 
rapidly  will  only  aggravate  the  waste  because  of  a 
deficiency  of  air  through  part  of  the  fuel  bed,  resulting 
in  incomplete  combustion.  What  is  needed  is  not  more 
rapid  shoveling  of  coal  but  more  careful  and  skillful 
firing. 

3.  All  the  excess  of  air  does  not  come  through  grates. 
From  50  to  100  per  cent,  or  more  may  come  in  through 
cracks  in  the  setting,  loose  door  frames  and  warped  clean- 
ing door,  and  by  infiltration  through  the  pores  of  the 
brick. 

Air  entering  beyond  the  fire  does  not  aid  combustion 
and  is  just  as  damaging  to  economy  as  though  it  came 


through  the  fire.  Under  these  conditions,  which  are  most 
likely  to  be  found  where  the  accelerated  coal-shoveling 
idea  prevails,  if  the  per  cent,  of  CO2  is  forced  up  l)y 
thickening  the  fire,  the  beneficial  effect  obtained  from 
the  increased  CO2  may  be  fully  neutralized  by  incom- 
plete combustion,  due  to  deficiency  of  air  through  the  fire. 

Mr.  Smith's  statement  that  "in  general  the  rate  of 
steaming  follows  the  rate  of  shoveling"  is  true,  but  there 
is  a  vast  difference  between  shoveling  coal  and  economical 
firing,  and  the  proposition  to  bring  up  the  per  cent,  of 
COo  by  merely  increasing  the  speed  of  the  shovel  is  en- 
tirely wrong. 

The  first  step  to  increase  the  per  cent,  of  COo  is  to 
stop  all  the  air  leaks  beyond  the  furnace.  The  second  is 
to  maintain  an  even  fire  of  the  proper  thickness,  by  regu- 
lar, skillful  and  careful  firing.  The  third  is  to  regulate 
the  air  supply  so  as  to  produce  the  highest  per  cent,  of 
CO^,  compatible  with  complete  combustion.  The  speed 
of  the  shovel  must  always  keep  pace  with  the  demand  for 
steam.  If  these  conditions  are  fulfilled,  it  will  not  have 
to  be  accelerated  merely  to  increase  the  per  cent,  of  CO2, 
and  liigh  COo  will  spell  high  efficiency. 

E.  A.  Uehling. 

Passaic.  X.  J.  ' 


A.ccadl®sat  m©  EvndleKace  ©if  He^":- 
la^eiace 

There  is  a  rule  of  law  applicable  to  personal  injury 
cases  that  when  an  instrumentality  which  caused  the  ac- 
cident without  fault  of  the  injured  person  is  shown  to 
have  been  under  the  exclusive  control  of  the  defendant, 
and  that  the  injury  is  such  as  in  the  ordinary  course  of 
things  does  not  occur  if  the  one  having  such  control 
uses  proper  care,  it  affords  rea.sonable  evidence,  in  the 
absence  of  an  explanation,  that  the  injury  arose  from 
the  defendant's  actionable  negligence. 

In  the  case  of  Hill  vs.  the  Pacific  Gas  &  Electric  Co., 
136  "Pacific  Eeporter"  492,  which  was  recently  before 
the  California  District  Court  of  Appeal,  it  appeared 
that  the  defendant  power  company  supplied  electricity  to 
a  mining  company  through  a  wire  carrying  4400  volts, 
and  that  an  employee  of  the  latter  company  was  elec- 
trocuted while  attempting  to  switch  power  to  a  pump. 
The  plaintiff,  in  suing  to  recover  damage  on  awount  of 
the  accident,  attempted  to  invoke  the  rule  above  stated, 
but  the*  court  decided  that  it  was  not  applicable  to  the 
power  company — that  an  electric  power  company  is  un- 
der no  obligations  to  examine  and  inspect  the  fixtures 
and  appliances  used  by  its  customers  and  iinder  their 
control.  The  court  found  that  the  power  company's  con- 
trol ended  at  the  meter,  and  said  in  part :  "Plaintiff's 
contention  is  that,  because  of  the  extremely  dangerous 
character  of  this  element  brought  into  use  by  these  elec- 
tric power  companies,  they  should  be  compelled  not  only 
to  superintend  the  installation  of  all  appliances  con- 
structed  to   receive  and   utilize  this   dangerous  element. 


lull  sliDuM  lio  ('liiir;;(Ml  willi  siirli  ins|H>('ti<iiiH  rnmi  litiic  to 
tiiiic  of  nil  siicli  ii|i|)liiiiii't>s  IIS  wmilil  rclii'vc  tlif  piiwcr 
('oiii|miiirs  t'roiii  llir  chiir^'c  of  wniil  of  caro  iiml  would 
I'lialilu  tlu'iii  lit  III!  linu's  to  (>\|il)iiii  lliiil  iiny  lu-ciilciit 
wliicli  inij;lit  1im|iiuii  lliroii^ili  its  iisi'  was  nut  llic  it,-ii1I 
ol  want  of  i;in'  <>ii  tlicii'  part.  Wlu'ii  we  cohmiIi  r  ihc 
imillitiKlinoiis  uses  to  wliiili  clcclririty  is  now  iiciii;;  ap- 
plii'il.  and  assiiniiiif;  that  llu'  user  receives  it  l)y  means 
of  nppliaiiees  of  his  own  clioicf.  I'reitcd  li\  liiniself.  and 
under  his  control  and  nianaf,'cinent.  a.-  in  ihc  present 
case,  it  would  he  an  intolerahle  iiurden  to  rcipiirc  of  tlif 
|H)wer  «'oinpanies  what   is  here  contended  for." 

It  was  further  held  liy  llic  ronrl  llint  it  wns  npcn 
to  the  jury  to  liiid,  uiulcr  tlic  rule  rdcrrcd  to,  Ihnl 
the  mining  I'onipany  was  guilty  of  negligence.  There- 
fore the  plaintilT  not  only  joined  the  power  com- 
]iany  and  the  mining  comjiaay  as  defendants,  hut  also 
included  the  president  of  the  company  and  the  electrician 
who  installed  the  appliances.  The  court,  liiuling  tliat 
the  president  employed  a  cpmpetent  elect I'iciaii  and  that 
the  mode  of  installation  was  not  negligent,  exonerated 
hoth  of  them.  Hence,  judgment  against  the  ])laintitr, 
awarded  hy  the  trial  court,  was  allirmed  as  to  the  power 
company  and  the  individual  defendants  and  was  reversed 
a.s  to  the  mining  company,  a  new  trial  heing  awarded 
against  that  coin]janv. 

.\.  L.  II.  SriiKiOT. 

St.  Paul,  Minn. 

©Sdl  Motor  Oipives  Sffimpipo^asedl 

It  was  found  necessary  to  use  an  emery  wheel  (puti- 
often  during  the  day,  and  the  company  did  not  choose  to 
get  one  for  the  power  house.  The  machine  shop  was  quite 
a  distance  from  the  power  house  and  much  time  was 
spent  in  going  to  and  from  the  shop  whenever  it  was 
necessary  to  use  the  emery  wheel.  I  then  began  to  look 
around  for  something  to  make  one  of. 

In  the  electrical  department  I  found  four  15-hp.  Edi- 
son bi-polar  shunt-wound  motors  of  an  old  type  that  had 
been  replaced  with  better  machines.  The  armatures  of 
these  machines  were  of  the  hand-wound  type,  and  the 
shafts  and  commutators  were  .so  badly  worn  that  they 
were  not  worth  repairing  for  use  in  the  mill.  Among 
the  lot  we  found  two  field  coils  that  were  sound,  and  one 
armature  that  had  only  four  coils  cut  out,  and  decided 
that  this  could  be  made  to  drive  an  emery  wheel.  The 
shaft  extended  past  both  bearings.  One  end  of  the  shaft 
was  turned  down  from  II4  to  1  in.,  and  threaded  with  a 
right-hand  thread.  Also  two  collars  were  turned  out,  one 
to  tit  against  the  shoulder  and  the  other  against  the 
emery  wheel. 

The  other  end  of  the  shaft  was  arranged  to  carry  a 
grinding  disk  for  polishing  the  nuts  and  caps  of  the 
water-tube  boilers.  The  end  of  the  shaft  was  turned 
down  to  %  "^v  and  threaded  with  a  left-hand  thread. 
The  grinding  disks  were  made  %  in.  thick  by  8  in.  in 
diameter  and  tapped  to  fit  the  stud  on  the  end  of  the 
shaft,  and  were  finished  with  a  rough  cut.  Eound  pieces 
of  emery  paper  of  the  proper  grade  were  glued  on  each 
side  of  these  disks,  the  rough  surface  helping  to  hold 
the  paper.  We  had  several  of  these  disks  made  and 
covered.  The  old  paper  when  worn  out  was  removed  by 
placing  the  plate  in  hot  water. 


The  machine  was  bolted  against  the  wall  in  the  lioili  1 
room,  and  a  rest  made  to  steady  the  work  when  using  tin 
cnicry  wheel.  The  origiiiiil  speed  of  Ihc  motor  was  l.'ioi 
r.p.ni..  hut  with  four  coils  cut  out  it  ran  somewhiit  fiistc  1 
Ihaii   llii>. 

.1.    <  '.    II.WVKl.NM. 

llvilll>Mllc.    Md. 


Keroseime    CcMrlb^retor 

In  the  .Ian.  (i  issue  an  article  by  .1.  A.  Ijucjis  appear» 
entitled,  ".X  rni(pie  Kerosene  Carbureter,"  describing  a 
process  pr<iiiurcd  by  .Alexander  I'].  I'ortcr,  171  Hroadway, 
New  York. 

From  reading  the  article  it  would  ajjpcar  that  Mr.  Por- 
ter had  invented  and  developed  this  process,  yet  if  Mr. 
i.iiicas  had  thoroughly  investigated  this  matter  he  would 
have  found  that  the  patent  cov(M'iiig  this  process  was  in 
the  names  of  Alexander  T.  Porter  and  Herbert  E.  Rider, 
dated  June  10,  ]!)1.'],  and  that  by  some  mistake  in  the 
United  States  Patent  Office  this  patent  was  issued  when 
an  ajiplication  for  letters  patent  by  Granville  S.  Hider 
covering  the  same  process  was  pending,  having  been  filed 
some  three  months  previous  to  the  Porter-Kider  applica- 
tion for  a  patent. 

However,  this  patent  has  been  put  in  interference  with 
the  (i.  S.  Rider  ap])lication  and  is  now  before  the  United 
States  Patent  Office  for  adjudication. 

E.  M.  Engelm.\x,  President, 

Rider  Gasifier  Co. 

Xcw  York   City. 

ILocatlaoim  of  Ss^iFe^s^  VaUves  ©ffa 

An  engineer  friend  has  put  a  question  of  law  to  me  that 
I  am  unable  to  answer;  possibly  some  of  the  readers  of 
Powi^n  may  be  interested  and  able  to  offer  some  helpful 
suggestions.  My  friend  has  two  boilers  that  are  equipped 
with  superheaters.  The  superheaters  were  provided  with 
safety  valves  as  advised  by  the  superheater  manufacturers, 
and  these  valves  were  located  directly  on  the  outlet  pipes 
from  the  superheaters.  A  boiler  inspector  came  along 
some  time  ago  and  told  my  friend  that  he  did  not  have 
his  boilers  equipped  according  to  law,  and  referred  him 
to  a  rule  given  on  page  60*  of  the  Ohio  Boiler  Rules, 
which  reads  as  follows  : 

When  a  superheater  can  be  shut  off  from  a  boiler,  whether 
attached  or  separately  fired,  it  shall  have  an  ample  safety 
valve   at    or   near   the   steam    inlet. 

My  friend  and  the  inspector  had  a  long  argument  about 
why  the  steam  could  not  be  released  equally  well  from 
either  end  or  the  middle  of  a  superheater,  with  the  in- 
spector on  the  losing  side,  when  suddenly  the  inspector 
brightened  up  and  said  that  they  were  both  chumps,  for, 
of  course,  the  safety  valve  was  required  to  be  placed  on 
the  inlet  pipe  to  protect  the  valve  from  the  superheated 
steam.  This  argument  completely  captivated  my  friend, 
the  engineer,  and  he  thanked  the  inspector  and  proceeded 
to  relocate  the  valves  as  required. 

Recently,  my  friend  took  a  trip  to  Chicago,  and  natural- 
ly visited  some  of  the  big  power  plants.  At  one  plant 
he  found  su})erheaters  attached  to  the  boilers  without  any 


*Page  90,  Ohio  Rules.  Edition  of  September,  191.?;  page  48, 
Massachusetts   Rules,    Edition    of   September,    1911. 
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ftop    valves    bt'twcen    them    and    the    superheaters    but 

ill  provided  with  safety  valves  on  the  outlets  I'nmi   tlie 

iierhcaters.     He  felt  a  little  leery  about  pointing'  out 

■  nets  to  the  engineer  who  was  showing  him  around  but 

inally  overcame  his  timidity  and  told  the  engineer  that 

le  wished  to  show  him  an  error  in    the  equipment  that 

vas  providiMl  against  by  the  Ohio  Hules,  and  proceeded  to 

■nlighten  him  on  the  proper  location  of  safety  valves  for 

upcrheaters.     The  Chicago  engineer  listened  attentively 

mtil  my  friend  had  finished  and  then  had  a  long  hearty 

augh.     He  told  my  friend  that  it  had  cost  his  company 

everal  thousand  dollars  to  learn   tliat  superheaters  should 

ilways  have  safety  valves  placed  on  the  outlet  pipe,  and 

hat  such  valves  must  be  always  set  a  few  pounds  below 

he  popping  point  of  the  valves  on  the  boilers,  so  that 

he  superheater  valves  would  be  certain  to  act  first.     The 

'ugineer  explained  that  unless  this  was  the  case  a  sud- 

len  throwing  oil'  of  the  l(;ad  on  the  plant  would  stop  the 

low  of  steam  through  the  superheater,  and  without  this 

iiow  the  superheaters  were  liable  to  be  overheated  and 

ruined,  before  the  fires  could  be  checked.     He  said  that 

-everal  accidents  of  this  kind,  where  the  valves  on  the 

■iuperheaters  were  set  at  too  high  a  pressure,  had  caused  a 

)ig  expense  to  his  company,  on  account  of  "fried  super- 

lieaters"  as  he  expressed  it.     The  Chicago  engineer  said 

that  if  the  Ohio  Boiler  Eules  were  made  to  protect  the 

afety  valve,  they  should  have  specified  the  outside-spriug 

type  of  valve  for  such  use,  and  he  also  stated  that  these 

valves  should  have   been   specified  properly  located  and 

*et,  to  prevent  injury  to  the  superheater,  which  he  claimed 

was  the  real  i)urpose  of  safety  valves  for  superheaters. 

My  friend  is  now  thoroughly  convinced  that  the  Chi- 
ago  engineer  knows  more  about  the  matter  than  the 
makers  of  the  rules,  and  is  between  the  devil  and 
the  deep  blue  sea  ;  he  cannot  change  his  valves  without 
violating  the  law  and  he  lives  in  mortal  dread  of  a  sudden 
break  down  in  the  plant  presenting  him  with  a  couple 
of  "fried  superheaters."  What  he  would  like  to  know 
is,  can  his  company  collect  damages  from  the  state  of 
Ohio  in  case  his  superheaters  are  ruined  by  complying 
with  the  law.  T  have  passed  the  question  up.  I  un- 
derstand that  this  rule  -was  copied  from  the  Massachusetts 
rules  and  that  such  a  rule  is  still  in  force  in  that  state ; 
if  so,  the  question  of  my  friend  may  be  of  interest  to  en- 
gineers in  the  state  of  Massachusetts. 

J.   K.   LiNDEIillLItST. 

T'oledci,   Oliio. 

i©!P  S©c©iiadlsiS'n<es 


Until  recently,  a  certain  central  station  had  consider- 
able trouble  in  locating  grounds  on  the  secondaries  of 
lighting  transformers  supplying  a  number  of  consumers. 
Most  of  the  grounds,  while  in  themselves  not  serious, 
caused  a  drop  in  voltage,  resulting  in  complaints  about 
poor  lights.  An  inspection  of  the  wiring  on  the  premises 
of  each  consumer  was  then  necessary  in  order  to  locate 
the  fault  which  was  generally  found  in  the  lamp  fixture. 

As  this  inspection  consumed  much  time,  a  scheme  was 
devised  which  made  use  of  a  220-volt  recording  voltmeter 
connected  between  the  ground  and  the  ungrounded  leg  of 
the  three-wire  service.  All  that  then  remained  for  the 
inspector  to  do  was  to  visit  each  house  which  received  ser- 
vice from  the  grounded  transformer,  p>dl   out   the  luaiu 


switch  for  an  instant  and  note  the  exact  time  at  which 
the  observation  was  made. 

By  consulting  the  chart  obtained  from  the  recording 
voltmeter  and  comparing  the  time  at  which  a  drop  in 
voltage  occurred  with  the  record  of  time  taken  while  on 
the  premises  of  different  consumers,  the  house  containing 
the  faulty  wiring  could  be  located,  for  upon  opening  the 
switch  feeding  the  ground  a  drop  in  voltage  would  have 
occurred.  This  scheme  worked  successfully  on  circuits 
haviug  one  or  more  grounds,  since  upon  the  removal  of 
any  one,  a  drop  in  voltage  resulted.  Upon  removal  of  all 
the  grounds  normal  voltage  (110  volts)  would  be  re- 
corded. Tile  voltmeter  can  be  coiniected  ;d  any  Jioint  on 
the  ti^ansfornier  secondary. 

F.   11.  ()Jii;i;s('HMinT. 

( 'iiiciuuali.    Ohio. 


^Sitte5r°ILev©I 


Water  for  our  barometric  condenser  is  supiilied  from 
a  cooling  tower  above  the  condenser  and  above  the  engine- 
room  roof ;  consequently  some  means  for  determining  the 
water  level  in  the  pan  under  the  tower  was  desirable.  The 
pan  is  shallow,  it  being  only  5  in.  from  the  bottom  of 
the  pan  to  the  overflow. 

A  float  was  found  to  be  im]n-acticable  so  the  follow- 
ing arrangement  was  made. 

A   200-watt   transformer   was   connected    as   shown    iii_ 


To  A.C.  Supply 


'  Transformer  fowEn 

Continuous  W.\tei!-Lkvel  Indicator 

the  sketch.  One  side  of  the  transformer  was  grounded 
and  the  other  side  was  connected  through  a  pair  of  lamps 
in  multiple  to  the  water  level  in  the  pan.  The  terminals 
were  a  pair  of  arc-lamp  carbons.  One  was  adjusted  to 
make  contact  with  the  water  just  before  the  pan  went  dry. 
A  red  light  indicated  overflow,  a  white  light  safe  water 
level  and  no  light,  no  water,  and  that  it  was  time  for  the 
attendants  to  get  busy. 

Thomas  G.  Thurston. 
Chicago.    III. 
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Safety-Valve    Action    Discussed 

Urlalivf  It)  llif  snlVly-vaKc  pinlilcm  lor  disinssKni  iii 
tlu'  issiio  (if  Nov.  IH,  pap'  T'^!»,  I  lit-^'  In  olTcr  (lie  fdllow- 
iii>;:  Tilt'  writi-r  t»f  tlii-  IctltT,  Mr.  Ilastiii;,'s,  railed  to 
slatf  wlial  si/f  vaUf  it  was  that  raised  ,"«  in.  Iroiii  the 
.seal  and  then  t|iii(k!v  ii|MMii'd  wide,  li  i~  rarelv  liial  llie 
mei'ianisni  til"  an\  valve  will  allnw  id'  m  lill  id'  more  than 
Vs  in.  pel'  ineh  t>r  sent  openiiif;,  i.e..  a  l-iii.  \al\e  could 
not  lift  intire  than  V.s  '"•  lirohahlv.  or  a  v'-iii.  more  than 
'4  Ml.  without  the  lever  or  .soiiie  other  part  of  tiie  iiiech- 
jini.xni  strikinjjf  a  stop.  This  stop  is  |)rovided  not  .so  iiiiuli 
a.M  a  preeautit)!!  apiinst  the  valves  Mowing;  wide  ()])en  in 
ortiinary  operation,  as  tliis  is  veiv  unlikely  as  rurlher  ex- 
planation will  show,  liut  ill  ciise  the  vveii;!)!  >lioiili|  lie 
mi.splrteetl  on  the  lever  or  moved  hy  ae(  ideiil  Iroiii  its 
proper  location  it  prevcniv  llie  lever  rroiii  lil'tiiij,'  .so  hi^ih 
a.s  to  cause  the  weif.;lil  to  slide  hack  on  the  same  and  so, 
of  et)urse,  prevcnl  ihe  vmIvc  from  closiiiii  until  the  prrs- 
.snre  is  greatly  reduced. 

The  eonditions  stated  hy  .Mr.  Ila.stiiifrs  in  the  last. 
sentence  of  the  first  para,<riiipli  of  his  letter  are  eoidraiy 
to  my  exiierieiicc  with  this  tv|i<'  of  valve  and  are  also 
eontrary  to  rea.<oiial)le  deduction  from  the  conditions  of 
operation.  Mr.  Ilastinjjs  nejilects  to  state  whether,  after 
the  pressure  had  heen  allowed  to  accumulate  to  2  or  '.\  Ih. 
above  the  setting,  and  the  lever  then  released,  lie  main- 
tained the  pressure  under  the  disk  at  this  point  or 
allowed  the  valve  to  reduce  the  pressure. 

In  ex]}eriments  with  which  the  writer  is  familiar  even 
if  tlie  pressure  under  the  disk  were  maintained  consider- 
ably above  the  setting  by  supplying  a  larger  quantity  of 
steam  than  tlie  valve  was  suited  to  discharge  the  disk 
still  lifted  not  more  than  ^'^  to  -^  in.  for,  say,  a  l^A-in. 
valve  and  only  slightly  more  for  a  larger-sized  valve.  The 
reason  ajipears  very  apparent,  for,  as  the  writer  states, 
the  velocity  head  of  the  issuing  steam  would  be  twice  far 
enough  above  the  seat  to  enable  this  head  to  act  on  it.  In 
fact,  the  direction  of  flow  of  the  issuing  stream  is  not  up- 
ward but  is  chiefly  across  the  under-surface  of  the  disk 
from  the  center  outward  toward  the  circumference  and 
only  at  a  slight  u])ward  angle  and  so  there  is  only  a  small 
component  of  this  velocity  head  which  may  be  considered 
as  adding  to  the  pressure  head  to  help  it  lift  the  disk. 

Obviously  the  greater  the  lift  the  greater  this  com- 
ponent, but  I  should  judge  that  the  disk  would  have  to 
lift  at  least  as  far  away  from  the  seat  as  the  diameter  of 
the  opening  to  get  the  full  effect  while  if  it  lifts  one 
quarter  of  this  amount  the  full  area  of  the  seat  is  pro- 
vided for  discharge  of  the  steam.  A  further  fact  which 
prevents  even  this  small  component  from  adding  directly 
to  the  pressure  head  is  that  the  pressure  is  constantly  de- 
creasing under  normal  conditions,  due  to  the  discharge, 
so  that  the  pressure  head  will  be  less  after  the  valve  opens 
than  that  which  the  weight  is  set  to  balance.  In  opera- 
tion, in  an  extreme  condition,  there  is  no  reason  why  the 
disk  should  open  more  than  an  amount  equal  to  one- 
quarter  of  the  diameter  of  the  seat.  This  gives  full  area 
on  the  basis  of  a  flat  seat,  and  as  soon  as  the  valve  opens 
the  pressure  immediately  reduces  under  the  disk  to  an 
amount  less  than  that  at  which  the  steam  started  to  dis- 
charge, because  the  connecting  pipe,  even  though  short, 
cannot  maintain  the  pressure  and  the  disk  is  held  up  by 
the  pressure  plus  the  component  of  the  velocity  head  un- 
til this  sum  reduces  to  less  than  the  setting  when   the 


disk  cloHeH.  It  would  lie  ftMilish  to  Ktate  that  it  would  Ikj 
impossiiile  to  lilow  a  valve  of  this  type  wide  open  if  the 
iiieclianiHni  would  allow  it.  'I'he  only  eoiulitions  under 
wliicii  it  would  he  done  would  lie  in  case  the  pressiiro 
continued  to  inerea.se  after  the  valve  opened  or  in  caw;  tUi 
valve  stuck,  so  as  to  let  a  considerable  overpressure  ac- 
ciiniulate  liefore  it  opened,  and  no  reputable  nianufacti< 
would  furnish  a  valve  with  i<  inechanism  that  would  all' 
this  to  hjip|ii'ii. 

Cincinnati.  Ohio.  K.  (1.  (  Iki  i.\  m  an. 

Pipe  Work  aimd  Fittanra^s 

I II  the  issue  ol'  I  )ei  .  !l,  a  correspoiideiil  commeiils  on  the 
larelessness  of  engineers  in  running  jiipe  lines  and  oa 
the  use  of  unnecessary  fittings,  lie  also  latneiits  the  g<!n- 
eral  ignorance  of  so  callerl  engineers  and  tiieir  lack  of 
ahility.  If  .Foiies  at  the  .sawmill  packs  his  piston  roils 
v\itli  a  cotliiii  cloihc-line,  soaked  in  tallow,  that  is  his 
alTair.  His  hoilcr  only  carries  (!()  Hi.  steam  pressure,  and 
if  the  packing  does  leak,  he  has  jilenty  of  water  and  saw- 
dust fuel,  and  blowing  steam  may  he  music  to  his  ears. 

(Jetting  back  to  engineers  in  general,  how  many  know 
that  pipe  lengths  over  ]2  in.  in  diameter  are  measured  on 
the  outside?  That  hiil  live  standard  thr(>a<l  sizes  are  used 
for  all  sizes  of  pipe  From  the  smallest  to  tht;  r<3-in.?  That 
large  pipe  lengths  are  not  made  for  threading  when  14  '"• 
thick  or  less,  as  the  threads  would  cut  too  deep. 

A'alves  have  leaked  when  connetted  up  because  strains 
in  the  pipe  line  have  warped  the  valve  seat,  or  because  a 
wrench  was  used  on  the  wrong  end  of  the  valve  when 
it  was  screwed  in  jjlace.  .\lways  use  the  wrench  on  the 
end  of  the  valve  being  screwed  on  the  pipe.  U'hen  run- 
ning large  pipe,  each  length  .should  be  supported  inde- 
pendently of  the  rest  of  the  line  and  re.st  on  roller  brackets. 

The  weight  of  a  pipe  line  should  never  be  carried  by  a 
valve  in  the  line,  as  a  large  valve  seat  may  be  wary)ed  by 
the  strain  ;  always  have  the  pipes  in  line  before  bolting 
together.  Neglect  of  this  will  cau.sc  leaky  joints  when  the 
strain  of  holding  the  pipe  in  line  comes  on  the  bolts, 
gaskets  and  flanges. 

When  several  engines  take  steam  from  a  common  steam 
line,  a  certain  load  on  the  engines  will  often  cause  vibra- 
tion. This  can  be  overcome  by  suitably  bracing  the  pipe 
line,  taking  care  that  the  braces  do  not  interfere  with  the 
piping,  thus  causing  serious  strains  on  some  part  of  the 
system.    It  is  better  to  brace  a  pipe  near  the  boiler. 

Mr.  Purcell,  in  the  Dec.  16  i.«sue,  makes  a  suggestion 
for  priming  a  condenser  circulating  pump,  but  does  not 
state  if  a  .surface  or  jet  condenser  is  meant.  He  evi- 
dently refers  to  a  surface  condenser,  as  the  circulating 
pump  of  a  jet  condenser  is  acted  on  by  the  vacuum  and 
his  device  would  not  be  necessarv. 

His  scheme  will  work,  but  if  his  proposed  pipe  from 
the  circulating-pump  casing  to  the  dry-vacuum  pump 
were  tapped  in  the  circulating-water  line,  between  the 
circulating  pump  and  condenser,  and  the  other  end 
tapped  into  the  condenser  proper,  the  water  would  come 
high  enough  in  the  suction  line  for  the  pump  to  pick  it 
up  and  force  it  through  the  condenser.  There  would 
then  be  no  danger  of  getting  water  in  the  dry-vacuum 
pump,  as  any  water  brought  over  through  the  priming 
pipe  would  go  to  the  condenser  and  be  carried  off  with 
the  water  of  condensation. 

Philipsburg,  Penn.  J.  H.  Hoffman. 


.Tanuary  27,  1914 
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UenHlty  of  Stt-am — What   is  meant   by  the  density  of  steam? 

H.     T. 

Density  of  a  sul)Stanco  is  the  relation  of  its  weight  to  its 
bull<  or  volume,  and  in  steam  engineering  the  density  of 
steam  is  usually  quoted  as  weight  in  pounds  per  cubic  foot. 


DiHtiuKuiNhini!;  the   Positive  from   tbe  Ncsatlve   Electrode — 

By  immersing  a  positive  and  a  negative  electrode  in  a  sal- 
ammoniac  solution,  whith  will  give  off  the  greater  numl:)er 
Of  bubbles? 

O.    K. 
The    negative    electrode. 

Itemoving   Burnt   Cylin«ler  Oil    from    nriglit    Surfaces — How 

can  a  deposit  and  discoloration  due  to  burnt  cylinder  oil  be 
removed   from   finished   metallic  surfaces? 

J.  T.  H. 
Any  gummy  hydrocarbon  can  be  removed  with  gasoline; 
if  a  noninflammable  application  Is  to  be  preferred,  use  carbon 
tetrachloride.  The  solid  carbonaceous  matter  has  to  be  re- 
moved by  scraping,  or  by  burning  with  a  jet  of  oxygen  gas 
Discoloration  would   have  to  be   removed   by  refinishing. 


Pressure  and  Velocity — Why  does  it  require  four  time.=!  the 
pressure   to   double   the   velocity   of   tiow   of   steam? 

J.   W.   1). 

The  velocity  of  flow  of  a  fluid  is  as  the  square  root  of  the 
pressure.  It  is  a  fundamental  law  of  nature.  Water,  for 
instance,  issues  with  the  same  velocity  from  the  center  of  an 
aperture  in  the  side  of  a  reservoir  as  the  velocity  which  would 
be  attained  by  a  body  falling  through  a  height  equal  to  the 
distance  from  the  surface  of  the  water  to  the  center  of  the 
aperture  and  it  is  known  by  observation  that  such  velocity 
is  as  the  square  root  of  the  height,  hence  it  requires  four  times 
the    height    or   pressure    to   double    the    velocity. 

Relative  SiKes  of   Pumii-Suction  and    Discharge  Ijines — Why 

is    a    pump-suction    line    ginerally    made    larger    than    the    dis- 
charge   line? 

E.  M. 
For  a  given  discharge  per  minute  loss  of  pressuie  in  a 
pipe  line  decreases  with  increase  in  the  size  of  the  pipe. 
The  loss  of  head  due  to  friction  in  a  discharge  line  may  be 
overcome  by  applying  sufficient  power  to  the  pump,  but 
with  a  given  supply,  the  loss  of  head  in  a  suction  pipe 
can  usually  be  overcome  only  by  increasing  the  size  of  the 
pipe.  Under  most  conditions,  it  is  practicable  to  provide  a 
suction  line  of  larger  size  of  pipe  than  that  of  the  discharge 
line. 


Hammering  in  Suction  Pipe — How  can  the  hammering  noise 
In  a  pump  suction  pipe  be  prevented  where  the  water  is  sup- 
plied under   pressure? 

M.  B. 

The  hammering  is  due  to  sudden  checking  of  the  velocity 
(if  the  water  in  the  pipe  and  can  be  reduced  by  incieasing  the 
size  of  the  supply  pipe,  or  by  providing  an  air  chamber  on  the 
suction  pipe  near  the  pump.  Such  an  air  chamber  for  a  single- 
cylinder  pump  should  have  a  volume  of  about  six  times  the 
displacement  of  one  stroke  of  the  pump  and  for  duplex  pumps 
about  four  times  the  displacement  of  one  stroke  of  one  water 
cylinder.  The  air  chamber  may  be  of  usual  form,  or  made  of 
a  large  size  of  iron  pipe. 

Horsepower  of  .VIternat€»rs — What  is  the  formula  for  find- 
ing the  horsepower  of  two  alternators  in  parallel  from  the 
voltmeter  and   ammeter  when  there  is  no  wattmeter? 

T.  P.  M. 
It  is  not  stated  whether  the   switchboard  is  equipped   with 
a  power-factor   meter;   but  assuming  that   it   is   not,   and  that 
there   is   a   motor   load,    let    the    power    factor   be    80    per   cent. 

Then   Horsepower    = 
Amp.  per  phase  X  voltage  (across  any  two  leads)  X  1.73  x  0.85 

746 
This   assumes   that    the   load   is   balanced    and   the   ammeter 
reading  is   taken   on   the   line  side   of   the   busbars:    if   the   am- 
meters are  on  the  individual  machines  the  readings  will  have 
to   be    added. 


Absolute  Pressures — A\'hat  is  meant  by  absolute  back  pres- 
sure and  absolute  teiminal  pressure,  and  what  is  the  differ- 
ince  between  both? 

E.   P. 

"Absolute  pressure"  of  any  kind  means  pressure  above 
vacuo  and  is  called  "absolute"  because  in  common  language 
pressure  generally  mean.^  gage  pressure  or  boiler  pressure, 
which  is  pressure  above  atmospheric  pressure.  Absolute  back 
pressure,  therefore,  means  the  total  pressure  worked  against 
by  the  piston  including  atmospheric  pressure  and  is  the  back 
pressure  ordinarily  referred  to,  plus  atmospheric  pressure. 
Absolute  terminal  pressure  means  the  pressure  in  a  steam 
cylinder  above  vacuum,  when  the  piston  is  at  the  end  of 
the  stroke  and  usually  refers  to  the  final  pressure  of  expansion 
after  cutoff  has  taken   place  and  at   the   instant  of  release. 


Computing  Power  of  Compound  Engine — Employing  a  sin- 
gle horsepower  constant,  what  is  the  method  of  computing 
the  horsepower  of  a  12x24x30-in.  compound  engine  running 
106  r.p.m.,  the  mean  effective  pressure  of  the  high-pressure 
(ylinder  being  60  lb.  and  that  of  the  low  pressure  being  14 
lb.    per   sq.in.? 

J.  H.  C. 
The  mean  effective  pressure  of  both  cylinders  may  be  re- 
ferred to  either  cylinder  and  the  computation  may  be  based 
on  the  horsepow^er  constant  of  the  cylinder  referred  to,  but 
it  is  customary  to  refer  to  the  low-pressure  cylinder.  The 
diameteis  of  the  cylinders  being  respectively  12  and  24  in., 
and  the  stroke  of  both  pistons  being  30  in.,  the  ratio  of  the 
piston  areas  and  of  the  cylinders  is  as   1   to  4. 

Each  pound  mean  effective  pressure  of  the  high-pressure 
cylinder  will  therefore  be  equivalent  to  Vt  lb.  mean  effective 
pressure    of    the    low-pressure    cylinder. 

The    low-pressure    cylinder    being    of    24-in.    diameter,    the 
area  of  the  low-pressure  piston   is  452.39  sq.in.  and  the  horse- 
power   constant    for    the    low-pressure    cylinder    is 
30  X  452.39   X  106   X  2 

=    7.265    hp. 

12  X  33,000 
Referring    the    mean    effective    pressure    of    both    cylinders    to 
the  low-pressure  cylinder,  their  combined  mean  effective  pres- 
sure   referred   to   that   cylinder   would    be   equivalent    to 
60 
—    +    14    =    29   lb.   mean   effective   pressure 


and   the   horsepower   would   be 
7.265     X     29 


210.68    hp. 


Position  for  Ball  on  Safetj -Valve  Lever — At  what  hori- 
zontal distance  from  the  fulcrum  should  the  130-lb.  ball  of  a 
3-in.  lever  safety  valve  be  placed  so  that  the  valve  will  blow 
off  for  a  boiler  pressure  of  90  lb.,  the  weight  of  the  valve  be- 
ing 12  lb.,  its  distance  from  the  fulcrum  of  the  lever  to  the 
center  of  the  valve  being  8  in.,  and  the  lever  weighing  40 
lb.   when    supported   at    20    in.    from   the   fulcrum? 

B.    C.    H. 
The  valve  being  3  in.  in  diameter   its  area  would   be 
3    X    3    X    0.7854    =    7.0686   sq.in. 
and    the    total    pressure    of   steam    tending   to    raise    the    valve 
would   be   7.0686    X    90    =    636.174   lb. 
The    pressure    on    the    valve    due    to    the    weight    of    the    lever 

20 
wouU:   be  —    X    40    =    100   lb., 

8 
and   the  weight   of  the  valve  being   12   lb.,   the  downward   pres- 
sure exerted   by   the   lever  and   the  valve  would   be 

100    +     12   or   112   lb. 
Therefore,     neglecting    friction,     the      net      upward      pressure 
to   be   resisted  by   the  leverage   of  the  ball  would   be 

636.174   —  112    =    524.174   lb. 
The   distance   of  the   valve   from   the    fulcrum   being  8    in.,    the 
upward    movement    or   leverage    of   steam    pressure   acting    on 
the    valve,    which    must    be    equaled    to    be    balanced    by    the 
downward   leverage   of  the   ball,   would    be 

8    in.     X     524.174    lb.    =    4193.392    in. -lb.,    hence 
a   ball   weighing   130   lb.   would   have   to   be   so   placed    that    its 
center   of  gravity   would   be 

4193.392  in. -lb. 

-    32.254    in. 

130  lb. 
or   practically   at   32%    in.   from   the   fulcrum,   for   the   valve   to 
blow    off    when    the    boiler    pressure    becomes    90    lb. 
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)tadly  Course 
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Tri^oiaomnietlry— X 

Last  liKssox's  A\s\\i;iis 
II.     Two  sides    (a  i=   817,  b   =   57!).4)    and   iIk 
(hided  aiif^ii'  (('  =  30  di'p.)  nre  pivoii  (a  Case  III  | 
it'iii).      Usiiii,'    till'    first    iiicIIkmI    al    tiic    end    «(    the 
li'ssoii : 

hill  .\  (.1  —  //)  = 


iiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiii^  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiijiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitii nil iiiiiiiiiiiiiMiiiiiiiiiii! 

I''miii  llic  sainc  eqiialioji  a.s  in  tliu  lust  ])i()ld(>ni 


Hi 


57!). 4 


i/rif. 


2(17.0   ,    ,       .,    ,  207.<)  X  :J.0777  

14-^(i.4  •'  14-20.4 

'nifivfore  Va  (.1    —  ^0  =  ;5<'  dcfT- 

Since 

.1  =  V.  (.1  +  B)  +  1/2  (  -I  —B) 

.1   =  72  +  W  =  102  ,/fv/. 

■iiid  since 

H  =  1/2  (.1  +  B)  -  1/2  (.1  -  B) 

B  =  72  —  ;10  =  42  f/p(7. 

Check:     {.I   +  7?  .+  T  =  180  deg.) 

102  +  42  +  :?0  =    180  (/pjr. 

^,. ,       ...        ,  J.  ,  .      rr      .si«  A 

hide  r  is  lound  ironi  llie  equation      =  —. -p. 

'  r       Kin   C 


%Vi 


0.978i 
0.5878 


847  X  0.5878 
0.')781 


.504.  :]7 


42.     Given  h  =  527.8,  c  =  72.'1.0  and  .1  =  100  deg. 

This,  also  a  Case  III  prohleni,  will  be  solved  by  the 
second  method  given  in  the  la.st  lesson,  finding  first  the 
missing  side  from  equation  28: 


.,  =      \(i'>-^^'-^y'  +  ("^3.0)2  —  [2  X  527.8  X  723.(;\ 
NjV  X  (—0.1730)]  ) 

a   V  278,572.84  +  523,590.90  +  132,001.20 

=  V  !t34,771.S4  =  !)<;0.8 

(Note  that   C  being  an  angle  of  the  second   quadrinit, 

its  cosine  is  negative.  See  Table   IT,   Lesson  II). 
From  equation  27, 

900.8       0.9848  „       527.8  X  0.9848 


sin  B 


527.8        sill  B  900.8 

Therefore  angle  B  =  32 lA  deg.,  clo.sely. 

a       sill  A 
From  equation  -  = 


0.0352 


■sin  (J 


900.8   0.9848    .  .,   723.0  X  0.9848   ^  ^„„^ 

=   ■  —.T      •**'«  c'  = TT^TTT-^ =  0.7388 

723.0   .un  C  900.8 

Therefore  angle  C  =  471/2  deg..  closely. 

43.  Given  a  =  GO  ft.,  h  =  GO  ft.,  and  ('  =  110  deg.; 
required  the  side  c. 

This  can  be  found  directly  from  the  equation 

r  =  yl  a^  +  b-^  —  2  ab  cos  C 

c=  V  (00  X  60)  +  (60  X  60)  —  [2  X  60  X  00  X  (—0.342)] 

=  V"9662T4  =  98.297  //.  or  ahont  98  //.  3§  in. 

44.  Again,  two  sides  (50  and  90  yd.)  and  the  included 
angle   (37  deg.)   are  given;  required  the  third  side. 


r  =  V  (50  +  50)  +  (!M)  X  90)  —  (2  X  60  X  90  X  0.7980) 

'■  =  V  345'(.t)  =  58.S(i!  1  jiil.  or  dhinil  5K  nil.  2  ft.    5   ///. 

I.'>.  This  |)r()blcm  re(|uir('s  the  solution  <d'  tw((  tri- 
angles, lirsl  the  triangle.  l//r'.-1,  Fig.  10,  and  then  B(:i)B. 
'I'hesides /l/i  =  15  ft.  and  AC  =  15  ft.  and  the  includcfl 
angle  CAB  =  84  deg.  are  given.    Then,  by  the  first  rnetb- 

chI   <if  solving: 

Inn  \  {L,A  BC    -  L.AI;B)  =  ^'^         |'^  X  M«  h 

(180  —  84)  tley.  =  g g  X  /mi  48  i/ri/.  =  "'"  ^  ]' ^ ^'•**'  =  0.5553 

Therefore  i/j  Z  ABC  —  Z  ACB  =  29  deg.,  very 
neai'ly. 

Sin(e  1/2  (Z   ABC  -^    Z   ACB)   =  48  deg. 
Z   ABC  =  48  +  29  =  77  dpi^. 
and 

Z   ACB  =  48  —  29  =   19  deg. 
Finding  tiie  third  side,  CB,  by  the  Law  of  Sines: 
C/1  _  sin  84  i/i'ff.  _  0.9945 

1:5 


.sm 
Since 


•  i/i'(/.       0.9744 
Z  CB/)  =  Z  AH/) 


'■'-^-^;r— 


Z  ABC 


and 


Z   ABD  =   Z   CAB  =  84  deg. 
Z   CBD  =  84  —  77  --  7  deg. 
Of  the  triangle  BCDB  there  are  now  known  the  side 
BC  (45.923  ft.),  the  side  DB  (45  ft.,  being  equal  to  AC) 
and  the  included  angle  CBD  (7  deg.). 

Solving  by  the  .second  method  to  find  the  side  CD  di- 
I'ectlv, 


\ 


CI)  =  V  (45.923)  2  +  (45)  2  —  (2  X  45.923  X  45  X  0.9925) 
CD  =  V  31.8  =  5.039  or  about  5  ft.  7§  in. 

A  short  cut  to  the  solution  of  the  second  triangle  would 
have  been  to  use  the  Law  of  Sines.  The  angle  ABC  was 
found  to  be  77  deg.  and,  CD  and  AB  being  parallel,  the 
angle  BC/}  equals  ABC,  hence  is  also  77  deg.  This  and 
the  angle  CBD  and  the  side  BD  being  known,  it  become.'^ 
a  Case  I  problem,  and 

CD  _  sin  CBD  _   sinjjleg.    _  0.r219 

l5   ~  sin  BCD  ~  sin  77  deg.  ~  0^97^4 

^,^,       45X0.1219  . 

'^'=       0.9744        ='-'-^ 

which  is  a  check  upon  the  answer  already  found. 

When  it  is  desired  to  be  sure  of  the  result  of  any  solu- 
tion of  a  Case  III  prol)lem  it  is  well  to  employ  both  the 
Law  of  Tangents  and  the  Law  of  Cosines  methods  and  see 
that  the  .same  answer  is  obtained  with  both. 

SoLUTiox  OF  Oblique  Triaxgles  Coxtixued 
Case  TY 

^Yhen  the  three  sides  of  a  triangle  are  given,  the  angles 
may  be  found  directly  from  the  equations  ex])ressing  the 
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|j,i\v  of  Cosines.     For  example, 

a'-  =  Ir  +  r-  —  2  be  cos  A 
ly   transposition    heionu's, 

bi  4-  ^.2  _  a'i 


COS  A  = 


2  be 


Similarly, 


cos  B  = 


cos  (!  = 
have 


g-i    -f   c^    _   1,2 

2  ac 

„i  -(-  h-i  _  ,.'i 


(31) 


2  ab 

When  two  angles  have  been  found  the  third  may  ho 
obtained  by  subtracting  the  sum  of  the  other  two  from 
180  deg.,  but  usually  it  is 
safer  to  solve  all  three  angles 
in  the  regular  way  and  then 
see  that  the  three  total  180 
(leg.  as  a  check  on  all  of  the 
( alculations. 

There  is  likely  to  be  some 
iliscrepancy  when  the  three 
.ingles  are  totaled,  especially 
if  any  of  them  involve  frac- 
tions of  degrees.  This  is  be- 
cause the  differences  between 
functions  degree  by  degree 
are  not  equal  and  it  is  more 
or  less  of  an  approximation 
when  degrees  are  split,  to 
divide  the  functions  propor- 
lionately,  as  with  the  use  of 
;i  table,  such  as  that  in  Les- 
son II.  More  complete  tables 
reduce  this  error,  but  there 
IS  still  apt  to  be  a  slight  one 
when  the  three  angles  of  a 
triangle  are  totaled,  due  to 
the  calculations  not  being 
carried  out  to  a  sufficient 
number  of  decimal  places. 
T'nless,  therefore,  a  material  error  is  found  in  the  180- 
(leg.  total,  it  does  not  indicate  any  serious  mistake  in 
the  calculations.  Such  difference  as  is  found  should 
be  added  or  subtracted  as  the  case  may  be,  among  the 
angles  most  likely  to  be  in  error.  Generally  in  solutions 
by  the  Law  of  Cosines  the  bulk,  if  not  all  of  the  cor- 
rection should  be  made  to  the  smallest  angle,  for  the 
iisines  of  angles  near  0  deg.  differ  ordy  slightly  from 
i.ne  another,  as  may  be  seen  from  tbc  table. 

AHEAS   OP   TlUAXOLKS 

The  commonly  known  I'ule  that  the  area  of  a  triangle 
IS  equal  to  half  the  product  of  the  base  by  the  altitude 
L;cnerally  is  sufficient,  but  for  the  case  of  an  oblique  tri- 
ingle  of  which  the  altitude  is  not  known,  although  three 
"1  more  of  its  parts  may  be.  it  becomes  more  convenient 
to  use  another  rule  which  is: 

The  area,  of  a  triangle  is  equal  lo  half  the  product  of 
tiro  sides  and  the  sine  of  the  inchided  angle. 

This  may  be  proved  as  follows : 

Referring  to  triangle  ABC  A,  Figs.  11  or  12,  by  the 
familiar  rule. 

area  =  l/o  r  X  CD 
But  since  CD  =  a  sin  B  (Lesson  VTI). 

area  =  1/2  ac  sin  B  (32) 


Fig.  10 


The  area  of  a  triangle  can  then  be  solved  if  three  parts 
are  given,  for  if  these  do  not  happen  to  be  two  sides  and 
the  included  angle,  the  latter  can  be  calculated  from  the 
known  parts,  as  explained  in  this  and  the  two  previous 
lessons. 

Study  Questions 

Given  a  =  9,  &  =  12  and  c  =  15 ;  find  the  angles. 

Given  a  =  94.596,  h  =   104.65;]  and  c  =    100; 

B  and  C. 

The  only  available  site  for  a  cooling  pond  is  tri- 
angular in  shape.  The  tliree  sides  measure  respectively 
KtO,  150  and  75  ft.  What  will  be  the  angles  at  the  cor- 
ners of  the  pond  ? 


46. 


iiiid  .4 
4S. 


49.  Taking  the  above  as 
pond  and  that  its  depth  is 
water  will  it  contain  ? 


the  inside  dimensions  of  the 
uniforndv   5   ft.,   how   much 


Fig.  n 


Fig.  12 


50.  A  triangular  guard  is  placed  at  one  side  of  a 
rope  drive  which  comes  up  through  the  floor.  Its  base  is 
6  ft.,  its  altitude  8  ft.  and  one  of  the  two  inclined  sides, 
which  are  parallel  with  the  corresponding  runs  of  the 
rope,  is  8  ft.  6  in.  What  is  the  angle  between  the  two 
runs  of  the  rope? 

.^: 


Hydro-electric  companies  arc  at  the  present  time  deeply 
interested  in  the  outcome  of  the  conferences  being  held 
by  the  Public  Service  Commission  to  determine  the  plan 
under  which  the  water  development  of  West  Virginia  is 
to  be  carried  on.  Application  for  permission  to  erect  dams 
are  on  file  covering  the  Kanawha,  Xew  Gauley,  Williams, 
Meadow,  Elk,  Buehannon,  Cheat  and  West  Fork  Elvers, 
hi  come  instances  work  has  been  started  and  near  the 
Pennsylvania  state  line  a  mammoth  dam  on  Cheat  River 
has  been  partially  completed. 

The  commission  has  prepared  an  outline  of  the  form 
of  permit  it  will  present  for  discussion  and  vmless  ma- 
terial changes  are  made  in  it  the  regulation  the  com- 
mission would  exercise  over  the  hydro-electric  companies 
would  be  the  most  complete  ever  attempted  over  any  pub- 
lic-service corporation  in  We.st  Virginia. 

Every  act  of  the  hydro-electric  companies  from  the 
purchase  of  the  land,  which  would  be  submerged,  would 
be  subject  to  supervision,  the  commission  would  deter- 
mine the  capacity  of  the  water  plants  ar,d  finally  limit 
the  net  earnings  of  the  companies,  taking  for  the  state 
75  per  cent,  of  the  net  earnings  of  the  companies  over  12 
per  cent,  and  placing  it  in  a  fund  to  be  used  ultimately 
for  the  purchase  of  the  plants  for  the  state. 


on  RefinlnK-  Proros.sps  ImprnvIiiK; — There  "nas  been  unu.sual 
proR-ress  in  many  parts  of  the  country  during-  tho  past  yoai' 
in  petroleum  refining,  especially  in  the  dehydration  of  hcav\ 
crude  oils,  in  obtaining-  sasoline  from  natrral  gas  and  syn- 
thetically   from    heavy   oils. 


i;is 


I'o  \\  !■;  |{ 
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OVER  THE  SPHILLWAY 

r  I  ,s  r  .1  i;.s  1  s.  .1  v  it.-;,  .ms  11  is  a  n  d  .1 1  m  it  i.i:.s 


"Koril    Ih    '■(•0    .vouiH    iilu'inl    of    IiIh    IIiih"."    HiiyH    KiMhoii,    it 
ri'irliiK    to    Mr.    Koi'd'H    liilontlon    of    iIImIiIIiuIIiik    tvii    million 
(lolliirH    itiiiiliall.v    iiiiiomk:    IiIh    ('Iii|iIo.vui>h.       Uoi>h    IOiIIhuii    iiifiiii 
llijit    II    will    111'    r.mi    yoaiH    l>ofor»>   any    other   i-onciTti    doOM    thin 
liltl.-    ihliii;    for    iiM'.' 

.\  biK  olvolrk-al  innnufm-lurlnK  I'ompany  spihIb  us  a  story 
of  •'Kh  I  111  fill  Service- — Mai-hli\lHl  WorkH  22  Years  on  One  Ma- 
ehlne."'  .Xiul  remarks:  "It  Is  pei-ullarl.v  refreshInK  I"  see  oiii' 
who  has  pursued  the  even  tenor  of  his  way  undl.Mtiirhed  hy 
the  elamor  about  him."  Tin-  life  of  the  machine  rcllecis 
credit  on  Us  maker,  but  we'd  not  say  the  same  for  this  even- 
tenor  feller.  My  nollles!  think  of  i)uttlnK  In  22  years  on  a 
2-ln.  tuirot  lathe.  No  wonder  he  has  an  even  tenor.  SotTie 
ambition! 

m 

"Women  shared  In  every  important  conference  or  move- 
ment in  Oreat  Britain  the  past  year" — New  York  "World." 
Why.  ever  since  that  Kden  episode  they  have  been  our  wives, 
mothers  and  sisters  (and  other  fellows'  sisters).  On  this 
brlKht  and  sunny  day  we  are  even  trying  to  think  kindly  of 
that  lady  typist  who  says  her  dictionary  is  always  wrong — 
anil  spells  accordinply. 


By  the  wa.v  some  folks  nurse  a  grouch,  you'd  thinl<  thai 
radium  was  its  onI>-  cure,  and  that  they  were  too  poor  to 
buy    even   a   couple  of  pounds  of   remedy. 

:*: 

To  those  that  gro  (?o\vn  to  the  sea  in  ships  there  has  been 
added  a  new  terror  of  the  sea,  the  tango.  Hitherto,  our  many 
trips  to  Europe  have  been  for  rest  and  recuperation.  If  we 
have  to  tango  our  way  over  in  future,  we'll  quit — and  go  to 
Milwaukee    in    September. 


Just  one  good  word  for  an  explosion.  It  occurred  439 
ft.  under  a  New  York  street  and  opened  up  the  Ca'.skill 
Aqueduct.  The  other  side  of  the  shield  is  that  this  tunnel 
has  cost  the  lives  of  283  men  and  injured   88331 

'^. 
"Get  out  of  one  ton  of  coal  the  va'ue  of  two!"  Same 
.old  goldbrick,  same  old  shell  game.  T'.is  time  it's  the  "Fuel 
Kconomizer  Mfg.  Co."  The  "Economizer"  prolongs  the  life 
of  the  fire  at  a  "travial"  cost  and  the  powder  is  "dessolved" 
in  water.  Aha!  Mister  Sukker  takes  a  .'iO-cent  box.  Who's 
next?  E.  Z.  Mark  takes  one!  If  we  really  intended  offer- 
ing wholesome  advice  to  this  company,  we'd  employ  the  first 
two  words  of  this  paragraph.      Get  it? 


Tlie  following  letter  exjilains  itself — and  "do  not  make  no 
clinkers  " : 

West    Newton,    Pa.,    Jan.    3--11. 

W.   S.    Kuhn.    the    Elec.    Co.    of   Pittsburgh,    Pa. 

Sir — Having  seen  the  biggest  mergers  of  electric  co.  1 
wish  to  draw  your  attention  to  a  fuell  saving  device  and 
labor  saving.  it  is  in  the  form  of  a  simi  circler  bridge 
wall,  when  propley  placed  in  by  a  expert.  I  guarnte  to  save 
66'/r  of  fuell,  and  do  not  make  no  clinkers.  makes  per- 
posanetley  less  smoke,  and  also  burns  all  the  smoke  that  is 
combustable.  as  a  small  quantity  is  uncombustable  as  it 
contains  too  much  watery  vapor  and  that  cannot  be  burned, 
this  device  is  onley  good  for  horrisontal  boilers,  such  as 
return  tublers,  silinders  and  flew  boilers,  and  I  guarnte  to 
give  more  and  better  steam  with  one  boiler,  then  two  of 
heny  other  boiler  on  the  marKet.  of  the  same  horse  power, 
if  you  accept  this  offer  for  me  to  place  you  one  in  free  of 
charge,  will  not  cost  you  one  cent,  and  you  to  make  an  affe- 
davit  to  the  effect  of  its  merrits.  and  answer  2.5  inquires  as 
to  its  eficancy.  it  is  as  astounding  as  the  arepaleen.  if  you 
wish  to  give  this  a  triall  let  me  Know  v/hen  i  can  se  you 
and  were,  and  we  can  soon  arange  to  have  it  don.  at  the 
shortist  notice,  in  ordering  give  the  diametr  of  the  boiler. 
Patent  appid  for. 

Yours  truly. 

(Signed) 

P.  S.  as  soon  as  i  get  this  placed  I  want  to  make  a 
trolley  that  will  not  come  of  the  wires  in  rounding  a  turn, 
i  have   seen   them   com   of  on   the   strait   lines  also. 


Flexible  Gusset  Stay 

A  tlt'.xililf  nii.x.xct  stiiy  ii<lii|>lc(l  iliiclly  lo  IjiiiiciiHliiro 
lioilcrs  liiis  liccii  iiitnxliK'cil  in  Imi^IiiimI  liv  tin-  Niilcun 
Moilcr  &  (iciirnil  liisnniiicc  Co.,  lild.,  of  Miiiicln'stcr.  Tlio 
llc.\il)lr  .stay  is  sliowii  in  Vifi.  I  und  is  11  nioililioition  of 
tile  ordinary  rijjid  ;;iishcI  stay,  consisting  of  llic  usual 
doiililc  aiif^li's  riveted  to  I  lie  shell  and  Iront  end  plate.  Tlie 
;;iisset  weh  plate  is  ri;zi<ily  riveled  lo  tlie  anj^les  on  the 
sliell  lull  instead  of  tlie  ii\el.-  ii>iial!y  us<'(l.  for  the  at- 
liit  iiini'iit  of  tlie  well  ]>late  to  the  unfiles  of  the  front  end 
plate,  liirned  holts  are  sul)stitiited.  The  holt  lioioK  in  tin; 
fiiissel  plate  are  eloiifiated,  the  clearances  varying  from  a 
inaxiiiiuni  at  the  hotloni  to  iiothiiifi  at  the  top  and  in 
this  way  a  ceilaiii  aindiinl  i>\'  cinl -plate  niovenienl  is  ])er 
inittcd  liefoic  llic  .-la\  coiiic,-  into  o|ici'atir>ii.     Hy  varying 


Fi(i.    1.    Siiowixc;    KT,()\(i.\T[:i)    Roi/r   TIoLi;   ix    OrssKT 
Stay 

the  eloiijjation  of  the  bolt  holes  il  is  po.ssihie  to  design  a 
•stay  so  that  the  end  phite  is  free  to  move  through  any  pre- 
determined distance  and  moreover  hy  this  system  the  load 
can  he  distributed  evenly  over  all  the  bolts,  wherea.s  in 
the  ordinary  system  of  rigid  staying,  practically  the  en- 
tire load  comes  on  the  toe  rivets  only.  When  the  condi- 
tions of  working  are  severe,  such  an  arrangement  of  stay- 
ing is  of  great  value  in  reducing  the  strains  that  tend  to 
cause  grooving  or  leaking  at  the  rivets  and  seams  on  the 
front  end.  With  rigid  .staying  practically  all  the  move- 
ment due  to  furnace  e.xpansion  has  to  he  taken  up  by  the 
front-end  flanges  of  the  furnaces  and  a  .strip  of  plate 
usually  about  10  to  11  in.  wide  situated  between  the 
crowns  of  the  furnaces  and  the  bottom  or  toe  rivets  in 
the  attachment  of  the  gusset  angle  to  the  end  plates. 
With  the  Vulcan  system  of  staying,  the  deflection  is  not 
localized,  but  is  distributed  over  that  portion  of  the  end 
]jlate  situated  between  the  furnace  crown  and  the  outer 
circumferential  riveting  by  which  the  plate  is  attached  to 
the  shell  and  the  angle  through  which  the  plate  is  bent 
to  this  movement  is  comparatively  small.  Hence  severe 
local  stresses  are  avoided. 

These  .stays  have  been  used  in  boilers  and  have  stopped 
leaks  that  were  troublesome  wdth  rigid  gusset  stays.  The 
chief  purpose  of  this  .stay  is  to  prevent  grooving  due  to 
distortion  of  the  head  by  the  expansion  of  the  furnace 
plates. 

The  curves,  Fig.  2.  show  the  deflection  of  the  head, 
furnace  plates  and  the  bottom  of  the  stays  in  a  Lan- 
cashire boiler.  The  boiler  tested  was  8  ft.  in  diameter, 
made  for  an  ordinary  working  pre.ssure  of  160  lb.  The 
end  plate  was  %  in.  thick,  fitted  with  five  flexible  gu.sset 
stays  above  the  furnace  at  the  front  end  and  two  or- 
dinary rigid  gusset  stays  below-.  The  bottom  bolt  hole 
of  the  center  stay  was  elongated  5%  '"•>  those  in  the  in- 
termediate stays  14  in.,  and  in  the  wing  stays  g%  in.     It 
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uill  1)0  noted  that  tlic  deflcctioiis  uf  tlic  lioik'r  under  steam  >teani    pressure    the    expansion    was    just    equal    to    lliat 

pressure  were  much  greater  tiian  the  corresponding  cold-  |)r()(luced   by   the   maximum   cold-water   test  pressure  of 

water  pressure,  due  jjrincipally  to  the  fact  tinit  the  ex-  260  lb.  yjer  square  inch.  The  deflection  of  the  bottom  ends 

iiansive  movement  of  the  furnace  forces  out  the  end  plate,  of  the  three  center  gusset  stays  were  of  a.  similar  amount 
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Fig.  2.  ("ukves  ok  I)i:fli:(  tions  [x  Boiler  and  Furnace 


When  steam  at  about  212  deg.  F.  was  just  issuing  lioni 
the  test  tap,  the  upper  parts  of  the  furnace  were  expanded 
T^g  in.  more  than  the  shell  of  the  boiler,  while  at  40  lb., 
steam  pressure  the  difference  at  these  parts  equaled  that 
caused  by  a  cold-water  pressure  of   160  lb.     At  120  lb. 

m 


and  at  the  full  working  steam  pressure  of  160  lb.  the  bolts 
were  just  in  contact  with  the  ends  of  the  elongated  holes 
in  the  gusset  plates.  Hence  the  end  plate  was  practically 
free  to  move  forward  until  the  full  working  pressure  wa.^ 
reached. 


By  ,1.  J.  McIntosh 


iSYNOFSIS — 2Vie  use  of  air  and  steam  for  atorniznlion 
and  dijferent  types  of  burner  on.  llie  uiarket. 


For  power-plant  work  steam  is  almost  entirely  used  in 
the  burners  as  an  atomizing  medium.  The  extra  equip- 
ment required  for  air  for  this  purpose  is  a  serious  draw- 


Ftg.  1.  Five  General  Cla"sses  of  Burner 


back  to  its  use.  It  not  only  increases  the  coniplicatiou 
of  an  oil-burning  system,  but  also  adds  to  the  risk  of  in- 
terrupted service.  As  it  is  convenient  to  use  steam  for 
this  work  and  as  air  for  atomizing  offers  no  advantage 
over  steam  by  saving  fuel,  air  is  never  used  unless  there 
is  a  special  reason  for  it.  The  amount  of  steam  used  for 
atomization   varies  in   different   plants.     If   the  furnace 


X  Section  K-X 

Fig.  2.  Worden  Burner 

temperature  is  high  and  the  oil  fed  to  the  burners  is  pre- 
heated, it  will  require  less  force  to  atomize  the  oil.  Oils 
with  an  asphaltum  base  are  heavy  and  of  a  viscous  char- 
acter, and  by  increasing  their  temperature  their  viscosity 
is  rapidly  reduced.     If  the  furnace  is  properly  arranged. 
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Fig.  3.  Booth  Burner 

the  amount  of  atomizing  force  required  will  be  small,  be- 
cause the  heat  from  the  brick  will  immediately  gasify 
the  oil,  and,  if  sufficient  oxygen  is  present,  it  will  ignite 
and  complete  combustion  will  ensue.  Atomizing  a  pound 
of  oil  requires  from  0.25  to  0.5  lb.  of  steam. 
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Air  IS  iiHo.l  nliiiost  entirely  for  atoiiii/alioti  in  (•.■rtiiiM  oil   preKHuro  h  kept  in  nreordnnto  with   the  tiiniHiuture 

niiliistnal   (.penitiniiK  where  ii   hif,'li    liiiiiiicr   ti'mpcnilurc  to  prevent   the  foriniition  of  pix.     However,  the  nioin     t 

IS  desired.      It  is  used  also  in  eenient   kilns  where  a  lon^'  the  oil  leaves  tiie  hiirners  under  the  hollers]  the  pre 

Hume    is   desired    and    in    oi»erations   where   steam    would  is   removed    from    the  oil.   and    it    Hashes   into   the    I 
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have  a  detrimental  elTect  on  the  produ'ts  manufactured,  atoms.  This  pliysieal  aelion  is  assisted  by  centrifugal 
It  is  still  being  used  to  a  certain  extent  on  ocean-going  spray  nozzles,  so  as  to  give  a  more  ])erfect  and  intimate 
vessels  but  is  slowly  giving  way  to  mechanical  atomiza-      mixture  with  tiic  air. 


BniXKlJS 


tion.    As  space  is  at  a  high  premium  on  such  vessels,  and, 

as  steam  for  atomization  would  require  from  3  to  8  per  m  KM;ifs 

cent,  of  the  total  water  carried,  its  use  is  limited.     The  There  have  heen  hundrerls  of  oil  burners  designed,  but 
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Fig.    7.    Staples   and   Pfeiffer  Burner 

amount  of  air  required  varies  considerably,   but  usually  tlie  majority  of  them  never  got  further  than  the  paper 

ranges  from  0.2  to  0.55  lb.  per  pound  of  oil.  on  which  they  were  laid  out.  It  has  been  the  pet  hoi' 

Oil  is  also  atomized  by  mechanical  action.     The  oil  is  of  many  engineers — and  others — to  design   oil   burn' 

heated  to  a  high  temperature  (about  *360  deg.  F.)  and  the  As  a  matter  of  fact,  the  design  of  an  oil  burnr-r  is  not 
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nearly  as  iinpcirtant  as  the  arrangement  of  the  furnace  in 
the  economic  burning  of  oil.  This  does  not  mean  that 
any  sort  of  a  contrivance  that  will  squirt  oil  into  the  fur- 
nace will  do  for  an  oil  burner.  Oil  must  be  gasified  or 
broken  up  into  a  fine  spray  before  it  can  be  burned  com- 


Fici. 


iS.  Staples  and  Pfeiffei:  Burners  fob  Melting 
Metals  and  for  Boiler  Use 


pletely.  If  the  oil  is  not  broken  up  into  a  fine  spray  or 
gasified,  complete  combustion  will  not  ensue,  and  small 
particles  of  unconsumed  oil  will  fall  to  the  brickwork, 
forming  carbon,  which  will  accumulate  and  build  up;  this 
condition,  of  course,  represents  a  waste.  Provided  tliat  a 
burner  completely  atomizes  the  oil,  nothing  further  in 
the  design  of  a  burner  will  result  in  a  higlier  economy, 
"ith  the  e.xeeption  of  the  amount  of  atomizing  agent  re- 
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quired  to  bring  this  about.  The  best  bni'ncr  is  obviously 
the  one  that  completely  atomizes  the  oil  with  a  minimum 
amount  of  steam  or  air.  It  must  also  be  designed  to  per- 
mit rapid  removal  from  the  furnace  for  examination  and 
all  parts  subject  to  wear  must  be  made  easily  renewable. 
The  first  burners  to  mechanically  atomize  oil  were  not 
successful  when  used  with  oils  containing  an  asphaltum 
jbase,  because  this  type  of  burner  has  a  tendency  to  car- 
'bonize  the  oil.  The  carbonized  oil  stops  the  pa.ssages  and 
hinders  the  working  of  the  burner.     In  several  types  of 


mechanical  burner  now  on  the  market,  this  tendency  to 
carbonize  seems  to  have  been  entirely  overcome.  In  fact, 
mechanical  oil-burning  system.s  are  finding  a  wide  appli- 
cation in  marine  work  and  have  made  considerable  head- 
way in  stationary  work. 


k^Ori-fice  -for  oil  supply  pipe 
Z^Orlfice  'for  steam  supply  pipe 
C'Hixinqor a+omizinq  chamber 
\)-Oil  Inlet  Duct 
E  'Equalizing  Steam  Chamoer 


't -Steam  Entrance 

I  *"    Steam  Duct 

J  =  Set  Screw  holding  Plate 

K=RemoYable Steel  nates 


Hajimel  Ixsidk-Mixkr  Hcrnkr 


Of  the  thousands  of  patents  that  have  been  granted  for 
oil  burners,  it  has  been  found  possible  to  divide  them  into 
five  different  classes.  These  five  general  classes  are  shown 
in   Fig.  1. 

In  illustration  ^4,  the  drooling  burner,  oil  drops  out  of 
an  orifice  on  a  flaring  jet  of  steam  and  is  thus  atomized. 
In  the  atomizer  burner  B  the  oil  drops  directly  on  the 
steam  jet,  or,  in  other  words,  is  swept  off  by  a  brush  of 
steam  or  air.  In  the  chamber  burner  C  oil  and  steam 
intermingle  within  the  l)urner  itself  and  issue  from  it  in 
the  form  of  a  mixture.  The  oil  is  further  broken  up  by 
the  expanding  action  of  the  steam  as  it  leaves  the  burner. 
The  injector  burner  D  is  similar  to  the  steam  injector.  Its 
design  enables  it  to  draw  oil  from  a  tank  and  force  it  into 
the  furnace.  In  the  projector  burner  E  oil  is  pumped 
to  the  burner  and  in  issuing  from  the  burner  tip  is  taken 
up  by  a  jet  of  steam. 

Burners  may  be  further  divided  into  the  outside-  and 
inside-mixer  types.  In  the  outside-mixer  type  of  oil 
burner,  the  oil  and  the  atomizing  medium  do  not  come 
into  contact  with  each  other  until  they  are  forced  into  the 


Fig.   11.  Formation  of  Spray  in 
Mechanical  Burnki; 

furnace.  In  some  types  the  oil  enters  the  lurnace  through 
an  orifice,  in  the  burner,  above  the  steam  orifice,  drops 
upon  a  jet  of  steam  and  is  th(!reby  atomized.  In  other 
types  the  oil  issues  from  the  burner  below  the  steam,  but 
the  orifice  is  so  designed  that  the  oil  leaves  the  burner  at 
nearly  right  angles  to  the  jet  of  steam.  As  a  result  the 
oil  jet  strikes  the  steam  jet  and  is  thus  broken  up  into 
fine  particles. 

In  the  inside-niixcv  type  of  burner,  the  oil  and  atomiz- 
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iufi  iMciliiiiM  ciiriii'  iMli)  (oiitai'l  with  onli  nllnr  lufun* 
leaving;  tlu'  l)uni<-i'.  'IMic  result  i.s  llml  llic  oil  is  linikcti 
up  within  the  hurniT  itself.  Tlie  ailliereiils  uf  thin  ty|H' 
of  liurner  elaiiii  that  it  will  atoinixe  either  cold  or  heated 
oil  with  better  sueee.ss  llinii  the  outside-mixer  type. 


Fig.  1'^.   Koi;i!TiN(i   Mkciiaxical   Burxeh 

Fijx-  'i  .allows  the  ^\'or(lL'll  burner,  which  i.s  of  the  out- 
side-nii.\er  type.  It  will  be  noticed  that  the  oil  flows 
from  the  hiirner  at  rijjht  angles  to  the  Jet  of  steam.  Fig. 
;?  illustrates  the  Booth  burner,  which  is  commonlv  called 


sciitially  an  iiixide-iiiixcr  burner  and  issucH  a  round 
lianie.  I"'ig.  7  ilhistralen  the  StapleH  and  I'fcilTer  oil 
liiniicr  and  l''ig.  H  shows  biirnerH  of  (lie  Kaine  make.  .No. 
till  Is  for  melting  braxs,  copper,  lead,  viv.;  No.  0  iH  for 
melting  steel  and  iron  and  aUo  for  beating  steel  and  iron 
for  bending,  Hanging,  etc.;  No.  I  for  tem|K'ring,  forging, 
annealing  and  for  brick  and  linu!  kilns;  No.  2  for 
bakeries,  ovens,  retorts,  beaters  and  snndl  boilers;  ,Vn  '', 
lor  all  standard  nnikes  and  si/.es  of  boilers,  furna' 
kilns,  etc.;  No.  t  for  large  boilers  and  furnaces  in  ;." 
cral. 

Kig.  '■>  shows  a   |>i|)e  burner  that   is  popular  with  some 
engineers.     Il   is  ol'  the  iiisidc-niixcr  tyi>e.     'J'hc  (jrifice  in 
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the  ell  should  be  about  ^'2  '"•  '"  width  and  the  length 
of  the  orifice  will  dejK'nd  upon  the  width  of  the  furnax.-e. 
The  end  of  the  steam  pipe  in  the  iniriier  should  i)e  about 
6  in.  from  the  orifice. 

Fig.  10  illustrates  the  Ilammcl  inside-mixer  burner 
which  is  held  in  high  regard  by  many.  It  ha.s  been  esti- 
mated that  there  are  over  1(),()0()  of  these  burners  in  use. 

Fig.  11  shows  the  formation  of  spray  in  a  mechanical 
burner,  under  the  joint  action  of  th(!  pump  pressure  and 
the  centrifugal  action  of  the  screw-guide  blades.  Fig. 
12  shows  the  Koerting  mechanical  oil  burner  in  action. 
In  the  drawing  A  is  the  oil  inlet,  B  the  burner,  D  the 
damper  and  C  the  air  inlet.  Fig.  1.'3  shows  the  burner 
head  of  one  form  of  Ko<'rting  burner. 


Fig.  14.  Mechanical  RritxKi!  Uskd  in  Oil  Fields  of  Ktssia 


Fig,  15.  Mechanical  Burner 

Used  by  F.  S.  Naval 

Fuel-Oil  Board 


I  he  Santa  Fe  burner,  because  of  its  wide  application  on 
l!ie  locomotiyes  of  the  Santa  Fe  Railway  Co.  Fig.  4  il- 
lustrates the  Peabotly  Xo.  1  burner,  which  is  used  to  a 
large  extent  on  Babcock  &  Wilcox  boilers.  The  McDonald 
oil  burner  is  shown  in  Fig.  5.  The  action  of  this  burner 
is  similar  to  that  of  the  atomizer  burner  shown  at  B, 
Fig.  1.    This  burner  issues  a  round  flame. 

Fig.    6    shows    the    Haves    oil    burner,    which    is    es- 


Fig.  14  illutsrates  a  form  of  mechanical  burner  used 
in  the  Baku  oil  fields  in  Rus.sia,  and  in  Fig.  15  is  shown 
a  mechanical  oil  burner  designed  for  use  by  the  United 
States  Naval  Fuel  Oil  Board. 

The  burners  illustrated  in  Figs.  2,  3,  4,  7,  9  and  10 
produce  a  flat  fan-shaped  flame,  and  experience  has 
proved  that  burners  producing  a  flat  flame  are  the  most 
efficient  for  the  majority  of  stationary  boilers.  J 
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SYNOPSIS — In  the  daytime,  alternating  current  is  sup- 
plii'd  by  a  turbo-generator  and  direct  current  througli  a 
synchronous  motor-generator  set.  At  niglit,  the  alter- 
nating-current load  is  much  smaller  titan  the  direct-cur- 
rent, hence  the  furbo-alternator  is  slnit  down,  and  an  en- 
gine-driven dynamo  started.  Alternating  current  is  then 
supplied  by  lite  motor-generator  set  reversed. 

This   generating   plant   was   designed   to  supply   both 
three-phase  alternating  current  at  250  volts  and  direct 

P.  C  Service  f:>  Chops 


sliop,  particularly  the  crane  motors,  and  finally,  an  aux- 
iliary source  of  direct  current  at  220  volts  from  a  200- 
lip.  tandem  compound  engine-driven  unit. 

There  are  two  exciters,  each  driven  at  1500  r.p.m. 
through  a  10  to  1  reduction  gear  by  a  75-hp.  De  Laval 
turbine.  One  of  these  exciter  units  is  run  during  the 
day  and  the  other  at  night.  The  plant  is  operated  con- 
densing for  the  large  engine  and  turbo  unit.  The  500- 
kw.  turbine  is  started  slowly  noncondonsing,  and,  after 
it  has  reached  normal  speed,  is  thrown  onto  the  con- 
Tb   Shops 


Engine  Driven 
OX  Generator 
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current  at  220  volts  for  the  Pennsylvania  Railroad  Co.'s 
locomotive  repair  shop  at  Trenton,  N.  J.  Ik'sidcs,  there 
are  two  Thomson-Houston  series  arc-light  dynamos  suj)- 
plying  direct  current  at  8500  volts  for  arc  lam])s  through- 
out the  shop  and  yard. 

The  prime  movers  comprise  a  500  kw.  turbo-alternator 
delivering  three-phase  alternating  current  at  250  volts 
and  60  cycles;  a  200-kw.  synchronous  motor-generator 
set  with  a  220-volt  compound-wound  generator  deliver- 
ing direct  current  to  some  of  the  apparatus  about  the 


dcjiser.  ll  is  never  started  on  the  coiulenser,  as  the  water- 
sealing  arrangement  of  this  turbine  does  not  become  ef- 
fective until  jjractically  normal  speed  has  been  attained. 

The  main  switchboard  is  divided  into  two  sections  of 
five  panels  each.  The  right-hand  section  is  for  the  al- 
ternating-current switching  apparatus,  including  the  ex- 
citers, while  the  left-hand  side  controls  the  direct-current 
units  and  circuits. 

The  regular  daily  procedure  in  running  this  plant  is 
as  follows:     One  of  the  exciter  units  is  started  and  its 
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voltii;;c  iitljiistoii  to  al)oul  I  IT)  volts.  At  the  wimc  liiiif 
tlu'  .MMi-kvv.  turlM)-iillfiMMtor  is  lirounht  up  to  s|u'C(i  niiil 
the  licld  rxcitiitioii  swilcii  N,  is  riosud.  Tlu-  iiltfrMiiliiin- 
lunciit  volltif^i'  is  tlu'ii  adjustfd  hy  moans  ol"  the  titid 
rlu'ostat,  or,  if  lu'ccssary,  by  n-jjulatiiiji  tin-  rxcitcr  volt- 
a{.'i',  and  tilt'  main  swildi  S.,  is  tlicii  dosed,  makinj,'  the 
main  Imshars  ali\c.  so  that  any  desired  alternatin;i-cnr- 
reiit  serviee  is  reailily  supplied  by  closiiifr  the  pro|)er 
shop-eiiruit  switelies.  The  fuses  only  protei  t  the  al- 
ternating eurrent  seetion  of  the  switchboard  and  its  sup- 
ply units  from  overload  or  short-circuits  on  the  shop 
lines,  the  jrenerntor  |)anels  having  no  protective  devices. 

As  .some  direct  current  is  recpiired  for  the  motors  and 
other  devices,  such  as  heaters,  annealers,  etc.,  the  .syn- 
ehrononous  motor-generator  set  is  used  to  supply  this 
service.  This  set  is  brought  uj)  to  .synchronous  speed  liy 
a  squirrel-cage  induction  motor  directly  connected  to  the 
shaft.  After  liaving  attained  approximately  synchron- 
ous s)U'('il  the  licld  excitation  switch  S^  for  the  synchron- 
ous motor  is  clo.sed.  and  the  synchronizing  plugs  1  and  2 
are  in.serted  in  the  rece))tacles.  When  tiie  set  approaches 
synchronism  the  main  motor  switch  is  thrown  in  quickly. 
The  motor  is  now  ready  to  take  its  load,  and  the 
switch  iSj  on  the  starting  motor  can  be  opened.  If 
difficulty  is  had  in  synchronizing  the  two  machines,  the 
.starting  motor  switch  may  be  opened  and  closed  quickly, 
so  as  to  slightly  change  the  phase  relation  between  the 
motor  and  the  alternator.  This  may  have  to  be  doae 
several  times  before  the  operator  can  get  the  "dark"  per- 
iod sufTiciently  long  to  enable  him  to  switch  in  the  set. 

After  the  motor-generator  set  has  been  synchronized 
and  the  direct-current  potential  adjusted  to  220  volts,  by 
means  of  the  shunt  tield  rheostat,  the  generator  switch 
^r,  can  be  closed,  thus  energizing  the  direct-current  bus- 
bars. The  circuit-breakers  are  always  closed  before  the 
main  switch,  for  in  case  of  unforeseen  trouble  on  the 
line,  if  the  circuit-breakers  were  closed  manually  after 
the  switches  they  would  not  offer  any  automatic  protec- 
tion, and  serious  damage  to  the  generator  might  result. 

It  is  to  be  noted  that  the  special  direct-current  motor- 
starting  switch  iSg  is  equipped  with  suitable  resistance 
sets  which  are  always  left  closed  when  the  machine  is  to 
be  operated  {,s  a  dynamo  to  supply  220  volts  to  the  switch- 
board. 

The  plant  is  now  running  under  normal  day  condi- 
tions, and  toward  evening,  when  the  time  approaches  to 
shut  down  the  500-kw.  alternator  and  the  synchronous 
motor-generator  set  (operating  as  a  motor),  the  steam- 
engine-driven  unit  is  brought  up  to  speed  and  its  voltage 
adjusted  to  correspond  with  that  of  the  direct-current 
dynamo  of  the  motor-generator  set.  First,  the  circuit- 
breakers  of  the  incoming  machine  and  then  the  switch 
S.,  are  closed.  The  load  on  both  direct-current  genera- 
tors is  quickly  balanced  by  manipulating  their  field  rhe- 
ostats, and  as  the  direct-current  end  of  the  ni^u  r-gener- 
ator  set  is  to  be  cut  out,  the  load  is  reduced  to  approxi- 
mately zero  by  cutting  out  resistance  in  the  field  circuit 
of  the  incoming  machine  and  cutting  in  resistance  in  the 
field  circuit  of  the  outgoing  machine.  When  the  am- 
meter on  the  latter  indicates  practically  zero  load  its 
main  circuit-breakers  are  tripped,  cutting  it  out  of  service. 
From  the  foregoing  it  is  evident  that  the  direct-current 
load  on  the  switchboard  has  been  carried  right  along 
without  any  interruption,  by  operating  the  two  direct- 


current     generators     in      parallel      for     a     short      li 

At    this  stage  the  usual   practice  is  to  cut   olT  Iiiii)mii 
arily  all  the  alternating-current   load   by  prcarriingeineiil 
with  the  shop  department,  and   the  shop-circuit   swililic> 
arc  accordingly  opened   when   the  IoikI  has  droppi^l   r 
vciy    low    point.     The   synchronous   motor   of   the   scl 
ai.-i)   cut    out    by    opening   its    main    switch    and    then    n 
licld    excitation   switch    \;     This    leaves   the    motor-geu- 
crator   .set    dead.     The   alternating-current    load    having 
been  reduced  to  zero,  the  5()()-kw.  turbo  unit  has  its  main 
switch  iS';  opened,  hut  just   previous  to  this  its  tield  ex- 
citation .switch  >'i  is  opened,  only  half  way  at  first,  al- 
lowing the  blades  to  engage  with  the  field  discharge;  re- 
sistance  for  a   few   minutes,   which    prevents  the  suchlen 
production  of  a  high  induced  electromotive  force,  which 
might  puncture  the  field  windings.     The  throttle  on  the 
steam  turbine  is  then  closed  and  the  turbo-alternator  is 
brought  to  rest.     Tiie  exciter  unit  is  also  shut  down. 

T'sually,  some  alternating-current  service  is  desired  at 
niglit.  This  is  supplied  from  the  synchronous  motor- 
generator  set  operated  a.s  a  three-phase  alternator,  excita- 
tion being  furnished  by  the  spare  exciter.  The  direct- 
current  machine  is  readily  started  now  as  a  compound 
motor.  In  order  that  the  series  and  shunt  windings 
shall  not  oppose  one  another,  however,  it  is  first  necessary 
to  reverse  the  series  field  connections  by  means  of  the 
double-throw  switch  shown.  The  circuit-breakers  are  next 
closed,  then  the  main  switch,  and  finally  the  .starting 
switch  (bg  is  slowly  closed  step  by  step  until  it  is 
all  the  way  in  and  the  set  has  attained  norma!  speed. 
The  field  excitation  switch  S^,  of  the  synchonous  machine 
is  theii  closed,  and  the  alternating-current  three-pha.ee 
voltage  is  adjusted  by  means  of  the  field  regulator  R,  and 
also  the  exciter's  field  rheostat,  if  necessary.  When  the 
alternating-current  voltmeter  indicates  the  correct  poten- 
tial, the  main  switch  may  be  closed,  and  the  bu-sbar^ 
are  made  alive.  If  desired,  the  alternating-current  load 
on  the  turbo-alternator  could  be  transferred  to  the  motor- 
generator  by  starting  up  this  set  as  just  described  and 
then  synchronizing  the  two  alternating-current  machines 
to  prevent  interruption  of  service. 

It  is  poor  practice  generally  to  solidly  connect  (elec- 
trically) a  large  synchronous  motor  and  an  alternator, 
without  automatic  circuit-breakers  in  the  line.  Some- 
times the  direct-current  load  on  the  generator  becomes 
too  great  and  the  synchonous  motor,  owing  to  its  inher- 
ent characteristics,  refuses  to  stand  u]i  to  the  load  and 
comes  to  a  dead  stop.  The  motor,  with  but  little  resis- 
tance and  fair  impedance,  is  short-circuited  directly 
across  the  line  of  the  alternator  and  throws  a  heavy  load 
on  the  latter  unless  the  motor  switch  is  very  quickly 
opened.  This  occurred  once  in  the  writer's  experience, 
and  before  the  motor  switch  had  been  opened  the  alter- 
nator started  to  smoke.  This  took  place  about  11  a.m. 
and  the  alternator  stood  up  for  the  rest  of  the  day,  but 
that  night  the  revolving  bipolar  field  gave  out  and  ne- 
cessitated calling  out  a  night  shift  to  put  in  a  spare 
field,  which  luckily  was  on  hand.  One  of  the  revolving 
field  coil  terminals  had  become  charred  until  it  could 
barely  hold  together,  and  finally  parted,  thus  opening 
the  field  circuit.  All  this  trouble,  and  any  repetition 
of  it.  could  have  been  avoided  by  installing  circuit-break- 
ers on  the  alternator  panel,  or  at  least  by  putting  a  set  of 
fuses  between  it  and  the  main  busbars.  - 
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SYNOPSIS — Directions  are  given  for  using  an  engi- 
neer's transit  and  level  in  aligning  an  engine,  the  installa- 
tion of  a  gas  engine  being  used  as  an  e.rani/)le.  The  value 
of  the  instrument  for  other  work  is  also  pointed  out. 

An  engineer's  transit,  when  available,  is  a  valuable  aid 
in  quickly  and  accurately  doing  the  aligning  incidental 
to  setting  up  any  form  of  steam  or  gas  engine  or  com- 
pressor unit,  as  well  as  line  shafting.  If  the  transit  is  ac- 
curately adjusted  it  may  be  used  as  a  level.  If  it  has  no 
level  under  the  telescope,  a  surveyor's  level  can  be  used. 

The  method  of  using  the  instrument  may  be  understood 
from  the  following  account  of  the  installation  of  a  large 
double-acting,  twin,  tandem  gas  engine. 

Before  the  engine  was  placed,  a  set  of  reference  lines 
were  located  on  the  engine-room  floor,  as  shown  in  Fig. 
1,  i.e.,  the  two  center  lines  of  the  engine  and  the  center 
line  of  the  shaft.  Small  plugs  were  driven  in  holes  cut 
in  the  concrete  floor  at  the  end  of  each  line.  Tacks  were 
driven  in  the  plugs  at  the  point  of  intersection  of  two 
scratches,  made  with  a  knife  blade. 

Two  lines  AB  and  CD  were  checked  by  measuring  the 
distance  between  their  ends  with  a  steel  tape,  setting  up 
the  transit  over  all  four  points,  A,  B,  G  and  D,  and  suc- 
cessively turning  right  angles  with  the  transit  and  "check- 
ing in"  on  the  points.  The  line  EF  is  located  by  "setting 
up"  over  the  intersection  of  this  line  with  the  lines  AB 
and  CD  and  checking  the  angles  and  distances,  as  in  the 
case  of  the  base  lines  AB  and  CD.  These  points  were  pur- 
posely located  some  distance  from  the  position  of  the  en- 
gine to  be  used  as  permanent  reference  points  over  which 
to  set  up  the  transit  and  so  reestablish  any  of  the  lines 
at  any  time. 


Fig.  1.  Oentet?  Ltxes  ttirotioti   P]ngine 

AMien  the  parts  of  the  engine  were  placed,  their  lo- 
cation on  the  foimdation  could  be  very  closely  established 
by  comparatively  rough  measurements,  and  after  com- 
plete assembly  and  before  the  engines  were  "grouted  in" 
'>n  the  foundation,  the  aligning  of  the  engine  was  ac- 
I  urately  done  by  using  the  transit. 

Setting  the  transit  over  the  point  A  and  taking  a  sight 
on  the  point  B,  any  point  on  the  engine  which  is  inter- 
sected by  the  vertical  cross-hair  in  the  transit  will  bo  in 
Mio  vertical  plane  of  the  center  line  of  this  half  of  the 


Fig.  2.  Ckntki!ing  a 
Rod 


engine.  Since  the  reciprocating  parts  of  the  engine  are 
those  which  must  be  on  a  center  in  the  vertical  and  hori- 
zontal plane  it  is  necessary  to  accurately  check  their  lo- 
cation. As  these  reciprocating  parts  are  nearly  all  cir- 
cular in  section,  their  centers  are  accurately  located  by 
the  contrivance  shown  in  Fig.  2. 

Care  should  be  taken  that  the  angle  of  the  two  bottom 
legs  is  the  same  on  each  side  of  the  center  line.  This 
center  line  OH  should  be  drawn  in  the  exact  center  of 
the  flat  vertical  member,  and  the 
plate  at  the  top  which  supports  a 
machinist's  level  should  also  be  at 
exactly  right  angles  to  the  c-enter 
^ine  Gli.  Then  if  the  contrivance 
is  placed  over  a  piston  rod,  for  in- 
stance, the  line  OH  will  be  ver- 
tically over  the  center  line  of  the 
rod  when  the  bubble  in  the  level  is 
centered  and  the  line  OH  may  be 
used  as  the  target  at  which  to 
sight  the  transit. 

If  any  part  of  the  engine  is  out 
of  line,  the  error  will  be  in  the  dis- 
tance between  the  line   OH  and 
the    line    of    sight    through    the 
transit   as   previously   established 
from  A  to  B,  Fig.  1.     By  moving 
that  part  of  the  engine  which  is 
out   of    line    until    the    line    QH 
conies  into  the  line  of  sight  through  the  transit,  that  part 
of  the  engine  will  be  brought  into  coincidence  with  the 
center  line  of  the  engine. 

Other  parts  of  the  engine  not  of  circular  section,  ])ut 
the  center  of  which  can  be  accurately  established  by 
measurement,  can  be  checked  by  the  use  of  a  plumb  bob. 
All  points  along  the  engine  can  thus  be  brought  into  line 
in  a  vertical  direction  usually  from  a  single  setting  of  the 
transit;  the  operation  for  one  side  of  the  engine  is  the 
same  as  that  for  the  other  side. 

In  the  same  maimer,  by  setting  the  transit  over  the 
points  E  or  F  and  sighting  to  the  opposite  point,  the  a.xis 
of  the  transit  and  the  line  of  sight  are  then  in  a  vertical 
plane  with  the  axis  of  the  engine  shaft  and  all  points 
along  the  shaft  may  be  brought  into  line  by  methods  sim- 
ilar to  those  just  described. 

Having  accurately  located  the  base  lines,  in  which  case 
it  is  certain  that  the  axis  lines  are  parallel  to  one  an- 
other and  exactly  perpendicular  to  the  shaft  line,  the  in- 
strument is  a  positive  check  and  is  also  an  accurate 
method  of  aligning  the  various  parts  of  the  engine. 

All  the  work  described  to  this  point,  however,  refers  to 
location  of  the  vertical  plane  only.  To  check  the  parts 
of  the  engine  for  their  proper  relative  elevations,  the 
transit  must  be  used  as  a  level,  or  a  surveyor's  level 
brought  into  service.  The  usual  leveling-up  process  of 
stretching  a  wire  through  the  cylinders  from  one  end  to 
the  other  is  accurate,  but  where  the  engine  is  long  (in 
the  case  under  description  it  was  over  70  ft.)   allowance 
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iniisi  iif  imidf  f(H"  tlic  sn^  til'  llif  wire  wiiicli  is  lioiiiiii  li> 

'i'o  tl(»  lUMUiiiti'  li'vcl  work  llir  (lisliiiicc  from  llic  iii- 
slniiiUMit  to  the  points  at  wliicli  readings  arc  taken  (the 
lengtli  of  llie  si^;lits)  must  lie  as  nearly  e<|ual  as  possilile, 
altlionj;li  for  tlie  sliort  distances  of  the  iircscnt  case  the 
error  would  he  inaiiprccialile.  However,  if  convenient,  it 
is  iu'st  to  set  11)1  tiie  level  at  smnc  sucli  central  |ioint  as 
shown  ill  /..  Vii:.  I.  Kv  oliiMishinfj  a  lien(  li  nniik  nl 
some  lixfd  |i<>iiil  on  ihc  llimr  of  the  enfjinc  idinii.  Ilic 
height  tif  the  inslmnient  niav  lir  nscriinincil  mImi  llic  ifhi- 
live  hciglils  of  all  parts  in  reference  to  the  hciuli  mark. 

For  those  not  familiar  with  the  use  of  an  engineer's 
level  and  rod,  the  process  of  ascertaining  relative  ele- 
vations is  as  follows : 

Suppose  we  arhitrarily  assunu'  a  "hencli  mark"  to  he, 
say,  1(H)  ft.  ahove  some  imaginary  datum  ])lane.  Then,  if 
the  instrument  is  level  and  the  sight  is  taken  on  tiie  rod 
placed  over  the  hcurli  mark,  the  rod  reading  adilcil  to  tiie 
elevation  of  the  hcnch  mark  will  lie  the  elc\ati(in  of  the 
line  of  sight  of  the  level  ahovo  the  liench  mark.  Suppose 
the  rod  reading  to  he  5  ft.  6  in.,  then  the  elevation  of  the 
line  of  sight  through  the  level  relative  to  the  datum  plane 
will  he  100  ft.  plus  5  ft.  6  in.,  or  105  ft.  6  in.  This  is 
known  as  the  height  of  the  instrument. 

Suppose,  now,  it  is  desired  to  vheck  up  the  elevation 
of  the  center  line  of  the  engine,  assuming  that  the  diam- 
eter of  the  piston  rod  is  13  in.  aiul  the  reading  of  the  rod 
placed  vertically  on  top  of  the  tail  rod  is  2  ft.  This  means 
that  the  top  of  the  tail  rod  is  2  ft.  below  the  level  of  the 
instrument,  or  its  elevation  relative  to  the  datum  plane 
is  105  ft.  6  in.  minus  2  ft.,  or  103  ft.  6  in.  But,  since 
the  diameter  of  the  rod  is  12  in.,  the  elevation  of  its  cen- 
ter line  will  be  C  in.  Iielow  this  point,  or  at  an  elevation 
of  103  ft. 

In  like  manner  one  may  ascertain  the  relative  elevation 
of  any  other  points  on  the  piston  rod,  as,  for  instance, 
between  the  cylinders  or  at  the  forward  end  of  the  head- 
end cylinder.  If  these  elevations  are  not  the  same  as  at 
other  points,  the  difference  will  be  accurately  known  and 
the  elevation  may  be  adjusted  until  all  parts  are  at  ex- 
actly the  same  elevation. 

Evidently,  subtracting  rod  readings  from  the  elevation 
of  the  instrument  will  give  elevations  at  the  bottom  of 
the  rod  and  the  elevation  of  points  anywhere  on  the  en- 
gine is  thus  easily  established  if  their  distance  above  or 
below  the  bottom  of  the  rod  is  known,  and  this  can  usual- 
ly be  easily  ascertained. 

The  rod  used  for  this  work  should  have  an  accurate 
scale  of  fine  divisions,  but  usually,  for  accurate  work,  a 
small  steel  mechanic's  scale  must  be  used  with  the  rod. 
By  holding  this  scale  against  the  rod  and  using  the  edge 
of  it  as  a  target  line  which  is  to  be  brought  into  coin- 
cidence with  the  line  of  sight  through  the  level,  as  indi- 
cated by  the  horizontal  cross-hair,  a  very  accurate  rod 
reading  can  be  made.  The  best  time  to  do  this  work  is 
at  night,  especially  if  the  engine  room  is  hot  during  the 
day  time  and  there  is  vibration  due  to  other  moving  ma- 
chinery. 

While  the  operations  described  may  seem  somewhat 
complex  and  difficult,  they  are  really  quite  simple  and  can 
be  done  quite  rapidly.  The  rapidity  of  operation,  how- 
ever, should  not  be  such  as  to  interfere  with  accurate 
work. 

The  writer  has  discussed  this  method  of  aligning  en- 


gines  with   .several   erecting  engineers,  and    all    who 
it  agree  that  it  is  the  most  accurate  and  most  e.\pedili.,u 
method    and  any  engineer  with  little  practice  can  handle 
the  transit  or  level  and  probably  do  mure  uceurnte  work 
than  liv  :iii\  uihi'i    nieilind. 


Gravity  Valtues  of  Oil 

III  Ihr  ailh  li  ill  the  i.ssiif  of  .Inn.  (I,  "I'hysical  Prop- 
er! ics  of  ImhI  Oil,"  the  following  ('<|iialioii  was  given  for. 
the  relation  hetwern  spei-ilic  gravily  and  ilegrecs  |{aum6:| 

i-JO 

■y'-v''- !''■''''''.'/  =  mT7i 

This  is  perfectly  correct  for  the  United  States  standard 
degree  iiaume,  hut  according  to  W.  II.  Hall,  of  San  Fran- 
cisco, it  is  not  the  one  commonly  used  in  the  oil  husi- 
ne.s.<.  Tagliabue's  "Manual  for  inspectors  of  Coal  Oil" 
is  in  almost  universal  use.  This  hook  gives  a  table  of  the 
relation  between  specific  gravity  and  degrees  Baume  which 
is  based  on  the  c(niali(iii 

...  .,  141.5 

Incidentally,  in  the  transposition  of  the  al)ove  formula 
to  obtain  the  second  one  for  Baume  gravity,  an  error 
crept  into  the  right-hand  mcnilicr  of  the  equation.  The 
formula  should  read 
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©f  Me^SiSs 

Power  supply  for  the  refining  of  metals  by  electrolysis  and 
electroplating,  is  diffeient  from  that  for  any  other  purpose. 
The  voltages  used  are  relatively  lower  and  the  current  of 
higher  amperage  than  in  most  other  applications,  and  the 
conditions  so  different  that  they  can  be  met  only  by  appa- 
ratus of  special  design.  Satisfactory  and  reliable  service 
are  of  prime  importance,  and  economy  the  next  consideration. 
In  the  solution  of  the  problem  there  have  been  involved  the 
efforts  of  the  three  professions  represented  by  the  Amer- 
ican Electrochemical  Society,  the  American  Institute  of  Elec- 
trical Engineers  and  the  American  Society  of  Mechanical  En- 
gineers so  that  it  was  quite  appropriate  tha.t  the  New  York 
sections  of  these  three  societies  should  have  one  of  their 
monthly  meetings  a  joint  one  for  the  consideration  of  this 
topic.  Such  a  meeting  was  held  Jan.  9,  in  the  Engineering 
Societies  Building  with  C.  O.  Mailloux,  president  of  the  Amer- 
ican Institute  of  Electrical  Engineers,  presiding. 

The  requirements  in  the  problem  from  the  standpoint  of 
the  electrochemist  were  presented  in  a  paper  by  Lawrence 
Addicks.  P.  D.  Newbury,  for  the  electrical  engineers,  dealt 
with  the  sources  of  direct  current  for  electrochemical  pro- 
cesses and  H.  E.  Longwell  treated  the  mechanical  side  of 
the  question  in  the  selection  of  the  most  suitable  prime 
mover. 

The  electrolytic  refining  of  copper  is  one  of  the  largest  of 
the  industries  concerned.  Most  copper  today  is  so  refined 
and  the  principal  plants  doing  the  work  are  in  the  vicinity  of 
New  York,  so  that  it  was  natural  that  this  special  phase  of 
the  subject  received  most  discussiont  particularly  as  it 
could  be  taken  as  typical  of  this  class  of  electrolytic  proc- 
esses. 

CONDITIONS  OF  THE   PROBLEM 

Considering  only  the  so  called  multiple  system  of  refin- 
ing, where  the  electrodes  in  a  tank  are  in  multiple,  and  the 
tanks  on  a  circuit  in  series,  the  following  power  limitations 
are  imposed  by  present  practice: 

(a)  Direct  current  (obviously  required  by  the  nature  of 
the    process). 

(b)  An  amperage  of,'  say,  8000  to  15,000,  fixed  by  the 
current  density  and  the  electrode  surface  per  tank.  Around 
New  York  a  current  density  of  about  20  amp.  per  sq.ft.  of  ac- 
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(»;ve   catliode   suifuce    is    used   and    as    much   electrode    surface 
I)er  tank  as  in  30  pairs  of  electrodes  eacii  3  ft.  square. 

(c)  From  100  to  200  volts  per  circuit  would  appear  to  be 
the  practicable  limits  of  voltage  with  a  preference  toward 
the  lower,  or  not  to  exceed   l.'iO  volts. 

(d)  Foi.  a  typical  case  then  a  unit  of  about  1000  kw.,  al- 
thouKh  larger  than  most  now  installed,  is  the  probable  size 
for  a  new   installation. 

(e)  Difficulties  arising  from  the  tendencies  for  current 
leakage  indicate  the  desirability  of  electrically  independent 
circuits. 

(f)  Uniform  conditions  are  essential  callinK  for  con- 
stant current  and  voltage  varying-  not  more  than  20  per 
cent,  either  way  from  normal. 

(g)  The  load  factor  will  be  practically  100  per  cent,  for 
both    momentary    and    24-hr.    loads. 

(h)  It  being  necessary  to  heat  the  electrolyte,  steam  is 
needed.  Exhaust  steam  may  be  used  and,  loughly,  one-fourth 
of  that  from  the  engines  will  answer.  Additional  steam  is 
requiied  for  light,  power,  compressed  air  and  pumping.  If 
the  power  is  other  than  from  steam,  waste  heat  boilers  at- 
tached to  the  reverberatory  furnaces  will  supply  all  steam 
for  electrolyte  heating  and  other  uses. 

(i)  Three  thousand  to  9000-kw.  plants  are  about  the  sixes 
to  be  considered. 

Near  New   York  steam   power  is  logical   at  present. 

Concluding,  the  author  states:  "The  plant  of  the  future 
may  consist  of  gas-driven  units,  of  large  capacity  alter- 
nating-current, turbo-generators  driving  motor  generators  of 
smaller  size,  of  compound  reciprocating  engines  exhausting 
into  a  trunk  main  from  which  exhaust  steam  turbines  are 
fed,  of  multiple  expansion  reciprocating  engines,  of  turbine- 
driven  unipolar  generators,  or  of  some  combination  of  these. 
Spare  units  must  be  provided  in  sufficient  proportion  to  give 
absolute    reliability    of    service." 

ELECTRICAL    LIMITATIONS 

As  to  the  prime  mover,  Mr.  Newbury  declared  that  in 
modern  installations,  steam  turbines  and  waterwheels  with 
their  relatively  high  speed  are  most  important.  Reciprocat- 
ing steam  engines  are  important  mainly  in  combination  with 
low-pressure  turbines.  So  far,  gas  and  oil  engines  have  been 
little  applied,  but  the  rapid  development  of  the  Diesel  en- 
gine  may   make    it   a   factor. 

The  large  currents  and  high  speeds  of  the  preferred 
prime  movers  make  the  design  of  direct-current  machinery  a 
problem  on  account  of  commutation.  After  dealing  with  this 
the  speaker  took  up  the  distribution  problem  and  the  ques- 
tions  of  voltage   variation   and   continuity   of   service. 

Summarized,  his  conclusions  and   recommendations  were: 

"Of  the  methods  of  power  supply  using  steam  turbines 
that   are    available: 

(a)  Direct-connected  direct-current  turbo-generators  are 
available  only  in  relatively  small  units,  and  cannot  be  de- 
signed as  conservatively  from  the  commutation  standpoint  as 
is  desirable. 

(b)  Unipolar  generators  driven  by  turbines  have  proved 
unsatisfactory    on    account    of   current    collection    difficulties. 

(c)  The  standard  medium-speed  direct-current  generator 
connected  to  a  high-speed  turbine  through  gearing  affords  a 
satisfactory    unit. 

(d)  The  combined  alternating-current  turbo-generator 
and  converter  unit  probably  affords  the  best  all-around 
method.  It  is  economical,  reliable  and  flexible.  Its  particu- 
lar fields  of  application  are  where  large  units  and  long 
transmissions   are    requii'ed. 

In  waterpower  plants,  direct-connected  direct-current  gen- 
erators and  alternating-current  generators  with  converters 
are  available.  The  combined  alternating-current-direct-cur- 
rent equipment  is  usually  the  most  reliable  and  economi- 
cal. 

With  reciprocating  engine  units,  there  is  no  reason  for 
considering  other  methods  than  the  direct-connected  slow- 
speed  generator. 

Prom  the  many  schemes  proposed  for  the  generation  of 
direct  current  for  electrochemical  plants,  two  plans  assuming 
.«iteam-turbine  prime  movers  have  decided  advantages  in  effi- 
ciency and  reliability  and  flexibility  in  operation.  These  are 
the  gear-driven  commutator-type  generator  where  the  dis- 
tance between  the  power  plant  and  the  place  of  utilization  is 
short,  and  the  combined  alternating-current  generator  and 
synchronous  converter  plant  when  this  distance  becomes  too 
great  for  economical  low-voltage  transmission  or  the  units 
become  too  large  for  economical  turbine  speeds. 
CHOOSING   THE    PRIME   MOA'ER 

H.  E.  Longwell  laid  particular  emphasis  in  the  forepart  of 
his  paper  on  the   folly  of  striving   for  highest  steam   or   fuel 


economy  when  the  saving  may  not  be  worth  while  or  may 
entail  another  loss  of  even  greater  magnitude.  The  extra 
interest,  depieciation,  etc.,  on  a  more  expensive  installation 
may  offset  the  advantage  of  a  higher  fuel  economy.  On  this 
ground  the  speaker  felt  that  gas-engine  equii)ment  could  be 
eliminated  from  serious  consideration,  especially  as  a  loca- 
tion could  be  chosen  most  favorable  for  steam-plant  economy. 

It  was  figured  that  the  waste  heat  boilers  connected  to 
the  reverberatory  furnaces  should  supply  enough  steam  for 
the  auxiliaries  and  the  exhaust  from  the  latter  should  be 
enough  to  heat  the  electrolyte.  Even  with  gas  engine-driven 
main  generating  units  this  heat  would  need  to  be  utilized. 
The  principal  practical  difficulty  is  that  the  tanks  run  con- 
tinuously and  the  furnaces  close  down  on  Sundays,  making  a 
considerable  stand-by  boiler  plant  necessary.  This  alone 
would    discount   ail    theoretical    advantages   of   gas    power. 

The  speaker  doubts  that  the  reciprocating  engine  and 
low-pressure  turbine  combination  would  be  justified,  except 
p6ssil)ly  where  the  reciprocating  engine  is  already  installed. 
His  leaning  is  evidently  toward  the  steam  turbine  alone  and 
he  feels  that  with  the  reduction  gearing  now  available  to 
reduce  the  high  speed  of  the  turbine  to  suitable  direct  driv- 
ing speed  for  direct-current  machinery,  the  last  objection  to 
the  turbine  has  been  removed.  While  the  geared  direct- 
current  unit  costs  more  than  an  alternating-current,  turbo- 
generator unit  of  the  same  capacity,  it  is  cheaper  and  some- 
what more  efficient  than  the  combination  of  an  alternat- 
ing-current   unit    and    rotary    converter. 

Under  favorable  conditions,  the  speaker  believes  a  good 
turbine-driven  plant  of  from  6000  to  9000  kw.  can  be  installed 
for  about  $75  per  kw.,  and  operated  to  produce  current  at 
about  43  miles   per  kw.-hr. 

DISCUSSION 

MR.  LEIGHBURY,  in  the  general  discussion  of  the  sub- 
ject, aligned  himself  on  the  side  of  direct  current,  contend- 
ing that  with  all  the  necessary  accessories  alternating-cur- 
rent equipment  may  cost  as  much  as  direct  current.  Further 
with  two  stations,  one  generating  alternating  current  and 
the  other  converting  the  alternating  current  to  direct  cur- 
rent,   the    attendance    is    increased. 

MR.  ANTISELL,  of  the  Raritan  Copper  Co.,  stated  that 
one  point  overlooked  is  the  efficiency  on  part  load.  There  is 
a  greater  falling  off  with  turbines  than  with  reciprocating 
engines. 

DR.  J.  B.  F.  HERRESHOPF,  of  the  Nichols  Copper  Co., 
gave  some  facts  from  his  experience  in  that  company.  Small 
units  (about  400  kw.)  were  first  used,  and  the  turbine  was 
the  first  in  the  United  States  made  by  the  Westinghouse  Ma- 
chine Co.,  and  had  a  direct-current  generator  with  a  long 
commutator.  This  company  also  tried  cyclic  generators  of 
2000-kw.  capacity,  but  they  were  not  satisfactory,  for  30  per 
cent,  of  their  energy  was  given  off  in  heat.  Dr.  Herreshoff 
made  the  statement  that  no  reciprocating  engines  over  500 
kw.  are  now  being  built,  indicating  the  practical  extinction  of 
engines. 

J.  B.  HERRESHOFF,  who  has  designed  alternating-cur- 
rent generators  for  this  class  of  work,  was  called  upon  to 
discuss  the  electrical  problems.  He  explained  that  doubling 
the  current  doubles  the  rate  of  deposition  but  requires  four 
times  the  power.  Too  rapid  deposition  is  not  good  as  the 
metal   is   apt   to   be   crystalline. 

C.  O.  MAILLOUX  gave  his  experience  of  some  years  ago  in 
designing  equipment  for  electrotyping.  The  problem  was 
to  make  electrotypes  faster  and  uniform  in  thickness.  They 
were  able  to  use  a  current  density  of  500  to  1000  amp.  per 
sq.in.  by  regulating  the  feeding  of  the  electrolyte  to'  the 
cathode.  This  is  not  feasible  in  copper  refining.  It  is 
theoretically  possible  to  deposit  any  amount  of  copper  with 
any  amount  of  power.  The  speaker  recommended  a  current 
density   of  between    15   and    60    amp   per   sq.in. 

C.  H.  VOM  BAUR  brought  up  the  subject  of  oil  engines 
declaring  that  current  at  0.45c.  per  kw.-hr.  could  be  produced 
with    them. 

MR.  ADDICKS  in  closing  the  discussion  reaffirmed  his  con- 
fidence in  the  reciprocating  engine.  The  Diesel  engine  is 
more  economical,  but  the  sources  of  its  fuel  are  too  narrowly 
controlled  and  it  is  not  yet  sufficiently  reliable  to  be  very 
promising  for  electrochemical  work. 

MR.  LONGWELL,  to  prove  his  disinterestedness,  stated 
that  he  had  designed  engines  that  are  now  going  to  the  scrap 
heap  and  has  done  no  work  on  turbine  design,  but  he  still 
advocates   turbines. 

MR.  NEWBURY  explained  his  particular  reference  to 
steam-driven  units,  because  of  their  greater  interest  to  the 
coi)per-refining  industries  in  the  vicinity  of  New  York.  Wa- 
terwheels are  more  interesting  to  the  aluminum  industries 
and    the    larger    power    users. 
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Dinner  to  tlhve  Earl  of  Kintore 

Uii  (hi  I'V.  iiliiK  or  .lull.  i::.  a  iUiuk  ■  III  liiiiHU  Ml  IIk'  Itt  Moil 
the  I'Jitrl  of  KliitcMM-.  I',  f..  <l.  t".  M.  «»..  wu»  kIviii  at  thr  llulfl 
I'liizH.  Till'  oi'i'iimIoii  iirovldvd  ii  fhiinco  Ici  m«?<'t  lln'  dlHllii- 
Kiilnlutl  KUinl.  who  Ih  vIbIIIiik  HiIh  <i>uiilry  In  Ihi'  Int. i. Hi  of 
thr  lomliiK  .\iik1o-Amiii1iiiii  KxpuHll  Inn  to  hi-  (i|iiii.mI  In  Lon- 
don III  May.  Thr  ■xiionlllon  will  hr  h.-ld  lo  (•.•l.hial.-  tho 
i-rnlfiiiii-y  of  iifiuT  ami  pioKr.HH  In  Ihr  iiiIm.  hcI.'Iiitm  and  lii- 
diiKlrhH  of  Ihf  United  StaliM  and  lli>'  llrlllBli  Km  pin-,  It  Im-Idk 
till"   iTiilonary   of   the   (ilifiil    Tmity. 

AniunK  the  kucsIh  Wffc  HoluTt  C.  MoitIh.  Oi-orKi'  Fouler 
Peiibody,  liiidwiK  N'lHHcn.  Hon.  ( iHear  H.  Strnus.  Ur.  VV.  I".  Wil- 
son, lion.  CieoiKi'  \V-  WIckeiHham,  Dr.  Albert  Shaw.  lion. 
Alton  n.  Parker,  lion.  Seth  l.i>w.  Henry  flewH.  (Jeorne  F. 
Kiiii/.,  IJobert  Underwood  .lohiuion.  William  H.  Ilowland.  Inaac 
N.  .Sillmnan.  Uenjumin  V.  Traey,  Don  C.  Seltz,  Dr.  Alexander 
C.  Humphreys.  Vtvd  H.  Low.  Calvin  W.  Hlc-e.  I'rlnce  SapleUa 
and    l{     HoHS   .\pp|pton. 

'^. 

iliirvanl  <'<>llrK<'  ■»  MrrKi'r  wHh  <lir  MnMNnchiiMcKH  Inxll- 
liilc  of  •|'«tIiiioI«u.v-  The  eiiKlncerin).;  il.  pa  i  1  men  I  s  of  ll:ir\iii<l 
I'niveislt.N  ami  the  .Ma.ssaehusetta  Iiistitnte  of  Teehiiol(>(,'y  are 
to  be  eoniblned.  as  tho  result  of  an  aKreemeiit  reached  toniuht, 
nocordInK  to  the  dally  press.  Heads  of  both  Institutes  said 
the  plan  for  cooperation  constituted  the  most  Important  move- 
ment toward  the  conservation  of  educational  forces  that  the 
country  has  ever  known.  I5y  the  agreement  the  combined 
di'partnu-nts  of  mechanical  enplneerinn,  electrical  enKineerinK, 
civil  and  sanitary  engineerinK  and  mining  enRineerinK  and 
metallurgry  are  to  be  conducted  in  the  new  buildings  of  the 
institute,  now  In  process  of  construction  in  Cambridge.  Har- 
vard is  to  discontinue  its  schools  of  applied  science  in  these 
departments.  The  president  of  Technology  is  to  be  the 
executive  head  of  the  cooperative  work,  and  the  faculty  will 
consist  of  the  faculty  of  the  institute,  enlarged  by  the  addi- 
tion of  Harvard  professors  of  the  departments  Involved.  Pro- 
vision is  made  that  when,  in  the  future,  the  corporation  of 
Technology  selects  a  president,  the  iiresident  of  Harvard  is 
to  sit  with  the  committee  on  selection.  It  was  announced  that 
both  Harvard  and  Technology  are  to  remain  absolutely  un- 
affected in  name,  organization  and  in  the  title  to  property. 
Technology  is  to  furnish  tho  buildings,  laboratories  and  equip- 
ment, together  with  contributions  from  its  special  and  general 
funds.  Harvard  is  to  give  some  equipment  and  the  interest 
on  funds  that  it  holds  for  education  and  research  in  these 
departments. 


(  ompetltive  exnminntioiis  for  the  eivil-.ser»  ice  po.sitions 
nnmed  below  will  be  held  on  the  dates  given.  Applications 
nnd  fnrther  informntion  may  he  had  by  addressing  the  re- 
spective eonimission.  Candidates  mnst  he  eiti/.ens  of  the 
I  nited  States  and  residents  of  the  cities  in  question,  and  nt 
least    ai    .venrs    of    age.    unless    otherwise    specified. 

Sltnations  for  Statlonar.v  Engrineers — The  Philadelphia 
Civil  Service  Commission  will  hold  examinations  Jan.  31.  for 
three  positions  of  stationary  or  operating  engineer.  Salaries 
up  to  $1200.  Address  the  Civil  Service  Commission,  room 
875,    City    Hall. 

Situation  for  Gas  Kn^neer — The  Philadelphia  Civil  Ser- 
vice Commission  will  hold  an  examination  Jan.  31  for  the 
position  of  gas  engineer  in  the  Bureau  of  Surveys  of  the  Pub- 
lic Works  department:  salary.  $1000.  For  further  informa- 
tion address  the  secretary  of  the  Civil  Service  Commission. 
Room  875,  City  Hall.  Candidates  must  be  citizens  of  the 
United    States    and    residents    of    Philadelphia. 

Situation  for  Marine  Engineer — The  Philadelphia  Civil  Ser- 
vice Commission  will  hold  an  examination  Jan.  31  for  the 
position  of  engineer  of  a  police-bureau  boat  of  the  Depart- 
ment of  Public  Safety;  salary,  $1200.  Candidates  must  be 
citizens  of  the  United  States  and  residents  of  Philadelphia. 
For  further  information  address  the  secretary  of  the  Civil 
Service    Commission.    Room    S75,    City    Hall. 


•  klNleiiei-.    and     had    nil    encouruKlUK     Krowtli        Al     mie    of    IIh 
iieeiil    ineellngH   \V.    II.    WllkliiMun,   HiipirvlHliiK   engineer   of  the 
I'erolln    Co.    of    Aliierlrit,    favoieil    lloin     with    a     liiliire    upon 
Holler  Plate  and  TuIkm." 

At     lh<'    iiii-KlliiK    of    the    <'lil<aKo    set  lion    of    Ihe    Ameibaii 
Society    of    Mechanical    Kfiglnenrit    lo    lie    held    Jan.    2H.    Hryant 
nannlHter   will   pieseni   a   pii|i«r    upon   a   lest   made  al   Ihe   jilaiit 
of   the   National   Tube   Co..    Kuwunue,    111,,   on   a   four-paHH    lO'U'" 
.Moor   bnller   with   Taylor  Htokom,   which   gave   ruiiiarkable   i. 
HUltH   wllh    low-grade    IlllnolH    coal.      Further    Informallon    i> 
gardlng   the   meeting  can  be  ha<l   from  C.   VV.   .Vaylor.  secretai 
lUl    North  State  St.,  Chicago.   III. 

,\ii   "IndUHtrlal   safely"   coiifi-renie    will    hi-   held   at    the   Ui 
viMFlty     of    Nev.ida,     Iteno,     Nev.,    Jan      26    and     27.     under    ii 
auHplces    of    the    Knglni'erH'    Club    of    the    IlnlverHlly.       Hepi. 
seiitallves     of     the     mining,     i-leetrliiil     and     t  r:i  iiHporta  tlon     In- 
iluHtries  will   partlcip.'ile  and  a   number  of  exhIbllK  iind   motion 
pictures   lIlUHtratIng   Ihe  Hafety-tlrst    movement   will   be  shown 
The  Invited  gviests  will   he  entertained  at  a  dinner  by  the  Kn 
glneers'    Club,    during    which    noveltleB    and    recenl    electrlc.U 
inventions   will    be   <1emonHtrated. 

.\t  the  Kngineers'  Club,  Boston.  Mass.,  on  Jan.  21,  Percy 
Day,  engineer  of  the  Falk  Co.,  read  a  paper  on  "Herrlng-lione 
(Jears."  Mr.  Day  was  closely  associated  with  the  development 
of  the  Parsons  turbine.  The  herring-bone  type  of  gears  Is 
being  used  on  some  of  the  n<>w  n.-ivy  torpedo  boats.  The 
evening  of  Jan.  30  will  be  "Tech"  night  at  the  club,  when  Dr. 
Richard  C.  Maclaurin,  presid<-nt  of  the  Massachusetts  Insti- 
tute of  Technology,^  will  give  an  illustrated  talk  on  "The  New 
Technology-on-the-Charles."  A  house  dinner  will  be  served 
at    G    o'clock. 


FERSOHAILS 


\V.  1.,.  Abbott,  chief  operating  engineer  of  the  Common- 
wealth Edison  Co..  Chicago,  has  been  awarded  the  Octave 
Chanute  medal  by  the  Western  Society  of  Engineers,  as  the 
author  of  one  of  the  best  three  papers  presented  before  that 
society   during   the   year   1913. 

George  F.  Maddock  has  been  appointed  manager  of  the  ex- 
aminations and  reports  department  of  H.  M.  Byllesby  &  Co., 
Chicago,  succeeding  Harold  Almert,  resigned.  Mr.  Maddock 
has  been  the  engineering  representative  of  Byllesby  &  Co.  on 
the  Pacific  Coast  for  a  number  of  years. 


The  Brotherhood  of  Power  Workers,  the  organization  of 
which  at  Springfield,  Mass.,  was  commented  upon  in  our  issue 
of  Oct.   1,   1912.  pages  485  and  499,  has  maintained  a  vigorous 


JOHN    HYDE 
John   Hyde,   the  mechanical  engineer  for   the  Henry  Phipps 
properties,  died  at  his  home  in   Pittsburgh,  Penn..   on   Dec.   17, 
1913. 

J.  WAI.LS 
J.  Walls,  chief  engineer  of  the  steamship  "Philadelphia." 
died  at  Southampton,  England,  Jan.  6,  just  as  his  retirement 
from  the  service  had  been  decided  upon.  During  the  Spanish- 
American  War.  Walls  was  a  lieutenant  on  the  "St.  Louis." 
He  had  crossed   the  Atlantic  800  times. 

WILLIAM  D.  MARKS 
William  D.  Marks,  a  well  known  consulting  engineer,  died 
at  Plattsburg.  N.  Y..  on  Jan.  7.  Prof.  Marks  was  born  in  St. 
Louis.  Feb.  26.  1849,  and  was  graduated  from  Yale  in  1870 
with  the  degree  of  PhB.  He  specialized  in  civil  and  me- 
chanical engineering  and  later  received  his  C.  E.  degree  from 
the  same  college.  After  leaving  Yale  he  engaged  in  prac- 
tical engineering  w^ork  in  connection  with  railways  and  gas 
and  iron  works.  In  1876  he  became  instructor  in  mechanical 
engineering  at  the  Lehigh  University  and  the  following  year 
became  associated  with  the  University  of  Pennsylvania  as 
Whitney  professor  in  engineering.  He  was  superintendent, 
in  1884.  of  the  lnternation.il  Electrical  Exhibition  of  the 
Franklin  Institute,  and  later  became  engineer  and  president 
of  the  then  Edison  Electric  Light  Co.,  Philadelphia.  Prof. 
Marks  was  an  honorary  life  member  of  the  Franklin  Institute, 
a  member  of  the  American  Institute  of  Electrical  Engineers 
and  a  membor  of  the  American  Philosophical  Society.  He  was 
the  author  of  several  books  and  of  many  scientific  papers 
and  reports. 
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WHAT  YOU  GET  OUT  DEPENDS  ON  WHAT  YOU  PUT  IN 


I  oil 


Vol.    ;t!».    N(i.    5 


FHamitl  of  Worcesteir  Sa\Ilil  Co, 


I5v  ( 'II  Mii.is  II.  r>i;()Mi.i:Y 


iS'l'A7)/'>7N — rrculi  uatrr  is  jiiiiiiiifd  Id  irrll.i  lidilini/  Id 
unit  nirilirs  in  the  rnrlli.  Ilir  water  dissalrrs  the  sail  and 
ihr  brine  is  rnisrd  to  Ihc  siirfiirc  hi)  nir  lifts.  Jiiliiniiiiuiis 
,\lnrl,-  is  hunii'd  in  Ihr  boilers,  the  coal  bring  fed  lo  the 
sli)lirrs  by  i/nnili/  from  a  stis/irnilrd  biiiikrr  -iOO  fl.  lonr/. 
Mueli  ejliHusI  and  l:>ir-iir::-:''iirr  slmni  is  usnl  for  rra/i- 
oralinij  brine  and  dnjincj  sail. 

Till"  pdwcr-iiiiiiit  I. Kill  who  liiis  lU'vcr  seen  a  salt  works 
in  oiu'ratioii  will  liiid  iiuu!i  (o  iiiti'iTst  him  in  tlio  ])laiit 
of  tlio  Wonoslor  Salt  Co.,  at  Silver  Si)riiigs,  N.  Y. 


In  siiiiH'  salt  rcj?ionH,  the  product  is  iniiicd.  hlasli'd  nut 
like  rock  in  a  quarry,  luil  at  Silver  Spriii;,'^  it  is  dissolvcfd 
hy  fresh  water  pimijjed  into  salt  cavities  in  the  eartli.  Tho 
iiini  is  to  ohtain  a  hriiie  of  niaxiiiiiiiii  saturation  hefore 
i.iisin;j  it  to  the  surfiice  hy  air-wnler  lifts.  Vifi.  1  shows 
two  views  of  ihc  works,  the  condenser  water-coolinj^  pond 
mid  the  salt-well  towers.  Nature  has  eliminated  the  ne- 
cessity of  pdmpiiif^  the  hriiie  from  the;  surface  of  the 
wells  to  the  settlers  seen  at  the  edife  of  the  pond  in  the  top 
picture.  Tlu;  wells  are  on  dillVrent  levels  and  the  hrine 
Hows  l)y  gravity  in  trouf^hs  leading  to  the  settlers. 


Fig.  1.    (A)  Feed- Water  Poxd,  Salt  Wells  and  Pump  House:  (B)  Coolixg  Poxd  axd  Buildings 
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l^oiLi;i!s   \xi)  Coal-ITandlixg  Equipment 

As  the  brine  taken  from  the  wells  must  be  evaporated, 

it  will  be  realijied  that  where  300  tons  of  salt  is  turned 

out  daily,  considerable  steam  is  needed  for  evaporating 

and  drying  purposes.     Steam  is  furnished  by  twenty-two 


heai'cr:  tlie  others  are  used  solely  for  furnishing  steam  at 
80  !b.  for  heating  and  evaporating  brine  and  for  drying 
salt,  'riircc  boilers  are  kept  in  reserve  to  be  used  when 
the  others  are  being  cleaned  or  for  emergencies. 

A   feature  of  the  boiler  house  is  the  suspended   coal 
buuker.  Fig.  2,  which  is  300  ft.  long  and  of  450  tons 


Fig.  2.   Twenty-two  Boilers  ;  Suspended  Coal 
Bunker  300  Ft.  Long 


View  of  Scraper  and  Bucket  Conveyors 


capacity.  Bituminous  slack  is  used  as  fuel  and,  as  may 
be  seen  in  Fig.  2,  it  must  gravitate  through  the  8xl3-in. 
rectangular  chutes  to  the  furnaces.  Great  as  is  the  an<rle 
of  inclinatioji  of  these  chutes,  the  slack  will  often  stoo  in 
the  chutes,  especially  if  it  is  wet.     This  is  a  serious  con- 


FiG.  4.  Pump  Room,  All  Pu:mps  Motor-Driven,  Centrifugal  Type 


horizontal  tubular,  stoker-fired  boilers,  fourteen  of  200- 
j  hp.  each  and  eight  of  250  hp.  each.  Eight  boilers  are 
;  provided  for  high-pressure  (US-lb.)  service,  three  of 
.which  may  be  connected  into  the  low-pressure   (80-lb.) 


dition,  owing  to  the  little  room  available  for  making  al- 
terations. 

Coal  is  dropped  direct  from  cars  into  a  hopper  under 
the  coal  trestle.     Then  it  is  taken  on  an  apron  conveyor 


\i>-i 


I'o  w  !•;  i{ 


v.ii.  :«!».  N(..  n 


t(»  the  crushoi'  ami  liy  n  l)uckct  coiivoyor  \h  clovntcd  lo  t!i»' 
Kiriipi'r  coin  I  vol'  hImim-  tlic  Imiikrr.  I'lirts  of  holli  coii- 
Vfuirs  iiro  slmwii  in  V'\}i.  ;t.  As  iiMlinitfd  hy  Ki^-  •'.  <  '<' 
I'oiil  is  (lislriliutcd  over  tin-  l)mil\cr  liy  ii  siniiicr  coiivcyDr 
wliiili  runs  ill  II  lioii^'li.  llio  colli  l)ciii^'  imslicd  iiloiif,'  !)y 
tlu'  |iliilcs  .1.  Coal  is  dropiH'il  into  (lie  Imiikcr  liy  ()]i('ii- 
i!i<i  slidiii",'  ;;alcs  in  llic  liotloin  ol'  the  (nm^di.  <)|icniti'iii 
ol  tlic  conveyor  lias  siiovvn  llial  tlic  forward  end  of  llic 
iroiijfli  wears  (hroiijili  licforc  llic  ollur  cml  manifcsls  tu.y 
sijjns  of  wear.  This  condilicn  picxaiU  Imihusc  all  conl 
must  1)0  pushed  o\ci-  the  forw.iiil  cml.  im  mailer  in  wliat 
pari  of  the  .■!0(t-ft.  hunker  it  is  lo  he  iliim|ie(l.  Ori^'i- 
nallv.  till'  troii^di  was  of   l/|-in.  sl(i'l   lhidii.i,dioul.  hnl   lo 


Fi(i. 


(!i;aim.i;   IIuom    W'heui:   Buink   Is  Evai'oi;ati:i) 
AT  Ai'MosruKiac  Pressure 


avoid  service  interruptions  occasioned  hy  frequently  re- 
uewing  the  worn  parts,  the  thickness  of  the  trough  h^-.s 
been  graduated  from  ^/^  in.  at  the  forward  end  to  i/4  in. 
at  other  end.  This  has  been  done  because  by  tbe  time  tne 
frort  or  thicker  end  will  bave  worn  through,  the  thinnor 
end  will  also  have  worn  out.  Experience  is  showing  tb.it 
this  result  can  be  better  accomplished  by  graduating  the 
thickness  from  %  in.  to  Y^  in. 

Tbe  ashes  drop  from  the  stokers  into  large  steel  boxes 
in  tbe  ashpit^!,  tbe  boxes  being  lifted  out  by  a  crane  travel- 
ing on  tbe  track  in  /front  of  the  boilers.  Wedge-shaped 
steel  side-dump  oars-  receive  the  asbes,  tbe  cars  beitig 
emptied  in  what  the  men  term  tbe  "inferno."  because  tiie 
great   pile  of  asbes  burns  coiitinuously. 

Feeii-Water  System 

The  boi.ler-feed  water  and  tbe  fresh  water  for  salt  mak- 
ing are  supplied  from  a  creek  running  through  the  prop- 
erty and  from  five  driven  wells.  There  are  two  ponds 
holding  feed  water  and  one  large  pond  for  cooling  the 
7,000,000-gal.  24:-hr.  consumption  for  the  vacuum-pan 
condensers.  About  1,000,000  gal.  of  fresh  water  is  used 
daily,  making'  a  total  of  8,000,000  gal.  to  be  pumped. 
The  fresh-water  wells,  like  tbe  salt  wells,  are  on  different 
levels,  and  after  the  water  is  raised  by  air,  it  gravitates  to 
the  ponds.  Two  motor-driven,  single-stage  centrifugal 
pumps  in  the  pump  house,  shown  in  the  left  foreground 
of  the  top  picture,  Fig.  1,  deliver  water  from  the  ponds 
to  a  filter  and  heater,  from  which  it  goes  to  a  large  open 


heater  tank   leceiviiig  the  returns,      l-'ig.    I   is  iiii   interior 
\  iew  of  this  pump  lioiisi*. 

'i'lic  feed  piiiiipH  lire  in  the  engine  room,  iilioiit  .'iO  ft. 
from  the  point  where  the  feed  lines  enter  I  lie  hoiler  nM)iii. 
Originally,  ii  rcci|iiocating  feed  |iiiinp  was  used  hut  vi- 
hnilion  of  I  he  lini*  to  the  hoiler  room  made  it  iiecesHiirv  to 
aiii  lior  the  line  with  tii'-rods  and  tiinihiiekles.  .\  turbine- 
driven  centrifugal  |)iiiii|i  was  later  installed  in  tin-  engine 
room  with  a  separate  line  to  llie  iHiilei'-ronrii  nniin.  'I'here 
is  no  vibration  in  this  line. 

Stkv.m   ii»i;  I'lv  \i>oi;.\ri  \(;  Ukim: 

.Vii  idea  of  llic  ainoiinl  of  low -pres^ii  re  and  e.xbailHt 
steam  needed  for  .-all  inaKiiig  is  had  from  the  fact  that 
the  15  grainers  (one  is  shown  in  l''ig.  '>).  have  a  capac- 
ity of  <;0(),(M»((  II,.  of  sail  daily.  The  |(,iir  vacuum  pans. 
opcialing  iimlcr  2>^  in.  \armini,  liirn  out  r^'),000  |li. 
daily,  making  a  total  of  ('>'i'),iHH)  Ih.  of  salt  ohtaiiied  hv 
evajiorating  hrine.  l^arge  heating  tanks  of  ?.'3.000  gal. 
cai)acity  each  and  having  coils  of  ;i-iii.  Jiipe,  preheat  the 
brine  eva])orated  in  the  vacmiin  pans,  besides  the  steam 
used  for  exapoiatiiig  lirine,  much  is  employed  in  dryiiiL 
the  sail  piioi-  l(j  paiking.  Tin*  salt  grains  jjroduced  h 
the  Aacuum-pan  jiroccss  ai'c  niiicli  finer  than  those  made 
in  the  op6n  grainers. 

Motor-driven  centrifugal  ])iimps  handle  the  brine,  wbicii 
gives  considerable  trouble  by  corroding  the  j)ump  im- 
pellers and  casings.  As  the  bead  is  low,  the  leaks  in  the 
casings  are  sometimes  temporarily  stopped  with  wooden 
])lu2:s.  Tlic  air  for  lifting  tbe  well  water,  both  fresh  and 
salt,  is  furnished  liy  a  1  To-b]).  cotnpre.s.sor  delivering  air 
at  400-lb.  pressure  to  a  receiver,  the  pressure  being  re- 
duced at  the  receiver.  Four  20-bp.  recii)roc-ating  dry- 
vacuum  pumps  take  air  from  the  condensers  serving  the 
v-aouum  pans. 

Ele(  Titic-G exerati xg  Uxits 

Tbe  two  Corliss  engines,  of  250  and  150  hp.  respec- 
tively, are  connected  by  rope  drires,  with  a  line  shaft  tf> 
direct-current  generators  of  150  and  100  kw.  capacity 
for  reserve  service,  and  one  450-bp.  Corliss  engine  is 
directly  connected  to  a  250-kw.  direct-current  generator 
for  normal  service.  All  tbe  units  are  noncondensing,  the 
steam  being  used  for  industrial  ])nr])o.ses. 

The  energy  is  distributed  by  electric  transmission  to 
55  motors  ranging  from  2  to  fio  bp.  The  air  in  some  of 
the  rooms  in  salt  works  contains  much  salt  which  settles 
like  dust.  Many  of  tbe  motors  at  the-AVprcester  plant  are 
in  such  rooms  anjl,  although  no  spedial  casings  are  pro- 
vided and  tbe  field-pieces  and  armatures  are  coated  with 
salt,  they  give  little  trouble.  The  commutators  and 
brushes  are  given  considerable  attention.  Tbe  electrical 
department  is  equipped  to  make  all  the  necessary  repairs 
and  renewals.  A  reciprocating  fire  pump  of  1000  gal. 
per  min.  capacity  is  connected  to  tbe  fire-line  system.  A 
gong  and  indicator  in  the  engine  room  enable  the  engi- 
neer to  tell  when  and  what  sprinkler  head  has  opened. 

A  well  equipped  laboratory  consisting  in  part  of  indi- 
cators, CO2  apparatus,  a  coal  calorimeter,  crucibles  and 
furnaces,  water-analysis  outfits,  etc.,  is  maintained  in  con- 
nection with  the  company's  plant. 

The  duties  of  chief  engineer  are  combined  with  those 
of  the  assistant  superintendent,  who  is  directly  responsible 
for  the  operation  and  maintenance  of  the  entire  works. 
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1.  Equl|)ment 

Hollers 

Hollers 

I'^ngiue. G 


1    \lr  comprcasor. 


Air  comi)rt'33or 

Pamp J 


Pump. 
Pump. 


PRINCIPAL   EQUIPMli: 

Kind 
Horizontal  tubular. .  , , 
Horizontal  tubular     , . 
CorlLfS-shiKlc 

Corliss-slnEle 

Corliss-single 

Steam  driven,  double.. 

Steam  driven 

Centrifugal 

Reciprocating 

Reciprocating 


NT   OF  THIO   VVOIU'KSTER  SALT  CO.'S   PLANT. 
Size  Use 

200  hp Low  pressure  steam 

250  hp High  pressure  Socam 

24x3B  in.,  450  hp Main  unit 


lBx38in.,  120  hp 

20x42  In.,  200  hp 

Steam  end,  2-l(ix.30  In  .  I 
Air  end,  2-8 1x18 ix30  In.  ( 

Steam  end:  20x24  In.        I 
Alrend:6!xl3ix24in.      / 

4-ln.,  2-stage 

14x13x8  In Silos  to  flUcr  to  receiving 

tank 

2-18x10x12  in Fire  mains 


Main  reserve  unit 

Main  reserve  unit 
Main  air  supply 

Main  reserve  air  supply 
Boiler  feed  water 


SILVER  SPRINGS,  N.  Y. 

Operating  Conditions  Manufacturer 

Stolier  flred,  80  ib McEwan  Bros. 

Stoker  flred,  1 15  lb McEwan  Bros 

100  lb.,    120  r.p.m.,  direci.  con- 
nected     Allls-Chalmers 

100  lb.,  85  r.p.m.,  rope  drive.  .  .  .    Watts-Campbell 
100  lb.,  SO  r.p.m.,  rope  drive.  c;.  &  G.  Cooper  Co. 

100  lb.,  75  r.p.m.,  170  hp Air  end:  Ingersoll-Rand  Co, 

Steam  end:  C.  &  c  Cooper  Co. 

100  lb.,  165  r.p.m.,  150  hp Norwaik  Iron  Works 


iOO  lb 

100  lb.,  70  s.p.m.,  1000  gal.  per 

mln 

Motor  driven 

Motor  driven,  single  stage,   850 


Pump C 

Pump I> 

I'umps E 


Centrifugal. 
Centrifugal. 
Centrifugal 


lO-ln.  volute Brine  to  vacuum  pans. 

4-in.  turbine Water  to  salt  cavities  . 

4-ln   turbine 


Motor  driven,  single  s.age,  8.50 

r.p.m 

Motor  driven,  single  stage,  1100 


A.  .S.  Cameron  Steam  Pump  Co. 


DeLaval  Steam  Turbine  Co. 

Worthington 

Worthington 


up 


.  F  Centrifugal 


.■^lukers 

Coal  bunker 

Coal  conveyor  over  bun- 


Floor  track  trav.  crane. 
Feedwater  heater 
Turbine J 


Locomotive 

Reciprocating- vacuun 

Overfeed 

Suspended,  steel-con  ■■ 


Chain  scraper  convey. 

Boom   

C'losed 

Impulse 


6-in.  turbine Pond  to  pond  (fresh) . 

8x8  in Sprinkler  syslem..  .    . 

12x18x18  in Vacuum  for  pans.  .  .  . 

Boiler  furnaces 

300  ft.  long Coal  storage 


Motor  driven,  single  stage.  1400 

r.p.m 

Motor  driven,  single-stage,   1050 


Worthington 

Worthington 

Westinghouse  Air  Brake  Co. 
A.  S.  Cameron  Steam  Pump  Co. 
Murpiiy  Iron  Works 
Guarantee  Construction  Co. 


300  ft.  long Coal  traasfer 

Steel Ash  lift  from  pits 

B'  dlam.  x  13'  long 

2  i"  steam Boiler  feed  pump  drive . 


Bituminous  slack,  motor  driven. . 

Motor  driven 

Exhaust  steam 

100  lb.,  2750  r.p.m.,  56  hp.,  290 
gal.  per  min.  ai.  300  ft.  head      .   Terry  Steam  Turbine  Co 


Guarantee  Construction  Co 
Northern  Engineering  Co. 
Hoppes  Mfg.  Co. 


Generator I 

Generator H 


Direct  current. 
Direct  I 


300  kw., 
KW  kw.. 
',)(■)  kw.. . 


Main  reserve  unit.. 
Main  reserve  unit. 


2  Motors E  Direct  current. 


Motor D 

Motors A 

Motor F 

Motors B 

.Motor C 

Apron  conveyor L 


Direct  current 

Direct  current 

Direct  current 

Direct  current 

Direct  current 

Trestle     hopper     to 
crusher 


40  hp.. 

fi5  hp.. 
60  hp.. 
7ihp.. 
20  hp.. 
55  hp. 


Main  unit  control 

Bucket,  elevator  and  coal 
scraper  conveyor 

Condensing  water  to  va- 
cuum pans 

Fresh  water  to  cavity .... 

Brine  to  vacuum  pans. .  .  . 

Pond  to  pond  (fresh) 

Brine  to  grainers 

Brine  to  vacuum  pans. .  .  . 


2500  amp.,  120  volts,  120  r.p.m., 
direct  connectetl 

1200  amp.,  125  volts.,  500  r.p.m., 
rope  drive 

800  amp.,  120  volts,  600  r.p.m., 
rope  drive 


Ailis-Chalmers  Co. 
General  Electric  Co. 


145 amp.,  120  volts,  UOOr.p.m..  .    General  Electric  Co. 


110  amp.,  120  volts,  1400  r.p.m., 
448  amp.,  125  volts,  1100  r.p.m. 
450  amp.,  125  volts,  8.50  r.p.m.. 
56  amp.,  120  volts,  1050  r.p.m. 
145  amp.,  120  volts,  1500  r.p.m. 
420  amp.,  1 10  volts.  845  r.p.m. 


Bucket  elev K 

Motor L  Direct  current. 


Note: — Letters  A  and  A,  n  and  B,  ('  and  C, 


20  hp Coal  crusher,  apron  con- 
veyor and  car  puller . . . 

,  indicate  connected  units. 


148  amp.,  115  volts,  UOOr.p.m. 


.   Ailis-Chalmers  Co. 
.   General  Electric  Co. 
.    Western  Electric  Co. 
.    Sprague  Electric  Co. 
.    Dlchl  Mfg.  Co. 
C;cncral  Electric  Co. 

.    G  .arautee  Construction  d 

.   Guarantee  Construction  Cc 

Sprasue  Electric  Co. 


Ammonia,  so  tailed,  because  originally  pr('])arc(l  from 
<'amels'  tliuig,  near  the  temple  of  Ammon,  iu  J^gypt,  is 
»  compound  of  hydrogen  and  nitrogen,  having  tlie  chem- 
ical formula  NHg,  which  means  that  an  atom  of  nitro- 
gen (representing  14  parts  by  weight)  is  combined  with 
three  atoms  of  hydrogen  (representing  three  parts  by 
weight.)  It  is  a  colorless  gas  at  ordinary  temperatures 
and  pressures,  but  at  about  — 27  deg.  F.  it  becomes  liquid 
at  the  pressure  of  the  atmosphere,  and,  of  cour.se,  at  liigh- 
•cr  temperatures  if  greater  pressures  are  employed. 

At  about  — 110  deg.  F.,  liquid  ammonia  turns  into  a 
M'hite  crystalline  solid,  and  is  almost  without  smell  ;  at 
about  900  deg.  F.,  ammonia  dis.soeiates — that  is,  it  is 
decomposed  into  its  constituents,  nitrogen  and  hydrogen. 

Ammonia  gas  is  very  soluble  in  water,  the  solution 
constituting  the  so  called  aqua  ammonia  that  is  em- 
ployed in  absorption  systems.  The  capacity  of  water 
for  absorbing  ammonia  gas  varies  with  its  temperature, 
but  ordinarily  it  will  take  up  from  500  to  SOO  times  its 
own  volume. 

Following  its  discovery  by  an  ancient  alchemist,  am- 
monia was  \n  time  manufactured  through  the  destruc- 
tive di-stillation  of  horns,  hoofs,  and  hides,  and  its  pro- 
I'lietion  from  horns  gave  an  early  name  to  aqua  ammonia 
•  I  "spirits  of  hartshorn."  Now  ammonia  is  chiefly' ob- 
i;iined  as  a  byproduct  in  the  manufacture  of  illuminat- 
ing gas  from  coal  and  from  the  manufacture  of  coke  in 
!\vproduet  coke  ovens. 


•Abstract  of  paper  read  by  J.  C.  Atwood  beforo  the  Prac- 
"tlcal  Refrigerating  Engineers'  Association,  Dallas,  Tex. 


Lately,  the  production  of  ammonia  synthetically,  us- 
ing the  nitrogen  of  the  atmosphere,  has  engaged  the  at- 
tention of  scientists.  It  is  very  doubtful,  however,  that 
the  successful  commercial  production  of  synthetic  anhy- 
drous ammonia  has  yet  been  achieved.  The  anhydrous 
ammonia  produced  carries  suspended  in  it  uncombined 
nitrogen  and  hydrogen  gases,  aaid  the  cost  of  manufac- 
ture is  probably  greater  than  by  the  usual  method.  There 
is  practically  an  unlimited  dcBiand  for  sulphate  of  am- 
monia as  an  agricultural  fertilizer,  and  the  synthetic 
manufacturers  have  this  product  immediately  in  mind 
rather  than  anhydrous  and  aqua  ammonia  for  employ- 
ment in  refrigeration  and  ice-making. 

Experienced  operating  refrigerating  engineers  know 
the  desirability  of  employing  in  plants  under  their  charge 
anhydrous  ammonia  that  is  free  from  uncombined  ni- 
trogen or  hydrogen  gases,  which  occupy  condenser  space 
that  should  be  occupied  only  by  ammonia  gas,  and  being 
present,  give  rise  to  abnormal  working  pressures  and 
iin!)ose  the  need  of  frequent  purging  to  e.xpel  them. 

Anhydrous  ammonia,  by  reason  of  its  adaptability  to 
liquefy  under  comparatively  low  pressures,  is  the  med- 
ium most  generally  employed  in  refrigerating  and  ice- 
making  machines.  As  an  indication  of  the  growth  of 
the  industry  it  may  be  stated  that  in  1890,  there  were 
not  more  than  1000  ammonia-using  refrigerating  and 
ice-making  plants  in  operation  in  the  United  States.  At 
the  present  time  there  are  at  least  13,500  plants,  while 
the  increase  of  like  plants  in  foreign  countries,  though 
not  as  rapid  as  in  the  United  States,  exhibits  a  healthy 
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C0S1I  of  Commpressing  Aiiir  Iby 

EflecHricity 

\'>\    \\  .  (  .  L\N(  .\sii:it 

>')'.V0/'.s7>' — Fnclors   in   ilrlrnniiiiiifj  llir  rrldtivr   insls  (liiiiii:,'  tlic  |!iist  (Icciidc  li;is  liccn  Ihc  cimsc  (if  iiiiirkcd  iiii- 

i)f  toiii/ircs.ti>i(j  air  by  xtraiti  and  by  elect Hcily.    The  [kj-  inovciii'-iit    111  air-compri'Shor  coiislnictioii.      Duriiij;  lliis 

nrva  for  llir  lallcr  are  based  on  arliinl  inslallalion.<<  where  period  Uicrc  lias  hcoii  a  coiistaiitlv  iiurcai<iii;(  demand  for 

(I  low  rate  for  electricity  is  chanjed.    The  article  a/iplies  laifre  ((jiii pressors  wliieli  has  resniteil  in  tlio  developinent 

chiefly  to  comiirrssor  jdnnts   used  in  construction   work,  of   llio    modern    liif(li-sj)ee<i,   dirwt-eonneeted    elt'elrieally 

where  there  are  liniitalions  of  space,  where  the  work  is  driven  iiir  compressors  lliat  are  hein;,'  used  so  universally 

more  or  less  of  a  temporary  nature  and  where  there  is  110  at  present. 

use  for  e.vhaiist  siram.  Cheaper  rates  for  electric  power  tpioted  hy  central  sta- 

K  tions  and    I  he  savin;^  in  space  cfrecled   hy   motor-driven 

The  ii'irciise  in  the  ii.-^e  of  electricity  as  a  motive  ])o\ver  compressors  are  largely  responsihle.     A  striking  e.xample 


F:g.  1.    Motor-Driven  Compressor  Used  in  Connec- 
tion WITH  Pennsylvania  K.R.  Tunnels 


Fig.  3.    Belted  Compressors  Referred  to 
IX  "K."  Tmuj;  J 


Fig.  2.    Compressor  Plant  Used  in  Construction  of  Aqueduct  Tunnel  under  Xew  York  City 
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of  both  of  tlicse  is  the  plant  installed  by  the  writer  in 
1905  in  connection  with  the  construction  of  the  Pennsyl- 
vania K.K.  crosstown  tunnels  in  New  York  City.  This 
plant,  a  part  of  which  is  illustrated  in  Fig.  1,  was  lo- 
cated within  one  block  of  the  Waldorf-Astoria.  Property 
in  this  neighborhood  was  so  expensive  that  the  eliniina- 
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Cost  of  Electricity  for  Compressing  Air  at 
Different  Load  Factors 


tion  of  space  for  steam  boilers  and  for  the  storage  of  coal 
was  a  necessity.  Even  with  a  high  rate  for  electricity  it 
would  undoubtedly  have  figured  less  expensive  to  use  elec- 
tric compressors,  but  as  a  matter  of  fact  a  most  attractive 
rate  was  obtainable  from  the  New  York  Edison  Co. 

Other  examples  of  the  use  of  electric  compressors  where 
space  is  limited  are  the  plants  used  for  the  construction 
of  the  Catskill  Aqueduct  under  the  City  of  New  York. 
The  contracts  for  this  work  required  the  use  of  electricity 
wherever  possible  in  order  to  do  away  with  the  noise  and 
dirt  incident  to  steam  plants ;  besides  this,  the  space  fur- 
nished the  contractors  around  each  shaft  for  the  plant 
was  so  limited  that  electric-driven  compressors  had  to  be 
used  in  almost  every  case.  One  of  these  plants,  also  in- 
stalled by  the  writer,  is  illustrated  in  F^'ig.  2. 

The  first  air  compressors  to  be  driven  by  electricity 
were  either  belted  or  geared  to  the  motor.  This  drive  is 
still  used  for  compressors  of  small  size  and  also  for  the 
larger  sizes  where  electric  power  is  cheap,  or  whei  the 
installation  is  only  temporary.  Sometimes  even  for  jir 
plants  on  construction  work  that  will  be  completed  in  two 
to  three  years,  it  pays  when  the  rate  charged  for  electric 
power  is  high,  to  use  the  more  expensive  direct-connected 
machines. 

The  question  of  whether  an  air-compressor  plant  had 
lutter  be  operated  by  steam  or  electricity  depends  upon 
s(i  many  \ariabk's  that  it  is  imii()>;siblc  to  <jive  a  general 


Mile  to  cover  all  cases.  F]ach  must  be  worked  out  in- 
dividually, taking  all  the  local  conditions  into  careful  con- 
sideration and  balancing  the  first  cost  and  operating  cost 
of  each,  comparing  the  steam  anil  electric  ojx'ration  about 
as  follows : 


Steam 
First  cost: 

Comprossora  and  engines 

Boilers 

Stokers 

Economizers 

Feed-water  heaters 

Condensers 

Pumps 

Compressed-air  piping 

Steam  piping 

Cooling-water     piping,     pump     and 
tanks 

Coal-liandling  machinery 
Coal-storage  bunkers 

Ash-rcmoval  machinery 

Building  and  foundations 

Stack  or  mechanical  draft 

Land 
Operating  cost: 

Fixed     charges,     including     interest, 
taxes,  insurance  and  depreciation 

Coal  for  operating  compressors  and 
auxiliaries 

Coal  for  heating  building 

Coal  handling 

Ash  removal 

Water  for  boilers 

Water  for  condensers 

Water  for  compressor  jackets 

Oil  for  air  cylinders 

Oil  for  steam  cylinders 

Oil  for  guides  and  pistons  >and  crank- 
shaft if  cross-compound) 

Waste 

Repairs 

Labor  in  compressor  room 

Labor  in  boiler  room 


Electric 
Compressors  and  motors 


Compressed-air  piping 

Cooling-water  i)iping,  pump  and  tanks 


Building  and  foundations 
Land 

Fixed  charges,  including  interest,  taxes, 

insurance  and  depreciation 
Electricity  for  operating  compressors 

Coal    for   heating    building 


Water  for  compressor  jackets 
Oil  for  air  cylinders 

Oil  for  guides,  pistons  and  crankshaft 
bearings  (same  as  motor  bearings  if 
direct  connected  cross-compound) 

Waste 

Repairs 

Labor  in  compressor  room 


In  figuring  the  cost,  of  course,  the  type  of  plant  must 
be  chosen  that  seems  to  best  suit  the  conditions  of  the 
problem  in  hand.     For  steam  the  principal  questions  to 
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Fui.  .-).    Cost  of  Electricity  for  Compressing   KjOO 
Cu.Ft.  of  Free  Air  at  Different  Load  Fac- 
tors— ^Compressor  C^  Table  I 


Scale  Reading ^2000  =  Waff5     B^2(>\l5^2"xl8  'Oirecf  Connected  Compressor. B'm  Tabtel    £'22x14x15' Belted  Compressor, E in  Table  , 

Fig.  G.    Load  ('iiai;t  of  Typical  24-IIr.  Run 
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Ik-  tli'fiilc'd  lire  wIh-IIut  llic  pliiiit  is  to  hv  roiidoiiHiiiK  or 
noni'oii(lensiii^%  iiiul  wIiciIut  IIic  coinpreHsorH  arc  to  lio  of 
the  siiiipU'  sIcHiii,  i'oiii|iotiii(l-iiir  tvpc,  or  tlie  coiiipoiiiKl- 
(<lt'Hin,  roiiipouiitl-air  typi".  I'Or  tliu  olfctric  pliiiit  the 
main  point  to  lie  ili-i  iilcd  is  wlirllicr  tl\e  coiniticssois  tirr 
to  1)1'  Im'Ii  ilrivcn  or  dircitly  tonnt'cli'd  U>  tin-  motors. 

Kstimatcs  of  tlu'  lirst  cost  of  liotli  stuam  and  electric 
I'omprcssor  jilanls  arc  easily  coni|)uted,  and  so  many 
steam  plants  iiave  iu'en  installed  that  both  their  lirst  cost 
and  operating  cost  luivc  hccn  carefully  worked  ont  and 
are  very  well  known  to  en^'incers  .iiiii  (diilrailor-  who 
have  to  i!o  with  plants  of  this  nalnrc. 

lUit  as  rcfjards  the  cost  of  electric  power  re(piired  to 
deliver  a  given  anioiinl  of  coniiircsscd  air.  there  sccnis  to 
be  some  uncertainty  a>  well  as  a  ronsiderahle  lack  of 
puhlishcd  data  on  tlie  sid)jecl. 

In  the  Jan.  li,  li)U,  issue  of  I'owkk.  ihc  writer 
gave  a  method  of  testing  electric-driven  air  roniprc.-sdis 
and  the  results  of  a  test  on  a  large  unit.  Some  similar 
test  residts  an>  sjivcii   in  TaMc  1. 


the  otiiers.     Although  bell-driven,  the  economy  as  regardu 
electric -power   input   per    lud  cu.ft.  of  air  in  very   liiilf 
higher  than  the  larger  direct-connected  nuichines.      I 
is  jtartly  due  to  the  higher  volumetric  elliciency  and  jiiii 
to  the  except ioindly  good   bell   drive.     The   belt    is   u 
and  heavy  and  there  is  ample  distance  between  (lri\ 
and  driven  ])ulleyH,  ho  thai   there  is  probably  very  li 
]»o'.ver  lost.     K<uir  of  these  belled  compressors  and  moi' 
are  shown  in  I'ig.  -i. 

'I'he  cost  of  elc<'tricity  for  ciinipi'i'>sing  air  depend.'-  "ii 
ihrcc  things : 

I.      The  power   input    |)cr  culiic   fcKil    of  air  outpiil    ■ 
(piircd    by    tln'    ( omprc.-isois,    oi'    ■•|)(.«ci-    elliciency"    ;i 
might  be  called. 

'i.     The  load  factor  (,f  the  jilant. 

;^.     The  rale  charged  for  electricity. 

The  (Irst  of  these,  or  the  "j)ower  elliciency,"  has  already 
been  discussed.  In  making  an  eslinuite  of  the  cost  of 
electric  power  for  a  given  plant  a  value  for  this  power 
elliciency  must  be  assumed,  and  this  can  be  based  eilher 
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Com- 

pressor 

Sin 

.\ 

26x15  xl8 

B 

26x15  xl8 

C 

26x15  xl8 

D 

25}xl5lx21 

E 

22xHxl8 

Horsepower  In- 

I'i.slon 

Discharge 

Vir 

\'olumetrio 

put  per  100 

Kilowatt-hour.s 

Spcid 

Ui 

splacc'inont 
Ft    per  Mill. 

1 

'rcs.surc 

ICfficiency 

Cu.I't   i«r.Min 

per  UJOO  eii 

fl. 

Horscjiower  In- 

r.p.m. 

Cu 

l.b. 

per  Si] 

In. 

Per  Cent. 

Free  Air 

of  Free  Ai 

r 

put 

No  Load 

Drive 

185.5 

2042  5 

100 

85.1 

22  85 

2  85 

.-):i   1 

Dircct-eonnerled 

185.3 

20.TO  7 

100 

86.5 

22  75 

2  83 

51  0 

Dircct-conneeted 

188 

2070 

100 

88.0 

21)  2B 

2.91 

.■)6.6 

Dircct-conncrtflil 

188 

2117 

100 

79.2 

2U  HO 

2.99 

60  3 

nirect-connceted 

157.8 

1241.2 

100 

88.6 

2.i  7 

2.94 

46. U 

Belt«d 

It  will  be  noted  that  the  first  three  machines  are  of  the 
same  size.  They  are  also  of  tlie  same  type  and  the 
volumetric  etlRciencies  and  other  characteristics  check  very 
closely. 

Compressor  D  is  of  very  nearly  the  same  size  and  speed 
as  the  first  three,  but  is  of  a  different  type  and  driven  by 


Fig.  7.    PiiKssriiK  Chart 


a  different  make  of  electric  motor,  either  or  Ijoth  of  which 
facts  may  account  for  its  lower  volumetric  efficiency  and 
somewhat  greater  input  per  100  cu.ft.  per  min.  of  free      cent. 


on  tesr  data  similar  to  that  given  in  Table  1,  or  upon 
the  guarantee  of  a  reliable  manufacturer.  Care  must  be 
taken  in  selecting  this  value  that  the  test  or  guarantee 
from  which  it  is  obtained  is  on  a  compressor  of  exactly 
or  \cry  nearly  the  same  size,  type  and  speed,  as  a  con- 
siderable difTcrence  in  any  of  these  will  .sometimes  change 
the  power  elliciency  materially. 

P>y  "load  factor"  is  meant  the  ratio  of  the  actual  out- 
put of  compressed  air  from  the  plant  in  a  given  period  of 
time,  to  the  total  output  that  the  plant  is  capable  of  mak- 
ing in  that  time.  The  effect  on  the  energy  required  to  do 
useful  work  is  evident  when  it  is  remembered  that  elec- 
trically driven  air  compressors  unlike  those  driven  by 
steam,  run  at  constant  speed  whether  loaded  or  unloaded 
and  therefore  the  energy  required  during  the  time  they 
are  running  unloaded  and  doing  no  u.seful  work  adds 
more  and  more  to  the  energy  input  per  cubic  foot  of  aii 
output  as  the  load  factor  decreases.  This  effect  on  the 
economy  of  operation  is  small  except  at  very  low  load 
factors,  as  can  be  noted  from  Figs.  4  and  5. 

It  is  rather  difficult  to  predict  in  advance  just  what 
this  load  factor  will  be.  The  best  way  to  arrive  at  it  is 
perhaps  to  compare  the  ])lant  under  consideration  with 
other  plants  already  built  which  are  doing  similar  work 
and  whose  load  factors  are  known. 

In  well  designed  plants  furnishing  comprcs.sed  air  foi 
rock  drills,  pumps,  etc.,  where  the  work  is  carried  on  da> 
and  night,  the  writer  has  found  that  the  load  factor  usual- 
ly runs  well  over  50  per  cent.,  in  some  cases  even  reach- 
ing SO  ppi-  cent.  For  instance,  the  load  curve  given  ir 
Fig.  6  is  a  typical  '24-hr.  run  taken  in  the  plant  illustratec 
in  Fig.  3.     The  load  factor  for  this  run  figures  781/2  P^i 


The  speed  of  compressor  E  is  lower  and  this  undouljted- 
ly  accounts  for  its  higher  volumetric  efficiency.  Being  a 
considerablv  smaller  machine  this  efficiency  would  prob- 
ably be  somewhat  lower  if  the  speed  were  the  same  as 


The  rate  charged  for  electricity  has  the  mo.st  importani 
bearing  of  all  upon  the  operating  cost  of  electrically 
driven  air  compressors.  These  rates  vary  in  different  lo- 
calities between  rather  wide  limits.  Usually  the  rate  ii 
either  so  many  cents  per  kilowatt-hour;  so  many  dollar! 
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per  horsepower    (or  kilowatt)   of  luaximuni  demand   per 

I  year;  or  some  combination  of  these  two. 

I       To  illustrate  the  elfeet   of  the   power  etficieiicy,   load 

I  factor  and  rate  on  tlie  cost  of  power,  curves  have  been 

I  worked  out  with  load  factor  as  al)scissas  and  cost  of  com 

pressed  air  as  ordinates.     Curve  1,  Fig.  4,  shows  how  the 

cost  for  electric  power  per  1000  cu.ft.  of  free  air,  com- 

|)ressod  to  100  lb.  gage  by  compressor  B,  Table  1,  varies 

witli  the  load  factor  when  the  rate  for  electric  power  is 

Ic.  per  kw.-hr.    This  curve  is  figured  as  follows: 

Comprossor  capacity   =  17fi4  7.5  cu.ft.  per  min. 

Vearly  output  =  1704  Tf)   X  365   X  24    X  00   =  ;I27..5.'J3.00C)  cu.ft.  per  yr. 

C'ompr('s.sor  input   =  299  5  kw 

Kw.-hr.  per  year   =  299.. 5   X  8700    =  2,02.3,1)20 

Xt  Ic.  per  kw.-hr.,  yearly  cost   =  $20,230  20 

Cost  per  1000  cu.ft.    =  $20,230  20  -h  927,553.0   =  $0.0283 

This  is  at  100  per  cent,  load  factor,  \alues  at  other 
load  factors  are  obtained  from  the  equation, 

26,230.20  y  +  3328.8  (1.00  —  ij) 
027,553.0  y 

where 

.r  — -  Cost  in  dollars  per  1000  cu.ft.; 
//  =  Load  factor  expressed  as  a  decimal. 

The  second  term  of  the  numerator  is  the  cost  when 
the  compressor  is  running  idle.  With  the  input  at  no 
load,  equal  to  38  kw.,  the  yearly  cost  at  no  load  would  be 

38   X  8760   X  0.01  =  3328.80 
and  during  the  actual  no-load  period  would  be 
3328.8  X  (1.00  — 7/ ) 

The  other  curves  in  Fig.  4  are  drawn  in  a  similar  way. 
Curve  2  is  for  a  22x14x1 8-in.  belted  compressor  (E  in 
Table  1)  with  the  same  rate  for  power. 

Curves  3  and  4  are  for  the  same  machines,  but  are 
based  on  a  rate  for  electric  power  of  $25  per  hp.  of  maxi- 
mum demand  per  year.  It  will  be  noted  that  at  low  load 
factors  the  Ic.  rate  is  better,  but  not  so  good  at  the  higher 
load  factors. 

The  rate  for  power  paid  by  the  contractors  who  are 
building  the  sections  of  the  Catskill  Aqueduct  under  the 
City  of  New  York  is  Ic.  per  kw.-hr.  plus  $20  per  year 
per  kilowatt  of  maximum  demand.  The  curve  in  Fig.  5 
is  worked  out  on  this  basis.  It  is  figured  from  the  re- 
sults of  a  test  on  one  of  the  three  compressors  shown  in 
Fig.  2  (compressor  C,  Table  1). 

In  order  to  give  some  idea  of  the  total  cost  of  compress- 
ing air  the  plant  illustrated  in  Fig.  3  will  be  used  as  an 
example.  Cost  figures  are  given  in  Table  2.  This  plant 
consists  of  four  22xl4xl8-in.,  two-stage,  cross-compound 
(ompres.sors  belt  driven  by  induction  motors,  and  one 
2(jxl5y2x]8-in.  compre.s.'ior  of  the  same  type,  but  direct 
connected  to  a  synchronous  motor.  The  belted  machines 
iue  each  rated  at  1240  cu.ft.  per  min.  displacement,  and 
the  direct-connected  machine  at  2040  cu.ft.  per  min.  One 
of  the  small  compressors  is  held  in  reserve  as  a  spare,  so 
that  the  maximum  number  run  at  one  time  consists  of 
the  large  machine  and  three  small  ones.  Thus  the  total 
rated  displacement  of  the  plant  is  5760  cu.ft.  of  free  air 
jier  min.  From  the  test  results  the  actual  total  output  is 
0065  cu.ft.  of  free  air  per  minute. 

This  plant  is  in  Canada  at  the  West  Portal  of  the  tun- 
nel now  under  construction  for  tlie  Canadian  Xorthcrn 
E.U.  and  has  been  in  operation  about  16  months.  The 
compressors  were  manufactured  in  the  United  States  and 
a  higli  duty  had  to  be  paid  on  them.  The  first  cost  given 
in  Table  2  for  the  plant  is  therefore  high  compared  with 
a  similar  plant  in   the  United   States.     The  figures  for 


water,  wages,  supplies  and   rejjairs  are  the  averages  for 
llie  five  months  from  June  to  October,  inclusive. 

'J'he  actual  rate  j)aid  for  electric  power  for  this  ])lant 
is  rather  complicated  and  would  not  serve  as  an  illustra- 
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Fig.  8.    Total  Cost  of  Compressing  1000  Cu.Ft.  of 

Fkkk  All!  AT  Different  Load  Factors — Plant 

IN  Takle  2 

tion  as  well  as  a  straight  meter  rate.     An  assumed  rate 
of  Ic.  per  kw.-hr.  has  therefore  been  used. 

A  typical  24-lir.  run  is  shown  in  Fig.  6.  This  chart 
was  taken  by  means  of  a  recording  wattmeter  connected 
so  that  the  total  power  input  to  all  the  compressors  was 

TABLE  2. 

Cost 
and 


First  Cost- 
Cost  of  the  five  compressors,  including  motor 

Piping,  aftercooier  and  air  receiver 

Building  and  foundations  (land  not  included) 
Installing 


tchboard $31,000 

3,000 

2,700 

2,300 


Total 

Yearly  Cost — 
Fixed  charges — 

Interest  on  investment  $.39,000   X  0<^c   =    $2340 

Taxes,  1  %  on  land  and  building 200 

In.surance  @  20c.  per  $100  per  year 78 

Depreciation,  at  10%  per  year 3900 


$39,000 


Total  yearly  fixed  charges $0518 

Operating  charges — 

Power  on  basis  of  load  curve  of  Fig.  0,  giving  load  factor  of  78i  %.  $63,422 
Water,  average  daily  consumption  7000  cu.ft.,  or  $200  per  mo.  @ 

10c.  per  100  cu.ft 2,400 

Wages,  average  $400  per  mo.  for  three  8-hr.  shifts 4309 

Supplies,  such  as  oil,  waste,  etc.,  average  per  month  $103 1,236 

Repairs,  average  per  month,  $49.                                             588 


Total  operating  charges 


72,446 


Total  yearly  cost $78,904 

recorded.  The  maximum  input  is  924  kw.  and  the  aver- 
age 724  kw.  The  load  factor  for  this  day  is  therefore 
781/^  per  cent.  The  pressure  chart  in  Fig.  7  was  taken 
at  the  same  time  that  the  load  curve  of  Fig.  6  was  made 
and  shows  an  average  pressure  for  the  24  hr.  of  107  lb. 

The  curves  in  Fig.  8  have  been  worked  out  to  show  how 
the  total  cost  per  1000  cu.ft.  of  air  varies  with  the  load 
factor  for  the  plant  under  consideration.  Curve  1  shows 
ilie  fixed  charges.  It  is  figured  simply  by  dividing  $6518 
by  the  yearly  output  at  the  different  load"  factors  in  thou- 
sands of  cubic  feet  of  free  air.  Curve  2  is  similarly  fig- 
ured for  wages  only.  The  cost  of  water,  supplies  and 
repairs  is  assumed  to  vary  in  proportion  to  the  load  factor 
and  therefore  the  cost  of  these  items  per  1000  cu.ft.  of 
air  is  constant,  as  can  be  seen  from  Curve  3. 

The  cost  for  electric  power  based  on  a  rate  of  Ic.  per 
kw.-hr.  is  given  by  Curve  4.  At  low  load  factors  this  is 
slightly  higher  than  would  actually  be  the  case  in  prac- 


tire  MS  till'  coniprcHHors  would  lu-  shut  down  one  atln-  nn- 
otlit-r  as  till'  Kmtl  rattor  dfcifasi'd  instead  of  lu'inj,'  iiiii 
for  any  Iciigtli  of  liiiic  at  no  load.  For  tlii'sc  cali'ulationH, 
iiowcvi'r,  in  onlcr  to  avoid  lircaks  in  tlic  curvi',  llii>  wlioUi 
plant     has     Itccn     treated     as     tlioMf,'li     it     eonsiste<l     of 


one  inaejiine  of  the  avoraRe  eeonotny  of  the  four. 
'I'he  total  cost  of  KlOO  cu.ft.  of  fr(;e  air  conipreHH'.id  to 
107  II).  |)er  M(|.iM.  in  this  plant  at  vari<jus  loud  factors  i" 
Xiveii  in  Curve  G,  which  is  the  sum  of  the  ordinateH  of 
all  the  other  curves,  1  to  I  inclusive. 


©M°]BujirininEiig=iruEiriniace  De; 
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SiWOI'SIS — The  omission  of  clicrk-rr  woih-  anil  l(ir(/('t 
■walls  is  recuininended.  A  number  of  fiiniarcs  apjdivd  lo 
different  boilers  are  ilhislraled. 

The  most  imjxjrtant  tVaturu  of  an  oil-l)urnint;  system 
i.s  the  furnace  arran<;ement.     I'oor  economy  is  often  due 


i 


ovi'rload  can  ho  carried  without  injurinfj  the  hoiler.    Ti 
]iractice  of  usinj^   (irehrick   arches,   ciiecker   work,   tar, 
walls,  etc.,  is  uniu-cessary  ami  is  frequently  the  cause 
the  hurning  out  of  tuhes  or  baf^ginj,'  the  hoiler.     With 
such   arran<,'em('iits  tlu;  cost  of  furmice   rejiairs  hecoiiH 
iii^'li  and  tlu'v  are  likewise  the  cause  of  interruptions  i 


to  improper  furmice  conditions,  and  upon  the  design  of      service.    The  furnace  should  he  designed  so  that  the  liaine 
the  furnace  dejiends  to  a  great  extent  tlie  capacity  of  the      will  iu)t  im])inge  on  cither  the  hoiler  or  brickwork.     The 

boiler.      If  tlu'  furnace  design  is  correct  a  'iOO  ])ry  cent-      disastrous  elVects  of  tiie  i)!owi)ipe  action  of  the  oil  flame 


1.     Tubular   Boilek 
with  t.vrget 


Fig.  2.    Another  Furnace 
Open  to  Ob.tectiox 

on  the  metal 


Furnace  "Well  Adapted 
FOR  Tubular  Boiler 


Fig.  4.    Peabody  Burner  for  B.  &  W.  Boiler 


of  boilers  has  become  well  known  to  engi- 
neers, but  unfortunately  many  found  it  out  too  late.  To 
secure  the  best  results  for  burning  oil,  the  furnace  must 
"be  so  arranged  that,  first,  all  air  must  pa.ss  through  the 
flame ;  secondly,  that  the  atomized  oil  must  be  completely 
burned  while  sus])ended  in  the  air;  third,  that  a  large 
surface  of  brickwork  be  exposed  near  the  flame ;  and. 
fourth,  the  flame  must  be  distributed  over  a  large  area. 

Before  going  further,  it  might  be  well  to  state  that  the 
melting  out  of  firebrick  in  an  oil  furnace  may  not  always 
be  caused  by  the  heat  alone,  but  is  sometimes  due  to  cer- 
tain agents  present  in  some  oils  which  cause  a  fluxing 
action  and  melt  the  brick  in  a  short  time. 

Fig.  1  shows  a  return-tubular  boiler  with  the  furnace 
arranged  with  a  target.  As  was  stated  above,  this  type 
uf  oil  furnace  is  liable  to  injure  the  boiler. 

Fig.  2  is  another  arrangement  of  oil  furnace  for  a  re- 
turn-tubular boiler.  Although  this  type  of  furnace  is 
still  used  to  a  certain  extent,  it  is  open  to  the  same  ob- 
jections as  the  arrangement  in   Fig.   1 ,  especially  when 


Fig.  5.  Furnace  Often  Used 
with  Stirling  Boiler 


Fig.  6.  Down-Shot  Furnace 
FOR  Stirling  Boiler 


Fig.  7.   Good  Design  of  Fur- 
nace FOR  Stirling  Boiler 
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he  boiler  is  forced.  Tiiis  l)rings  to  mind  the  case  of  a 
•  laut  using  four  return-tubular  boilers  fired  with  oil  and 
ising  a  furnace  arranged  as  in  Fig.  2.  In  less  than  two 
iiontlivS  after  changing  from  coal  to  oil  the  plant  had  to 
ic  shut  down  to  repair  the  boilers. 


type  of  furnace  the  lining  of  tlie   front  is  heavily   rein- 
forced with  firebrick. 

Figs.  S  and  9  illustrate  Edge-Moor  and  Risdon  water- 
tube  boilers  of  the  horizontal-pass  type,  fitted  up  for 
burning  oil.     In  boilers  of  this  make  with  a  cross-pass 


Fig.  8.   Furnace  in  Edge  Moor  Boiler 

Practice  has  demonstrated  the  design  of  furnace  shown 
in  Fig.  3  to  be  well  adapted  for  burning  oil  under  this 
type  of  boiler. 

Fig.  4  illustrates  a  Babcock  &  Wilcox  boiler  fitted  with 
a  Peabody  oil  furnace.     Tlie  furnace  is  fired   froni  the 


J 


Fig.  9.   Risdon'Boilki!  Eqiipped  for  Oil  Burning 

setting,  the  correct  furnace  arrangement  would  be  one 
similar  to  that  applied  to  the  Babcock  &  Wilcox  boiler 
shown  in  Fig.  4. 

In  Fig.  10  is  shown  the  furnace  arrangement  of  a 
Scotch  marine  boiler  using  a  fish-tail  burner. 

Fig.  11  illustrates  the  same  type  of  boiler  using  a  me- 


FlG.  10. 


Furnace  in  Scotch  Marine  Boiler  Using 
Fishtail  Burner 


bridge-wall  forward,  but  is  controlled  from  the  boiler 
front  and  is  commonly  termed  the  "forward-shot"  fur- 
nace.' This  arrangement  of  oil  furnace  has  given  excel- 
lent results. 

Fig.  5  shows  a  Stirling  boiler  with  a  furnace  for  oil 


Scotch  Marine  Boiler  Equipped  with 
Mechanical  Burner 
that  is  used  to  a  considerable  extent.     It  is  open  to  the 
objection  that  under  heavy  loads  the  flame  is  liable  to  im- 
pinge directly  against  the  tubes.     In  Fig.  6  is  shown  a 
"down-shot"  type  of  oil  furnace  with  a  Stirling  boiler. 

Fig.  7  is  probably  the  best  design  of  oil  furnace  for  this 
type  of  boiler.    It  is,  of  course,  understood  that  with  this 


Fig.  12.    Hammel  Burner  and  B.  &  W.  Boiler 

chanical  burner  producing  a  round  flame.  Using  the  ar- 
rangement shown,  the  mechanical  burner  with  a  round 
flame  gives  excellent  results. 

Figs.  12  and  13  illustrate  the  Hammcl  oil-burning 
furnace  as  applied  to  the  Babcock  &  Wilcox  and  Stirling- 
water-tube  boilers.     In  tl'd  construction  of  this  furnace. 


I'liili  liiiriuT  lias  nil  ui(l('|H'ii(lciit  iiir  Mipiily.  With  ii  lioili-r 
\wi\g  two  or  more  luinuTH.  it  is  ]MtHHil)li'  willi  this  fur- 
iin«i'  to  roiiiplutfly  tut  olT  llu'  air  Hupply  to  any  ItiirntT 


fto.  13.   Stikj.ing  Boiler  Equippi;d  with 
Hammel  Burner 

that  may  be  extinguished  clue  to  load  conditions  or  for 
standby  service,  and  not  interfere  with  the  burner  or 
burners  in  operation. 

dlatlfloiras 
By  C.  0.  Sandstrom 

Probably  no  power  plant  in  this  country,  in  design  and 
equipment,  is  above  honest  criticism,  and  the  designing 
engineer  being  human,  and  consequently  fallible,  commits 
errors  of  judgment  which  are  sometimes  supplemented 
by  errors  of  information.  Of  course,  these  things  are 
found  less  frequently  in  the  larger  plant,s,  because  the  ex- 
penditure of  a  large  sum  of  money  Justifies  and  necessi- 
tates the  services  of  competent  engineers. 

Last  summer  the  writer  studied  the  design  of  a  manu- 
facturing plant  in  the  Middle  West,  which  for  monstros- 
ities was  a  veritable  chamber  of  horrors,  and,  as  an  edu- 
cational factor,  was  in  the  first  rank.  The  power  plant 
contains  six  410-hp.  water-tube  boilers  and  two  800-kw. 
generators,  driven  by  cross-compound  condensing  Corliss 
engines. 

At  first  sight,  this  plant  appears  to  be  of  usual  design, 
but  a  superficial  examination  discloses  details  that  render 
it  a  failure  from  an  operating  standpoint.     When  the 


plant  was  limit,  alioiit  Hix  years  ago,  tlierc  were  inntallud 
lhrc<-  lioilerH  and  on<-  generator,  liiit  the  lioilcr  plant  did 
nut  take  care  of  tlie  load  and  a  Tonrlh  imilcr  was  installed. 
Later,  when  (he  Hccoiid  gcnciator  was  put  in,  two  nidre 
lioileiK  were  added.  Altlioiigli  i»nt  one  generator  was  run 
at  capacity,  the  behavior  of  tlic  boiler  |ilanl  indicated 
that  if  hotli  generalorH  were  <jporat(;d,  the  boiler  capacity 
would  he  inade(pnite. 

The  condensing  e(pii|)nient  consistH  of  (wo  siphon  con- 
(len.sers  (the  injection  inlets  are  about  15  ft.  above  the 
hot  well)  MTM'd  from  a  cro.xs-connection  in  the  pi|)ing  by 
a  Ki  aiKJ  I  i  hy  lO-iii.  (hi]tlex  steam  pump.  This  pump. 
Idcalcd  about  ;")()()  ft.  from  the  power  bouse,  tm)k  its  \\. 
through  some  ."iOO  ft.  of  pipe  from  a  pond,  the  total  i 
being  about  7')  ft.  The  exhaust  was  allowed  to  esc^jdj 
lo  the  atmos]iiiere.  In  times  of  high-temperature  cir- 
culating-water, when  full  load  came  oji  the  engine,  the 
water  required  was  aijovc  the  capacity  of  the  pump,  and 
frequently  the  engine  was  operated  on  an  18-in.  vacuum. 

The  feed-water  heater,  of  the  open  type,  would  prob- 
ably handle  .'iOO  hp.  Ft  was  foisted  upon  the  concern  by  a 
salesman  who  a.sserted  that  it  was  cajtable  of  heating  the 
teed  water  for  1200  boiler  horsepower.  No  one  being 
I  he  wiser,  it  was  installed,  and  the  trouble  began.  The 
exhaust  from  the  auxiliaries  was  led  to  the  beater,  and 
in  an  attempt  to  raise  the  feed-water  tempjcrature  above 
130  deg.  (which  seemed  to  be  the  limit)  by  using  all  the 
exhaust  from  the  exciter  engine,  large  quantities  of  steam 
and  water  were  blown  out  to  the  air. 

In  the  suction  line  from  the  heater  to  the  boiler-feed 
pump  is  a  check  valve  for  which  the  present  engineer 
could  find  no  use,  so  he  removed  the  disk,  thus  eliminat- 
ing a  restriction  to  the  flow.  The  18-in.  steam  header 
is  back  of  the  double-drum  boilers,  which  are  connected 
to  the  header  by  5-in.  branches,  one  to  each  drum.  There 
is  a  stop  valve  in  each  branch  at  the  boiler  nozzles.  About 
30  ft.  of  one  end  of  the  header  has  never  been  covered, 
and  the  heat  loss,  added  to  that  from  the  remainder  of 
so  large  a  header,  has  been  considerable,  as  was  evi- 
denced by  the  continual  working  of  the  traps. 

The  boiler-feed  main  terminates  at  one  end  of  the  row 
of  boilers  in  a  manifold,  the  branches  running  down  be- 
hind the  boilers  in  a  confusion  of  piping. 

The  three  boilers  originally  installed  were  connected 
to  an  8xl00-ft.,  gu.yed,  steel  stack,  by  a  6x3-ft.  brick- 
lined  underground  flue.  Owing  to  the  insufficient  height 
of  the  stack,  aggravated  by  the  small  flue  area,  the  boil- 
ers could  not  be  run  to  their  capacity,  but  if  a  test  had 
been  run,  the  cause  of  the  trouble  might  have  been  ascer- 
tained. Instead,  another  boiler  was  installed  which,  of 
course,  did  not  improve  the  draft  conditions. 

When  the  fifth  and  sixth  boilers  were  added,  they  were 
connected  to  a  flue  running  parallel  with  the  old  one  and 
between  the  first  boiler;  and  the  stack  was  brought  into 
the  old  flue  at  right  angles.  This  resulted  in  more  than 
2400  l)oiler  horsepower,  connected  to  an  8xl0D-ft.  stack 
bv  a  6x3-ft.  flue. 


Lighting  Contract  for  Portland — The  Portland  Railway, 
Light  &  Power  Co.,  after  competitive  bidding,  has  been 
awarded  a  contract  for  lighting  the  streets  of  Portland,  Ore., 
for  a  period  of  three  years  beginning  Jan.  1.  1914.  The  com- 
pany recently  completed  the  installation  of  a  10,000-hp.  tur- 
bine, giving  a  total  generating  capacity  of  90,000  hp.  Twelve 
cities  and  towns  in  Oregon  and  Washington,  having  a  total 
population  of  approximately  300,000,  are  now  being  supplied 
by  the  company. 
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•olvEimg'  4lhie  Ciimder  ProMeinm  M 


By  Chahlks  IT.  Buo.mlky 


SYNOPSIS — This  second  article  in  the  series  describes 
the  original  bailer-flue  arrangement  at  Waterside  Station 
No.  2.  An  average  of  2000  tons  of  coal  is  burned  daily 
on  a  groimd  area  of  600x300  ft.  A  sawtoothed-shaped 
screen  swept  with  air  brushes  pauses  througli  Ike  base  of 
the  stack  to  intercept  the  cinder. 


Original  Flue  Arrangement  at  Waterside 

At  Waterside  No.  2  station,  where  nearly  all  the  ex- 
perimental cinder-catching  apparatus  was  tried  out,  there 
are  96  boilers  of  650  hp.  each  on  two  floors,  48  boilers  to 
a  floor,  each  floor  having  eight  horizontal  flues,  each  50 
ft.  long  by  9  ft.  wide  and  receiving  the  gases  from  six 
boilers  placed  back  to  back,  three  in  a  row.  There  are 
four  steel  smokestacks,  each  264  ft.  in  height  above  the 
grates  of  the  boilers  on  the  second  floor.  The  stacks  were 
made  100  ft.  higher  than  those  at  Waterside  No.  1,  chiefly 
to  discharge  the  cinder  high  enough  for  the  prevailing 
northwest  winds,  which  blow  for  33  per  cent,  of  the  time 
at  that  place,  to  carry  most  of  the  cinder  above  the  East 
River  before  it  could  settle. 

2000  Tons  Burned  Daily  in  Space  600x300  Ft. 

Waterside  No.  1  station  has  54  boilers  on  two  floors, 
28  on  the  first  floor  and  26  on  the  second.  Usually  there 
are  90  boilers  in  service  and  standing-by  in  both  stations 
at  all  times. 

The  daily  average  coal  consumption  for  both  plants  is 
3000  tons.    As  in  all  central  stations,  severe  load  fluctua- 


tions must  be  cared  for.    A  few  of  the  storm  peaks  were 
sliown  in  Figs.  2  and  3  of  the  issue  of  Jan.  27. 

Think  of  it!  An  average  of  2000  tons  of  coal  per  day 
burned  on  an  area  approximately  600x300  ft.,  and  lo- 
cated in  a  congested  part  of  Manhattan.     No  wonder  the 


K?/ 


Fig.  5.    Original  Arrangement  of  Flues  at 
Waterside  Station 
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Fig.  6.  Reciprocating  Screen  Intercepting  Cindee  at  Base  of  Stack 
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ciiiilrr  |ii'i)lil(>iM  \vtu<  a  Mini  one  to  wliicli  (irdiniiry  iix'tlinils 
uikI  a|)|)iii'iiliis  would  not  ii|>|>ly. 

Tlu>  ori^'iiiiil  tliirs  at  Waterside  No.  V  arc  sliouii  in 
Fijf.  fi.  'riic  velocity  of  tlic  jjascs  tlirontrli  tliesc  Hues  wa.s 
«(»  InVli,  that  it  could  not  |ii-cci|iilali'  liic  (  iiidcr,  wliicli 
was  the  ori^'inal  sclieine  plaiiiietl. 

IJiciriioc  \ii\(i  SiitKiA  AT  Mask,  or  Siack 

Hcrore  eiilarfriiifX  the  Hues,  however,  it  was  decided  to 
Iry  a  larjic  "sawtooth"  screen  of  line  mesh,  wider  than 
tiie  diameter  ol'  the  i)ase  of  tiu'  stack  and  over  Inill"  as  long 
as  the  Hue.  The  reason  for  makinj,'  it  sawtooth  fashion 
was  to  give  il  a  much  hir,i,H'r  area  ihan  Ilic  1):im'  of  tho 
stack. 

As  shown  in  Fig.  (!,  this  screen  was  nu>untcd  on  wheels 
which  ran  on  I-heams  running  parallel  with  the  flue,  the 
distance  hetween  the  l-heams- heing  slightly  loss  than  the 
width  of  the  hase  of  the  stack.  The  stack  was  slotted  so 
that  this  long  screen  could  ])ass  hack  and  forth  through 
it,  thus  intercei)ting  the  gases  and  catching  the  cinder  he- 
fore  it  reached  the  atmos])iicrc.  The  general  scheme  is 
shown  in  the  illustration. 

At  each  side  of  the  stack  and  al)Ove  the  screen  was  an 
air  maiu  containing  air  at  80  lb.  ])ressure.     The  "drops" 


on  this  nniin  were  nuide  to  l)low  air  into  hruslics  wlihii 
swept  over  the  Hcret'n  and  rem<»ved  tin;  cinder  from  the 
nu'sh. 

Hencath  the  I-heams  over  winch  the  screen  traveled 
was  a  concrete  jiil  which  received  the  cinder.  As  (lie 
cinder  fell  into  tluH  pit,  water  was  run  in,  washing  the 
cinder  into  pi|)es  leading  to  the  haHcment  lloor  where  iht* 
cinder  was  partly  ilried   and  disposed   of. 

This  a|)paralus  was  discarded   Ix-cauw;   when   a  s<  ■ 
of  mesh   fine  enough  to  catch   M  per  cent.  <if  the  en. 
was  used,  the  draft  was  seriously  diminished  and   it  wm, 
exceedingly  «Unicult  to  clean  the  .screen. 

One  would  imagine  that  when  nearly  50  jx-r  cent,  of 
the  cinder  was  trapi)ed  it  would  have  stopped  tli(>  com- 
plaints and  convinced  the  company  that  it  would  not  I 
to  scraj)  a])paratus  costing  thousands  of  dollars  ami 
])eriment  with  other  s<-hemes.  Hut  there  was  furthr-r  dilli- 
culty  in  this  cinder  ]>rol)lem,  for  as  soon  as  a  25  or  50  per 
cent,  gain  was  made  in  trapping  the  cinder,  the  new 
business  (or  load)  so  increased  the  coal  consumption  that 
the  latter  sometimes  increased  '<J5  per  cent,  while  the 
cinder  reduction  also  increased  about  25  per  cent.  As 
the  coni])lainajits  got  no  relief,  they  kept  u|)  their  pro- 
testations. 


■Ennini 
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SYNOPSIS— A  review  of  the  principal  t^ytiiems,  includ- 
ing boiler  compounds,  hot  and  cold  processes,  pernivfif 
and  lire  steam  purifiers;  also  the  use  of  graphite  and  the 
hiniinator. 

•^: 

It  is  safe  to  say  there  are  but  few  steam  plants  in  this 
country  using  untreated  water  tliat  are  not  troubled  to 
soiiie  extent  with  scale  or  corrosion  in  the  boilers.  In 
this  connection  it  might  be  noted  that  there  is  scale  and 
scale.  A  Xew  England  engineer  is  apt  to  think  that  a  de- 
posit the  thickness  of  a  sheet  of  paper  is  bad  indeed 
■whereas  the  Middle  Western  engineer  would  be  delighted 
if  .'le  could  open  his  boilers  and  find  only  a  quarter  of  an 
inch  of  scale  on  the  tubes. 

One  is  apt  to  get  the  impression  that  if  only  pure  water 
were  used,  all  troubles  would  vanish,  but  this  does  not 
necessarily  follow  as  many  people  who  have  fed  their  boil- 
ers on  water  of  condensation  have  found.  Water  that 
contains  no  mineral  matter  has  been  found  to  corrode 
iron  in  many  cases.  Just  why  it  should  do  this  is  a  dis- 
puted point,  but  the  fact  remains  that  it  does,  and  as  a 
result  it  is  often  an  advantage  to  have  a  slight  amount  of 
mineral  matter  present. 

Eain  water  as  it  leaves  the  clouds  is  pure.  As  it  passes 
through  the  atmosphere  it  absorbs  more  or  less  carbonic- 
acid  gas  and  air  which  it  carries  with  it  into  the  ground. 
As  it  seeps  through  the  upper  soil  it  will  generally  absorb 
still  more  carbonic-acid  gas  from  the  decaying  animal 
and  vegetable  matter  almost  always  present.  Should 
the  water  fall  on  insoluble  rocks,  such  as  granite  or 
marble,  it  wnll  remain  fairly  pure.  But  if  it  passes 
through  a  layer  of  limestone,  the  carbonic-acid  gas  which 
it  carries  will  cause  it  to  dissolve  away  this  rock,  and  as 
a  result  bicarbonate  of  lime  will  be  present  in  the  water. 


Should  it  pass  through  a  layer  of  sulphate  of  lime  oi 
gypsum,  the  water  will  contain  a  large  amount  of  this 
material. 

It  is  generally  known  that  tiie  bicarbonates  of  lime  and 
magnesia,  when  present  in  the  water,  form  a  compara- 
tively soft  scale ;  the  sulphates  of  the  same  and  alsc 
silica  form  a  hard,  flinty  scale ;  the  chlorides  and  nitrates 
are  apt  to  cause  corrosion ;  and  the  salts  of  soda  and  pot- 
ash present,  while  not  scale  forming,  are  apt  to  cause 
foaming  when  sufficiently  concentrated. 

BoiT.KK  Compounds 

The  simplest,  cheapest  and  most  common  method  oi 
softening  boiler-feed  water  is  by  means  of  boiler  com- 
pounds. Like  other  methods  of  softening,  the  boiler  com- 
pound business  has  been  largely  put  on  a  new  basis  iE 
the  last  few  years.  Formerly,  one  compound  was  put  or 
the  market,  which  was  supposed  to  be  a  cure  for  all 
ills.  Xowadays  the  more  progressive  houses,  first  analyze 
the  water  and  then  prescribe.  Often  a  stock  of  some 
three  or  four  mixtures  is  kept  on  hand  and  that  mix- 
ture used  which  is  best  fitted  for  the  water.  The  basis 
of  most  of  them  is  soda  ash.  Should  the  magnesium  be 
high,  caustic  soda,  lime  or  trisodium  phosphate  is  ofter 
added.  Sometimes  paper  pulp,  waste  from  sugar  house; 
and  tanning  factories  or  other  organic  matter  is  added 

Boiler  compounds  are  fed  in  several  different  ways 
The  most  rational  is  to  have  some  arrangement  wherebj 
the  feed  is  continuous  and  proportionate  to  the  amoun' 
of  M'ater  evajwrated  in  the  boiler.  Often,  however,  i 
scoopful  or  a  pailful  is  fed  into  the  boiler  all  at  once,  J 
procedure  certainly  not  to  be  recommended  as  it  is  liabh 
to  cause  foaming,'  and  besides  an  excess  of  medicine  al 
one  time  will  never  make  up  for  a  lack  of  it  during  tbi 
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rest  vi'  tlu?  (l.iv  when  rsivv  scalo-forniing  water  is  goiiifi;  to 
the  boiler. 

Kven  if  the  conipouiul  is  what  it  should  be  and  is  prop- 
erly fed,  the  boiler  is  no  plaee  for  eheniieal  reactions  to 
occur.  A  water  that  contains  much  scale- forminf^  matter 
will  have  the  latter  precipitated  as  sludge,  and  if  the 
boiler  is  overloaded  this  is  liable  to  bake  on  the  tubes 
and  become  hard.  Also,  a  large  amount  of  suspended 
matter  floating  about  in  the  boiler  is  ])articular]y  con- 
ducive to  foaming. 

In  waters  containing  not  more  than  four  or  five  grains 
of  scale-forming  matter,  it  may  be  advisable  to  use  some 
reagent  directly  in  the  boiler,  rather  than  go  to  the  ex- 
]3ense  of  installing  treating  and  filtering  tanks.  In 
such  cases  there  will  probably  not  be  enough  matter 
thrown  down  in  the  boiler  to  give  any  bad  results  pro- 
vided proper  care  is  taken  to  blow  down  the  boiler  fre- 
quently. 

Graphite 

There  is  another  class  of  substances  closely  allied  to 
boiler  compounds  but  whose  action  is  mechanical  rather 
than  chemical.  Perhaps  the  most  important  of  these  sub- 
stances is  graphite.  When  fed  into  the  boiler  this 
is  supposed  to  adhere  to  the  tubes,  forming  a  smooth 
coating  on  which  scale  will  not  form.  Advocates  of  this 
nonchemical  process  claim  that  anything  strong  enough 
to  soften  or  remove  scale  will  also  attack  the  iron  of  the 
boiler. 

Any  chemist  knows,  however,  that  this  is  in  error  as 
reagents  will  attack  sulphate  or  carbonate  of  lime  which 
will  not  attack  iron  at  all.  For  instance,  a  solution 
of  soda  ash,  if  fed  into  the  boiler  in  proper  amount 
and  constantly,  will  in  time  soften  the  hardest  scale,  but 
the  iron  container  in  which  the  concentrated  soda  solu- 
tion is  kept  will  not  be  affected  at  all. 

Cold  Pkockss  System 

The  oldest  commercial  system  of  softening  boiler   feed 
water  is  known  as  the  "cold  process,"  in  which  the  cold 
water  is  first  treated  with  a  solution  of  lime,  either  in 
the  form  of  clear  lime  water  or  as  milk  of  lime  or  cream 
of  lime,  which  is  much  stronger.     This  is  relied  upon  to 
precipitate  the  free  carbonic-acid  gas,  the  bicarbonate  of 
lime  and  all  of  the  magnesia  present.     The  water  is  then 
treated  with  soda  ash  which  precipitates  all  the  remain- 
ing lime,  which  is  in  the  form  of  sulphate,  chloride  or 
nitrate.     The  reason  why  these  reactions  take  place  may 
be  simply  stated  as  follows:    If  a  chemical  reaction  takes 
place  the  general  tendency  is  to  form  that  product  which 
I  is  most  insoluble.     Take  a  water  containing  sulphate  of 
j  lime,  which  is  rather  soluble,  and  add  to  it  a  solution  of 
I  carbonate  of  soda — ordinary  soda  ash,   and  chloride  of 
I  soda — ordinary  salt.     Now  the  lime  could  take  three  dif- 
ferent forms.     It   could   remain   as  the   sulphate,   or  it 
could  take  the  carbonate  or  chloride  from  the  soda  and 
;  become  carbonate  or  chloride  of  lime.     As  has  been  al- 
ready seen,  sulphate  of  lime  is  readily  soluble;  chloride  of 
I  lime  is  even  more  so,  but  carbonate  of  lime  is  almost  in- 
soluble, so  this  is  what  forms  and  it  can  be  filtered  out. 
j  All   chemical   methods   of   softening   are   based   on   this 
j  principle,  of  changing  the  lime  and  magnesia  salts  to  an 
insoluble  compound. 

Sometimes  the  lime  and  soda  arc  mixed  together  and 
added  to  the  water  all  at  once.     What  takes  place  is  just 


the  same,  however,  in  the  end.  Also,  for  peculiar  waters 
in  which  the  impurities  are  proportioned  in  certain  ways, 
caustic  .soda,  barium  hydrate  and  certaiii  other  chemicals 
are  sometimes  used.  These  are  in  general  more  expensive 
th;m  the  other  chemicals. 

It  must  be  remembered  that  all  substances  are  slightly 
soluble  and  the  removal  of  every  bit  of  the  scale-forming 
matter  cannot  be  obtained.  It  is  almost  impossible  to 
get  the  carbonate  of  lime  below  two  grains  per  gallon,  and 
the  hydrate  of  magnesia  is  also  slightly  soluble.  Magnesia 


Fig 


Essentials  of  Cold  Process  System 


is  a  much  more  difficult  substance  to  remove  than  lime 
and  as  a  result  there  is  usually  a  small  amount  of  this 
substance  remaining  in  the  water  above  its  solubility.  It 
will  in  general  do  no  harm.  Complete  removal  of  the 
scale-forming  matter,  although  it  can  be  done,  is  an  ex- 
pensive process  and  the  more  of  it  taken  out,  the  higher 
the  expense.  The  engineer  should  not,  therefore,  look 
for  complete  absence  of  sludge  in  his  boilers  unless  he  is 
willing  to  pay  the  price.  A  small  amount  of  sludge  will 
generally  do  no  harm.  Tie  is  entitled,  however,  to  expect 
absence  of  hard  scale  or  corrosion  in  the  boilers,  and  if 
any  is  present,  the  makers  of  the  softening  system  in  use 
should  be  consulted. 

Cold-process  systems  possess  certain  disadvantages  like 
most  everything  else.  They  are  expensive  in  the  fii-st 
place,  as  large  tanks  must  be  erected  for  treating  the 
M-atcr.  A  cai)acity  of  from  one  to  three  hours'  supply 
sb.ould  be  provided,  and  more  does  no  harm.  The  two 
chemicals  used  must  be  accurately  proportioned,  and  with 
the  somewhat  complicated  methods  of  testing  often  pro- 
vided, a  chemist  is  sometimes  a  necessity  to  tell  pist 
how  much  of  the  reagents  to  add.  An  excess  of  lime  iVcd 
will  form  scale  in  the  boiler  just  as  if  the  lime  was  in  the 
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water  ori;,'iiinllv.  Tlion,  loo,  power  of  snnic  kind  imi.>-t. 
ffciH'rally  In-  used  to  stir  U|i  the  wutrr  and  clicniicals,  and 
in  most  svslcnis  to  raise  tlie  clieMiicals  u|)  to  the  top  of 
tlie  treating  tank. 

Nevertheless,  tlic  writei  lielieves  llie  cdhl  |)ni('ess,  as 
deserilied,  to  lie  the  most  dependahle  and  in  many  other 
ways  till'  best  method  to  soften  water  wiien  it  is  wanted 
eold.  The  dej^ree  of  .softening'  is  jjood  provided  the  ai"- 
paralus  is  ])roperiy  operated,  and  a  correctly  nnidc  sys- 
tem will   not   cause  much   trouhle  from  clof;j,'infj  or  any 
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-Vnothcr  system  in  common  u,<e  is  the  hot  process.  This 
is  Imsed  on  the  fact  that  tho  lom])orary  hardness  of  water 
is  removed  simply  by  heating,  without  further  chemical 
treatment.  Dissolved  jjases  are  also  removed  by  heating 
the  water  to  the  boiling  point,  as  they  arc  only  soluble 
in  cold  water.  Lime  is,  therefore,  in  most  cases,  dis- 
pensed with  in  the  hot  process  system,  and  only  one  ciiem- 
ical  is  ordinarily  used,  generally  soda  ash. 


pro\idcd.      l-'or  this  reason   when  cold   water   i.-   ic<|uirH' 
it  will  in  general  be  better  to  install  a  dilferent   pnn 
yMso.  care  must  be  taken  to  keep  the  tempi-ratnre  up  v. 
in  a  few  degrees  of  the  boiling  point,  tin;  ne.ircr  the  liul- 
ter.      If  this  is  not  done  nn  e.vress  of  soda  ash  must  be 
used,   which    not    only   atlds   to    the   expense   of  opcTation 
but  is  liable  to  i^ause  trouiile  in  the  boiler,     .\nother  dii<- 
advantage,   parado.xical   as  it    may  seem,  is  that   the 
process    system    is    sometimes   considered    such    a   Hin 
thing  that  it  gets  no  atteniion.     It  might  be  a  good  niea 
for  some  of  tlu'  manufacturers  to  have  some  wheels  turn- 
ing on    the   outside   sr)   that    the   engineer   would    be   re- 
minded that    it   was  there  and   needed  a  certain   amount 
of  attention,   such   as   filling  u])  the  so(bi   tank   and   oc- 
casionally cleaning  the  filter. 

The  system  affords  a  considerable  saving  in  first 
since  the  tanks  are  not  nearly  so  large.  A  oapacil 
al)Out  'iO  niin.  sujiply  is  ordinarily  allowed  to  give  plenty 
of  time  for  reaction  and  settling  of  the  preci])itated  mat- 
ter, and  the  tanks  are  usually  incorporated  with  an  ojien 
feed-water  heater  and  arc,  therefore,  made  of  cast  iron 
instead  of  wood.  Each  10  dcg.  rise  in  temperature  is 
l)elievcd  to  about  double   the   velocity   of   reaction,   and, 


/fa>v  Wa*er  Inle^ 


Exhausf-  S+ecrrr. 
Intel- 


Fig.  2.  Hot  Prockss  System  Usixg  Exhaust  Steam 

The  water  is  first  heated  and  this  drives  off  the  dis- 
solved gases  as  already  mentioned,  which  pass  out  of  a 
vent  at  the  top  of  the  heater,  or  are  carried  off  by  the 
current  of  exhaust  steam  which  is  ordinarily  the  heating 
medium.  Most  of  the  carbonic-acid  gas  is  driven  off 
from  the  bicarbonates  of  lime  and  magnesia,  and  as  the 
normal  carbonate  of  lime  is  practically  insoluble,  most  of 
it  is  precipitated  here.  Soda  ash  is  then  added  to 
precipitate  the  balance  of  the  lime  and  magnesia.  With 
some  waters  of  unusual  character,  another  chemical  is 
used  in  place  of  soda  or  in  connection  with  it.  Ordinarily 
this  is  not  deemed  necessary,  however,  as  sufficient  soft- 
ening may  be  obtained  with  heat  and  soda  alone. 

Success  of  a  softening  system  should  never  be  based  on 
the  analysis  of  a  treated  water,  but  on  the  actual  results 
in  the  boiler.  It  makes  no  difference  to  the  practical 
engineer  whether  the  treated  water  contains  100  grains 
of  scale-forming  matter  per  gallon,  or  50  degrees  of  hard- 
ness, provided  there  is  no  hard  scale  in  the  boiler  and 
there  is  no  foaming  or  other  trouble. 

The  chief  disadvantage  of  the  hot  process  is  that  when 
cold  soft  water  is  required,  large  cooling  basins  must  be 
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Fig.  3.  The  Permutit  System,  Closed  Type 

therefore,  not  nearly  as  large  capacity  for  reaction  has 
to  be  provided  as  in  the  cold  process.  The  engineer  can 
easily  check  this  xip  by  taking  a  sample  of  his  feed  watei 
in  a  glass  and  adding  a  little  pinch  of  compound  or  soda 
ash  to  it.  If  the  water  is  cold,  the  precipitate  will  not 
form  until  after  long  standing,  but  if  it  is  hot,  the  im- 
purities will  be  thrown  down  almost  instantly.  This 
process  also  affords  a  saving  in  chemicals,  inasmuch  as 
lime  is  not  required,  its  w'ork  being  done  by  exhaust  stean 
which  would  probably  go  to  waste.  Even  if  live  steam  is 
required,  the  water  goes  to  the  boiler  hot  instead  of  cold 
Even  if  a  slight  excess  of  soda  is  added  no  harm  will  b( 
done,  whereas  an  excess  of  lime  will  likely  form  scale 

Live-Steam  Purifiers 

These  are  not  used  to  any  great  extent  and  will  onh 
be  taken  up  briefly.  They  rely  on  principles  already 
stated  for  their  operation.  The  purification  tanks  are  un 
der  pressure,  and  the  temperature  of  the  water  is  con 
siderably  above  the  atmospheric  boiling  point,  due  to  th^ 
injection  of  live  steam.  The  high  temperature  breaks  u] 
the  bicarbonates  of  lime  and  magnesia  more  completel; 
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hail  tlic  heat  in  an  ordinary  Iiot  process  system.  Tlic 
iilphatcs,  chlorides,  etc.,  are  not  precipitated  to  any  great 
\tont,  liowever,  and  this  "permanent  liardness"  pas.ses 

ijver  into  the  boiler  where  it  will  form  scale  nnless  the 

Ivater  is  further  treated. 

Perml-'I'it  Process 

The  "Permutit"  process  of  softening  water  is  very  lit- 
pe  used  in  this  country,  although  it  has  found  consider- 
able favor  in  Europe.  Its  discovery  was  comparatively 
ccent.  In  this  method  the  water  is  passed  through  a 
layer  of  an  artificial  zeolite — a  complex  silicate.  The 
lime  and  magnesia  in  the  water  unite  with  the  zeolite,  the 
trade  name  of  which  is  Permutit,  and  their  place  is  taken 
by  sodium  salts.  In  this  process,  unlike  the  preceding 
ones,  absolutely  all  of  the  scale-forming  matter  may  be 
removed  and  the  hardness  can  thus  be  reduced  to  zero. 
The  working  of  the  Permutit  is  absolutely  automatic,  i)ut 
it  must  be  regenerated  at  intervals  of  about  13  Iir.  by 
passing  a  concentrated  solution  of  ordinary  salt  through 
Ihe  material.  Double  units  must,  therefore,  be  provided 
where  the  plant  runs  night  and  day.  The  filtering  and 
treating  apparatus  varies  in  size  from  1  ft.  in  diameter 
by  5  ft.  high  to  10  ft.  in  diameter  by  18  ft.  high. 

A  disadvantage  of  Permutit  is  that,  although  the  hard- 
ness of  the  water  may  be  reduced  to  zero,  the  total  solids 
are  not  reduced  at  all  as  in  other  systems.  The  bicar- 
bonates  of  lime  and  magnesia  are  transformed  into  bi- 
carbonate of  soda,  and  in  water  containing  a  large  amount 
of  temporary  hardness  the  treated  water  is,  therefore, 
very  alkaline.  The  original  cost  of  the  Permutit  is  rather 
high,  but  there  is  little  deterioration.  The  water  flowing 
to  the  filter  must  be  free  from  mechanical  impurities  and 
the  temperature  should  not  be  over  100  deg.  The  field 
of  Permutit  would  appear  to  be  limited  to  cases  where 
an  alkaline  water  is  desired  or,  at  least,  is  not  detri- 
mental. 

TkI':  Lt':\riiVATOK 

About  the  only  other  process  used  at  all  commercially 
is  known  as  the  "Luminator."  In  this  process  the  cold 
raw  water  is  allowed  to  run  over  aluminum  plates  before 
being  fed  into  the  boiler.  Just  what  effect  this  aluminum 
treatment  has  on  the  water  is  unknown,  but  it  is  claimed 
to  prevent  the  formation  of  scale.  No  scale-forming  mat- 
ter is  removed  before  the  water  passes  into  the  boilers  and 
the  Luminator  should,  therefore,  be  really  classed  in  the 
boiler-compound  group.  It  has  been  introduced  only 
slightly  in  this  country. 

This  completes  the  list  of  various  methods  of  water 
softening.  It  is  a  subject  on  which  much  work  has  been 
done  and  there  is  really  little  excuse  for  hard  scale  forma- 
tion in  any  steam  boiler.  Various  tables  have  from  time 
to  time  been  published,  showing  the  decrease  in  efficiency 
due  to  the  presence  of  scale  and  the  ordinary  engineer 
can  easily  figure  out  just  how  much  this  troublesome  stuff 
is  costing  in  dollars  and  cents.  Furthermore,  there  is 
also  an  added  loss,  due  to  the  cost  of  cleaning,  the  de- 
creased life  of  the  boiler  occasioned  thereby,  and  the  cost 
of  repairs,  such  as  tube  and  cap  renewals.  Almost  any 
manufacturer  of  a  softening  system  will  be  willing  to 
guarantee  a  maximum  cost  of  treatment,  and  by  adding, 
say,  10  to  15  per  cent,  of  the  cost  of  the  system  to  this 
to  cover  interest  and  depreciation,  the  saving  due  to  the 
use  of  soft  water  may  be  easily  reckoned. 
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I^iability  of  City  OporatInK  Electric  Plant — Although  a  city 
is  not  liable  for  negligence  of  its  officers  or  employees  while 
exercising  strictly  governmental  functions,  where  it  under- 
takes to  furnish  electric  current  to  private  consumers  for 
profit,  it  becomes  liable  for  Injury  to  person  or  property  re- 
sulting from  negligence  of  its  employees  in  stringing  wires 
to  be  used  for  such  commercial  purposes.  (New  Jersey  Court 
of  Errors  and  Appeals,  Karpinski  vs.  Borough  of  South  River. 
88    "Atlantic   Reporter"    1073.) 

ClaHHlfieation  of  Fuel  Gns  Rates — Under  an  ordinance  pre- 
scribing different  rates  for  fuel  gas,  according  to  whether  it 
is  used  for  "domestic  consumption,"  "public  institutions"  or 
"manufacturers,"  a  person  who  conducts  an  automobile  ga- 
rage, in  which  he  uses  a  g.is  engine  for  the  purpose  of  gen- 
erating electricity  to  be  used  in  his  business,  is  entitled  to 
the  rate  prescribed  for  manufacturers.  (Louisiana  Supreme 
Court,  Henderson  vs.  Shreveport  Gas,  Electric  Light  &  Power 
Co.,    63    "Southern    Reporter"    616.) 

Effect  of  Contract  to  Supply  I'oiver — A  mining  company  is 
bound  by  a  contract,  made  by  a  person  from  whom  property 
was  taken  over  in  exchange  for  one-third  of  the  company's 
stock,  to  receive  electric  power  for  a  period  of  three  years, 
where  the  company  continued  to  receive  power  in  recognition 
of  the  contract  for  some  time,  although  such  person  had  not 
been  elected  a  director  and  general  manager  of  the  company 
when  he  made  the  contract.  (Kansas  Supreme  Court,  Empire 
District  Electric  Co.  vs.  Eureka  Mining  Co.,  136  "Pacific  Re- 
porter"  924.) 

Assumption  of  Risk  l)y  Engineer — An  experienced  station- 
ary engineer  assumes  the  risk  of  being  injured  on  account 
of  the  existence  of  such  defective  conditions  surrounding  the 
engine  as  narrowness  of  a  space  between  the  base  on  which 
the  engine  rests  and  the  wheel  pit,  absence  of  adequate  rail- 
ing along  the  pit,  and  slipperiness  of  the  floor  caused  by  oil 
dropped  by  himself  on  the  floor,  especially  where  he  has 
been  in  charge  of  the  machinery  for  several  days  and,  hence, 
is  thoroughly  acquainted  with  such  conditions.  (Texas  Su- 
preme Court.  Snipes  vs.  Bomar  Cotton  Oil  Co.,  161  "South- 
western   Reporter"    1.) 

Rij2;Iits    of   M'ay    over    Public   Lands    for    Power    Purposes 

The  act  of  Congress  of  July  26,  1866,  confirming  rights  of  way 
over  public  lands  belonging  to  the  United  States,  for  the  pur. 
pose  of  constructing  ditches,  etc.,  for  the  transportation  of 
water  for  mining,  agricultural,  manufacturing  or  other  pur- 
poses, granted  rights  of  way  for  ditches  and  canals  for  the 
generation  of  electric  power;  generation  of  electricity  being  a 
beneficial  use  for  which  an  appropriation  of  water  might  be 
had.  (United  States  District  Court,  District  of  Utah;  United 
States  vs.  Utah  Power  &  Light  Co.;  208  "Federal  Reporter" 
821.)  The  court  further  holds  that  defendant  company,  hav- 
ing obtained  a  right  of  way  over  public  lands  for  a  pipe  line 
to  conduct  water  for  power  purposes,  the  right  was  not  af- 
fected by  subsequent  incorporation  of  the  lands  in  a  forest 
reserve.  In  his  opinion  in  this  case,  Judge  Marshall  says: 
"I  am  satisfied  that  the  defendant  has  title  to  a  right  of  way 
for  its  pipe  lines  and  reservoir  under  section  9  of  the  act  of 
July  26,  1866,  and  was  under  no  obligation  to  proceed  under 
the  subsequent  legislation.  But  having  elected  to  stand  on 
the  grant  of  section  9  and  the  amendment  thereto  including 
reservoirs.  It  cannot  claim  any  additional  right  under  this 
subsequent   legislation." 

Duty  to  Provide  Safeguards  in  Engine  Rooni.s — The  owner 
of  a  power  plant  is  liable  for  injury  to  a  person  directed  to 
go  into  the  engine  room  to  "shut  down  the  engine,"  if  the 
accident  is  directly  attributable  to  failure  to  provide  a  railing 
on  a  stairway  leading  to  the  room,  or  to  failure  to  guard  the 
machinery,  although  the  person  may  not  have  been  an  em- 
ployee at  the  plant,  according  to  a  recent  decision  of  the 
Minnesota  Supreme  Court,  in  the  case  of  Mitton  vs.  Cargill 
Elevator  Co.  (144  "Northwestern  Reporter.")  The  court  de- 
clined to  determine  whether  the  Minnesota  statute  which  re- 
quires machinery,  etc.,  in  factories  to  be  guarded  was  in- 
tended for  the  protection  of  persons  other  than  employees; 
holding  that  liability  for  failure  to  discharge  this  duty  exists 
in  favor  of  any  person  who  is  requested  to  perform  such  ser- 
vice, whether  he  be  an  employee  or  not.  In  this  case  it  ap- 
peared that  the  stairway  consisted  of  eight  steps,  descending 
6  ft.  in  a  lateral  distance  of  3  ft.  9  in.;  and  that  a  flywheel 
and  cog-wheels  located  near  the  foot  of  the  stairway  were 
not  safeguarded.  The  man  who  went  to  the  engine-room, 
having  been  fatally  injured,  it  is  not  known  whether  the  ac- 
cident resulted  from  the  lack  of  railing  on  the  stairway,  or 
want  of  guard  on  the  machinery,  but  the  court  finds  that  the 
injury   was    caused   by   one   of   these   elements. 


hk; 


I'o  w  !•;  \{ 


Vol.  ;j<j.  N. 


Operatlimg  ClhiaractLeristtics  of  C^. 

tlrnfuig'al  P\uiinnips 


I'.N     A.    l;.    MoKIMM.S.  .1 


SVXOI'SIS — From  the  oiiri'ilin;/  sldiidiKiiiil  nilliiT  lluiit, 
that  of  (Irsii/ii.  The  rffeci  of  s/iri'd  tiiut  lirnd  on  the  rrt- 
jmcilij  and  tlir  infUirnrp  of  Ihrollling  the.  dufcharge  vs. 
tionir  form    of  s/ii'rd   conlrol. 

Wliili'  ci'iilril'u.iral  |)iiin|is  nn'  in  <.'ciicnil  use  in  iicaily 
nil  lines  of  work  llicrc  is  still,  nnionfi  many  engineers,  a 
lnek  of  knowlodfie  as  to  what  tlioir  perforinaneo  will  he 
under  nnylhinij;  l)nt  the  conditions  for  which  they  hapjien 
to  he  installed.  'I'he  man  who  has  to  operate  the  pump 
or  is  responsihle  for  its  ojH'ratioii  is  not  particularly  coii- 
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ceriiod  with  the  reasons  which  prompted  the  designer  to 
use  an  impeller  with  certain  dimensions  or  with  a  certain 
l)lade  angle,  but  he  is  interested  in  the  effect  which  cer- 
tain variables,  such  as  speed  and  head  against  which  the 
pump  is  to  work,  will  have  on  the  capacity  if  he  wants  to 
use  the  pump  in  some  other  location. 

lie  knows  the  centrifugal  is  not  a  positive  pump  but  he 
is  not  able,  usually,  to  forecast  with  any  degree  of  ac- 
curacy how  fast  he  ought  to  run  the  pump  under  new 
conditions  to  do  certain  work.  It  is  generally  stated  that 
■with  a  centrifugal  pump  the  capacity  varies  as  the  speed, 
the  head  generated  by  the  pump  as  the  square  of  the 
speed,  and  the  power  required  to  drive  the  ]nimp  as  the 
cube  of  the  speed.  While  this  is  true  theoretically  of  the 
pump  and  also  under  certain  operating  conditions,  it  does 
not  mean,  as  is  sometimes  supposed,  that  to  get  an  in- 
crease, for  example,  of  5  per  cent,  the  pump  should  be 
speeded  up  5  per  cent,  since  the  capacity  discharged,  as 
will  be  shown  later,  depends  on  certain  characteristics  of 
the  system  to  which  the  pump  is  connected. 

It  is  also  desirable  to  know  what  effect  throttling  the 
discharge  will  have  on  the  efficiency  of  the  pump  and 
■whether  it  is  better  to  use,  where  feasible,  some  form  of 
speed  control  in  preference  to  throttling.  For  these  rea- 
sons, the  ■writer  believes  that  an  article  dealing  with  some 
of  the  more  important  characteristics  of  this  type  of 
pump,  considered  from  the  operating  and  not  the  design 
standpoint,  will  be  of  interest  to  many  readers  of  Power. 

It  is  absolutely  essential,  in  investigating  the  behavior 
of  a  centrifugal  pump  in  operation,  to  know  the  head 
curve  of  the  system  to  which  the  pump  is  to  be  connected 
and  for  that  reason  the  head  curve  of  the  system  will  be 


itin.-Hlcrcd  hcriirc  allcmpting  to  do  anything  with  the 
centrifugMl-|tiiinp  curves  jjropcr.  The  head,  which  in- 
cludes both  suction  and  discharge,  against  which  tlie 
])nini)  works  may  he  any  one  of  three  distinct  ciussffK:  ( 1) 
Head  enlirely  static;  (V!)  iiead  entirely  friction;  CA)  head 
part  static  and  part  friction. 

The  first  case  seldom  occurs  in  |)ractice.  If  the  ))iiinp 
were  under  a  constant  suction  head,  without  any  con- 
necting piping,  and  the  outlet  of  the  pumj)  were  con- 
iH'cted,  willidut  any  ])i])ing,  direct  to  a  large  .standpipe  of 
such  size  that  |)ractically  lu)  friction  existed  in  it  and  in 
which  the  water,  due  to  an  overllow  pipe,  were  at  con- 
■^tant  level,  we  would  have  the  first  case.  In  this  instance, 
the  head  curve  would  be  a  straight  horizontal  line.  Under 
similar  conditions,  no  piping  on  suction  or  di.scharge,  hut 
with  the  sfaii(l|)ipe  gradually  filling,  the  head  curves 
would  be  represented  by  a  series  of  horizontal  lines  taken 
at  whatever  distances  apart  were  felt  advisable  to  get  the 
data  required  as  to  sjieed,  capacity,  etc.,  on  the  pump. 

The  .*econd  case  mentioned  is  not  common,  either,  but 
occurs  nu)re  frequently  than  the  first.  It  would  be  repre- 
sented in  i)ractice  by  a  level  pipe  with  the  suction  and  the 
discharge  at  the  same  level.  The  head  curve  under  such 
conditions  is  shown  in  curve  E,  Fig.  1.  In  laying  out 
such  a  curve  the  friction  head  at  the  rating  of  the  pump, 
which  we  will  call  TOO  per  cent.,  is  obtained  from  friction 
tables,  showing  the  loss  in  head  at  the  rated  capacity  oi 
the  ])ump  through  the  size  of  pipe  used.  This  gives  one 
point  on  the  curve,  the  capacity  being  represented  alwayt 
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by  abscissas  (horizontal  scale),  and  the  head  by  ordinate! 
(vertical  scale).  The  friction  head  varies  as  the  square  oi 
the  velocity  which,  with  a  given  pipe,  is  equivalent  to  th( 
square  of  the  quantity  discharged.  The  following  tablf 
shows  the  friction  heads  at  less  than  rating,  all  quantitiei 
being  in  percentage  of  those  at  rating : 
Capacity  in  per  cent. ...      90  80  ?0  60  50  40  30  20  1( 

Head  in  per  cent 81  6t   19  .36  25  16     9     4     1 

The  third  case  is  the  one  which  almost  invariably  OC' 
curs.  In  laying  out  this  curve  the  ordinate  at  zero  dis 
charge  is  the  actual  elevation  through  which  the  liquic 
is  to  be  raised.  At  any  other  rate  of  discharge  the  frie 
tion  in  the  pipe,  based  on  the  quantity  of  water  flowing 
is  computed  and  the  ordinate  at  this  discharge  is  th< 
.static  head  plus  the  friction  head.  The  general  form  ol 
this  curve  is  shown  in  curve  A,  Fig.  1,  where  it  is  assumec 
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Uie  liciul  is  based  on  20  ft.  of  friction  at  the  normal  dis- 
( barge  (1000  gal.)  of  the  pnnip.  At  any  other  point 
the  friction  head  is  computed  from  tables  or  can  be  read- 
ily ascertained  in  terms  of  the  friction  head  at  rating  by 
using  the  table  just  given.  At  125  per  cent,  of  rating  the 
friction  head  is  1561/4  per  cent,  greater  than  at  normal 
and  at  150  per  cent,  of  rating  is  225  per  cent,  more  than 
at  normal,  or  based  on  20  ft.  of  friction  head  at  normal 
cajiacity  these  quantities  are  31.25  ft.  and  45  ft.,  respec- 
tively, to  be  added  to  the  static  head  to  secure  the  total 
head. 

The  characteristic  curves  of  a  centrifugal  pump,  as 
shown  in  Fig.  2,  are  more  or  less  familiar  to  all  engineers. 
AVhile  these  curves  differ  for  various  makes  and  types, 
their  general  form  is  characteristic  of  all  centrifugals. 
They  are  plotted  for  constant  speed.  One  important  fact 
to  be  noticed  is  that  the  head  given  by  the  pump  depends 
entirely  on  the  amount  of  liquid  being  pumped ;  or,  to 
state  it  the  other  way  around,  the  pump  will  discharge 
against  a  given  head  only  a  certain  amount  of  water.  The 
only  way  in  which  the  head  developed  by  the  pump  for  a 
given  discharge  can  be  increased  is  by  speeding  it  up. 
The  discharge,  as  will  be  noticed,  can  be  entirely  closed 
without  harming  the  ])ump. 

In  Fig.  1  the  quantity-head  curve  of  the  given  pump  is 
shown  together  with  the  head  curve  of  the  system,  both  in 
heavy  lines.  For  ease  of  computation  the  capacity  at 
normal  rating  is  taken  as  1000  gal.  per  min.  and  the  total 
head  as  100  ft.,  composed  of  80  ft.  static  and  20  ft.  fric- 
tion. Suppose,  however,  that  it  is  desired  to  move  the 
pump  to  a  new  location  in  which  the  static  head  is  in- 
creased to  100  ft.,  the  friction  head  at  rating  remaining 
unchanged,  giving  a  total  head  of  120  ft.,  and  it  is  de- 
sired to  have  the  pump  discharge  the  same  amount  as 
formerly,  the  new  head  curve  B  is  obtained.  Since  the 
interception  of  the  quantity-head  curve  of  the  pump  with 
the  head  curve  of  the  system  gives  the  quantity  of  water 
which  the  pump  will  discharge  it  is  evident  that  at  the 
original  pump  speed  only  76  per  cent,  of  normal  discharge 
will  take  place.  To  determine  the  new  speed  at  which  the 
pump  must  operate  to  give  the  head  of  120  ft.  necessary 
to  discharge  1000  gal.  per  min.,  the  pressure  given  by 
the  pump  is  taken  as  proportional  to  the  speed  at  which  it 
operates.  This  is  approximately  true  and  close  enough 
for  all  practical  purposes.  The  relation  then  holds 
100  (head  at  normal  speed)  :  120  {head  required)  :  : 
(jiven  revolutions  squared  :  required  revolutions  squared 

ITence  the  required  r.p.m.  equals  109.5  per  cent,  of  the 
original  r.p.m.,  or  the  pump  should  be  speeded  up  prac- 
tically 10  per  cent.,  to  meet  the  new  conditions  and  dis- 
charge practically  the  same  amount  of  water  as  at  first. 
The  new  quantity-head  curve  of  the  pump  at  approxi- 
mately 10  per  cent,  increase  in  speed  is  shown  by  the 
dotted  curve  B^  in  Fig.  1.  It  has  the  same  general  form 
as  the  original. 

If  it  is  assumed  that  the  static  head  on  the  pump  is  de- 
creased to  60  ft.,  the  friction  head  remaining  the  same, 
and  the  total  head  being  80  ft.  in  place  of  100  ft.,  the 
new  coiulition  can  be  met  in  two  ways.  To  meet  the  new 
head  conditions  by  changing  the  speed  of  the  pump,  the 
■former  should  be  reduced  in  the  proportion  V  100  :  V  80, 
or  to  approximately  90  per  cent,  of  normal  at  which 
the  quantity-head  curve  at  rating  will  exactly  balance  the 
compiited  head  curve  of  the  system  and  the  pump  will 


discharge  its  normal  quantity  of  liquid.  Curve  C,  Fig. 
1,  shows  this  curve  of  the  pump  at  the  reduced  speed. 

It  is  apparent,  however,  that  this  new  condition  can 
also  be  met  by  allowing  the  pump  to  operate  at  normal 
speed  and  by  throttling  the  discharge  so  that  only  the 
head  necessary  to  force  1000  gal.  per  min.  through  the 
system  will  be  available,  the  rest  being  wasted  in  friction 
in  the  throttle  valve.  A  comparison  of  these  two  methods 
will  be  taken  up  in  detail  later. 

There  is  a  further  interesting  fact  brought  out  by  these 
curves.  It  has  been  mentioned  that  the  quantity  dis- 
ciiarged  by  a  centrifugal  pump  is  proportional  to  the 
speed,  and  that  this  is  sometimes  thought  to  mean  that 
for  a  certain  increase  in  speed  the  amount  discharged  is 
proportional  to  such  increase.  In  Fig.  1,  however,  curve 
I'j  is  a  head  curve  corresponding  to  the  first  case,  viz., 
entirely  static ;  curve  D  corresponds  to  the  second  case, 
entirely  friction ;  and  curve  A  is  the  third  case.  Taking 
curve  E  where  the  head  is  constant  for  all  capacities,  an 
increase  in  speed  of  approximately  10  per  cent,  produces 
an  increase  of  21  per  cent,  in  the  quantity  discharged. 
For  curve  D  the  quantity  discharged  at  10  per  cent,  above 
normal  speed  is  10  per  cent,  more  than  normal  or  the  in- 
crease is  exactly  proportional  to  the  speed,  and  this  is 
the  only  case  where  the  relation  holds. 

In  curve  A,  where  the  head  is  partly  static  and  partly 
friction,  an  increase  in  speed  of  approximately  10  per 
cent,  produces  an  increase  in  the  volume  discharged  of 
15  per  cent.  Furthermore,  the  only  case  where  the  head 
on  a  pump  for  a  given  discharge  is  exactly  proportional 
to  the  square  of  the  speed  and  the  discharge  is  propor- 
tional to  the  speed  is  for  the  second  case  where  the  head 
is  entirely  friction.  Hence,  as  stated  earlier,  the  capacity 
discharged  by  the  pump  and  consequently  the  head  de- 
pend entirely  on  the  head  of  the  system  against  which 
the  pump  works. 

So  far,  only  the  speed  necessary  to  obtain  a  certain 
discharge  under  new  conditions  has  been  considered  and 
no  investigation  made  of  the  efficiency  of  the  pump  nor 
the  power  required  to  operate  it.  Unless  this  be  known, 
there  is  the  possibility  of  the  motor  or  shafting  being 
overloaded. 

An  approximate  method  for  obtaining  this  horsepower, 
and  one  which  is  accurate  enough  for  ordinary  calcula- 
tions, is  as  follows :  The  quantity  in  gallons  per  minute 
discharged  at  the  new  speed  is  divided  by  the  new  speed 
taken  in  percentage  of  normal.  From  the  brake  horse- 
power curve  in  Fig.  2  the  horsepower  corresponding  to 
this  quantity  just  obtained  is  found  and  this  brake  horse- 
power is  multiplied  by  the  cube  of  the  new  speed  expressed 
in  percentage  of  normal  speed.  The  result  is  the  brake 
horsepower  required  at  the  new  speed.  Applying  this 
rule  to  the  results  shown  by  the  curves  in  Fig.  1,  the 
following  results  are  obtained : 

For  curve  B,  10  per  cent,  speed  increase:  Gallons  dis- 
charged per  minute,  1000;  new  speed  in  per  cent,  of  nor- 
mal, 110;  1000  H-  1.10  =  909;  b.hp.  for  910  gal.  per 
min.  (Fig.  2),  37;  1.10''  =  1.331;  37  X  1.331  =  49.25 
b.hp.  required  at  1000  gal.  per  min.  and  120-ft.  head. 

B.hp.  at  1000  gal.  per  min.  and  100-ft.  head  (normal 
rating)   =  38.5. 

Increase  128  per  cent.,  which  is  slightly  less  than  the 
cube  of  the  speed. 

Applying  the  same  methods  to  curve  C,  showing  10  per 
cent,   decrea.se   in   speed,   the   b.hj).    required   is   29.2,   or 
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;iliniit    "fi   |)cr  it'iil.  (if   lliiil    ri'qiiirrd   nt    tiuriiiiil,  sli^litly 

iiunv  tliiiii  if  till-  power  ic(|nin'il  Wfic  |iid|i<»rlioiml  to  llir 

tiilu'  of  tilt'   rcdiiiril  s|>i'i'(l  tompiirt'tl   lo  tlic  ciiln'  of  the 

iioriMiil  SIH'cd. 

It  lias  Ik'cii  sirii  tliiit  at  llic  n-iiiui'd  licad  tlic  itmu])  can 

in-  niii  at  iioiiiial  .-peed  liv  tlirottliii;,'  the  discliarK*'  until 

just    the    propiT   amount    of   watiT    Hows.      In    this  ca.sc, 

tliouj;li,   till-   Ifiakc   lior.M'i)()\vcr   iH'(|uiifd    is  llic  .same   as 

when  di.srliaifiin",'  tiu'  same  (jinintity  at   the  lii^lier  head, 

since  the  ])ump  jjenerales  this  hi^jhcr  head  at   the  ^n\en 

spee«l   and   capacity.     The   net    eiliciency   wiieii    throltied 

is  the  eiliciency  at   the  normal    ratinjj:  multiplied   liy   llic 

ratio  between  the  head  actually  recpiired  and  the  iioriiial 

pump  head  p'licralcd.     h'cferrinjr  to  Fifl.  '■i,  wiicii  iiiiin|)- 

iiijj  1000  fjal.  per  iiuii.  tlu"  pump  generates  a  head  of  loo 

ft.  and  the  eiliciency  is  (i")  ])er  .cent.     The  head  actually 

required  liy  the  system,  as  shown  in  curve  ('.  Fifj.  1,  is  80 

ft.    Hence,  the  net  efliciency  of  the  puiu])  at  normal  speed 

when  throttled  to  SO-ft.  head  is 

80 
O.li.T  X  -: —  =  •'>2  per  coif. 
loo  ' 

.Vs  a  clunk  on  this  result  the  hrake  horsepower  required 
at  normal  sjiecd  pumpiuo-  1000  gal.  per  inin.,  a.s  given  by 
Fig.  2,  is  ;?8.5.  The  water  horsepower  required  at  1000 
gal.    I'or    min.    and    80-ft.    head    is 

1000  X  80  X  8.3:3        _^  ^, 

33,00^  =^^-^ 

Hence  the  efficiency 

wafer  horsepower       20.2       .„  , 

■J — j—1 =  :Jq-^  =  ^2  P^^  ^^"^• 

brake  horsepower       ,J8.5 

as  just  given. 

With  a  variable-speed  direct-cnrrent  motor  the  proposi- 
tion of  securing  the  correct  speed  for  aJiy  given  set  of 
conditions  is  easy  and  the  motor  efficiency  and  the  overall 
efficiency  of  the  equipment  are  unimpaired.  Where  it  is 
necessary,  however,  in  order  to  get  any  change  in  speed, 
to  use  resistance  in  series  with  the  rotor,  it  is  interest- 
ing to  compare  the  combined  efficiency  of  the  pump  and 
the  motor  obtained  by  this  method  with  that  obtained  by 
throttling  alone.  Referring  again  to  Fig.  1,  the  speed 
required  at  the  reduced  head,  curve  C,  at  1000  gal.  per 
min.  is  approximately  90  ])er  cent,  of  normal.  The  horse- 
power calculated  above  for  this  discharge  at  90  per  cent. 
of  normal  revolutions  is  29.2.  In  the  case  of  a  motor 
with  resistance  in  series  with  the  rotor,  the  efficiency  at 
any  reduced  speed  compared  to  that  at  normal  speed  with 
no  resistance  in  the  circuit  is  closely  proportional  to  the 
revolutions  at  reduced  speed  compared  with  normal  revo- 
lutions, so  that  reducing  the  speed  to  90  per  cent,  of 
normal  the  efficiency  is  reduced  correspondingly.  In  other 
words,  at  the  reduced  head 

OQ    O 

^^  =  S2Af.hp. 

is  required  when  resistance  in  series  with  the  rotor  is 
used. 

Tabulating  the  results,  the  following  comparison  based 
on  reducing  head  to  80  ft.,  as  shown  by  curve  C  in  Fig. 
1,  is  obtained.  Each  percentage  gives  the  per  cent,  of 
brake  horsepower  required  at  rating: 

B.hp.   required   by   rotor  control 32.4  =  84.4% 

B.hp.   required  by  field  control  on   motor 29.2  =  75.8% 

B.hp.   required   by   throttling  discharge 38.5  =  100% 

In  other  words,  by  using  resistance  in  series  with  the  rotor 
there  is  a  saving  of  6.1  b.hp.,  or  15.8  per  cent.,  over  throt- 


lliii;r,  and  by  using  some  form  of  varial)le-s|>eed  direct- 
lUirenl  motor  the  saving  is  li.."l  Ij.lip.,  or  21.2  [kt  cent. 
It  is  evident  that  where  the  liend  \h  likely  to  be  less  than 
noriuni  for  considerable  periods  and  where"  the  c(jt<t  of 
power  is  itnjiortant,  some  form  of  speed  control  in  llece^ 
sary.  The  variable-speed  direct-current  motor,  as  shown, 
is  by  far  the  best  proposition.  Armature  control  is  some- 
times used,  but  not  often,  as  usually  a  variation  of  10  per 
cent,  or,  at  the  most,  IT),  will  take  care  of  most  instalia- 
tions  and  that  can  usually  be  obtained  from  any  stand- 
ard shunt-wound  motor.  With  allernaling-cnrrent  motors, 
tliidttling  is  generally  resorted  to,  owing  to  the  special 
'liaiacter  of  alternating-current  variable-speed  motors 
unless   tlie  installation   is  of  fairly   large  size. 

Ill  working  out  curves  for  any  given  pump,  the  results 
obtained  at  various  heads  and  rates  of  discharge  will  de- 
pend entirely  on  the  ciiaracteristics  of  the  j)articular 
pump  and  the.«e  may  differ  decidedly  from  the  one  used 
here  as  an  illustration.  If  the  pump  has  a  steeper  char- 
acteristic— i.e.,  if  tiie  head  falls  off  more  rapidly  as  the 
discharge  inerea.se.s — than  the  one  shown,  the  difference 
in  volume  for  any  given  change  in  sjieed  will  be  less  than 
for  the  curve  given,  whereas,  with  a  flatter  characteristic 
the  cliange  in  volume  for  a  given  change  in  speed  will  be 
greater.  With  a  flat  characteristic,  the  head  against 
which  the  pump  works  must  be  closely  calculated,  in  order 
to  run  the  pump  at  the  proper  speed. 

Wherever  feasible,  and  especially  if  the  pump  is  of  large 
size,  the  writer  wishes  to  emphasize  the  fact  again,  that 
some  form  of  speed  control  should  be  used.  It  is  almost 
impossible  to  determine  accurately  beforehand  the  head 
against  which  the  pump  will  work,  and  with  a  fixed  speed 
any  change  in  piping  or  operating  conditions  may  make  a  1 
great  difference  in  the  amount  discharged  and  in  the 
power  required. 

QiG^Iy  Clhimim  Fape  Ws'eiraclhi 

The  principal  points  of  construction  of  the  Gealy 
wrench  are  found  in  the  drop-forged  steel  handle  and 
jaws,  the  teeth  of  which  are  tempered.  The  chain  is  of 
flat  links,  and  can  be  had  in  special  lengths  if  desired. 


Gealy   Chain   Pipe   Wrenxh 

The  wrench  operates  on  the  cam-lever  principle;  the 
handle  serves  as  a  cam  lever  and  the  jaws  as  a  cam  thrust. 
A  slot  in  the  jaws  allows  the  handle  bolt  to  move  freely 
with  the  action  of  the  handle  as  a  cam  lever,  therefore, 
there  is  no  strain  on  the  bolt  when  the  jaws  grip.  The 
cam  thrust  forces  the  jaws  forward,  thus  getting  a  firm 
grip  on  the  pipe. 

Eeleasing  the  cam  lever  from  the  gripping  position 
loosens  the  grip  of  the  chain  and  allows  the  wrench  to 
be  moved  around  on  the  pipe  or  removed  from  it. 

The  manufacturer,  the  Gealy  Wrench  &  Manufactur- 
ing Co.,  Grove  City,  Penn.,  claims  that  this  wrench  has  a 
positive  grip  and  that  it  will  not  crush  the  pipe. 
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IK.ee]paia^  PapBim^  Costs 

Ou  account  of  the  multiplicity  of  detail  involved,  ac- 
(  urate  estimates  of  the  cost  of  power-plant  piping,  at 
lucsent  are  difficult  to  obtain  in  advance  of  construction. 
Here  is  where  the  engineer  who  is  fond  of  compiling  data 
I  an  do  a  useful  service  tending  to  put  this  branch  of 
power-plant  work  on  a  more  scientific  basis.  Even  though 
the  total  cost  of  piping,  in  most  stations,  is  a  small  part 
of  the  whole  installation  expense,  reliable  figures  on  this 
sul)ject  are  desirable,  since  every  class  of  equipment  which 
can  be  reduced  to  reasonably  accurate  estimates  facili- 
tates the  larger  mastery  of  the  work  by  the  station  de- 
signer and  by  operating  men  required  to  figure  the  prob- 
aljle  cost  of  new  or  remodeled  equipment. 

The  important  items  in  piping  cost  are  obviously  sus- 
ceptible to  labor  and  material  classification.  The  kind  of 
pipe  employed  for  each  class  of  service,  its  size  and  length, 
with  the  number  of  fittings  involved;  the  material  cost 
as  delivered  on  the  job,  and  the  number,  time  and  wages 
of  fitters  should  not  be  unduly  difficult  to  tabulate  if  the 
engineer  can  give  a  little  attention  to  the  task.  Live 
steam,  exhaust,  feed-water  and  other  piping  systems  are 
fortunately  easily  distinguished  and  are  radically  different 
in  their  bills  of  material.  The  chief  difficulty  comes  in 
separating  piping  costs  from  installation  expenses  in 
I  oimection  with  auxiliary  apparatus  which  such  piping 
.-erves  in  plants  where  the  contractor  puts  in  the  entire 
equipment  for  which  he  is  responsible  with  a  force  of 
erectors  whose  labor  is  not  sufficiently  separated  by  the 
timekeeper  to  permit  the  engineering  classification  de- 
sired. 

The  piping  layouts  in  different  plants  must  be  com- 
pared in  numerous  ways  in  getting  together  material 
suitable  for  future  estimates.  Perhaps  the  most  natural 
basis  is  the  piping  cost  per  kilowatt  of  plant  capacity  for 
each  main  and  auxiliary  system  installed,  including  the 
hibor  and  material  classification,  where  this  can  he  made, 
but,  in  any  case,  including  the  bill  of  material  and,  when 
possible,  an  estimate  of  the  amount  of  time  and  its  cost 
as  required  by  the  erecting  force.  This  unit  of  compari- 
son would  apply  to  live-steam  and  exhaust  piping,  while 
an  appropriate  basis  for  feed-water  piping  might  be  the 
cost  per  boiler  horsepower,  for  lubricating-system  piping 
the  cost  per  gallon  of  capacity,  for  air-compressor  piping, 
the  cost  per  foot  of  the  dominating  pipe  size,  for  circulat- 
ing-water piping  the  cost  per  foot  per  gallon  per  minute 
ilelivered,  and  so  on.  Sometimes  an  estimate  of  the  total 
weight  of  piping  and  fittings  involved  may  be  desirable 
and  the  cost  to  a  per-pound  basis,  including  the  expres- 
sion of  the  weight  of  material  required  for  plants  of  stated 
capacity. 

Tn  figuring  new  relatively  simple  work  a  bill  of  ma- 
terial should  be  prepared  first,  after  which  its  approxi- 
mate cost  delivered  can  be  detennined  by  referring  to 
similar  material  bills  ns  classified  by  the  engineer  and 
ehecked,  when  possible,  by  quotations  from  piping-supply 
houses.     Tf  some  effort  has  been  made  to  tabulate  the 


main  items  of  cost,  the  engineer  will  find  himself  better 
able  to  judge  bids  and  estimate  forthcoming  expenses. 
Where  very  many  valves,  tees,  elbows  and  other  fittings 
are  needed,  the  total  material  cost  per  unit  of  capacity 
will  doubtless  be  necessary,  with  a  supplementary  note  as 
to  the  number  of  principal  fittings  required. 

The  space  required  to  install  the  smaller  sizes  of  pipe 
ordinarily  does  not  complicate  the  question  much  from 
the  point  of  view  of  installation  labor.  The  larger  piping 
space  requirements  depend  considerably  on  the  capacity 
of  the  generating  units  and  auxiliary  condensing  appa- 
ratus ;  hence  costs  per  kilowatt  of  capacity  served  are 
helpful. 

Common  sense  should  be  applied  when  compiling  and 
analyzing  piping-cost  data.  Excessive  subdivisions  of  such 
expense  are  of  no  advantage  in  dealing  with  very  small 
installations,  but  the  fact  that  piping  estimates  for  the 
same  job  seldom  vary  50  per  cent.,  indicates  that  more 
attention  to  the  subject  is  warranted  than  has  been  ac- 
corded it  iu  the  past. 

[ft] 

C©iacerimSEa^  t&ae  St^d^  Couas'se 

This  week's  installment  of  the  Study  Course  concludes 
the  lessons  on  trigonometry.  These  lessons  have  covered 
the  fundamentals  of  the  subject  sufficiently  to  make  pos- 
sible the  solution  of  any  triangle,  and  the  student  should 
make  himself  thoroughly  familiar  with  this  much  of  the 
subject  at  least  so  that  he  may  proceed  intelligently  with 
the  course  on  mechanics  to  come  later.  Not  that  me- 
chanics involves  much  trigonometry,  but  in  the  occasional 
problems  where  the  latter  is  needed,  it  is  indispensable. 

For  this  reason  it  will  be  well  for  those  following  the 
course  not  to  be  content  with  solving  only  the  five  prob- 
lems given  with  each  lesson,  but  to  make  up  for  them- 
selves others  similar  to  those  demonstrated,  and  more 
difficult  ones,  until  they  can  do  any  problem  involving  the 
sides,  angles  and  areas  of  either  right  or  oblique  tri- 
angles that  is  capable  of  solution.  Preferably,  examples 
should  be  made  up  and  worked  out  that  relate  to  the 
engineer's  work  in  or  about  the  plant.  It  will  be  sur- 
prising how  many  bits  of  useful  information  can  be 
gained  in  this  way  concerning  the  plant  or  its  apparatus 
that  were  otherwise  unknown  or  at  best  learned  less  ex- 
actly by  makeshift  approximations.  AYhile  the  applica- 
tions of  trigonometry  may  seem  few  and  of  little  impor- 
tance at  first,  many  will  appear  later  when  the  study  of 
mechanics  is  taken  up. 

Tt  was  the  intention  to  follow  the  trigonometry  sec- 
tion directly  with  the  one  on  mechanics,  but  requests 
that  two  other  matters  be  covered  in  the  course,  have  led 
to  the  decision  that  they  be  introduced  at  this  time.  First 
will  be  given  an  explanation  of  the  slide  rule  and  its 
use,  for  it  is  a  very  handy  tool  to  the  engineer.  Many 
are  already  using  it  and  those  that  are  not  can  hardly 
afford  to  remain  in  ignorance  of  its  value.  Especially 
is  this  true  when  the  handling  of  it  is  so  simple  and  pro- 
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HiiciKV  HO  ('iisily  iiii|im('il.  'l\i  mm-  our  iimiI  fur  ilic  liisl 
liiiif  jiwvs  the  ini|iic.-sniii  (Inil  il  is  ii  iiiyslcrKnis  iiislni- 
iiu'iit.  Itiit.  oiici"  (liis  falso  fciir  of  it  is  (ivficdiiu'.  with  ii 
littlf  pnticiuc.  all  nT  its  tricks  cnn  lie  icariicd.  Tlicn  it 
is  fouiul  to  lu'  snr|irisiii;;ly  simple,  ami  one  wonders  \w 
has  so  loii^  (lom-  witlioiit  it.  To  use  a  common  cxju't's- 
sion  in  advert isinff,  "once  used,  always  used,"  fcir  |)ii)li- 
ahly  no  one  who  ever  iiecame  acijuainted  with  tiu'  slide 
rule  was  ever  thereafter  without  one.  Kiiles  can  l)e 
had  now  in  such  inex|)ensive  forms  thai  there  really  is  no 
cxcuso  for  not  owiiiiij,'  one. 

The  other  sid)ject  that  lias  been  called  for  is  curve 
plottinjr.  This,  too,  is  extremely  useful  and  likely  also 
to  he  familiar  to  nuiiiy  who  are  followinjj;  the  course.  It 
will  do  no  harm,  however,  for  them  to  have  a  little  review 
of  it  and  .some  who  u.se  it  now  to  only  a  limited  extent 
may  get  new  ideas  of  its  possibilities.  No  attempt  will 
be  made  to  exiiaust  this  subject,  nor  to  go  into  many  of 
tlie  nu)re  intricate  forms,  but  only  the  simpler  and  most 
u.seful  applications  will  be  treated.  As  a  check  on  mathe- 
matical calculations,  curve  plotting  is  of  considerable  ser- 
vice, but  as  a  means  of  graphically  presenting  facts  that 
may  l)e  clouded  in  a  nni.ss  of  figures,  it  is  principally  of 
value.  In  many  of  their  forms,  curves  take  the  place 
of  tables,  giving  quick  means  of  obtaining  values,  and  in 
other  forms,  as  of  plotted  observations  or  other  data,  they 
show  at  a  glance  the  law  of  variation  and  indicate  what 
may  be  expected  under  other  conditions  in  advance  of 
their  investigation. 

Certainly  the  few  lessons  on  the  slide  rule  and  curve 
plotting  will  he  warranted  for  them.selves  alone  and  it 
is  likely  that  they  will  be  of  no  little  advantage  in  con- 
nrction  with  the  mechanics  course  then  to  follow. 

;^ 
CoiradlntlSoias  nira  ftlhxe  So^tllhi 

What  is  to  become  of  the  isolated  powi'r'  plants  of  the 
South  ?  How  soon  will  the  hydro-electric  central  stations 
displace  them  with  electrical  energy  developed  from  the 
many  available  water  powers  with  which  that  section 
abounds  ? 

Until  recently,  the  power  utilized  in  cotton  mills  and 
other  factories  was  produced  by  comparatively  small 
steam  plants,  except  in  the  larger  cities,  where  the  steam 
central  station  had  gained  a  permanent  foothold.  The 
small  mill  plant  gave  employment  to  firemen,  oilers  and 
engineers,  and  furnished  a  market  for  all  kinds  of  power- 
plant  apparatus.  Xow  these  men  are  being  forced  to  look 
for  other  positions,  because  their  steam  plants  are  shut- 
ting down  and  hydro-electric  power  substituted.  The 
market  for  small  power-plant  apparatus  is  becoming 
limited  because  comparatively  few  new  steam  plants  are 
constructed. 

It  is  predicted  that  within  a  few  years  in  certain  parts 
of  the  South  the  isolated  plant  will  have  been  eliminated. 
The  systems  of  electrical  transmission  which  have  been 
perfected  make  this  prediction  not  only  possible  but  prob- 
able. With  the  present  facilities,  electrical  energy  is 
being  transmitted  two  hundred  miles  at  high  voltages, 
and  then  stepped  down  to  voltages  to  suit  the  purchaser's 
requirements. 

That  there  may  be  no  interruption  in  service,  most 
hydro-electric  companies  obtain  control  of  steam  central 
stations  at  various  points  on  the  transmission  line  and 
keep  them  for  stand-by  service,  ready  to  be  started  if  the 
water-power  plants  have  trouble. 


.\r;,'iinients   iiringing   out    the    reliabilily   of   b\dro-eli 
Iric  service  and  the  preeaulions  taken  against   failure  uf 
eliM'trical  energy  are  allraclive  to  \\h>  mill  operator  who 
has  seen  his  production  fill!  ofT,  becaiiKe  of  his  own  povM 
plant  lroul)les.     Thi'  promise  of  electrical  energy  at  lov. 
cos!   than  when  developed  in  the  isobiletl   plant   is  also  mii 
mceiilive  to  make  a  change. 

.Apparently,  nearly  all  new  cotton  mills  being  built  in 
the  South  will  be  operated  by  energy  from  hydro-electric 
slat  ions.  The  chance  of  ])owering  a  new  mill  with  aa 
elciliunl  slcam  plant  is  remote.  Tiie  necessity  of  siis- 
taining  the  initial  cost  of  a  power  plant  is  climinaled  and 
the  absence  of  firemen,  oilers  and  engineers  (jii  the  payroll 
is  attractive  to  the  manufacturer. 

Old  established  cotton  mills  will  give  a  short  res)iite 
to  the  power-plant  o))erator.  The  hydro-electric  j)lant  has 
displaced  but  few  of  them,  i)ecau.se  it  would  mean  dis- 
carding the  steam  ai)paratus  and  installing  electric  motors 
to  drive  the  machinery.  The  cost  would  exceed  what  lit- 
tle, if  any,  .saving  was  made  by  the  change. 

I'ower-plant  owners  do  not  seem  to  grasp  their  op- 
I)ortunitie.«,  nor  do  they  learn  by  the  experience  aiul  ex- 
ample of  others  regarding  power-plant  practice.  After 
the  engine  is  old  and  worn  the  steam  consumption 
is  excessive,  requiring  more  boiler  capacity  and  fuel.  The 
power  plants  contain  the  ordinary  equipment  and  no  more 
and  are  practically  left  to  take  care  of  themselves. 

The  central-station  manager  aims  to  purchase  fuel  and 
supplies  economically  and  provide  instruments  to  ascer- 
tain if  the  best  economy  is  being  obtained;  whereas  the 
isolated-plant  owner  does  neither,  and  then  wonders  why 
the  power  cost  is  excessive.  The  experiences  of  others 
who  make  a  business  of  power  for  commercial  u.se  mean 
nothing  to  him. 

Ignorance  is  the  cause  of  most  excessive  power-plant 
costs.  For  instance,  more  power  is  needed  to  operate  the 
machinery  in  the  new  part  of  the  mill.  Somebody  decides 
the  only  thing  is  to  install  more  boilers  and  a  new  en- 
gine, which  usually  requires  an  addition  to  the  boiler  and 
engine  buildings  and  more  help.  This  additional  power 
becomes  a  burden  from  the  beginning. 

The  man  responsible  for  the  new  power-plant  apparatus 
is  not  aware  that,  by  adding  a  single  generating  unit  and 
condenser  outfit,  the  output  of  the  old  steam  plant  can 
be  almost  doul)lcd  without  additional  boilers  or  without 
additional  boiler-room  help. 

A  mixed-pressure  turbine  to  operate  with  the  exhaust 
steam  of  the  old  reciprocating  engine  is  not  considered, 
probably  because  their  economy  in  combination  is  not 
known,  and  yet,  such  a  unit  requires  small  floor  space, 
does  not  draw  an  ounce  of  steam  from  the  boilers,  is  op- 
erated by  the  engineer  already  in  the  plant  and  adds  as 
high  as  ninety  per  cent,  to  the  plant-load  capacity,  using 
the  same  amount  of  .«team  in  the  reciprocating  engine 
as  before. 

Engineers  should  become  familiar  with  the  advantage 
of  the  mixed-pressure  turbine  and  its  value  as  a  power 
producer  in  plants  already  established.  There  are  in- 
stances where  they  would  not  be  adaptable  under  some  op- 
erating conditions,  but  in  such  plants  the  engineer  must 
figure  on  other  means  for  developing  power  cheaper  than 
it  can  be  purchased  from  the  steam  or  hydro-electric  cen- 
tral station.  If  they  do  not  and  cannot  do  this,  there  is 
every  reason  to  believe  that  the  operating  days  of  their 
steam  plants  are  numbered. 
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We  are  sometimes  mistaken  about  the  condition  of  our 
engines.  Recently  I  asked  an  engineer  how  the  valve  of 
his  engine  ws»  holding — i.e.,  if  it  was  steam-tight — and 
he  replied  that  it  was.    The  engine  was  running  smoothly, 


EvinEXCE  or  Leaky  Valve 

as  a  badly  leaking  engine  will  at  high  speeds. 

I  suggested  that  we  test  the  valve  for  leakage.  He 
placed  the  valve  in  its  central  position  and  opened  the 
indicator-pipe  connections  and  clovsed  the  valve  in  the 
exliaust  line.  On  opening  the  throttle  valve,  the  steam 
from  the  indicator-connection  openings  reached  the  ceil- 
ing as  shown  in  the  photograph. 

He  was  a  surprised  engineer  when  the  steam  started  to 
blow  through  the  connections. 

C.  T?.  McGahey. 

Baltimore,  Md. 

taona 

Calling  on  one  of  my  engineer  friends  one  day  I  found 
him  in  trouble.  He  had  installed  some  new  wiring  that 
had  to  be  in  service  that  evening  and  it  refused  to  work 
because  the  fuses  would  blow  when  he  opened  the  switch. 
At  first  it  appeared  like  a  case  of  a  short-circuit  in  the 
switch.  Accordingly  I  disconnected  and  dissected  the 
switch,  but  found  nothing  wrong,  outside  of  the  contacts 


being  slightly  burned.  I  then  went  to  the  fuse  cabinet 
and,  opening  the  main  switch,  replaced  the  blown  fuses 

There  were  two  or  three  other  circuits  on  this  main 
switch  besides  the  one  having  the  paradoxical  switch.  This 
I  had  left  disconnected,  leaving  the  circuit  open.  Now,  if 
my  friend's  theory  were  correct  the  fuses  should  blow 
a.s  soon  as  the  main  switch  had  been  closed,  but  this  did 
not  happen. 

A  new  ])robleni  now  arose :  The  lights  on  the  open 
circuit  which  should  ha\e  been  out  were  burning.  The 
trouble  was  evidently  not  in  the  switch,  so  I  next  gave  my 
attention  to  the  wiring,  which  was  something  of  a  Chinese 


Mams 


Okigixal  Switch  Coxxections 

puzzle,  because  in  trying  to  economize  on  wire  the  en- 
gineer had  made  a  number  of  combinations.  The  wires 
were  run  in  molding ;  there  were  several  branches  and  all 
on  the  main  switch  in  the  fuse  cabinet  with  the  exception 
of  the  one  circuit,  causing  the  trouble.  This  had  a  sep- 
arate switch  so  that  the  lights  in  this  circuit,  which 
lighted  a  private  office,  could  be  cut  out  without  inter- 
fering with  the  other  circuits,  which  lighted  the  adjoin- 
ing stock  room.  I  finally  made  a  sketch  of  the  circuits 
and  after  eliminating  the  nonessentials  found  that  they 
had  been  connected  as  shown  in  the  diagram. 

This,  however,  did  not  explain  why  the  fuses  blew  when 
the  switch  was  opened  ;  obviously  it  should  be  just  the 
reverse.  A  second  examination  proved  this  to  be  true 
and  that  what  my  friend  had  assumed  to  be  the  open 
jwsition  of  the  switch  was  really  the  closed  position  and 
when  he  closed  the  switch  he  had  a  dead  short-circuit 
across  the  line  and  naturally  the  fuvses  blew.  The  mistake 
was  rectified  by  cutting  out  the  section  AB.  disconnecting 
the  section  CT)  at  D  and  reconnecting  it  at  E ;  also  con- 
necting the  switch  properly. 

Chicago,  Til.  Thomas  G.  Thurston. 
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Handy  Hoo)}^  for  ImcQicAtLor  Cord 

In  llio  Nov.  1  iH-ui'.  |ia^c  ii'-u,  Air.  iSaiiiiuihlti  ilcsc  rihes 
nil  iiulicator  cunl  luuik  for  uso  with  hi^h-Hpi'cd  cngiiicH. 
Jf  uscil  on  an  imlosi'd  ly|H'  of  engine,  running  liotwecn 
27.')  anil  ItOd  r.p.ni.,  1  (hinii  the  li(K)k  would  give  Irouhle 
in  staying  on  the  pin. 

At  one  time  I  was  going  to  indicate  a  lv\ll-in.  in- 
elosed    engine,    running    iit    "iTd    r.p.ni.,    and    encountered 
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Crossheaet 
Pin 


Indi('.\T()i;   Coitn    Hook 

diiricultios  in  gelling  tiie  hook  to  .stay  on  the  pin.  To 
overcome  this  trouble  I  made  a  hook,  as  shown  by  the 
accompanying  sketch. 

It  is  used  as  follows:  Hold  the  hook  so  that  when  the 
crosshead  travels  on  its  return  stroke  the  pin  will  strike 
the  points  of  the  hook,  opening  them  up,  but  as  tliey 
close  before  the  crosslu'ad  begins  its  oi)posite  stroke,  the 
hook  and  cord  are  carried  with  it.  To  unhook,  run  the 
hand  down  on  the  cord  until  it  strikes  the  hook.  The 
crosshead  will  then  travel  in  the  return  direction  until 
the  pin  comes  to  the  enlarged  part  at  the  hook  when,  with 
a  little  sidewise  i)ull,  the  hook  is  easily  disengaged  from 
the  crosshead  pin. 

Fkeo  W.  Schneider. 

Clay  Center,  Ohio. 

E^Saatissft  Muffler  -^s.  BacM 

The  sketch.  Fig.  1,  shows  how  the  exhaust  muffler  was 
arranged  on  an  oil  engine  and  the  manner  in  which 
changes  were  made  in  order  to  have  the  engine  produce 


"■'iG.  1.   Arrangement  of  Mufflek 


Fig.  2. 


Diagram  Taken  before  Changing 
Elbovf  in  Mufflek 


more  power.  The  diagram.  Fig.  2,  was  taken  before 
the  changes  and  shows  the  high  back  pressure  at  release. 
The  engine  had  a  6-in.  exhaust  line  leading  from  the  en- 


gini;  to  tlie  Ihingcd  elbow,  which  had  a  5-in.  opening;  thu 
cvleiiHion  inside  the  mulller  \mv*  U  in.  At  the  opposite  end 
the  nnilller  had  a  short  section  of  (i-in.  pipi!  and  another 
Ti-in.  clliow  with  an  upward  extending  exhaust  pipe  G  in. 
in  diameter. 

The  G-in.  line  and  fittings  had  a  crosK-sectional  area  nf 
yH.27  s(i.in.  and  the  Ti-in.  elbows  an  area  of  only   19. i 
a  dill'crence  of  8.(i  I  in.,  the  (upiivalent  of  a  ;j|'*n-in.  eiri 
It  is  evident  what  a  great  diirereiuc  this  would  have  \\\,' 
the  working  of  the  engine  by  causing  excessive  back  pi' 
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Fio.  ;5.    Diagram  after  Making 
Change  in  Muffler 

sure.  The  diagram,  Fig.  3,  was  taken  after  two  new 
G-in.  elbows  had  been  sul)stituted  for  the  5-in.  elbows,  and 
shows  suhstantional  reduction  in  back  pressure.  The  dia- 
grams were  taken  with  a  100-lb.  spring  while  the  engine 
was  running  at  220  r.p.m. 

R.  C.  Hay. 
Covington,  A^a. 

'■^. 

Use  of  TalbEes 

Engineers  often  fail  to  obtain  Ijenefit  from  valuabli! 
data  because  of  the  inconvenience  of  the  arithmetical 
processes  required  for  converting  quantities  into  suitable 
units.  For  instance,  water-meter  readings  are  in  cubic 
feet  or  gallons  which  have  to  be  converted  into  pounds 
to  determine  the  pounds  of  water  evaporated  per  pound 
of  coal,  or  gallons  or  cubic  feet  have  to  be  converted  into 
cubic  inches  as  in  determination  of  pump  capacities. 

When  computations  require  the  use  of  a  constant  multi- 
plier, I  have  found  this  commonly  used  method  coe- 
venient.  Set  out  in  tabular  form  for  ready  reference  the 
products  of  the  coefficient  multiplied  by  the  units  from  1 
to  10  and  thus  save  intricate  multiplications  by  dividing 
a  multiplicand  into  tenths,  hundredths,  etc.,  and  then 
take  the  sum  of  the  products  thus  obtained  with  the 
proper  number  of  zeros  affixed  to  each  term  of  the  multi- 
plicand. A  simple  example  will  suffice  to  show  how  meter 
readings  in  cubic  feet  may  be  converted  into  pounds  cf 
water  at  any  average  temperature,  as  50  deg.  F. 

For  this  purpose  set  out  a  table  for  reference  as  follows : 

1  cu.ft.  of  water  weighs    62.41  lb. 

2  cu.ft.  of  water  weigh    124 .  82  lb. 

3  cu.ft.  of  water  weigh    187.23  1b. 

4  cu.ft.  of  water  weigh    249.  64  lb. 

5  cu.ft.  of  water  weigh    312.05  lb. 

6  cu.ft.  of  water  weigh    374.46  1b. 

7  cu.ft.  of  water  weigh    4.36.87  lb. 

8  cu.ft.  of  water  weigh    499 .  28  lb. 

9  cu  ft.  of  water  weigh    .561.69  lb. 
10  cu.ft.  of  water  weigh    624. 10  lb. 

A  meter  reading,  such  as  13,720  cu.ft.,  is  then  readily 
converted  in  pounds  by  affixing  the  appropriate  number 
of  zeros  to  the  tabulated  product  for  each  figure  and  tak- 
ing the  sum  as  follows: 

10,000  cu.ft.  =  624,100  lb. 

3,000  cu.ft.  =  187,230  lb. 

700  cu.ft.  =  43,687  lb, 

20  cu.ft.  =  1,248.2  lb. 


13,720  cu.ft.  =  856,265.2  1b. 


Kcbruary  3,  1914 
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Iji  tlie  same  maimer,  tables  of  the  products  1  to  10  can 
be  constructed  with  little  trouble  for  ready  reference  for 
converting  cubic  feet  to  gallons,  gallons  to  pounds,  gallons 
to  cubic  inches,  or  for  greater  convenience  in  computinf; 
horsepower  for  different  mean  effective  pressures  using  a 
given  horsepower  constant.  With  a  few  such  tables  adapted 
to  his  individual  requirements,  an  engineer  will  find  the 
task  of  making  power-plant  computations  much  less  tax 
on  his  time  and  patience. 

Medford,  Mass.  L.  E.  Thompsox. 

II.  Rollins  asks  for  discussion  on  this  subject. 

My  method  is  to  evenly  distribute  the  load  on  the  cylin- 
ers  unless  it  is  extremely  light.  On  starting  up,  the  best 
practice  is  to  completely  drain  the  main  steam  line,  the 
cylinders  and  the  receiver  during  the  warming-up  process. 
There  is  no  occasion  for  apprehension  on  account  of  the 
high-pressure  cylinder  pulling  water  from  the  receiver 
as  the  pressure  in  the  cylinder  prevents  the  condensate 
from  backing  up. 

A  more  imminent  danger  lies  in  the  low-pressure  cyl- 
inder expanding  the  steam  to  a  lower  vacuum  than  that 
maintained  in  the  condenser.  Such  an  occurrence  might 
cause  enough  water  to  be  drawn  into  the  cylinder  to  wreck 
it.  Therefore,  I  think  it  advisable  to  put  most  of  the 
work  on  the  low-pressure  cylinder  under  extremely  light 
load  conditions  to  prevent  the  expansion  of  steam  from 
lowering  the  pressure  below  that  in  the  condenser. 

Of  course,  similar  conditions  may  arise  in  the  receiver, 
due  to  the  sudden  diminishing  of  the  load,  when  the  re- 
ceiver pressure  may  momentarily  exceed  tke  terminal 
pressure  in  the  high-pressure  cylinder.  The  remedy  for 
this  is  a  dependable  steam  trap. 

It  is  impossible  to  lay  down  a  rule  for  draining  ap- 
plicable to  all  engines  or  to  estimate  the  possible  results 
from  water  in  the  cylinder.  I  have  seen  an  engine  with 
the  exhaust  pipe  rising  above  a  10-story  building  take 
over  water  and  discharge  it  from  the  top  of  the  pipe  like  a 
waterspout  (for  from  30  to  60  sec.  at  a  time,  notwith- 
standing the  separator  in  the  steam  line),  without  the  en- 
gine being  damaged.  On  the  other  hand,  engines  have 
been  wrecked  by  a  single  slug  of  water.  There  is  little 
danger  so  long  as  the  water  does  not  exceed  the  capacity 
of  the  clearance  space ;  in  practice,  however,  much  de- 
pends on  the  make  of  the  engine,  the  lost  motion  in  the 
journals,  etc. 

Mr.  Eollins  states:  "I  heartily  agree  that  it  (the  re- 
ceiver) should  be  well  drained,  but  cannot  see  how  an 
ordinary  trap  can  drain  a  receiver  when  it  has  no  pres- 
sure to  make  it  work,  or  when  the  cutoff  is  so  short  that 
there  is  a  vacuum  in  the  receiver  as  the  result." 

I  cannot  conceive  how  such  conditions  are  possible. 
Were  the  drain  piped  to  the  atmosphere,  as  Mr.  Rollins 
assumes,  the  atmos])hcric  pressure  would  not  prevent  the 
condensate  from  escaping,  as  it  would  enter  the  receiver, 
destroy  the  vacuum,  and  enable  the  trap  to  work  by 
gravity.  On  the  other  hand,  it  would  also  raise  the  re- 
ceiver pressure  above  the  terminal  pressure  in  the  high- 
pressure  cylinder,  causing  water  to  be  drawn  into  it,  pos- 
sibly with  disastrous  results. 

The  best  M'ay  of  avoiding  trouble  from  water  is  to  con- 
nect the  trap  into  the  condenser.    This  would  effect  bet- 


ter operating  conditions  for  the  trap,  and  ])rcvent  the  at- 
mosphere from  destroying  the  receiver  vacuum. 

As  regards  the  reheating  coil  in  the  receiver,  it  is  con- 
.structed  for  the  purpose  of  circulating  live  steam  at  full 
boiler  pressure,  and  I  do  not  think  that  there  is  more 
danger  to  be  expected  from  that  source  than  from  the 
bursting  of  the  main  steam  or  any  other  pipe  carrying 
high-pressure  steam. 

Washington,  D.  ('.  ywaon  Bonn. 

One  morning  wliilc  looking  ovur  tlic  i)uni])s  in  an  ice 
plant  I  noticed  that  one  of  the  duplex  pumps  was  run- 
ning in  a  most  unusual  way.  It  made  three  strokes  all 
right,  but  the  next  one  was  slow  and  laboring.  Steam 
could  be  heard  going  through  the  exhaust  line  just  as  if 
the  steam  and  exhaust  ports  opened  into  each  other.  An 
examination  showed  the  valve-gear  to  be  in  working 
order;  the  valves  were  properly  set  and  no  pieces  had 
been  broken  from  the  valve  or  ribs;  the  piston  rings  were 
not  loose  enough  to  require  a  new  set. 

Finally  the  pump  was  taken  apart  and  it  was  discovered 
that  a  steam-piston  spider  had  close  to  the  rod  a  small 
crack  that  ran  into  a  sand  hole,  so  that  steam  found  its 
way  through.  When  steam  was  admitted  to  the  head  end 
of  the  cylinder  the  rings  held  tight,  but  at  the  other  end 
the  steam  went  through  the  crack  and  sand  hole,  passing 
the  follower  plate  and  blowing  directly  into  the  exhaust. 
An  %-in.  boiler-plate  patch  stopped  the  troulilc. 

Chicago,  111.  A.  G.  Solomon. 

m 
Tlhi©  Slo'^y;y'°Sp©<edl  Msi^Eaett© 

The  desire  for  simplicity  and  reliability  in  gas-engine 
details  has  led  to  the  adoption  by  many  manufacturers 
of  the  slow-speed  positive-driven  magneto  as  the  source 
of  ignition  current. 

The  one  here  described  has  been  in  use  for  three  years 
at   Oklahoma  I^niversity  and   has  proved  eminently  ef- 
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Ground  'Connect/on 

Fig.  1.  Sectional  Elevations  of  Magneto 

fective  for  make-and-break  ignition.  The  magneto  is  a 
single-phase  alternator,  of  the  bobliin-wound  type,  as 
shown  in  Fig.  1.  One  end  of  the  winding  is  grounded 
to  the  frame  of  the  machine,  and  the  other  end  is  con- 
nected to  the  insulated  end  of  the  shaft  against  the  center 
of  which  is  the  collector  brush.  One  wire  answers  from 
the  brush  to  the  insulated  igniter  terminal. 


Ki;j.  'i  is  from  a  |iluitoj,'rii|i|i  hikcii  liv  tlu'  (>(itillii^:iii|>li 
ill  tlic  i'lc(  tiiinl   lalmriilorv  of  llu'  iiiiiMisilv,  niul  sIiowh 


Kiii.  "J.  Oscii.i.Diiii  M'li   jdii  Slow -Si'i.i;ii  Maonkto 

llu"  ciiirciit  (listriliiilioii  for  one  ri'\(»liitioii.  Tlu'  iiiii^'- 
lu'to  is  so  tiiiu'd  thai  llic  iM;iiit('r  siia)>s  at  llic  peak  of 
maxiiiiuiii  cMiTcnt,  aiul  lliis  is  stroiif?  riioufili  to  start  an 
t'nj,Miir  at  tin-  ordinary  liaini-turniii<j  sju'cd  of  alxnit  .")(> 
r.p.in.  Tiu'  iiiarivs  on  tin-  sliaft  collar  and  the  frame  of 
the  maciiine  indicate  this  niixinniin  point. 

Norman.  Okla.  Wii.mam   AirKi;\iii;Ai). 

!*: 

Tliis  is  a  usual  occurrence  in  today's  applications  but. 
the  case  i...  15.  Lent  described  in  the  Dee.  16  issue  of 
Tow  Kit  is  special.  The  most  common  arrangement  of 
parallel  application  is  with  two  separate  fans  on  one 
shaft  driven  by  a  single  motor.  Such  units  as  the  tur- 
bine forced-draft  sets  installed  in  recent  years  by  the 
New  York  Edison  Co.  are  typic^al  of  this  simple  arrange- 
ment, and  those  installed  on  our  modern  torpedo-boat 
destroyers  operate  with  two  separate  turbine-driven 
forced-draft  fan  units  discharging  into  a  closed  fire  room. 

Both  of  these  methods  have  proved  successful.  Experi- 
ence teaches,  however,  that  to  prevent  one  fan  from  tak- 
ing the  load  from  the  other,  the  two  fans,  uot  driven  by 
one  contiguous  shaft,  should  have  their  speeds  controlled 
by  one  regulating  valve  or  throttle  control.  This  control 
was  symmetrically  located  with  reference  to  the  fan  units 
and  thus  each  of  the  turbines  had  steam  delivered  to  their 
cases  under  identically  the  same  conditions.  The  fan 
units  were  made  from  the  same  templates  and  dies  so 
that  they  each  carried  an  equal  part  of  the  load,  due  to 
their  like  characteristics.  With  electrically  driven 
fan  units  in  parallel  the  same  care  in  selecting  a  single 
control  for  the  motor  units  makes  the  problem  simple 
and  one  need  not  feel  the  necessity  of  pitot-tube  readings. 

Personal  experience  on  a  recent  test  lias  shown  that  Mr. 
Lent's  article  should  receive  careful  thought  by  those 
running  more  than  one  fan  with  common  intake  or  dis- 
charge system.  The  owner  was  operating  one  fan  at  315 
r.p.m.  by  one  throttle  and  the  other  at  356  r.p.m.  by  an- 
other throttle  valve.  The  consequence  was,  that  where- 
as either  fan  could  have  delivered  32,000  cu.ft.  per  min. 
against  21A  in.  resistance  at  356  r.p.m.,  air  at  65  deg.  F., 
both  fans  together  gave  but  41,000  cu.ft.  per  min.  against 
21/2  in.  One  fan  was  stealing  practically  all  the  load  from 
the  other  and  the  idle  one  consumed  10.5  b.hp.  without 
doing  much  useful  work. 

I  wish  to  supplement  Mr.  Lent's  statement  as  to  the 
pressure  of  a  fan  running  l)locked  tight,  the  discharge 
pipe  entirely  closed,  as  being  equal  to  that  due  to  the 
lineal  speed  of  the  blades.  This  pressure  is  usually  greater 
than  that  due  to  the  lineal  speed  of  the  tip  of  the  blades. 
I  know  of  multivane  fans  that  put  up  2.6  times  the  pres- 
sure due  to  tip  speed.  This  is  true  regardless  of  the 
double-  or  single-inlet,  double-  or  single-width  features 
in  fans  with  one  or  more  outlets.    Even  on  fans  with  con- 


\r\  foi'wani  rotation  of  iiliidch  I  liavi'  made  tesln  whi  i<- 
llicy  would  deliver  their  rated  capacities  against  .'13  per 
cent,  greater  preHsuie  lliaii  lip-spccd  pressure  and  deliv- 
till-  air  at  inaviinnm  elliciencies. 

It  woulil  seem  in  Mr.  Lent's  case  that  instead  of  iiii\- 
ing  to  boost  the  speed  of  the  fan  niniiing  light  above  the 
speed  (r.p.m.)  of  the  fan  running  at  higher  speed  in 
order  to  start  a  How,  llic  air  How  should  have  started  from 
the  idle  fan  as  soon  as  its  lip-speed  |)ressiire  ecjualed  tlio 
static  resistance  maintained  by  the  luigiiial  fan. 

However,  with  a  system  already  installed,  it  is  readily 
seen  that  by  throwing  in  the  second  fan  oik!  cannot  expect 
lo  double  the  present  delivery  through  the  system  exe(!i)t 
by  increasing  the  r.i).ni.  of  both  fans.  This  jirodueeH  the 
extra  ])ressure  necessary  to  overcome  the  ailded  ntsistance 
caused  by  twice  the  volume  flowing  Ihroiigh  the  system. 
Tiiis  pressure  resistance  would  be  four  times  the  original 
static  pressure  resistance  maintained  at  the  entrance  to 
tile  old  system. 

Boston.  Mass.  II.  II.  Vamqukt. 

SmmpiPoveinnieETit  for  Orsat 

1  ]ui\e  made  an  im|)r()\cineii;  on  tiie  Or.sat  apparatus 
whicii  does  away  witli  tiie  gas  bags  attached  to  the  ab- 
sorption pipettes.  This  can  be  done  by  fitting  a  fourth 
pipette  in  the  case.  Practically  all  Orsat  apparatus  are 
built  with  sufficient  room  for  this  extra  pipette.  The  rear 
legs  of  all  four  pipettes  are  then  connected  to  a  gla.ss  con- 
necting tube  or  header  A,  as  in  the  sketch,  mounted  in 
back  of  tiie  main  connecting  tube  B.     The  extra  pipette. 


View  oi-  Oijsat  fkom  Rear,  Showing  AdditionaI/ 

PiPKTTE   AND   COXXECTIONS 

is  filled  with  water  to  tlie  same  level  as  the  three  contain- 
ing the  reagents  and  its  front  leg  is  left  open  to  the  at- 
mosphere. Thus,  a  water  seal  is  provided  and  the  air 
in  the  back  leg  of  any  of  the  working  pipettes  is  stored 
in  the  back  leg  of  this  end  pipette  when  displaced  by  the 
manipulation  of  a  gas  sample. 

The  advantages  of  this  arrangement  are  a  neater  look- 
ing equipment  and  the  elimination  of  trouble  due  to  the 
rubber  gas  bags  developing  leaks  or  becoming  discon- 
nected through  any  cause. 

Bloomfield.  N.  J.  G.  A.  deGraaf. 
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iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiii"iii"ii"iiiiiiiiii"ii"i'i'ii'i'i'i''ii'i''''''''''''''''''''''"<'''i'i'''''''''''"''''^^        iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiir; 

area  =  Vo  X   100  X  75  X  0.888G  =  3333.25  sq.ft. 
The  depth  being  5  ft.,  the  volume  will  be 
3332. -35  X  5  =  1(5,661.25  cu.ft. 
or,  there  being  7.48  gal.  U)  1   cu.ft., 

l(i,6(;i.25    X    '-48.  =    124,626.15   rjai. 

50.     The  base  of  the  triangular  guard  being  6  ft.  and 
its  altitude  8  ft.,  its  area  is 

area  =  1/2  X  6  X  8  =  24  ft. 
Then  from  equation  32  the  sine  of  the  angle  betwi'cn 
the  two  known  sides  may  be  found 

2  1  =  1/2  X  81/2  X  6  X  sin  B 


La>,t  Lksson's  Axswers 

46.     Given  a  ^  !),  t)  =.  12  and  c  =  15. 
This  is  a  Case   IV  problem  and  the  tliree  angles  are 
found  by  the  three  forms  of  equation  31   (last  lesson). 


'■0!^  A  = 


122  _|_  153  _  92       288 


2  X  12  X  15  360 

Therefore,  angle  A  =  37  deg.,  closely. 


=  0.8 


92  4.  152  _  122       162       ^  „ 
'"'  ^  =       2  X  !>  X  15       =  270  =  ^•'^ 

Therefore,  angle  B  =  53  (leg.,  closely. 
9 


CO.S  V  = 


+  122  _  152  _    0 

~  2lli  ~ 


2  X  9  X  12 

Therefore,  angle  C  =  90  deg. 

Check : 

37  +  53  +  90  =  180 

This  proved  to  be  a  right  triangle  and  it  could  have 
been  predicted  at  the  outset,  as  the  sides  are  respectively 
proportional  to  3,  4  and  5. 

47.     Given  a  =  94.596.  t)  =  101.653  and  c  =  100. 

This  also  is  a  Case  T^'  problem  and  is  solved  in  the 
same  way  as  the  last. 

104.6532  +  1002  —  94.5962 


2  X  104.653  X  100 
Therefore,  angle  .4  =  55  deg. 


=  0.5736 


B  = 


94.5962  +  1002  __  104.6532 


2  X  94.596  X  100 
Therefore,  angle  B  =   65  deg. 


=  0.4226 


cos  C  = 


94.596  2  +  104.6532  —  100  2 


=  0.5 


2  X  94.596  X  104.653 
Therefore,  angle  ('  =:  60  deg. 

48.  Calling  the  three  sides  of  the  pond  a  (100  ft.),  /; 
(150  ft.)  and  c  (75  ft.),  the  solution  will  be  as  in  the  two 
previous  problems 


cos  A  = 


1502  +  752 


1002 


18,125 


2  X  150  X  75  22,500 

Therefore,  the  angle  .4  =  36 Mi  deg.,  about 
1002  +  752  —  1502  _  —6875 
15,000  '' 


cos  B  = 


=  0.8055 


—0.4583 


2  X  100  X  75 

The  sign   being  negative,   the   angle  B  is  of  the  second 
quadrant  or  greater  than  90  deg. ;  therefore  it  will  be  the 
supplement  of  the  angle  found  from  the  table,  or 
180  —  62.7  =   117.3  or  about  117Mi  deg- 


cos  V  = 


1002  _|_  1502 


26,875 


=  0.8958 


2  X  100  X  150  30,000 

Therefore,  the  angle  C  =  2(\\  deg.,  about. 
Check : 

361  +  11 7A  +  26J-  =  180  clef/. 

49.     First  find  the  area  of  the  surface  of  the  jwnd  by 
equation  32  (last  lesson). 


sin  B 


24 


:  =  4^  =  0.9412 


.  X  «^  X  6       25.5 

Therefore,  angle  B  ~-  7()V-j  deg.,  closelv. 


Fig.  13 

The  angle  required,  however,  is  the  one  opposite  the 
base,  or  C ,  making  this  part  a  Case  III  problem.  Using 
the  first  method  for  that  case : 

{A  —  C)=  11-^'  X  tan  1  (I8O  —  70i) 


tan 


8i  +  6 


2.5 


14.5 

Therefore  Vo  (A  —  C) 
C  =  1/2  (.1  4-  C) 


=  ——  X  1.4216  =  0.2451 


13.77  deg.,  about,  and 
1/2  {A  —  C)  =  54.88  — 
13.77  =  41.11 


or  practically   11  deg. 


Review 


Tiigonomotry  is  a  branch  of  mathematics  mainly  con- 
cerned with  the  solution  of  triangles  and  involving  certain 
ratios  of  angles  and  sides,  known  as  functions  of  angles. 
Given  a  side  and  any  other  two  of  the  si.x  parts  of  a 
triangle — the  three  sides  and  the  three  angles — and  the 
unknown  parts  may  be  determined. 

The   ratios  known   as  trigonometrical   functions  of  an 
angle  are 

opposite  side 

hypotenuse 

adjacent  side 

hypotenuse 


sine  = 


cosine 


sin  A  =  -(Fig.  13) 
cos  A  =  - 


iip/Kini/r  sidfi 
iidjiirvnl  sii/r 
ailjiirt'iit  uhle 

iiftfuisilc  side 

fii/fio/niHse 

ai/Jtnriif  sirle 

/ii/piih'iiiisti 
(i/i/Hisi/r  side 

Vt'rsri/  sini'  =   1  rasinr 

rfrsii/rosiiic  =1         siiir 


ftnn/fiit 


Cofiiiii/riif   = 


si'ntiit  = 


rospi-iiiif 


fan  A 


rot  A   =  - 


sec  A  = 


fsr  A   =  - 


'u's  A   = 


corrrs  A   = 


—  b 


Tlu'  loir.iilt'iiuMil  (if  an  aii};l('  is  tlic  (lillViTiicc  hctwocii 
}>()  (li'jj;.  and  llio  anjrlc.  Any  function  is  ('(jual  to  tiic  co- 
naniod  function  of  tlic  coniplciucntarv  anirlc 

TIk'  sup|)icnK'nt  of  an  an,<,do  is  tiio  (litVcrciicc  between 
ISO  dtir.   and    tlu    aii.Liic. 

The  sum  of  the  lliiee  an<,d(-s  of  a  triaiii,de  is  ISO  dej,'. 
Therefure,  aJiy  one  of  the  angles  is  the  sui)])lement  of  tlie 
sum  of  tlie  other  two,  and  in  a  right  triangle  the  acute 
angles  ire  complements  of  one  another 

Angles  from  0  to  90  dog.  are  of  the  first  quad  ran  t.  i)0 
to  180  deg.  of  the  second,  180  to  270  deg.  of  the  third 
and  270  to  ;](;()  deg.  of  the  fourth  quadrant. 

For  aJigles  of  the  various  (luadranls  the  signs  of  tiie 
functions  are 


1st  (iua<tr:inl. 
2nil  (luudnint 
Srii  iiu;nlr,'\nt 
4th  iniatlr,int 


sin 

cos 

tan 

cot 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

—        +        —        —        +        - 

Foll-^/wing  is  a  short  table  of  the  values  of  the   func- 
tions for  the  more  common  angles: 

Angle  sin 


V2 


COS 

tan 

cot 

sec 

CSC 

1 

0 

00 

1 

00 

V  3 

2 

1 
V'3 

Vl 

2 
V'3 

2 

1 

V'2 

1 

1 

V-2 

V2 

1 

VS 

1 

V3 

2 

itS 

0 

00 

0 

00 

1 

1 

-VI 

1 

l/3 

—2 

2 

1 

—1 

—1 

-V-2 

l/l 

2 

1 

-VI 

2 

2 

— 1 

0 

CO 

—1 

00 

0 

00 

0 

00 

—  1 

1 

0 

00 

1 

00 

l/l 


180°  0 

270°  —1 

360°  0 

(  00  's  the  sign  for  infinity  and  means  the  increasing 
of  a  nr.mber  beyond  all  limits.  As  applied  to  a  line  repre- 
senting a  function  it  is  an  imaginary  one  continuing 
throughout  space  without  an  end.) 

The  ten  fundamental  relations  which  the  trigonometri- 
cal f  unc<^ious  of  any  angle  bear  to  one  another  are : 
sin-  A  -\-  cos-  .4=1 

sin  A 
tan  A 


cot  A  = 


cot  A  = 


cos 

A 

COS 

A 

sin 

A 

1 

svr  A 
rsr  A    = 


1 


COH  A 

1 

sin    A 

Hcr'^  /I    =    I    -j     Inir  A 
rsc"  A   =   I   -{-  coi-  A 
vers  A  =  \  —  cos  A 
citvrrs  /I   =  I  —  .si';/  .1 
l'"or    'he    liinclions   of   the   sum    and    diirereiice   of   twc 
angles  llicre  arc  eight  |)iiiici|)al  foiniulas,  hh  follows: 
sui  (A  -\-  H)  —  sin  .1  "/.-.  /i  -f-  COS  A  sin  li 
sin  {A  —  li)  =  sin  A  ens  li    -  cos  A  sin  I' 
'•OS  (A  -T  li)  =  COS  A  COS  li  —sin  A  sin  H 
cos  (A  —  li)  =  cos  A  cos  li  -\-  sin  A  sin  li 
tafi  A  -^  tan  li 


tun  (.1  -I-  B)  = 


1  —  tan  A  tail  B 
tan  A  —  tan  B 


tan  {A  —  H)  =  - ^— =^ 

1  -|-  tan  A  tan  B 

"'  ^-^  +  "^  =    cot  B  + cot  A 
cot  A  cot  5  +  1 


cot  (A  —  B)  = 


cot  B  —  cot  A 

For  the  functions  of   twice   an   angle   there   are   fou! 
])rincipal  formulas,  which   are 

sin  2  A  =  2  sin  A  cos  A 
cos  2  A  =  cos-  A  —  sin'^  A 

2  tnn  A 
T 


fan  2  A 


cot  2  A   = 


tan^  A 
cot'^  A  —  1 


2  cot  A 

For  the  functions  of  half  an  angle,  also,  there  are  fou 
principil  formulas: 


sin  \  A  =  =fc  V  M^  —  ^'("^  ''^) 
cos  \A  =  =*=  V  T  (1  +  cos  A) 
fun 


A 


rot  i    -1    =  ± 


1  —  COS  A 

\  1  -I-  cos  A 


\T 


'  1  +  cos  A 


tan  A 


cos  A 

Any   right   triangle  can  be  .solved  if  one  side  and  at 

acute  ?ngle  or  two  sides  are  given.     When  two  sides  ar 

known  the  third  can  be  found  by  the  relation  that  th 

square   of   the   hypotenuse   is   equal   to  the   sum   of  tb 

squares  of  the  other  two  sides.     The  angles  are  found  b; 

applying  the  formulas  for  the  functional  relations  givei 

above,  as 

opposite  side 

sine  =  -T^ ; ,  etc. 

hypotenuse 

AH  oblique  triangle  problems  come  under  four  case  - 
Case  1.  Given  one  side  and  tW'O  angles.  The  third  au 
gle  is  found  by  subtracting  the  sum  of  the  two  knowi 
angles  ^'rom  180  deg.  and  the  sides  by  the  application  o 
the  Law  of  Sines:  The  sides  of  a  triangle  are  propoi 
tional  to  the  sines  of  the  opposite  angles ;  or,  expressed, 

a  sin  A  .„.  _  ,  ,  _, 
T  =  —■ — T^i  (tigs.  14  or  lo) 
h      sm  B'  ^     '^  ' 
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Case  II.  Given  two  side.s  and  an  angle  opposite  one  of 
ithem.  By  the  Law  of  Sines  first  the  angle  opposite  tlie 
ither  known  side,  tlien  the  third  angle  and  finally  the 
I  bird  side  are  found. 

Case  III.     (tiveii  two  sides  and  the  included  angle. 

First  Method.  The  sum  of  the  other  two  angles  will 
■qual  ]8()  deg.  minus  the  given  angle  and  the  difference 
letween  the  other  two  angles  may  be  found  by  the  Law 
)f  Tangents :  The  sum  of  the  two  sides  of  a  triangle  is 
lo  their  difference  as  the  tangent  of  half  the  sum  of  the 
ipposite  angles  is  to  the  tangent  of  half  their  difference; 
xpressed 

a  +  d       tan  \  {A  +  B) 


tan  §  {A 


b       tan\  {A  —  B) 


B)  =  ?-t4  X  tan  i  {A  +  B) 


a-\-h 
Tiien  each  of  the  two  unknown  angles  can  be  found,  for 


Fig.  14 


Fig.  15 


the  larger  will  be  equal  to  half  their  sum  ])lus  half  their 
difference ;  expressed 

^1  =  1/2  (.1  +  i?)  +  1/2  (.4  —R) 
and  the  smaller  will  be  equal  to  half  their  sum  minus  half 
their  difference;  expressed 

5  =  1/2  (.-1  +  B)  —1/2  (.1  -B) 
The  third  side  can  then  be  found  by  the  Law  of  Sines. 

Second  Method.  The  third  side  may  be  found  directly 
by  the  Law  of  Cosines :  The  square  of  any  side  of  a  tri- 
angle is  equal  to  the  sum  of  the  squares  of  the  other  two 
sides,  less  twice  the  product  of  the  sides  and  the  cosine 
of  the  mcluded  angle ;  expressed 

a-  =  h-  -\-  c-  —  2  he  cos  A 
and  the  two  unknown  angles  found  by  the  Law  of  Sines. 
Case  IV.     Given  the  three  sides.    The  angles  may  he 
found  directly  by  the  Law  of  Cosines. 

The  ar.>a  of  any  triangle  is  equal  to  one-half  the  prod- 
uct of  its  base  by  its  altitude ;  expressed 

area  =  V2  di   (Figs.  14  or  15) 
or,  one-half  the  product  of  two  sides  and  the  sine  of  the 
includ'-d  angle ;  expressed 

area  =  V2  o-^^^  *''"-  -^ 


OVI£R  THE  SPEILIL^y^AY 

jrST   JKMT8,  J  A  Its,  .lOSHIO.S  A  ND   J  f  M  li  I.  K  ,S 


"Would  you  livi-  in  a  vacuum?"  asks  George  Fitch  In  "Col- 
lier's." Not  on  our  suburban  home  we  wouldn't.  There's  noth- 
ing in   it! 


The  hydro-electric  plant  is  much  more  than  a  generator 
of  juice,  if  we  accept  this  piece  of  pretty  sentiment  from 
"Compressed   Air": 

"Our  desert  spots  are  made  to  blossom  like  the  rose,  trans- 
figured from  barren  arid  wastes  Into  gardens  of  flowers  and 
fields    of   grain,    by    the    use    of    hydro-electric    power." 

If  you  wish  to  live  to  good  old  age,  take  a  spoonful  of 
lubricating  oil  every  day,  says  Doctor  Lane,  a  famous  Eng- 
lish surgeon.  That's  all  right  for  the  Eskimos,  but  who  wants 
to   be  an   Eskimo? 


Up  to  May  30,  1913,  the  Panama  Canal  cost  .$295,587,148.41, 
and  to  keep  the  Canal  Zone  healthy  over  $16,000.1100  was  <x- 
pended.  These  total  to  a  comfortable  little  bunch  of  money, 
but   if  it  all   had  to   be  done   over   again,   'twould   be  worth   it. 


Vice-President  Marshall  has  said  that  "500,000  young  peo- 
ple annually  come  from  our  schools  to  achieve  success  in  life, 
and  400,000  are  failures."  This  is  hard  to  believe.  AVhile  Vv^e 
cannot  all  hope  to  be  Vice-Presidents,  most  of  us  are  earn- 
ing a  decent  living,  educating  our  children  and  putting  by  a 
dollar  against  the  rainy  day.  Aren't  we  a  success  in  a  small 
way,  and  hasn't  Success  left  her  mark  among  the  humble  as 
well  as  the  great?  Sometimes  T.  Riley  Marshall's  utterances 
evince  a  need  for  pepsin  right  after  his  meals. 


Happen  to  know  Billy  Dugan,  over  to  Butler,  N.  J.?  'Well, 
anyhow,  Billy  thinks  we  fell  over  the  spillway  on  Jan.  1,  for 
his  Jan.  6  "Power"  had  several  blank  pages.  Once  in  a  short 
lifetime  a  sheet  will  creep  into  the  paper  printed  on  one  side 
only.  Our  mechanical  department  is  only  human — and  so  is 
Billy,   for  he  forgives   us. 


"It  would  be  obvious  to  any  mechanic  that  a  right-handed 
drill  would  be  used  to  extract  a  left-handed  screw,  and  a  left- 
handed  drill  to  extract  a  right-handed  screw^,"  says  a  patent 
examiner.  The  "Valve  "World"  remarks  that  "C.  L.  Redfield, 
M.  E.,  a  Chicago  patent  solicitor,  evidently  with  a  memory  of 
his  own  apprentice  days,  observes  that  now,  in  addition  to 
hunting  for  a  left-hand  monkey  wrench  or  a  half-round 
squiire,  the  poor  apprentice  will  be  required  to  drill  left- 
hancled    holes." 


When  Doctor  Humphreys  urged  the  choosing  of  engi- 
neers for  public-service  commissioners,  did  he  have  in  mind 
the  Massachusetts  Board's  ready  consent  for  the  New  Haven's 
latest  scheme  to  exploit  its  property  for  the  bankers'  ben"- 
fit?  Bleeding  stockholders  of  $68,000,000  is  scattering  the 
gore  rather  too  promiscus.  Don't  believe  this  proceeding 
would  have  been  permitted  if  this  board  had  been  composed 
of  engineers  who  have  ethics  on  tap. 


I  Resistance  of  Tuii!;;Mten  at  HiKh  Temperatures — Accurate 
I  measurements  on  the  electric  resistance  of  tungsten  at  high 
1  temperatures  have  been  made  by  Pirali.  He  uses  a  strip  of 
j  this  material  2.4  in.  long,  0.05  in.  wide,  and  0.002  in.  thick, 
I  mounted  in  an  exhausted  bulb.  The  strip  is  soldered  to  a 
I  pair  of  very  fine  wires  as  a  support,  so  as  to  have  the  heat 
I  radiation  uniform;  which  is  not  the  case  where  the  filament 
[  is  attached  to  the  support  of  an  ordinary  lamp,  for  the  support 
!  carries  away  the  heat  from  the  ends  of  the  filament  and 
I  makes  these  cooler  than  the  remainder.  He  takes  the  tem- 
I  perature  of  the  tungsten  strip  by  using  a  Holborn  pyrometer, 
I  and  finds  that  the  ratio  of  the  resistance  at  high  heats  to  the 
resistance  in  the  cold  at  20  deg.  C.  (taken  as  unity)  is  7  for 
i    1200  deg.  C,  10  for  1600,  and  12  for   1900   C. 


"One  day  on  approaching  our  factory."  writes  an  American 
engineer  in  Cuba,  "I  noticed  a  great  cloud  of  smoke,  oily  and 
black,  rolling  out  of  the  chimneys  and  blotting  out  the  sur- 
rounding landscape.  I  went  to  the  boiler  room  and  gave  the 
firemen  a  good  dressing-down  for  allowing  so  much  smoke 
to  escape,  telling  them  that  it  was  throwing  money  away,  and 
that  if  they  could  not  fire  better  I  would  have  to  discharge 
tliem.  I  thought  no  more  of  it  till  the  next  morning  when 
on  entering  the  engine  room  I  found  the  chief  mechanic 
jubilant  over  some  joke.  He  told  me  that  the  chief  fireman, 
a  negro,  had  come  to  him  with  tears  in  his  eyes  and  had  said: 
'Mr.  U  says  that  we  must  not  let  the  smoke  go  out  of  the 
chimney:  if  we  do  he  will  discharge  us.  Now,  if  the  smoke 
cannot   go   out   of   the   chimney,   where   can   we   put   it?'" 


Buildini^   a   Smokeless  Furm^ace 

All  smoky  furnaces  ii.r.l  mi  iiirrcus...!  luilk  of  (inl.ii.k 
to  al.sorl,  lu-at.  at  tl.o  lii.u.  of  ^rfad'sl  i,n,.lu.liu„  i„  nnl.r 
to  }H\v  It  olT  at  liiiifs  of  Inist  heat  pro.hi.ti,,,,  \  f,,,-- 
iia.r  .mist  I.e  r,-v,.rl..'ratiiijr  |„  siKrossfnlly  ,„vv,.,.t  s.nokc 
•iM.I  will,  a  i.roiUTly  .Icsi-,,,,!  f„r„a,r  \,(  hmvy  anlics 
aii.l  r.-v,.rl...rntorv  wi-hi  of  (in'l.ri.k  (Ii.t,.  is  im,"  ii.v.l  „f 
smok»>.  Smoke  fium  siirl.  a  fiirmuv  is  tlu-  .vs.ill  .,f  ,aiv- 
JrssiR'Ss. 

It   is    «iil,    til,.   .....nmoi,    |y|„.   „f    (unuuv    iismmIIv    as- 

socialr.l    with    a    linri/,,,tilal.    icI  uni-t  iil,nlar    hmlrr   tl'nl    I 
wisl,   to  .l..al.      Sn.h    a    Cnrna,,.   .an    l„.   ...nM  ,■„,!,■  I    will, 
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suificient  reverl.uiafory  woi-ht  and  surface  of  firebrick  to 
successfully  burn  any  ^rade  of  liard  or  soft  coal  without 
smoke,  providing  one  boiler  is  not  compel le.l  to  do  the 
work  of  two. 

The  standard  plans  for  setting  return-tubular  boilers 
It  IS  said,  originated  in  Pittsburgh.  These  plans  liave 
been  lianded  along  until  it  is  time  the  authorities  took 
cognizance  and  provided  a  fine  and  imi^risonment  for 
anyone  found  guilty  of  constructing  such  a  boiler  furnace 
^vithin  the  city  limits. 

_  Municipal  control  of  the  construction  of  all  coal-burn- 
:  ing  furnaces  should  be  had  and  free  plans  furnished  by 
the  municipality;  if  smoke-making  boiler  plants  were 
prciiibited  atmospheric  purity  would  be  greatly  improved 
The  side  walls  of  a  reverberatorv  furnace  should  be 
ribbed  or  corrugated.  Set  one  row  of  bricks  end  to  end 
with  the  side  exposed  in  the  usual  wav;  set  the  next  row 
side  by  side,  the  end  of  each  brick  protruding  half  its 
length,  alternating  the  courses  so  that  one  course  is  in 
lialt  a  brick,  the  next  one  out  half  a  brick  to  the  top  of 
the  setting,  as  shown  in  the  illustration.  This  .ettinc. 
should  not  begin  until  above  the  fire  line  at  the  orates"^ 
and  above  the  ash  line  at  the  combustion  chamber"  The' 
bndgewall  should  be  built  18  in.  thick  a:.id  right  up  to 
the  boiler,  making  a  complete  cross  wall  from  side  to 
side.  This  wall  above  the  fire  line  is  to  be  perforated  with 
holes  or  slots  of  sufficient  area  to  equal  the  area  of  the  air 
space  of  the  grate. 

In  laying  the  foundation  for  such  a  bridgewall,  four 
hollow  wooden  forms,  alwut  3x4  in.,  should  be  placed  ^o 
that  one  end  will  protrude  through  the  front,  below  the 
grate,  and  the  other  end  through  the  back  of  the  wall 
just  below  the  lowest  line  of  holes  or  slots,  arranc^in- 
stoppers  on  long  rods  to  come  through  the  front  of'^the 
furnac^^  below  the  grates  for  controlling  the  draft  throu-h 
these  flues.  .  '^ 

The  grates  will  then  send  to  the  combustion  chamber 
gases  that  are  properly  heated  and  mixed.    Thus  by  re<ru 
Intuig  the  admission  of  air  through  the  ducts  below  the 


Vol.  .•!!).    No.  a 

lirnU'H,  according  to  llie  weight  and  i.Mpervio..Mi..HH 
Iho  contentH  of  tlu-  gnitcH,  one  will  l.e  „ble  to  c(,iitrol  t 
'"•t'<'i'  of  llic  f.iriiH.e  t„  ih,.  (le.ire.!  combu>li„n  „f  , 
'■•""'•I'stible;  the  most  iniporlanl  action  will  be  in  (iri, 
<"'  y  one  si.le  al  a  time.  Such  a  furnace  shoul.!  be  p, 
v.ded  with  peep-holes  to  the  combustion  chamber  Tl, 
furi.a.e  will  iMirn  M.ft  cual  with  no  Mg„s  „f  smoke  al  tl 
cliiiiihcy. 

It   should    be    reniembere.l    that    the   boil.M-   itself  Ih 

'"' ""••'■  •"■  "n-ester  of  conibiislion,  therefore  tli.-  pro 

ucls  ol  c(,.Mb.,stion  should  1...  kept  away  from  the  eo 
surfaces  ol  the  boiler  as  far  as  possible  until  they  a' 
H.ronghly  miNed  w.lh  air  an.l  heate.l.  Fire  one  Hide  i 
he  furnace  al  a  lime,  and  when  the  fuma.-e  door  is  op« 
the  damper  in  the  uptake  .,f  thai  iM.iler  should  be  close, 
automatically  if  possible. 

It  is  not  absolutely  necessary  that  the  perforated  wa 
Ik'  I'uilt  on  top  of  the  bridgewall;  it  can  go  back  a  fo( 
or  so.  Many  furnaces  can  be  help..,!  by  placing  a  perforate 
mass  of  hrebnck  in  the  combustion  chamber  and  intrc 
duciiig  pro])er  firing   inclhod.s. 

Qiraplhxncall    DeaermnKaattioia   of 
TrngoiraoBiniefta'nc  F^sacftioims 

The  Trigogra])h,  a  small  re|)roduction  of  which  i 
shown  m  Fig.  1,  is  a  chart  with  which  it  is  possible  t< 
obtain  the  natural  functions  of  angles  graphically  to  slide 
rule  accuracv. 


Fig.   1.  Thk   TiuooiiAPii.    KKPiiODrcTiox  about  H\lf 

SiZK 

The  quadrant  shown  is  one  of  unit  radius  and  is  divided 
into  90  deg.  Angles  having  the  .«ame  numerical  values 
(but  not  necessarily  of  the  same  sign)  are  marked  in 
their  corresponding  positions.  This  enables  one  to  read 
the  natural  functions  for  any  angle  from  0  to  -360  deg. 

The  method  of  readinar  will  be  understood  by  referring 
to  Fig.  2.    The  square  A  BCD  is  divided  into  equal  spaces. 
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i'he  divisions  on  AB  represent  numbers  from  0  to  10,  on 
iJB  from  0  to  1,  on  DC  from  0  to  1  and  on  DA  from  0 
10.  AKC  is  a  circle  described  about  7)  as  a  center  and 
las  a  radius  equal  to  unity.  LMN  is  a  hyperbolic  curve 
md  has  for  its  equation  Y  =  1/X.  It  is  plotted  using 
alues  on  DC  as  abscissas  and  values  on  DA  as  ordiiiates. 
Thus,  0.2  on  DC  corresponds  to  5,  or  the  reciprdcal  (if  l).2, 
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Fig.  2.  Diagram   Illtsthatixg  thk  Use  ok  the 
Tkigoghapii 

on  DA.  It  will  be  noticed  that  if  this  same  curve  be 
plotted,  using  the  values  on  CB  as  abscissas  and  the  values 
on  AB  as  ordinates  the  curve  will  fall  along  the  same 
points.  Therefore,  with  this  curve  one  may  find  the  re- 
ciprocal of  any  value  on  DC,  or  the  reciprocal  of  any 
value  on  CB,  by  locating  the  corresponding  values  on 
DA  or  on  AB. 

The  functions  of  any  angle,  for  example,  30  deg.,  which 
on  the  diagram  is  tiie  angle  ODC ,  are  found  as  follows : 

Sine — Drop  a  line  as  EF  from  the  point  where  DG  in- 
tersects the  circumference  of  the  unit  circle.  Here  is  a 
right  triangle,  DFED,  the  angle  at  the  vertex  D  being  30 
deg.  Then  FE/DE  equals  sin  30°.  DE  equals  1,  being 
equal  to  the  unit  radius.  Therefore,  FE  equals  sin  30°, 
and  its  value  is  0.5,  as  indicated  by  arrows  on  CB  to  the 
right. 

Cosine — Considering  the  same  triangle,  DF  /DE  equals 
cos  30°.  Therefore,  DF  equals  cos  30°  and  its  value  is 
{ 0.866  as  read  directly  on  DC. 

I      Tangent — Now,  refer  to  the  triangle  DCGD,  which  is 

j  similar  to  the  triangle  DFED,  the  angle  at  the  vertex  F 

I  being  .30  deg.    Then,  C'G/T^r' equals  fan  30°.    7)C' equals 

il   (by  construction).     Therefore,  CO  equals  tan  30°  and 

its  value  is  0.577  as  read  directly  on  CB. 

1 1      Cotangent — Since  cot  30°  equals  1/  tan  30°,  read  the 

j  reciprocal   of  0.577,   which   is  found   on   CB,  using  the 

]  curve  LMN,  on   AB  at  the  top.     This  is  indicated  by 

arrows  and  the  value  found  is  1.73. 

Secant — Since  sec  30°  equals  1/  cos  30°,  read  the  ro- 
,  ciprocal  of  0.866  as  found  for  cos  30  deg.  on  CD,  using 
( the  reciprocal  curve  on  DA  to  the  left.  This  is  indicated 
I  by  arrows  and  the  value  thus  found  is  1.15,  which  is  the 
I  natural  secant  of  30  deg. 
'      Cosecant — Since  esc  30°  eqiuils   1/  sin  30°,  read   the 


reciprocal  of  0.5  as  found  for  sin  30°  on  CB,  using  the 
reciprocal  curve  on  AB  to  the  top.  This  is  indicated  by 
arrows  and  the  value  thus  found  is  2,  which  is  the  co- 
secant of  30  deg. 

For  angles  over  45  deg.  the  functions  are  found  as  fol- 
lows: Read  the  cotangents  directly  down  to  CD  and  the 
tangents,  using  the  curve  LMN  on  DA  to  the  left;  the 
other  functions  are  found  in  the  same  manner  as  those 
of  angles  under  45  deg. 

The  Trigograph  has  been  copyrighted  by  A.  D.  Burton, 
214  North  Mayfield  Ave.,  Chicago,  111.,  and  is  furnished 
in  9xl2-in.  and  22x24-in.  sizes. 

On  Jan.  20,  21  and  22  the  American  Society  of  Heating  and 
Ventilating-  Engineers  held  its  annual  meeting  in  the  Engi- 
neering Societies  Building,  New  York  City.  A  number  of  in- 
teresting papers  were  presented  and  there  was  a  large  at- 
tendance   to    talce    part    in    their    discussion. 

On  Tuesday  the  first  session  was  called  to  order  at  2  p.m. 
by  President  Hale.  Routine  business,  committee  reports  and 
reports  from  the  chapters  occupied  the  time.  The  report  of 
the  committee  on  testing  house-heating  boilers,  which  was 
presented  at  Buffalo  last  July,  had  been  printed  and  was  read. 
It  included  instructions  on  apparatus  and  instruments,  rules 
for  conducting  evaporative  tests,  suggestion?  for  starting  and 
stopping  and  a  formula  by  which  to  rate  a  boiler.  Written 
discussion  on  the  report  was  requested,  and  a  committee  was 
appointed  to  confer  with  manufacturers,  architects  and  the 
National  Association  of  Master  Steam  and  Hot-Water  Fitters 
for  the  purpose  of  drawing  up  standard  specifications  for  this 
type   of   boiler. 

On  Tuesday  evening,  E.  "Vernon  Hill  gave  a  report  of  the 
work  of  the  ventilation  division  of  the  Chicago  health  de- 
partment. The  model  ventilation  law,  got  up  by  the  com- 
mittee on  compulsory  legislation,  created  extended  discus- 
sion which  was  carried  over  until  Wednesday  morning,  and 
was  finally  disposed  of  by  appointing  a  committee  to  con- 
sider the  objections  offered.  This  committee,  reporting  Thurs- 
day afternoon,  suggested  a  careful  revision  of  the  report  and 
specified  some  of  the  more  important  requirements  for  the 
guidance  of  the  committee  having  the  matter  in  hand.  A  mo- 
tion-picture lecture  on  the  manufacture  of  steel  pipe  from 
the  mining  of  the  ore  to  the  finished  product  was  the  feature 
of  this  session. 

Wednesday  afternoon  the  tellers  of  election  reported  the 
following  officers  for  1914:  President,  S.  R.  Lewis,  Chicago; 
first  vice-president,  E.  i?".  Copmn,  Chicago;  second  vice-pres- 
ident, D.  D.  Kimball,  New  York;  treasurer,  J.  A.  Donnelly, 
New  York;  directors,  John  F.  Hale,  Camden;  W.  W.  Macon, 
New  York;  John  R.  Allen,  Ann  Arbor;  F.  T.  Chapman,  New 
York;  J.  M.  Stannard,  Chicago;  Frank  G.  McCann,  New  York; 
F.   I.   Cooper,   Boston   and   H.   M.    Hart,   Chicago. 

The  first  papers  of  the  meeting  were  those  of  A.  M.  Feld- 
man.  One  on  "A  Ward-cooling  Plant  in  a  Hospital"  described 
an  experimental  installation  at  the  Mt.  Sinai  Hospital  in 
New  York  City.  Outdoor  air  is  forced  by  a  motor-driven 
fan  through  a  water  chamber  in  which  the  water  is  cooled  by 
brine  coils.  From  this  chamber  the  air  is  forced  through  an 
upi)er  chamber  containing  additional  brine  coils  and  thence 
through  short  ducts  into  two  small  wards,  where  the  cooled 
air  enters  near  the  floor  level.  The  average  temperature  in 
the  wards  for  42  days  was  69  deg.  F.,  when  the  outside  tem- 
perature averaged  close  to  80  deg.  On  one  occasion  the 
ward  temperature  reached  74  deg.,  but  at  this  time  the  tem- 
perature of  the  street  rose  to  93  deg.  Humidity  readings 
taken  on  2.")  different  days  averaged  60  per  cent. 

The  second  paper  described  the  equipment  for  "Cooling 
Two  Rooms  in  a  Country  Residence."  An  insul.ated  box  pro- 
vided with  two  brine  tanks  containing  ammonia  coils  was 
placed  in  the  attic.  The  top  of  the  box  was  connected  with 
a  short  duct  to  the  roof  dormer  for  taking  in  fresh  air,  and 
from  the  ends  near  the  bottom  two  galvanized-iron  ducts 
were  connected  to  the  ceiling  registers  of  the  two  rooms. 
Fresh  air  enters  the  top  of  the  box,  is  cooled,  and  then  drops 
by  gravity  through  the  registers  to  the  floors  of  the  rooms. 
It  escapes  through  partially  opened  windows.  A  motor- 
driven  .5-ton  ammonia  compressor  is  part  of  the  equipment, 
which  maintains  a  temperature  6  deg.  lower  than  out  of 
doors.  A  number  of  committee  reports  followed,  the  first  be- 
ing   on    standardization    of    the    use    of    the    pitot    tube.      The 
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coiiiiiilllKK  outlliipil  n  prnrllciil  iiiothix),  cxplulnliiK  )i<>w  (n 
iiiiiUi'  a  |>l|i«  ti'uvoi'Hx  iiikI  mIvIiik  coiihIiiiiIh  liy  wlilch  to 
niiilll|>l.v  Itii'  vi'lipi'lly  |ii'i<HHUi'i'  tiiki'ii  iil  tlir  ciMittM-  (nr  iip- 
|ii'oxltni>t4<  ii'HiiltN.  Ken  prt'MHuri"  i'i-uiIIiikh  i>f  oim  liu'h  <>i-  U-hn 
tliK  UMi<  of  itii  IOIIIhdii  nirrnciitliil  ilruft  KiiKU  Ki'ixliiiilcil  ((I 
huiKlreiUliH  HUM  i«H'oiiiiiii>li(l»'(l.  anil  for  pichhuikh  (ivit  ont< 
liii'li   an    I'MllMon   k"K"  '"•  a    I'-tiilii>  Ki'ioHiati'd    to   IimiDih. 

"lleatliiK  I'liwIlfK  III  SwKiloii,"  liy  II.  T.  Thi-oroll,  waH  llic 
next  paper.  'I'lio  aiillior  kiivc  the  hIiUiih  of  the  art  In  hl« 
country,  oiitllnliiK  tlio  n-liitlonH  l>c>lwoiMi  the  inniiufacturor, 
tlio  i-ontiactor  and  tlu-  i-iiKliu-fi-  ami  tlu>  cotiiparntlvo  uho  of 
hot  air,  water  ami  Htoaiii.  Hroailly,  .SwciIImIi  praclico  hnn  <le- 
volopoil    aloiiK    the    same    lliieH   aw   In    Cerinany. 

An  liitereMtluR  paper  by  U.  \V.  10.  .Muellcnliach.  tellliik- 
what  the  Uorniaim  are  dolnK  In  the  heatliik'  line,  ami  aiinllici 
on  French  praellce  liy  (Jiistave  Deve.sHon,  were  read  on 
Thursday.  These  three  papers  will  he  Klveii  atli'iitlon  In 
Inter  Issues. 

Prof.  John  U.  Allen's  paper  on  •■Coclllclent  of  Meat  Trans- 
mission In  a  Pressed  Steel  Hadlntor"  was  read  l>y  W.  F. 
Verner.  From  comiiaralive  teats  of  cast-Iron  and  sheet-steel 
radiators  It  was  shown  that  the  coellli-ients  of  heat  trans- 
mission were  approximately  the  same,  and  that  the  relative 
speeds  of  heating  up  a  room  were  not  appreciably  different, 
although  the  condensation  for  the  first  20  min.  was  con- 
siderably more  In  the  cast-Iron  radiator,  the  excess  beln« 
caused  by  the  greater  weight  of  metal.  The  pajier  would 
have  been  more  instructive  If  steam  had  been  taken  from  a 
limited  supply  such  as  a  boiler  which  will  supply  but  little 
more  than  the  heat  loss  from  the  room  or  building  in  zero 
weather.  This  Is  the  condition  found  in  practice,  and  in  such 
a  case  the  tim  ^  element  would  have  been  In  favor  of  the 
pressed-steel  radiator. 

More  committee  reports,  and  in  particular  one  by  I).  D. 
Kimball  on  the  work  and  tlie  eciuipinent  of  the  New  York 
State  Ventilation  Commission  which  has  been  provided  a  fund 
of  J.'iO.OOO.   ended   the   session. 

On  Thursday  morning  C.  M.  Ripley  read  his  paper  on 
"Life  of  Building  Power  Plants."  in  which  he  cited  a  number 
of  plants  in  New  York  City,  which  have  been  in  service  from 
l.=>  to  31  years.  Basing  depreciation  on  the  life  of  the  plant, 
the  summary  of  the  paper  showed  an  average  of  about  4 
per  cent.,  and  in  one  case  it  was  only  1%.  R-  P-  Bolton  ob- 
jected to  this  method  of  rating  depreciation.  It  is  not  a 
question  of  how  long  a  machine  will  run,  for  it  loses  its 
value  just  as  soon  as  some  other  machine  of  greater  efficiency 
is  on  the  market.  A  certain  firm  out  West  had  scrapped  ma- 
chines only  5  years  old.  It  is  i)OssibIe  to  find  plenty  of  old 
engines,  but  the  space  they  occupy  and  the  cost  of  running 
does  not  compare  favorably  with  present-day  equipment  or 
with  the  cost  of  current  purchased  outside.  For  commercial 
depreciation,  a  life  of  20  years  is  too  long;  15  years  is  more 
nearly  right,  and  in  some  cases  less.  Other  discussion, 
foreign  to  the  subject,  followed,  in  which  Mr.  Bolton  showed 
his  interest  in  the  central  station,  while  Mr.  Ripley  naturally 
favored   the   isolated   plant. 

Another  paper  by  John  R.  Allen  on  the  "Effect  of  Time 
in  Determining  Radiation"  was  next  read.  The  author  con- 
sidered four  principal  factors:  The  heat  required  to  warm 
the  interior  structure  such  as  windows,  walls,  floors  and 
furnishings;  that  to  warm  the  air  in  the  room,  and  that  to 
take  care  of  the  losses  through  the  walls  and  windows, 
which  included  diffusion  and  floor  and  ceiling  losses.  In  the 
paper,  mathematical  expressions  were  developed  for  these 
factors  and  curves  were  included  showing  the  length  of  time 
required  to  heat  a  building  of  certain  dimensions  and  con- 
struction with  varying  amounts  of  radiation.  In  the  dis- 
cussion it  was  pointed  out  that  humidity,  the  effect  of  the 
wind  and  of  the  sun's  rays  had  been  neglected  by  the  author. 
The  contents  of  some  buildings  also  have  a  decided  effect  on 
the  time  of  heating  up,  and  so  has  the  apparatus  itself  when 
supplied  with  the  limited  amount  of  steam  common  in  prac- 
tice. Window  leakage,  depending  on  the  construction,  also 
aiTects   the   time   element. 

"Flow  of  Steam  in  Pipes."  a  paper  doing  credit  to  the 
author.  H.  W.  Verner,  was  then  presented  in  abstract.  Fund- 
amental principles  relative  to  steam  led  up  to  a  consideration 
of  the  fundamental  equations  of  various  authorities  on  the 
subject.  These  equations  were  put  into  suitable  form  for 
the  plotting  of  logarithmic  charts  appearing  in  the  paper. 
Pressures  between  atmospheric  and  three  pounds  were  con- 
sidered. The  charts  dealt  with  sizes  of  pipe  from  %  to  15 
in.  in  diameter,  and  much  of  the  data  on  B.t.u.  capacity  of 
pipes    and    pressure   drop    were    given    in    tabular    form. 

Thursday  afternoon  was  devoted  to  the  paper  on  "Heat- 
ing Practice  in  Germany"  previously  mentioned,  topical  dis- 
cussions on  the  fractional  valve  and  experience  in  heating 
concrete  construction.  When  radiation  proved  insufficient  in 
concrete  buildings;,  it  was  too  often  the  custom  to  install 
more  heating  surface  instead   of  spending  money  on   window 


tri'itlniont  nnd  Iho  provlnlon  of  a  faUn  cuIIIiik  lu  pr«v«iit  i-x- 
ci-nnIvo  rnilliilloii  from  lh«  roof.  Fi>r  Mtuiiiii  MyHteniH,  down  ' 
fuuil  wiiH  lulvlHeil  iinil  the  provlxloii  of  dooiH  to  rut  off  Iha 
nuctlon  IiihIiIi-  the  biilldliiK  wiih  worthy  of  iiltonllon.  <'Iiiiiikui 
In  tho  i-oiiHlltiilloii.  till'  liiNtiilliillon  of  tliu  newly  eliM-tud 
olllcorH  liiid  olliur  iniitliMH  of  IiuhIiichh  brouKht  the  liiHt  HOi- 
slim    to   a    rlose. 

.SlghtHeeliiK  trIpH  about  the  rlly  had  been  nrraiiKeil  to  <*n- 
tertiiln  the  lailles,  nnd  the  foiiluru  for  nil  wiih  the  l>uiii|iiet 
held  on  Wednesdny  uveiiInK  In  the  Hotel  Miirtliiliiuu.  Nuiitly 
L'nil  were  III  nlteiidance  and  they  llHtuned  with  InteroHt  to 
.lobii    l<'.    Hale,    toiiHtinUHler.   and   a    number   of  other   Hpeiikei  h. 

y. 

The  National  .Marine  l■:ll^;lm•l•l  .s'  llin.-dci.il  AHHOclatloii  of 
the  United  .St.-itcs  of  Ainerli-a  convi-iieil  in  Its  thirty-ninth 
annual  session  at  10  a.m..  J:iii.  l!l,  at  the  Ualelgh  Hotel  with 
thi!  following  ollUers;  VVillani  F.  Yates,  national  iiresldent; 
Ceorge  H.  IJowen,  second  national  vlcte-iiresldent ;  Charles  S, 
Voxburgh,  third  natlon.'il  vice-president;  George  A.  Orubb, 
nationjtl  secretary;  Albert  L.  Jones,  national  treasurer.  The 
following  were  appointed  as  the  committee  on  credentials: 
Thomas  C.  Moore.  K.  C.  Mausshardt,  U.  E.  Morris,  K.  M. 
Roberts,   James  W.    Hare. 

At  11:30  a.m.,  National  President  Yates  Introduced  Rear 
Admiral  Griffin,  Kngineer-ln-Chief  of  the  U.  S.  Navy,  who 
addressed  the  members.  Captain  Charles  A.  McAllister,  Kii- 
gineer-in-Chief  of  the  P.  S.  R.  C.  .S..  followed  in  a  humorous 
vein  and  advised  regarding  the  status  of  the  engineering  pro- 
fession. Honorary  membership  was  conferred  upon  Rear  Ad- 
miral  Robert  Griffin. 

The  convention  was  opened  by  National  President  Yateg. 
The  privilege  of  addressing  the  convention  was  accorded 
Andrew  Furu.seth,  president  of  the  International  Seamen's 
Union,  and  Mr.  Ross.  i)resident  of  the  National  Marine  Lieague. 
A   recess   was   then   taken   until   5   o'clock. 

The  reports  of  the  vice-president,  the  secretary  and  the 
treasurer  were  read  and  api)roved.  Invitations  were  ex- 
tended to  hold  the  1915  convention  in  San  Francisco,  Atlantic 
City,  New  York,  Chicago,  Wilmington,  Galveston,  and  Los 
Angeles.     At  5:18  p.m.,  adjournment  was  taken. 

At  10  a.m.,  Jan.  20,  Andrew  Furuseth  was  introduced  and 
Ijresented  a  resolution  which  was  referred  to  the  committee 
on  legislation. 

President  Yates  then  read  his  decisions  given  to  the  va- 
rious associations  during  the  past  year.  He  appointed  Repre- 
sentatives Jones,  Kelly  and  Yates,  as  a  committee  to  wait  on 
Assistant  Secretary  Sweet  regarding  revision  of  the  inspec- 
tion  service.      The    meeting   then   adjourned    until   2   p.m. 

At  the  afternoon  session  President  Y'ates  read  corres- 
pondence of  importance  regarding  high  steam  on  govern- 
ment  boats   from   Chief   Engineer  W.    B.   Ladue. 

At  the  third  session,  Jan.  21,  President  Yates  introduced 
Mr.  Ross,  president  of  the  National  Marine  League.  His 
address  was  referred  to  the  committee  on  the  good  of  the 
order. 

At  the  afternoon  session  the  following  officers  lor  the 
year  1914  w-ere  elected:  National  president.  William  F. 
Yates;  first  national  vice-president.  E.  C.  Mausshardt;  sec- 
ond national  vice-president,  George  H.  Bowen;  third  national 
vice-president,  Charles  N.  Vosburgh;  national  secretary, 
George  A.  Grubb;  national  treasurer,  Albert  L.  Jones.  Advi- 
sory board.  Representatives  Delahunty,  Brown  and  Goelet. 
Trustee,    Representative   Crum. 

The  entertainment  features  were  thoroughly  enjoyed. 
These  were  a  theater  party  on  Monday  night  for  everybody 
and  one  exclusively  for  the  ladies  on  Wednesday  night,  and 
autos  took  several  sightseeing  parties  about  the  city  Of 
course,  the  smoker  tendered  the  engineers  by  the  Stpply 
Men's  Association  was  the  main  event,  and  was  heartily  en- 
joyed by  all.  Among  the  guests  were  prominent  Arm  and  Navy 
officers.  As  for  entertainers  the  New  Y'ork  "Bunch"  and 
others  equally  well  known  kept  things  moving  throughout 
the    evening. 

Tlie  fortieth  convention  will  meet  in  Washington,  D.  C, 
the   week   beginning  Jan.   18.   1915. 

•M 

Peculiar  Traffic  Delay — The  high  wind  was  the  cause  of 
the  coldness  and  slowness  of  the  cars  on  the  elevated,  sub- 
way and  surface  lines  in  New  Y^ork  City  during  the  rush 
houils.  Tuesday  evening,  Jan.  13.  Coming  at  low  tide,  it  so 
much  further  lowered  the  water  in  the  East  River  that  the 
intake  pipes  to  the  condensers  in  the  Waterside  station  were 
marooned.  This  made  it  necessary  to  so  far  reduce  the  power 
output  that  the  cars  had  to  turn  off  their  electric  heaters  to 
save  power  and  run  at  about  half  speed.  It  was  two  hours 
before  both  full  speed  and  heat  could  be  restored. 
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■DWLKR'S     MECHANIC'S     AND     MACHINIST'S     BOOK     AND 
DlAllY,  sixth  iinnual  edition;   b.\-  William   H.   Fowler.  Pub- 
lished  by   the   Scientific   Publishing-   Co.,    Manchester,    Eng. 
Size   3%x6    in.;    476    jjages.      Paper.      Price,    sixpence. 
The    sixth     annual    edition     of    this    book,     intended     as    a 

ynopsis  of   rules   for   mechanics   generally,    is   now   available. 

lome  data  have  been  added. 

O-WLER'S       MECHANICAL       ENGINEER'S       POCKETBOOK. 
By    William    H.    Fowler;    sixteenth    annual    edition.      Pub- 
lished  by   the   Scientific   Publishing  Co.,    Manchester.    Eng. 
Size  3%x6  in.;   576   pages.     Cloth,   Is.   6d.;  leather,   2s.   6d. 
The    sixteenth   annual    edition    of   this    English    mechanical 
ngineer's    pocltetbook    is    about    the    same    as    other    editions, 
vith   a    little    additional    data    compiled    to    bring    the    volume 
iptodate. 

ARITHMETIC  OF  THE  STEAM  BOILER.  By  Charles  J. 
Mason;  published  by  the  McGraw-Hill  Book  Co.,  New 
York.      Cloth.      Size.    41/2x6%    in.,   219   pages.      Price,    $1. 

This  volume  is  the  latest  addition  to  the  "Power  Hand- 
)00ks."  It  is  esentially  a  reference  book  showing  various  ap- 
)lications  of  arithmetic  to  steam  boilers,  particularly  to  cal- 
lulations  of  the  strength  and  efficiencies  of  joints.  The  book 
loes  not  aim  to  teach  the  elements  of  arithmetic. 

The  volume  is  in  three  parts,  the  first  dealing  with  calcu- 
ations  involving  the  strength  of  miscellaneous  seams,  the 
iize  of  feed  pipes,  chimnies,  etc.  The  third  contains  ab- 
stracts of  the  rules  of  the  United  States  Board  of  Supervis- 
ng  Inspectors  of  Steam  Vessels  and  of  the  Massachusetts 
oiler  Rules.     Many  useful  tables  are  given  in  this  part. 

The  book  should  be  well  received  by  power-plant  engi- 
lineers. 

THE  FITTING  AND  ERECTING  OF  ENGINES.  By  C.  Leslie 
Brown.  Published  by  Elmot  &  Co.,  Limited,  65  King 
Street,  Manchester,  Eng.  Cloth;  153  pages,  514x81^  in.; 
114  illustrations.  Price  3/6  net  (87c.). 
This  book,  a  compilation  from  a  series  of  articles  that  ap- 
peared originally  in  the  "Mechanical  World,"  is  written  in 
plain  shop  language  for  the  express  purpose  of  instructing 
md  assisting  young  or  inexperienced  fitters  and  erectors  in 
practical  work  both  in  the  shop  and  in  the  field. 

The  author  staits  with  a  comparison  of  modern  shop  prac- 
tice with  that  which  obtained  only  a  few  years  ago,  after 
(vhich  he  follows  the  course  of  a  modern  high-speed  engine 
in  detail  from  the  foundry  and  forge  shop  through  the  pro- 
cesses of  fitting  and  erecting  on  the  shop  floor. 

In  its  23  chapters  the  book  covers  the  field  indicated  in 
the  title,  and  while  much  of  the  matter  is  in  the  nature  of 
editorial  observation,  no  words  are  wasted  on  Irrelevant  sub- 
jects. 

I  Alignment,  the  scraping  and  adjusting  of  bearings,  me- 
[tallic  packing,  forced  lubrication,  high-speed  and  Corliss 
jengine  valve  setting,  the  care  and  handling  of  machine  parts 
and  rigging  and  the  general  behavior  of  the  workman  both 
in  the  shop  and  field  are  among  the  many  subjects  treated. 

The  w-ork  is  English  and  tells  of  English  practice  in  Eng- 
lish shops,  but  it  is  well  worth  tlie  careful  study  of  any 
mechanic  engaged  in  fitting  and  assembling  engine  parts  in 
ithe  shop  or  erecting  the  complete  machine  where  it  is  to 
Irun,   or  of  foremen    in   charge   of  such   ^^'Ol•k. 

IHEATING    SYSTEMS    AND    THE    DESIGN    OF    HOT    WATER 
AND  STEAM   HEATING  APPARATUS.      By   F.   W.   Raynes. 
I'ublished    by    Longmans,    Green    &    Co.,    London    and   New 
York  City.     Cloth;  328  pages,  5%x8%   in.;  158  illustrations, 
tables.      Price,    $3.50. 
j       As   indicated    in    the    title,    the    book    takes    up    both    steam 
land  hot-water  heating.  Under  the  latter  heading,  gravity  and 
jforced  circulation  are  covered,  and  under  the  former  both  low- 
Ipressure  live-steam  and  vacuum  systems  of  heating  are  given 
jattention.     Heating  surfaces,  heat  loss  from  buildings  and  the 
jsizing  of  pipes  are  naturally  included   and  the  last  two  chap- 
iters  of  the   book   are   devoted   to   boilers   and   the   temperature 
control   of  buildings. 

With   some    revision,    the    boolc    would    be   excellent   for   stu- 
dent use.     The  chapters  on  vacuum  steam  heating  are  original 
and    give    thoroughly    the    limitations    of    such    systems.      The 
diagrams    of    different    systems    of    piping    are    clear,    and    the 
!  method    of    illustration    is    to    be    commended.      To    the    steam 
I  end  of  the  book  there  can  be  no  serious  objection,  unless  pos- 
sibly   to   the   charts   showing   the    flow   of   steam    in   pipes.      In 
-some    of    these    charts    one    division    has    been    made    equal    to 
2,000,000    B.t.u.    per    hr.,    or    about    60    boiler-horsepower.      Ac- 
!  curacy  would  call  for  a  chart  on  a  larger  scale. 
1      The    chapters    on    hot-water    heating,    and    especially    those 
1  relating  to  forced  circulation,  are  seriously  at  fault,  and   will 
I  require  considerable  revision  to  bring  them  up   to  a  standard 
j  comparable  with  the  balance  of  the  book.     Much  of  tin-  subject 


matter  is  incorrect,  or  at  least  misleading,  and  there  is  objec- 
tion to  the  formulas  used. 

In  stating  the  respective  merits  of  steam  and  forced  hot 
water  for  district  heating,  the  author  asserts  that  steam  is 
more  advantageous  for  industrial  centers  due  to  its  possible 
use  for  manufacturing  purposes.  It  is  bad  practice  to  utilize 
the  distribution  mains  of  any  heating  system,  whether  steam 
or  water,  to  convey  heat  for  manufacturing  purposes,  as  the 
heating  plant  is  inoperative  in  summer,  and  the  mains  are 
then  too  large  and  consequently  inefficient  for  the  other  ser- 
vice. Such  a  systim  should  be  operated  on  its  own  mains 
properly   proportioned   for   the   work. 

The  author  lays  great  stress  on  the  cost  of  pumpage  in 
forced  hot-water  hfating.  This  depends  on  the  size  of  the 
installation.  If  the  exhaust  steam  from  the  pump  is  utilized, 
all  the  heat  will  he  returned  to  the  system,  but  the  operation 
will  be  live  steam  to  that  extent.  In  a  properly  designed 
system  the  cost  of  pumpage  should  be  less  than  in  most  vac- 
uum steam  systems.  The  reader  is  advised  that  fittings  of 
the  O.  S.  type  should  be  used  sparingly  in  gravity  circulation 
due  to  the  rtslstrice  introduced,  but  that  on  forced  circulation 
there  is  less  objection  to  their  use.  It  is  difficult  to  see  how 
these  statements  can  be  reconciled  as  the  same  objection 
should   hold   with   greater   emphasis   for   forced   circulation. 

Except  in  the  case  where  the  heating  load  exceeds  the 
amount  of  exhaust  steam  available,  the  chapter  on  forced 
circulation  dealing  with  the  use  of  exhaust  steam  from  con- 
densing engines  and  turbines  is  impractical.  With  the  ar- 
rangtment  shown  by  the  author,  the  vacuum  would  be  vari- 
able and  not  much  more  than  sufficient  to  relieve  the  engine 
of  pressure  above  atmospheric.  This  condition  would  be 
fatal  to  the  economical  operation  of  a  steam  turbine.  The 
illustration  showing  a  hot-water  system  for  high  buildings 
is  practically  identical  with  the  cut  which  appeared  in  "Power," 
Dec.  19,  1911,  with  the  exception  that  the  condensing  feature 
is  eliminated.  This  removes  the  advantage  of  hot-water 
heating  in  this  class  of  work  as  the  engine  load  the  greater 
part  of  the  time  requires  steam  in  excess  of  that  necessary 
for  heating.  Unless  vacuum  were  carried,  reducing  the  steam 
rate  on  the  engine,  there  would  be  no  reduction  in  the  total 
fuel  due  to  a  more  economical  heating  system. 

In  another  illustration  a  condenser  is  shown,  but  the  ar- 
rangement would  be  impractical  with  several  machines,  some 
operating  at  full  vacuum  and  others  under  partial  vacuum 
on  the  heating.  If  all  machines  were  operated  on  reduced 
vacuum  for  the  heating,  the  economy  of  the  plant  would  be 
considerably  lessened. 

The  suggestion  on  operating  a  live-steam  heater  in  con- 
junction with  an  exhaust  heater  is  bad  practice,  as  one  may 
operate  to  cool  the  water  heated  by  the  other.  ■\"\'hen  tlie 
live-steam  heater  is  used  the  engines  should  be  exliausting  at 
atmospheric  or  back  pressure.  The  method  of  regulating  the 
output  of  the  heater  by  submerging  the  tubes  in  the  con- 
densation is  all  right  for  the  live-steam  heater  but  unneces- 
sary in  an  exhaust  heater. 

The  hydraulic  formulas  for  the  capacity  of  pipes  for  both 
gravity  and  forced  circulation  do  not  checlt  with  tliose  of  the 
best  authorities.  The  discharge  for  a  3-in.  pipe  under  a.  head 
corresponding  to  a  velocity  of  10-ft.  per  sec,  should  be  1900 
lb.  per  min.  The  author's  formula  gives  1500  lb.,  which  is 
more  than  20  per  cent.  less.  For  each  size  of  pipe  the  same 
factor  is  used  for  all  velocities,  which,  when  reduced  to  the 
same  basis,  is  very  different  from  an.v  given  Ijy  Fanning  for 
the  usual  velocities. 

In  the  charts  giving  the  capacities  of  pipes  for  hot-water 
heating,  only  pipes  up  to  4  in.  in  diameter  are  included.  As 
forced  circulation  is  necessarily  used  on  plants  of  large 
capacity  in  which  the  mains  are  seldom  as  small  as  4  in.,  the 
charts  are  of  little  use.  To  be  of  practical  value,  they  should 
be  extended  to  include  pipes  up  to  12  in.  in  diameter.  The  use 
of  hydraulic  gradients  as  abscissas  is  of  no  particular  advan- 
tage, as  computation  of  the  loss  in  head  is  required  for  each 
reading. 

In  describing  shunt  circuits,  the  author  states  that  the 
flow  through  the  shunt  will  be  inversely  proportional  to  the 
resistances  in  the  branch  and  main  within  the  shunt.  The 
resistances,  between  the  points  of  joining,  of  the  shunt  and  of 
the  main  are  precisely  the  same,  and  this  is  true  of  the  loss 
of  head  in  each  circuit.  According  to  the  author's  statement 
there  would  be  equal  flow,  which,  of  course,  is  not  true.  The 
velocity,  diameters  and  lengths  are  such  as  to  make  the  losses 
in   head   the  same   between   the   two   points   in   question. 

It  is  apparent  that  the  author  is  not  familiar  with  hot- 
water  heating,  and  has  failed  to  keep  pace  with  the  advance 
made  during  the  last  few  years  in  this  country.  It  is  only  fair 
to  state,  however,  that,  with  one  or  two  exceptions,  there  is 
no  book  which  adequately  treats  this  branch  of  the  heating 
art.  It  is  not  surprising,  then,  that  the  present  book  is  also 
lacking   in   this  respect. 
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Civil=>Ses'vice  OpporHuaB^itlaes 

COMPETITIVE  EXAMINATIONS  /or  the  civil-acrvire  r"silim,s 
nnmril  hrlow  ii-ill  l>r  helil  m,  the  ilairs  girni.  Applimtions  nnil  fur- 
Iher  information  maybe  had  by  addressing  the  respective  commissions. 
Candidates  must  be  citizens  of  the  United  States  and  residents  of  the  cities 
in  question,    and    at    least    21    years  of  age,   unless  otherwise  specified. 


Situation  for  Pumpmnn — The  Philadelphia  Civil  Service 
Commission  will  hold  an  examination,  Feb.  11,  for  the  posi- 
tion of  pumpman  in  the  electrical  bureau,  department  of 
public  works.  Salary,  $3  a  day.  .\ddrpss  the  Civil  Service 
Commission,    room    875,   City   Hail. 

Situation  for  IJraw-BrldKe  Oiiorator — The  Philadelphia 
Civil  Service  Commission  will  hold  an  examination,  Feb.  13, 
for  stean  draw-brid.iie  operator,  .\  position  in  the  Bureau; 
of  Highways,  Department  of  Public  Works.  Salary,  $1000. 
Address    the    Civil    Service    Commission,    room    S75,    City    Hall. 


SOCSETY  H0TES 


Francis  S.  Peabody,  president  of  the  Peabody  Coal  Co., 
Chicago,  111.,  recently  gave  a  lecture  before  the  College  of 
Engineering  of  tlie  University  of  Illinois  on  "The  Mining  and 
Utilization  of  Illinois  Coal."  The  lecture  was  illustrated  with 
the  first  successful  motion  pictures  taken  underground,  and 
they  gave  a  vivid  idea  of  the  actual  conditions  met  in  coal 
mining. 

The  Pittsburgh  chapter  of  the  Xational  Association  of 
fitationary  Engineers  held  its  first  winter  educational  meeting 
Jan.  12,  at  which  R.  B.  Ambrose,  of  the  Carnegie  Institute 
presided.  H.  A.  Hoffman,  of  the  Oeneral  Electric  Co.,  read 
a  paper  on  "Steam-Flow  Meters,"  which  was  followed  by  a 
general  discussion  of  the  device  used  to  measure  steam  in  its 
different  uses. 

On  Saturday  evening,  Jan.  17,  the  Engineers'  Blueroom 
Club  held  its  annual  ladies'  night  and  installation  of  officers 
at  the  New  A.merican  House,  Boston,  Mass.  Over  250  at- 
tended. Following  the  dinner,  there  was  a  most  enjoyable 
cabaret  show  and  an  informal  dance  was  given  in  the  old 
Colonial  dining  room.  The  officers  for  1914  are.  President. 
Peter  H.  Bullock,  chief  engineer.  Massachusetts  Reformatory, 
Concord;  vice-president.  Merle  W.  Eastman,  chief  engineer 
of  the  Dorchester  power  station,  Boston  Electric  Ry.  Co.:  sec- 
retary, Thomas  A.  Ray,  chief  engineer.  Reece  Building,  Bos- 
ton: treasurer,  Thomas  B.  Constant,  mechanical  engineer, 
Johns-Manville  Co.;  sergeant-at-arms.  Ernest  E.  Erickson, 
chief  e-ig-ineer.  Harvard  Medical  School.  The  members  of  the 
executive   committee   are   the   president,   vice-president,    secre- 


tary,   troMHuri'r    iind    .lohn    F.    Coehriin,    Chiirloii    H.    KllnK>> 
MyloH    .M.    I'lih,    ErnoMt    It.   HlovunH   iind    Krnoitl    A.    Konl. 
InHliillliiK   i>nUi-rj)   were    PiiNt    Pr<'Mldeiit    Herbert    K.    Htone   i,r,.| 
(leoi'Kx    W.    KiiowlloM.      On    liehiiir   of    the    club,    I'lmt    PreHl.|«nt 
Stone   prcMented    I'liHt   I'ri'Hhlent   Cimipliell   n   k«I<I   h'mI   dliiiiiuni)  ' 
Jewi'l,    and    Mi'HMrM.    Triulo,    Allen    and    KloUH    bou<|UuiN    of   cut 
llowerH   for   thi'lr  Kood   work   on   the  entertalnnii'iit   cointnittM. 
The    club    hiiH    II    iiieiiiberHlil|>    of    5110. 


PERSOHAILS 


: 


otto    Dieckinann.   Jr.,    manuKer   of   the    Kewunee    Dollir  I'o..  , 
Twelfth    and   Ollvo   St«.,   St.    I.ouIh.    Mo.,    waH   eli-cted    truHtec  In 
bankruptcy     for    the     KaiilTiiiaii     lleatliiK    &     EnglneerlriK    CO., 
210!)   Olive   St. 

Harry  It.  Allen,  formerly  with  the  Ashton  Valve  Co.,  hu 
become  alflllated  with  ThoiiiaH  Foster  &  ('o..  factory  ropre- 
Hentatlves.  ItdO  MIchlKan  Ave.,  Chicago,  111.,  In  the  capacity  of 
vice-president   and   treasurer. 

S.  Rosen/.welg,  until  recently  mechanical  cnKlneer  with  the 
Erl(>  City  Iron  Works,  Erie,  T'enn.,  has  Joined  the  York  Manu- 
facturing Co.,  with  whom  he  will  act  In  the  cajjaclty  of  con- 
sulting  engineer   In    the   steam-engine   department. 

Prof.  J.  M.  Bryant,  of  the  department  of  electrical  engi- 
neering of  the  University  of  IlllnolH,  has  recently  been  em- 
ployed by  three  cities  of  Illinois,  Jacksonville,  Kewanee  and 
Lewistown,  as  consulting  engineer  In  connection  with  munici- 
pal electric-lighting  work  Involving  both  technical  and 
economic  problems. 


Hiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimriiiiiiiiiiiimiiiiiiiii 


EDWIN  EMERSON  NOLAN 

Edwin  Emerson  Nolan,  head  of  the  materials  disposition 
department  of  the  Westinghousc  Electric  &  Mfg.  Co..  Ea»t 
Pittsburgh,  Penn.,  died  at  his  home  517  Center  St.,  Wilkins- 
burg,  Penn.,  on  Tuesday,  Jan.  13.  He  was  born  in  Chicago, 
Aug.    10,    1857. 

Mr.  Nolan  .began  work  with  the  Westinghousc  Elsctrlc  Co. 
in  1887  just  about  the  time  it  began  operations  on  Garrison 
Alley  in  the  city  of  Pittsburgh.  He  was  subsequently  made 
superintendent  of  the  Allegheny  factory  of  the  company  and 
as  such  had  charge  of  building  the  first  alternating-current 
generators  for  the  Niagara  plant.  He  retained  this  position 
until   the   factory  was  converted   into  a   foundry. 

In  1898  Mr.  Nolan  w-as  sent  to  France  to  establish  a 
factory  at  Havre,  where  he  remained  until  1902.  After  his 
return  to  the  United  States,  and  on  account  of  his  familiarity 
with  Westinghousc  apparatus,  he  was  placed  in  chaige  of  the 
materials  disposition  department,  which  position  he  held 
until    his    death. 

Mr.  Nolan  was  a  mechanical  engineer  and  an  inventor  of 
considerable  ability;  one  of  his  inventions  is  now  in  use  on 
street   railway   motors 

He  was  noted  for  his  thoroughness  in  all  undertakings, 
and  was  an  exceedingly  relialjle  and  conscientious  employee. 
His  kindly  disposition  and  method  of  dealing  with  men  en- 
deared him  to  a  large  number  of  acquaintances  which  he  had 
made  in  this  country  and  in  many  foreign  countries. 

Mr.  Nolan  leaves  a  widow  and  two  sons  and  two  daughters. 

'm 

A  Red  Light  Sienal  for  the  Holstins  Enierineer  is  provided 
at  the  Kennedy  mine  on  the  north  Cuyuna  range,  to  serve  as 
a  memory  help.  A  red  electric  bulb  is  placed  in  front  of  the 
engineer's  stand  in  line  with  the  center  of  the  drum.  At  the 
end  of  a  trip  the  reverse  lever  is  supposed  to  be  always 
thrown  over.  This  operation  flashes  the  red  bulb  and  thus 
impresses  itself  on  the  engineer's  memory.  It  is  well  known 
that  overwinding  accidents  are  often  caused  by  the  fact  that 
the  engineer  tliinks  he  has  thrown  his  reverse  for  the  next 
trip,  when,  in  fact,  he  has  not,  so  that  on  starting  he  pulls 
the  conveyance  at  the  shaft  collar  up  into  the  sheave.  The 
use  of  a  simple  device  lilce  this  ought  to  help  to  prevent  such 
accidents. 

Concrete  Resisters  for  lightning-arrester  service,  as  used 
by  a  Georgia  power  concern,  are  made  of  concrete  blocks  4 
ft.  long  and  1  sq.ft.  in  cross-section,  set  upright  at  the  point 
of  installation.  Two  squares  of  bronze  or  copper  mesh  cast 
into  the  blocks  near  either  end  connect  with  the  source  of 
energy  and  with  a  ground  wire. 
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DO  you  always  manage  to  get  busy  on  the  approach  of  your  employer? 
Do  you  ever  refuse  to  work  overtime  and  inconvenience  yourself  when  it  would 
mean  a  saving  for  your  employer,  on  the  ground  that  he  would  never  know  of  it 
and  you  would  get  no  credit  for  so  doing? 

Do  you  ever  refuse  to  lend  a  helping  hand  to  your  brother  in  another  depart- 
ment in  emergencies,  on  the  ground  that  the  company  would  not  thank  you  and 
that  it  can  afford  to  put  on  extra  help? 


Concerning  the  first  question,  your  em- 
ployer knows  whether  or  not  your  plant  is 
operating  satis- 
factorily, and  if 
it  is,  and  you 
have  time  to  sit 
down  and  read 
or  swap  yams 
with  your  asso- 
ciates, there  is 
no  reason  to 
break  and  run 
like  frightened 
sheep  at  his  ap- 
proach. When 
you  do  he  must 
conclude  either 
that  you  have 
been  neglecting 
something  or 
that  you  con- 
sider him   your 

avowed  enemy,  both  alike  displeasing  to  any 
fairminded  employer.  If  he  is  not  such  a 
one,  then  keep  busy  all  the  time  (if  that  is 
what  he  desires)  or  seek  another  position, 
but  never  show  any  more  signs  of  diligence 
in  his  presence  than  you  would  otherwise. 


Regarding  the  other  two  questions,  do  not 
get    the    idea    that    your    employer    will 

never  know  of 
the  extra  things 
you  do,  large 
or  small.  Even 
though  he  did 
not,  doing  them 
will  do  you  no 
harm  but,  on  the 
contrary,  you 
will  gain  experi- 
ence; your  con- 
science will  feel 
satisfied  because 
you  turned  a 
loss  into  profit, 
or  made  a  friend 
by  lending  your 
assistance  in 
time  of  need ,  and 
last  but  not 
least,  you  will  form  a  commendable  habit 
that  will  redound  to  your  credit  and  benefit. 
A  spirit  of  willingness  to  do,  regardless  of 
direct  reward  or  appreciation,  is  the  proper 
one  and  is  bound  to  make  you  a  better  man 
and  a  better  master  of  your  profession. 


Contributed  by  Joseph  Stewart,    Hamilton,  Ohio.] 
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i^}  XOPSIS — Exhaust  slnim  from  },()(Ulhp.  in  rriiiiro- 
ratiiKj  ni</iiirs  ami  jivv  slcain  li(imtncrs,  rari/iiiff  in  size. 
is  used  to  ojiiratv  three  12.'>0-kv.-a.  hitrizoittal  sleani-tiir- 
kine  (jeneraliirs.at  1(1  Ih.  pressure,  absolute.  The  electrical 
cnenjii  devclofied  front  steam,  which  was  formerly  wasted, 
operates  a  nia.riniuni  of  111,  motors,  a  total  of  '^SOO  hp. 
The  turbines  run  condensing.  .{  hifjh-pressure,  lOO-kw. 
turbine  unit  supplies  electrical  cner;/!/  during  periods 
when  the  larger  units  are  not  operating. 
K 
Siiico  tlu>  rouiulinj;-  ^A'  Ik'iiry  Disstoii  &  Sons,  Inc., 
PhiliuU'lphia,  I'ciui..  in  KS40,  many  thousand  poundi?  of 
waliT  in  llic  form  of  cxliau.st  steam  has  boon  allowed  to 
go  to  waste  after  passing  througli  steam  liammers  and 
rolling-mill  engines,  as  was,  and  still  is,  the  practiee  in 


walls  also  add   lo  the  lighting  (dTi'ct,  and  lln'  dark-iirowii 
wainscoting  gives  a  elean,  attractixe  appearance. 

The  tnrhine  unitH  arc  i)lace(l  crosswise,  with  the  steam 
end  next  to  the  hrick  wall  dividing  tli(!  turbine  room  from 
the  rolling  mill.  At  the  rear  end  of  the  room  is  u  100- 
kw.  high-pressure  steam  turbine  which  genirrates  <!.'{00- 
volt  alternating  current  at  lUJOO  r.p.m.;  a  Helf-coiitained 
exciter  set  is  mounted  on  the  generator  end  of  the  siiaft. 
At  the  same  end  of  the  room  there  are  two  direct-current 
exciter  sets,  each  of  75-kw.  capacity,  at  125  voUk.  A  ]2^)- 
hp.  induction  motor  drives  one  generator  at  1200  r.p.m.; 
the  other  is  driven  by  a  7r)-kw.  single-stage  horizontal 
turbine  at  3.'J00  r.p.m.  This  turbine  runs  noncondensing, 
but  it  is  used  only  when  all  of  the  main  turbines  are  shut 
down,  and  the  small  high-])ressure  turidne  is  not  opcrat- 


FiG.  1.    Thi!ee  1250-K\v.  Mixed-Pressure  Steam  Turbines 


such  works.  Froni  time  to  time  new  buildings  were 
erected,  and  more  machinery  called  for  additional  steam 
consumption,  until  the  Disston  works  are  now  the  largest 
of  their  kind  in  the  world. 

At  present,  the  mill  steam  equipment  consists  of  five 
steam  hammers,  varying  in  size,  capable  of  striking  blows 
of  from  50  to  4500  lb.,  and  13  rolling-mill  .steam  engines, 
with  a  total  capacity  of  4000  hp.  The  exhaust  steam  from 
these  units  approximates  60,000  lb.  per  hr.,  which  former- 
ly escaped  to  the  atmosphere. 

This,  however,  was  before  the  mixed-pressure  turbine 
had  been  developed.  Xow,  all  exhaust  steam  is  piped  to 
a  receiver,  but  about  40,000  lb.  per  hr.  is  used  in  the  tur- 
bines, which  are  installed  in  a  separate  power  plant ;  the 
balance  of  the  steam  escaped  to  the  atmosphere. 

TuRBiXE  Units 

In  Fig.  1  is  shown  the  three  main,  1250-kw.  mixed- 
pressure  turbines,  driving  1250-kv.-a.  alternating-cairrent 
generators  at  1800  r.p.m.  and  delivering  electrical  energy 
at  2300  volts.  The  turbine  room  adjoins  one  of  the  roll- 
ing-mill buildings  and  is  lighted  by  windows  at  both 
ends  and  the  outside  wall,  as  shown.    The  cream-colored 


ing.     This  condition,  however,  has  never  obtained    since 
the  plant  was  put  in  operation  on  Apr.  21,  1913. 

The  slate  switchboard  consists  of  15  panels ;  six  are 
for  controlling  the  motor  circuits,  four  are  generator 
panels,  three  are  for  the  exciter  control,  one  is  devoted  to 
instruments  and  one  to  control  the  induction-motor  ex- 
citer unit.  A  20-ton  Niles  crane  travels  the  length  of 
the  turbine  room,  the  floor  of  which  is  made  of  concrete. 

Condensers 

The  four  surface  condensers  are  in  the  basement,  di- 
rectly beneath  the  turbine  imits.  The  three  large  con- 
densers contain  5000  sq.ft.  of  1-in.  tubing.  Circulating 
water  is  supplied  to  each  large  condenser  by  a  12-in. 
volute  pump,  driven  by  a  9x7-in.  vertical  steam  engine, 
Fig.  2.  At  the  time  of  the  writer's  visit  the  tempera- 
ture of  the  circulating  water  was  54  deg.  F. ;  that  of  the 
discharge  water  never  differs  more  than  7  deg.  F.  A  vac- 
uum of  28  in.  is  carried.  The  dry-air  pumps  of  each  eon- 
denser,  of  the  horizontal  reciprocating  type,  are  placed 
alongside  the  turbine  on  the  turbine-room  floor.  A  small 
surface  condenser,  Fig.  3,  containing  but  300  sq.ft.  of 
cooling  surface,  is  also  in  the  basement  and  serves  the 
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small  100-kw.  turbine.  The  condenser  is  fitted  with  a 
ireeiprocating  circulating-water  and  air  pump  with  cyl- 
inders 6,  8  and  8  by  10  in.  in  size. 

I  Each  of  the  large  condensers  has  a  hotwell  which  is  at- 
itached  to  the  bottom  of  it.  The  water  of  condensa- 
jtion  is  taken  from  each  hotwell  by  a  6  and  5%  by  6-in. 


Pig.   2.    Engine-! )i;ivi:n'    12-lx.    Volute   Citjculating 
Pumps 


steam  that  is  now  utilized  in  producing  electrical  energy 
from  steam  that  was  formerly  wasted.  Even  under  exist- 
ing conditions  20,000  lb.  of  steam  goes  to  the  atmos- 
phere, but  some  of  it  will  be  used  in  heating  the  build- 
ings as  soon  as  a  suitable  system  has  been  installed. 

A  novel  method  of  supporting  the  turbines  has  been 
employed.  Under  each  unit  eight  concrete  piles  were  set 
in  the  earth,  and  upon  them  a  concrete  block  5  ft.  thick 
was  placed.  Upright  pieces  of  channel  iron  rest  on  the 
concrete  base  and  are  filled  in  with  concrete,  as  shown  in 
Fig.  4 ;  Fig.  5  is  a  detailed  drawing. 

When  the  plant  was  first  installed,  air  for  cooling  the 
turbo-generators  was  taken  from  outside  the  building,  but 
the  basement  became  exceedingly  hot  and  air  for  the  gen- 
erators was  later  taken  from  the  basement  and  discharged 
outside  of  the  building,  though  galvanized-iron  air  ducts. 
The  volume  of  air  used  for  cooling  each  generator  is  10,- 
000  cu.ft.  per  min. 

At  one  end  of  the  condenser  room  is  a  motor-driven  43- 
in.  propeller  fan  used  to  draw  the  hot  air  from  the  base- 
ment. Fresh  air  is  admitted  through  screened  windows 
at  the  opposite  end  of  the  basement. 

All  steam  and  exhaust  lines  are  drained  into  traps  in 
the  basement,  all  placed  on  a  projection  built  on  the  in- 
side wall,  as  in  Fig.  6.  There  are  four  large  steam  traps 
on  the  low-pressure  steam  lines,  four  on  the  exhaust- 
steam  and  four  on  the  live-steam  lines.  These  traps  drain 
into  a  3-in.  main  and  the  condensate  is  conveyed  to  a 
hot-water  heater  and  then  pumped  into  the  boilers.  This 
arrangement  of  the  traps  is  ideal  for  they  are  placed 
where  they  are  easily  inspected  and  yet  are  above  the 
floor  level  out  of  the  way  of  the  operators. 
Piping 

Exhaust  steam  is  collected  from  the  reciprocating  mill 
engines,  which  are  of  various  designs,  by  fitting  each  ex- 
haust pipe  with  a  three-way  valve.  When  the  valve  is  in 
one  position  the  steam  escapes  to  the  atmosphere  through 
the  vertical  pipe,  shown  in  Fig.  7 ;  when  in  the  other,  the 
steam  passes  to  a  main  header  leading  to  a  receiver  placed 
on  the  mill  side  of  the  turbine-room  wall.     The  two  ex- 


PiG.  3.  Pahtial  View  of  the  Suhface  Condensers 
in  the  Basement 

duplex  pump  and,  after  passing  through  a  heater,  is  dis- 
charged to  the  boilers  some  distance  away.  This  con- 
densate at  the  present  load  on  the  turbines  is  approxi- 
mately 40,000  lb.  per  hr.,  which  represents  the  amount  of 


Fig. 


4.    Turbine  Foundation  of  Channel 
Iron  and  Concrete 


haust-steam  headers  begin  with  an  8-in.  pipe  and  increase 
in  size  as  the  exhausts  from  the  various  engines  are  piped 
into  the  main  until  the  28-in.  receiver  is  reached.  The 
two  exhaust-steam  lines  enter  the  receiver  from  opposite 
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END    ELEVATION 


Jiad  lo  tlio  tlirco  mixed-flow  liirhincs.  Kiu-h  of  tlictic 
lirancli  pipes  coiilainH  ii  Htop  valve  s(»  that  any  oiio  or  all 
of  I  lie  tiiiiiini's  may  he  cut  out  from  the  low-|)n'ssuro 
hcailcr.  'I'hisc  valvcH  arc  operali-fl  hy  handwlKHils  and 
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SIDE     ELEVATION 

Fig.  5.  Detail  of  Metal  CoysTEUCTio?r  of  Turbine 
Foundations 


Fig.  8.    'Reckivki!,  I^ixf  and  Exiiaust-Steaji  PipmO 

Mall.  The  other  end  of  each  shaft  is  fitted  with  a  bevel 
gear  wliich  meshes  with  a  similar  gear  on  a  vertical  shaft, 
a  gear  on  the  lower  end  of  which  meshes  with  a  similar 
gear  on  the  valve  stem. 

In  case  it  is  desiraljle  to  operate  the  turbines  noncon- 
densing,  a  branch  from  the  exhaust  pipe  of  each  is  piped 
to  a  main  header,  below  the  low-pressure  header,  and  rises 
vertically  at  one  end  to  the  atmosphere.  The  live-steam 
line  to  each  mixed-pressure  turbine  is  fitted  with  a 
strainer  and  a  combined  balanced  trip  and  throttle  valve. 
The  turbines  are  also  provided  with  a  vacuum  breaker.  In 
Fig.  9  is  shown  a  side  elevation  of  the  turbines  and  con- 
densing units. 


Fig.  6.   Arrangement  of  Steam  Traps  and  Drop  Pip- 
ing IN  THE  Basement 


Fig.  7. 


Three-Way  Valve  in  Engine 
Exhaust  Pipe 


when  the  exhaust-steam  supply  falls,  as  it  does  during  the 
noon  hour,  when  the  rolling-mill  engines  are  shut  down. 
At  the  bottom  of  the  receiver  an  outlet  connection  is  piped 
to  the  main  low-pressure  main  from  which  16-in.  branches 


On  each  exhaust-steam  line,  close  to  each  turbine,  is  a 
multi-flow  valve,  the  purpose  of  which  is  to  improve  the 
operation  of  the  turbines  when  using  steam  from  the  re- 
ciprocating units.     The  valve  prevents  a  vacuum  in  the 
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engiue  exhavist  pipes,  which  woiild  draw  in  air  through 
leaky  joints,  piston  rods  or  valve-stem  packing,  thus  re- 
ducing tKe  efficiency  of  the  turbine  by  overloading  the  air 
puni]).  The  valve  is  designed  to  close  automatically  as 
soon  as  the  pressure  in  the  exhaust  line  approaches  the 
predetermined  pressure,  which  in  this  installation  is  1(5 
(b.  absolute. 

The  action  of  the  valve  backs  up  the  flow  of  steam  so 
that  this  pressure  is  maintained  in  the  exhaust  line,  even 
though  the  pressure  in  the  intermediate  stage  of  the  tur- 
bine falls  to  only  a  few  pounds  absolute,  which  will  oc- 


current  motors  through  the  works,  or  a  total  of  2800  lip. 
As  the  motors  are  not  loaded  to  capacity,  the  average  out- 
put from  the  turbines,  of  which  two  are  in  use  at  one 
time,  is  about  1000  kw. 

A  few  years  ago  the  proposal  to  use  exhaust  steam  for 
generating  electrical  energy  would  have  been  hx>ked  upon 
as  folly.  Even  today,  when  the  saving  a  mixed-pressure 
turbine  will  make  is  not  understood,  it  is  difficult  to  con- 
vince -some  engineers  that  the  performance  of  this  type  of 
prime  mover  is  not  a  fallacy  in  developing  from  80  to  !)5 
])vv  cent,  as  much  power  as  the  original  noncondensing 

I 


Fig.  9.    End  Elevation  of  Turbine  and  Condenser   U.vrrs 


cur  at  partial  loads.  The  valve  disks  are  held  to  their 
seats  by  springs  bearing  on  a  movable  pressure  plate.  By 
setting  the  plate  at  any  point  of  its  movement  the  pres- 
sure can  be  regulated  by  operating  a  handwheel  on  the 
outside  of  the  valve. 

This  valve  controls  the  flow  of  exhaust  steam  from  the 


engines  are  doing,  without  the  expenditure  of  a  pound  of 
coal  more  or  an  investment  for  additional  boilers. 

The  new  power  plant  of  Henry  Disston  &  Sons, 
Inc.,  is  a  model  of  its  kind  and  shows  that  the  matter  of 
design  was  thoroughly  gone  into  before  the  installation 
was  begun. 


principal  equipment  of  the  henry  disston  &  sons  mixed-pressure  turbine  plant 


No.     Equipment                           Kind                                       Size  Use 

3  Turbines Curtis 1250  kw Main  units. . . . 


3  Generators.. 


Alt.  current 1250  kw 


Operating  Conditions  Maker 

Mixed  pressure,  condensing,  1800 
r.p.m Cieneral  Electric  Co. 


1  Turbine Curtis ." 100  kw Auxiliary  unit.. 

1  Generator Alt.  current 100  kw Auxiliary  unit.  . 

1  Exciter Self  contained 4  kw Auxiliary  unit. . 

1  Motor Induction 125  hp .'.  . .  Driving  exciter. 

1  Turbine Curtis 75  kw Driving  exciter . 


2  Generators Direct  current 75  kw Exciter  generators.  .  . 

3  Air  pumps Horizontal 8x20x12" Large  condensers.  .  .  . 

3  Condensers Surface 5000  sq.ft.  cooling  sur- 
face     Main  turbines 

1  Condenser Surface 300   sq.ft.    cooling    sur- 
face     Small  turbine 

3  Pumps Volute 12" Circulating  water. . .  . 

3  Engines Vertical 9x7" Circulating  pumps. .  . 

3  Pumps Duplex 6x5Jx6" Hot  well  water 

1  Fan Propeller 42" Basement  ventilation. 

1  Switchboard Slate Electrical  control .... 

8  Traps Ideal Nos.  1  and  5 Condensate 

4  Traps Stickles Condensate 

3  Valves Trip  and  throttle Turbine     live    steam 

line 

3  Valves Multiported. 18" Low-pressure   turbine 

line 

4  Valves Vacuum  breaker Steam  turbines 


1800  r.p.m.,  2300  v.,  272  amp, 
cycle,  2-phase 

3G00  r.p.m.,  100  lb.  pressure,  con- 
densing  

3600  r.p.m.,  2300  volts,  22  amp.. 

3600  r.p.m.,  125  volts,  56  amp.. . 

1200  r.p.m.,  2200  v.,  60  cycle,  2- 
phase 

3300  r.p.m.,  100  lb.  steam,  non- 
condensing  " 

1200  r.p.m.,  125  v.,  60Oamp 

100  lb.  steam 


General  Electric  Co. 

General  Eiectric  Co. 
General  Electric  Co. 
General  Electric  Co. 

General  Electric  Co. 

General  Electric  Co. 
General  Electric  Co. 
Alberger  Pump  &  Condenser  C  o. 

28-in.  vacuum Alberger  Pump  A  Condenser  C  o. 

28-in.  vacuum Alberger  Pump  >^  Condon.'sor  (  o. 

Engine  driven Alberger  I'liiiip  A  Coniienser  (  o. 

100  lb.  steam,  direct  connected.  .  Alherner  I'uiiip  >V-  Conden.ser  (  b. 

Pumping  water  to  boilers Eppinc-Ciirpenter  Co. 

Motor  driven B.  V.  Siinii  \  :uit  Co. 

General  Kleetrl.-  Co. 

Exhaust- and  low-pressure  lines . .  Tillot.Mn  llumiilificr  Co. 

High-pressure  steam  lines Open  Coil  Heater  &  Purifier  Co. 

Automatic Schutte  &  Koerting  Co. 

Automatic  steam  pres.surc  control   Harrison  Safety  Boiler  Works. 
Automatic Schutte  ife  Koerting  Co. 


(mgines  so  long  as  they  are  in  operation.  When  the  supply 
fails,  the  governor  immediately  brings  into  operation  one 
or  more  live-steam  inlet  valves,  admitting  live  steam  to 
the  high-pressure  nozzles,  which  are  automatically  brought 
into  action.  By  using  special  nozzles,  the  high-pressure 
steam  is  expanded  from  boiler  pressure  and,  in  these 
turbines,  is  used  on  the  same  bucket  wheel  with  the  low- 
pressure  steam. 

At  the  head  of  each  turbine,  on  the  wall,  is  a  gage 
board  on  which  is  mounted  a  live-steam  recorder,  a  high- 
fnd  low-pressure  steam  gage,  and  a  vacuum  gage.  '•  ■These 
turbines  generate  electrical  energy  for  114  alternating- 


Power  site  Reserve  In  Nevada — An  order  was  recently- 
Issued  by  Secretary  Lane,  with  the  President's  approval,  crest- 
ing' a  power  site  reserve  in  Boulder  Canon,  on  the  Colorado 
niver,  20  miles  east  of  Las  Vegas,  Nov.  It  is  expected  the 
construction  will  develop  40,000  hp.  at  a  minimum  of  expense. 
Secretary  Lane  announced  that  the  classification  of  puHic 
'ands  as  Irrigable  or  nonirrlgable,  in  conformity  with  the  iid- 
niinistration  of  the  320-acre  homestead  laws,  was  beili;? 
accomplished  satisfactorily.  The  Secretary  has  deslgna.ed 
more  than  900,000  acres  in  various  Western  States  for  entry 
under  the  terms  of  the  act.  The  designations  include  250,000 
acres  in  Arizona.  5500  in  California,  55,000  In  Colorado,  27.000 
in  Idaho,  nearly  200,000  in  Montana,  more  than  SOOO  In  North 
Dakota,  274.000  in  Oregon,  5700  in  Utah,  21,000  in  Washington 
and  82,500  in  Wyoming. 
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Albsorpttiomi  DyimsimiiOinnieiler 


A  new  tyjn'  ol'  iil)siii|)l  11)11  ilyimiiuniii-liT  lias  recently 
lu'eii  plneod  upon  (lie  marki't  liy  the  (irilliii  ICii^jiiKieriiij; 
Co.,  Ltd.,  of  Hnth,  iMif^laiid.  Its  f,'eiieral  appearaiuc  i.s 
shown  in  Fig.  ."{,  wiiile  Kigs.  1  and  'i  illii.stiale  sjiecial 
dotail."!  of  it.s  eon.struetion. 

The  apparatus  consists  os.sontially  of  an  inclosed  coii- 
icnl-onded    <iiiini    inside   of   which   are   adjustahle   hraki 


I'l'iiig  rej;uiated  l)y  an  exterior  liandwheel  in  accord- 
ance with  the  load  to  ho  nieasiircd.  Tlio  coolinj?  is  ef- 
fected hy  inlroducinj,'  a  small  stream  of  water  into  the 
lower  part  of  the  drum,  the  water  heinp  hroiight  in  con- 
tiict  with  the  frictioiial  surfaces  hy  centrifugal  action  and 
discharged  opposite  the  inlet  after  hcniig  swcipt  entirely 
around   the   inner  surface  of  the  drum.     The  iieat  gen- 


shoes  mounted  on  a  central  shaft,  driven  hy  the  motor  crated  is  thus  removed  wilii  a  minimum  quantity  of  cool- 
or  other  source  of  power  to  he  tested,  the  friction  i)c-  ing  water,  wliich  acts  also  as  a  luhricant  between  the 
tweeu  the  shoos  and  the  corresponding  ends  of  the  drum      friilional  surfaces. 


Fig.  1.    Vehtical  Sectiox  across  Shaft 


Fig.  2.    \'KifTi(  Ai,  Skctiox  thikjugh  Shaft 


Inclosed  Absorption  Dynamometer 
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Fig.  3.   Inclosed  Absorption  Dynamometer  Made  by  the  Griffix  Engineering  Co.,  Ltd. 
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Tlie  drum  is  mouDted  on  trunnions  that  ascillate  on 
ball  bearings.  In  this  way  negative  resistance  is  nearly 
nil,  and  practically  the  whole  of  the  turning  effort  may 
l)c  considered  as  imparted  to  the  brake  shoes  and  trans- 
mitted directly  to  a  dead  weight  by  a  lever  attached  to 
the  drum.  The  readings  are  obtained  as  differences  in- 
dicated on  a  spring  balance  as  in  Fig.  3,  or  if  the  effort 
IS  downward  the  readings  may  be  taken  directly  from 
tlie  spring  scales  without  intervention  of  a  dead  weight. 

The  friction  of  the  brake  shoes  balances  the  torsional 
strain  on  the  shaft  and  the  entire  apparatus  may  be  ad- 
justed to  remain  steady  at  all  speeds  and  loads  within 
its  proper  capacity.  Shaft  connections  can  be  made 
direct  either  by  means  of  solid  or  flexible  couplings  or 
through  a  universal  Joint  or  a  flexible  shaft,  the  latter 
I'cing  specially  suitable  for  light  powers  and  high  speeds. 

The  apparatus  is  capable  of  being  designed  compar- 
atively light  in  weight  and  there  are  no  internal  water 
pressures  to  be  resisted  or  pumps  to  be  operated  as  in 
the  ordinary  hydraulic  water  brake.  As  before  stated, 
very  little  cooling  water  is  required  and  this  gives  uni- 
form lubrication  of  the  frictional  surfaces. 

This  form  of  friction-brake  dynamometer  appears  to 
be  specially  suitable  for  long,  continuous  tests  with  eith- 
er constant  or  variable  loads.  The  water  may  be  taken 
from  any  ordinary  source  of  supply  and  may  be  con- 
veyed away  by  hose,  and  conveniently  discharged.  There 
being  but  little  opportunity  of  water  leakage  or  the  ne- 
cessity for  external  lubrication,  perfect  cleanliness  of 
the  apparatus  and  its  surroundings  is  secured.  The  ap- 
paratus is  adaptable  for  either  direction  of  rotation;  and 
from  its  design,  it  appears  to  be  an  instrument  meeting 
the  requirements  of  motor  manufacturers,  electrical  en- 
gineers, and  for  experimental  work  requiring  an  instru- 
ment capable  of  accurately  measuring  the  power  devel- 
oped by  high-speed  motors  in  long  rims. 


Aslhi  Car  for  tS&e  Power 
Plaimt 

One  way  in  which  the  efficiency  of  power-house  opera- 
tion can  be  increased  is  to  provide  means  for  handling 
ashes  directly  from  ashpits  without  having  to  rake  them 
out  and  then  shovel  them  into  a  car  or  wheelbarrow. 
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Koi'PEL  Ash  Cai; 

The  Calumet  &  Hecla  Copper  Mining  Co.  has  recently 
been  making  extensive-  improvements  in  its  power  plant 
and  the  car  shown  in  the  accompanying  illustration  wa.s 
designed  so  that  it  could  be  run  underneath  the  boiler 
grates  to  catch  the  ashes  as  they  drop  from  the  grate. 
The  car  was  built  by  the  Orenstein-Artlmr  Ko])pel  Co., 
Koppel,  Penn. 

A\'hen  the  car  is  full,  it  can  be  pulled  out  and  run  out- 
side the  boiler  house  to  the  ash  dump  or  lifted  by  a  crane 
and  dumped  into  a  standard-gage  car  for  removal. 

The  body  of  this  car  is  made  of  i\-in.  plate,  heavily 
reinforced  to  prevent  warping  by  the  heat.  The  wheels 
are  cast  steel  with  roller-bearing  hubs.  It  is  built  excep- 
tionally low,  with  a  height  of  only  24  in.;  gage,  36  in.; 
length,  18  ft.;  width,  5  ft.  51/2  in.;  capacity,  about  95 
cu.ft.  The  use  of  these  cars  has  greatly  reduced  the 
boiler-room  inconvenience  and  labor. 


By  Charles  H.  Buomley 


SyXOP!<lS — This  iliird  article  in  the  series  descrilx-s 
more  of  the  cinder  catchers  used  at  the  Waterside  station. 
By  enlarging  the  flues  and  reducing  the  velocity  of  the 
ga,ses  to  less  than  one-half  the  original  velocity,  40  per 
cent.,  of  the  cinder  wa-s  removed.  A  velocity  of  IV2  //•  per 
sec.  is  required  to  precipitate  90  per  cent,  of  the  solid  jjar- 
tirles  in  the  gases.  Tiventy-four  boilers  are  equipped  with 
economizers  for  the  sole  purpose  of  catching  cinder.  Re- 
rnlving  conical  srrepw.v  and  helical  bafjies  are  also  de- 
scribed. 

m 
Precipitation  of  Cinder  Often  Impractical 
The  next  step  in  catching  cinder  at  Waterside  was  to 
greatly  enlarge  the  flues.  Fig.  7  shows  the  enlarged  flues; 
the  dotted  lines  indicate  the  original  flues.  The  velocity 
of  the  gas  was  reduced  to  less  than  one-half  the  original 
velocity,  and  about  40  per  cent,  of  the  cinder  was  removed. 
During  these  tests  with  the  enlarged  flues  it  was  found 
that  a  gas  velocity  of  IV2  ft.  per  sec.  must  be  maintained 


in  boiler-furnace  flues  to  precipitate  approximately  90 
per  cent,  of  the  solid  matter.  Such  a  low  velocity  is  not 
practical  in  places  where  real-estate  values  are  high,  as 
in  the  section  occupied  by  the  Waterside  stations,  for  flues 
of  enormous  proportions  would  be  necessary  to  handle  the 
volume  of  gas.  Flues  with  numerous  kinds  of  baffles 
placed  normally  with  the  gas  flow  were  next  tried,  but 
they  removed  little  cinder  and  seriously  affected  the  draft. 

Economizers  Tx-'^tallkd  as  Cinder  Catcheks 

Twenty-four  of  the  lioilers  were  next  equipped  with 
economizers,  as  shown  in  Fig.  8.  These  economizers  were 
installed  for  the  sole  purpose  of  catching  cinder,  and.  as 
the  tubes  were  staggered  as  usual,  it  was  hoped  that  much 
of  the  cinder  would  strike  the  tubes  and  be  thrown  into 
hoppers  below.  The  installation  was  a  failure,  as  little  of 
the  suspended  solids  was  removed  and  the  economizers  so 
seriously  interfered  with  the  draft  that  they  were  soon 
discarded. 
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Ski'.M!  \i  i\(i  I'lMui!  iKoM  (Jasks  iiy  ( 'kn  Titii  ■!<!  m.  Imiiici: 

A  immluT  of  cxiM'riiiU'Mts  were  iiiinli'  <>ii  rcmoviiifi  tlit; 
ciiiiliT  l>y  iiu'tms  of  cfiitrifuKul  rDiic,  l)y  irii|nirliiig  ii 
wliirliiifj  inolinii  (o  llic  leases  luiil  Ihrowiiiff  (lif  ciiidcr 
imt  inli)  lilt'  |u>(kfts  in  tlu-  lines  (ir  stnckH.  To  try  out 
snrli  ni)|>nralns  an  rxiH-rinicnl  station  was  tTectod. 
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All  iiilcrcstiiif,'  (■iMitiifii;;al  "lill<T,"  Vin.  !(,  was  pio. 
posed,  and  ex|ieiinienlH  were  made  on  a  model,  Itiil.  the  ro- 
suits  did  not  justify  an  installation  of  this  a|)|iariitU8, 
Notice  the  t'liorniity  of  the  Hue,  and  that  llie  gases  ar< 
caused  to  swee|)  down  at  hijih  velocity  over  fiitePH  at  .1, 
which  hold  the  cinder  hut  allow  the  gaxes  to  |iass.  Siirli 
an  a|p|iaratus  mi},dit  jirove  siiitiihle  in  ordinary  jilaiili! 
where  IIk!  coal  consumption  is  not  high. 
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Fig.   S.    Economizers  in  Flues  to  Catch  Cinder;  Note  Damper  Arrangement 
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Fid.  10.    Eevolving  AVatee-Washed  Conical  Sckeexs  :  Xote  Dampeks 
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Fig.   12.    Spiral  Baffle  Filters 
IN  Boiler  Uptakes 


Fig.   13.    Helical   Baffles   with   Soot  Hoppers   i: 
Flues 
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III  voi,viN(»  (\)Ni('Ai,  S('Hi:i:nh  in  Fui.s 
l{»'Vi)l\  iiij,'  foiiitftl  HiTi'iMis  wen'  inslallt'd  in  ifiiiocU'led 
flues,  n«  ill  Fig.  10.  Tlu*  fliu's  wcro  provided  with  miriier- 
oiis  dampers  si»  dial  (lie  pases  could  lie  lorrcd  tlinm^jli  Uie 
coniral  srreeiis  or  allowed  lo  l)e  liyiias.-^cil  unolisiriictcil  l<> 
the  slaek. 

These  serccns  were  driven  hy  motors  placed  outside  the 
flues,  each  motor  drivinf,' a  screen  throufrh  a  pinion  which 
meshed  into  f^ear  teeth  on  the  hirjje  periplu-iy  of  the 
screen  cone.  'I'wo  ways  ot"  (Irivinj^  are  shown  at  the  left 
in  iMir.   11. 

.\  troufih  of  sheet  iron  was  huilt  under  each  screen, 
and   had  waste  jiijies  leading  to  the  hasement.     A  water 


SCHEMES    FOR 
MOTOR    DRIVES 


Fu; 


11.       Dl.VGRAMS      OF       V.VXES       AND      MOTOR-DrIVB 

Schemes  fok  Revolving  Conical  Screens 


])i]ie  was  run  up  in  the  inside  of  each  screen,  as  shown, 
and  the  side  of  the  pipe  ue.xt  to  the  screen  was  perforated 
to  project  numerous  fine  jets  of  water  through  the  screen 
and  carry  the  cinder  into  the  troughs  from  which  tlie 
waste  was  carried  to  the  basement. 

Some  of  the  cones  were  provided  on  the  outside  with 
spiral  vanes,  Fig.  11,  on  wdiich  the  gases  impinged,  water 
being  run  over  the  vanes  and  through  the  screen  to  take 
away  the  cinder.  Spiral  vanes  of  corrugated  iron  were 
also  used  to  provide  more  surface  for  contact  with  the 
gases. 

Centrifugal  Filters  and  Helical  Baffles  in  Flues 

Two  interesting  methods,  planned  by  an  expert  in 
cinder  elimination,  are  shown  in  Figs.  12  and  13.  The 
former  shows  centrifugal  filters,  consisting  of  spiral  baffles 
in  casings  placed  in  the  uptake  of  each  boiler;  each  cas- 
ing had  an  outlet  at  the  bottom  to  take  away  the  cinder. 

The  same  expert  designed  helical  baffle-plates  for  the 
flues,  the  latter  being  given  the  same  shape  and  damper 
arrangement  as  when  the  economizers  were  installed.  Fig. 
13  shows  the  arrangement  of  the  baffles,  which  were  pro- 


vided with  hoppers  to  catch  the  <  iiidcr  a**  it  waH  liiroun 
from   the  gaBPS. 


Atuitoimatically   Timmed   Firinf^ 

Many  means  of  liring  stationary  sicam  boilers  have 
iiccn  instituted  in  boiler  rooms,  and  the  adherent  of  eai  h 
is  likely  to  believe!  that  the  one  hr-  us<'H  is  the  bcsU  for  the 
individual  ca.se.  There  are  many  firemen,  however,  who 
would  be  skeptical  of  any  means  of  (iring  by  mechanical 
timing,  believing  that  such  a  practice  would  be  disad- 
vantageous both  to  themselves  and  to  the  efliciency  of  the 
plant. 

An  automatic  tinier  ha.s  recently  been  ])erfeeted  and 
designed  to  produce  in  regular  succession  and  at  jiredeter- 
mined  intervals,  a  continuity  of  impulses  for  signaling 
])ur])oses,  as  by  the  fia.shing  of  lights  or  ringing  of  gongs, 
or  both,  for  indicating  the  i)eri()(ls  at  wiiicii  tiie  coaling 
and  slicing  of  fires  should  be  done. 
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^                                                                   Pov.'^R 

Fig.  1.   Essential  Parts  of  the  Timee 

Beferring  to  Fig.  1,  the  apparatus  consists  essentially 
of  four  parts.  The  selecting  switch  is  shown  at  the  cen- 
ter of  the  right-hand  side  of  the  apparatus.  It  consists 
of  contact  points  which  connect  with  an  internal  roving 
bridge.  There  is  also  an  external  knob  handle  and  in- 
dicator as  shown. 

Below  the  selecting  switch  is  a  frequency  drum,  op- 
erated by  a  direct-current  motor,  the  speed  between  the 
motor  and  drum  being  reduced  by  a  train  of  reduction 
gears. 

On  the  left-hand  side  of  the  apparatus  is  a  sequence 
drum,  the  torque  of  which  is  maintained  by  a  compound 
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spring  motor.  The  speed  is  regulated  and  controlled  by 
an  escapement  lever  operated  by  a  solenoid  that  is  en- 
ergized by  intermittent  impulses  from  the  frequency 
drum. 

At  the  top  of  the  case  are  indicators,  consisting  of 
pilot  lamps  which  are  illuminated  simultaneously  with 
the   field   indicators,  which  latter  may  consist  of  lamp 


Fig.   2.    Boiler-Room   Indicator  in   Position 

-ignals,  gongs,  semaphores  or  other  electrically  actuated 
mechanical  apparatus  arranged  singly  or  in  groups  as 
required. 

When  used  as  a  signaling  device  for  timing  the  periods 
of  slicing  fires  and  for  firing,  the  engineer  first  determines 
by  test  the  frequency  with  which  the  furnace  should  be 
fired  to  maintain  the  desired  steam  pressure.  He  then 
indicates  the  time  of  firing  by  setting  the  index  of  the 
selecting  switch  at  the  point  corresponding  with  such 
frequency,  and  the  apparatus  will  then  automatically 
produce  the  proper  signals  in  the  boiler  r^^om,  Fig.  2,  on 
the  field  indicators  which  consist  of  lamps,  etc.,  as  before 
mentioned.     An  enlarged  view  is  shown  in  Fig.  3. 

The  signaling  is  accomplished  within  the  mechanism 
itself  by  a  combination  of  motor  control  and  distribution 
of  current  passing  through  a  series  of  make-and-break 
contacts  on  the  periphery  of  the  frequency  drum. 

As  an  example  of  how  the  device  works,  suppase  it 
has  been  the  practice  for  the  fireman  to  throw  on  a  quaii 
tity  of  coal  sufficient  to  last  for,  say,  20  min.  The  auto 
matic  timer  is  installed  and  by  tests  the  engineer  finds 
that  5-min.  intervals  for  stoking  is  sufficient  to  main- 
tain the  steam  pressure  when  firing,  say,  four  shovels  of 
coal  per  furnace  door.  The  selecting  switch  of  the  timer 
is  set  so  that  the  numbered  indicator  lights  will  be  suc- 
cessively illuminated,  and  the  gong  will  ring  every  5  min. 
for  firing  and  for  slicing  the  fires.     Beginning,  say,  with 


No.  1  boiler,  the  fireman  fires  so  many  shovels  into  No.  1 
furnace  when  that  number  is  illuminated  and  immedi- 
ately slices  the  No.  3  furnace  previously  coaled.  Upon 
the  next  signal  he  coals  No.  2  furnace  and  slices  No.  4, 
then  coals  No.  3  furnace  and  slices  No.  1  and  so  on  in 
rotation  as  the  signals  are  given,  alternately  firing  and 
slicing  the  fires  at  5-min.  intervals. 

When  additional  load  is  to  be  put  on  the  generating 
unit,  the  engineer  times  the  firing  periods  to  occur  more 
frequently  so  that  by  the  time  the  peak  load  is  on,  the 
furnaces  are  in  a  condition  to  maintain  the  extra  volume 
of  steam  demanded. 

Referring  to  Fig.  1,  a  counter  will  be  seen  at  the  left 
of  the  motor.  This  counter  registers  every  firing  and  by 
multiplying  the  number  registered  during  a  day's  run  by 
the  shovels  per  firing  of  coal  and  this  by  the  weight  of 
coal  in  each  shovelful,  the  total  day's  coal  consumption 
is  determined  within  a  few  pounds.  It  has  been  found 
that  the  amount  of  coal  fired  per  shovelful  day  by  day 
does  not  vary  materially.  If  a  tally  of  the  extra  coal 
required  for  lighting  or  peak  periods  is  desired  a  similar 
calculation  starting  and  ending  with  the  load  will  give 
the  desired  figures.  Thus  the  timer  checks  the  fuel  con- 
sumption of  any  particular  load. 

With  this  apparatus  it  is  possible  to  multiply  the  num- 
ber of  impulses  which  may  be  sent  out  both  by  the  se- 
quence unit  and  by  the  frequency  unit.  This  is  accom- 
plished by  the  design  of  the  make-and-break  switches 
which  are  independent  in  their  action  and,  therefore, 
capable  of  separate  and  distinct  efEort  at  any  time.     It 


Fig.  3.   Boiler-Eoom  Indicator 

is  possible  to  transmit  the  electric  impulse  from  the  fre- 
quency drum  without  the  intervention  of  the  sequence 
mechanism,  in  which  case  the  timing  device  would  consist 
only  of  the  first  and  second  and  possibly  the  fourth  units 
already  described.  On  the  other  hand,  for  any  series  of 
operations  requiring  the  transmission  of  electric  energy 
in  periodic  succession  to  two  or  more  points,  the  third 
or  sequence  unit  is  necessary  and  the  design  or  type  of 
such  unit  is  dependent  upon  the  number  of  stations  to  be 
successively  served. 
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On  (III'  (liiil  pinto  (if  (111-  Hi'lcctiiifj  Hwitch  tliorc  Ih  |>n)-  II    imiv  iiIho  Ik;  iiHi'd   for  coiitrolliiifj  the  pcrioilic  ()|>ctii 

viilcd  a  scrii's  of  iiuiulu'ivil  rt'f,'iHtniti()iiH  at  which  poiiitH  tion  of  vcntihitiiij,'  ap|>araliiH  in  riiiiicH  or  lniililiiigH,  for 

(he  iiiih'x  may  bi*  st't  to  st'cure  tin;  (lilTi-rciit  indications,  the  periodic  supply  of  injection  water,  for  thu  ojxjratioii 

These  vary  in  jierioilic  frequency  from  15  nee.  to  10  min.  of  bhiHl  valves  in  sniHllin^'  furnaces,  continuous  foumlrv 

The  ranjre  of  \iscfulness  of  this  'iiiiinj^  device  ia  not  work,  platinff  and  other  processcM  and  for  any  other  op 

limited  to  the  timing  of  hoiler  stokin^j;  and  elimination  eration  having  to  In;  performed  intcrniittcnllv  at   rcguhii 

of  smoke.      It    may    he    used    for  autonndicady    Hushing  or  xarialih;  periods  of  frcipuMicv. 

toilets  throughout    a   factory   and   at    viirialiie   i'eriod.-;  of  The  Aidomatic  Timer  is  sold  hy  the   .Merchant   Kngi 

frequency  at  the  \yill  of  the  engineer  or  superintendent.  mcrs  Corporation,  .'iU  Church  St.,  New  York  City. 

Coimciretle  Fape  CoimdlujiMs 

By  1"i!i:i)  .V.  Down 

S]'\01'SIS — .1/)  croiiomiral  iiirtliod  of  roii.^tDntiiKj  cf-  from    disintegrating  action   of   the   elements   and   of   the 

ficii'itl  and  iliiruhlr  ronditih  uf  cuncrcic  for  siniill  steam  cinders,  I  emi)loyed  a  similar  conduit  for  steam  jiipes.  It 

lines.  is  very  simple   and   less  exjwnsive  than  others,   and   to 

■.■^.  those  who  would  keej)  down  the  cost  of  maintenance  and 

Tile  trouble  exjierienced  in  installing  and  maintaining  raise  the  standard  of  service,  our  manner  of  providing 

steam  lines  underground  is  well  known,  especially  where  conduits  for  small  sizes  of  underground  steam  pipes  may 

cinders  have  been  used  for  grading.    To  lay  a  pipe  line  in  be  of  interest, 
cinders  mean-;  a  continuous  diggiflg  up  and  renewing  of  Our  method  ol   ;  njviding  for  a  2-in.  steam  line  would 
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Figs.  1,  %,  3,  4  and  5.    Cross-Sectioxs  of  Conduit.   Fig.  6.   Lid  for  Eiser  Box.  Fig.  7.  Vertical  Section 
OF  A  Eiser  Box.    Concrete  Conduit  for  2-In.  Steam  Line 


pipes,  for  the  life  of  wrought-iron  or  steel  pipe  in  cinders 
is  short  and  cinders  alone  make  a  poor  insulator. 

Some  kind  of  covering  must  be  employed  to  save  the 
pipe  and  to  prevent  condensation.  After  using  several 
kinds  of  material,  including  tin-lined  wood  casing, 
ordinary  tile,  split  tile,  and  oak,  pine,  cypress  and  other 
kinds  of  wood  coverings,  each  has  been  found  to  have  its 
faults.  I  have  used  concrete  conduits  for  air  and  oil 
lines,  there  being  little  expansion  or  contraction,  but  pro- 
viding for  a  steam  line  is  a  different  proposition.  With 
the  knowledge  gained  in  laying  approximately  17,000  ft. 
of  air  lines  in  concrete  and  knowing  that  it  was  immune 


be  to  first  dig  a  trench  the  required  size  and  depth,  and 
set  in  it  two  %x6-in.  fence  boards  A,  Fig.  1,  placed  on 
edge  9  in.  apart.  Next,  nail  a  piece  C ,  used  as  a  cor<; 
for  forming  the  slot  in  the  center,  to  the  strips  B, 
1x1x10%  in.  -spaced  6  ft.  apart,  and  tack  them  to  the 
side  boards.  The  ditch  is  then  filled  with  concrete  in 
sections,  each  about  12  ft.  long,  made  of  10  parts  of  small 
stone  or  gravel,  five  parts  sand  and  two  parts  cement. 
Mix  the  concrete  to  a  slush  and  fill  the  form  level  with 
the  top.  Do  not  trowel  the  top,  but  use  a  broom  to  roughen 
the  top  surface,  as  the  top  will  adhere  better  than  if 
slicked  with  a  trowel. 
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Wiien  the  concrete  is  set,  and  it  will  generally  harden 
enough  iu  12  hr.,  remove  the  strips  B  and  lift  out  the 
center  core,  leaving  the  concrete  as  shown  in  Fig.  2. 

Now  lay  the  pipe,  as  shown  in  Fig.  3,  and  cover  the 
slot  with  a  strip  of  thin  galvanized  or  stove-pipe  iron 
ahout  -1  in.  wide.  Raise  the  side  boards  up  3  in.,  tamp 
dirt  around  the  outside  to  hold  the  boards  in  place  and 
fill  with  concrete  to  the  top  of  the  side  boards,  as  in  Fig. 
4.  \^'^hen  the  concrete  has  set  dry,  remove  the  side  boards, 
leaving  the  finished  conduit  of  section  like  Fig.  5.  If 
the  ground  is  likely  to  hold  water  after  a  rain,  it  is  well 
as  an  extra  precaution  to  coat  the  sides  and  top  of  the 
conduit  with  hot  coal  tar,  or  with  a  heavy  paint. 

Care  should  be  used  where  the  risers  come  above  the 
ground.  For  such  places  use  a  piece  of  7-in.  stove  pipe 
of  the  right  lengih,  split  and  flanged  over  at  the  lower 
end,  and  flatten  the  sides  so  as  to  leave  space  for  the 


steam  line  to  expand.  After  placing  the  stove  pipe  over 
the  riser,  set  a  box  9x1.5  in.  around  the  sto\e  pipe,  both 
extended  about  6  in.  above  the  ground  line,  and  fill  with 
concrete,  as  in  plan,  Fig.  6,  and  vertical  section,  Fig.  7 
When  the  concrete  has  set,  remove  the  outside  form,  pack 
the  dirt  firmly  around  the  riser  box  and  provide  a  slid- 
ing lid  of  sheet  iroji,  as  shown,  to  exclude  dirt  and  hinder 
the  circulation  of  air. 

If  a  leak  appears,  remove  a  section  of  the  top  with  a 
wedge,  draw  out  the  pipe,  repair  tjie  leak  and  replace 
the  top  with  new  concrete.  A  length  of  25  ft.  of  pipe  can 
be  drawn  out  and  replaced  with  no  trouble.  This  can- 
not be  done  with  wood,  log,  tile,  wooden  box,  or  most 
other  kinds  of  conduit  on  account  of  the  inside  supports. 
I  have  installed  many  hundred  feet  of  this  kind  of  con- 
duit and  can  find  no  trace  of  cracks  at  any  of  the  places 
that  were  uncovered  to  examine  the  concrete. 
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SYNOPSIS — Troubles  from  irafer  and  carbon,  leal-nge, 
piping  that  is  too  small  and  pumps  of  insufficient  ca- 
pacilif. 

^: 

Altliough  oil  is  an  ideal  fuel  for  steam-generating  pur- 
poses, there  are  many  times  when  the  operating  force  ex- 
perience considerable  trouble  in  the  burning  of  this  fuel. 
These  troubles  are  almost  invariably  due  to  an  improper 
installation.  It  is  to  be  regi-etted  that  the  designing  and 
installing  of  a  plant  for  the  burning  of  oil  is  often  en- 
trusted to  persons  who  have  had  little  practical  experience 
with  oil  fuel,  as  the  efficiency  and  reliability  of  the  plant 
are  primarily  dependent  upon  the  character  of  the  in- 
stallation. 

Probably  the  most  frequent  trouble  encountered  by  the 
operating  engineer  is  backdraft  and  sputtering  of  the 
burners.  This  trouble  is  commonly  called  "bucking." 
Witli  the  fire  going  out  at  short  intervals,  accompanied 
at  each  ignition  with  an  explosion  of  the  furnace  gases 
(causing  the  backdraft),  with  large  clouds  of  smoke  is- 
suing from  the  stack  and  steam  pressure  going  down,  the 
engineer's  patience  is  indeed  sorely  tried.  One  of  the 
most  frequent  causes  bringing  this  condition  about  is 
water. 

In  many  cases  iio  precaution  is  taken  to  prevent  water 
from  entering  the  oil  well  and  no  provision  made  to  clear 
it  of  water.  Of  course,  engineers  allowing  such  a  condi- 
tion of  affairs  to  exist  must  expect  trouble.  The  suction 
pipe  sliould  never  be  placed  closer  than  4  in.  to  the  l)()t- 
tom  of  the  storage  tanks  and  ample  facilities  must  be 
provided  to  clear  the  tanks  of  Avater.  The  common  steam 
siphon  vn]\  be  found  a  convenient  and  cheap  appliance 
for  this  purpose. 

Sometimes  a  plant  is  fitted  with  a  foot  valve  on  the 
suction.  On  account  of  the  nature  of  fuel  oil  this  ap- 
pliance ought  to  be  omitted,  and  its  cost  applied  to  good 
strainers.  A  plugged  foot  valve  increases  the  vacuum 
carried  on  the  suction  line,  which  may  cause  the  oil  to 


give  ofE  its  lighter  fractious.     This  gas  in  issuing  from 
the  burners  causes  bucking. 

In  many  oil-burning  plants  the  suction  lines  are  too 
small.  This  is  a  mistake  frequently  made  by  those  who 
have  had  little  practical  experience  with  fuel  oil.  They 
assume  that  the  same  size  suction  will  do  for  oil  as  for 
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water  for  the  same  quantity  pumped.  On  account  of  the 
viscosity  of  fuel  oils,  their  flow  is  sluggish  unless  highly 
heated.  As  fuel  oils  give  oif  their  lighter  fractions  when 
their  temperature  is  increased  above  a  certain  point,  with- 
out a  corresponding  increase  in  pressure,  it  is  obviously 
impossible  to  decrease  their  viscosity  on  the  suction  side 
of  the  pumps  to  such  an  extent  that  their  flow  will  be 
the  same  as  water.  If  trouble  is  to  be  avoided,  the  suction 
pipe  must  be  from  one  to  two  sizes  larger  than  that  neces- 
sary for  the  pumping  of  water. 


>  ()i.  .y.i,    .Ml.  I) 


'I'lic  .siiiiu*  liniilili'  i.x  i'\|ii'rii'ii('C(l  III  imnIiiIIiiIkhin  liii\  iii;^  iin  iimi|iIi'I('  c'oinliii>t  inn   iiinl    iiiiiv   lie   liriiii;;lil    jilioiil    Ijy   u 

an  iiiMiniriciil  |>iiMi|>  ('a|iii('ily.     Otu'  initliority  on  fuel  oil  viiricly  of  condilions.     It  in  pMirniJiy  cimihciI  iiy  a  |iarlly 

Hialt's  thai   till'  s|u'f(l  of  pumps  used  lo  pniiip  oil   to  (lie  plii;;H;('tl    liiirniT,   wcl   Htcani,   wali-r   in    tin-  oil.   loo  wide- 

Imrnrr  line  should  iifXtT  rxcrcd  \.'(»  strokes  pi-r  inimitc.  or  worn  liiirncr  tips  or  Ity  an  improperly  disiKncil  fiirmici'. 

It  is  olivious  thai  if  tin-  oil  lifcomcs  hot  t'nou;,'h  to  k'^''  'Ii"'  nicllin;;  out  of  furnace  lirchrick  can  f(ciicrallv  In* 

oir   ils    lighter    fractions,    thai    Irouhic    is   sure   to  occiii-.  Iraccd  (<>  localized  heal  or  hlo\v|iip<' action. 

Kvery  fuel-oil  installation  shmild  have  some  provision  on  In  liltiiii:  np  a  plan!  for  oil  liiirnin;r  it  is  important  to 

both  the  siiilioii  and  iliscliar"e  sides  of  the  pumjis  where-  provide  ample  means   for  deliverinjr  clean   hot    oil   to  the 
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by  tlie  temperature  of  the  oil  can  be  ascertained  at  a 
glance.  The  operating  force  must  pay  close  attention  to 
this  pliase  of  the  work  at  all  times. 

Leaky  i>umps,  suction  lines,  valves,  etc.,  will  cause 
bucking.  Air  issuing  from  the  burners  will  put  out  the 
tire.  Air  cluimbers  will  materially  reduce  this  trouble, 
but  in  any  case  all  piping,  valves,  pumps  and  other  ap- 
pliances ought  to  be  absolutely  tight. 

Puni]>  pulsation  may  cause  bucking  of  the  fire.  ,An  air 
chamber  or  a  gas  separator  will  remedy  this  trouble  by 
smoothing  out  the  pulsations  of  the  pump. 

Another  source  of  trouble  in  oil-burning  plants  is  car- 
bon.    The  formation  of  carbon  in  the  furnace  indicates 


burners  and  to  select  a  burner  that  will  maintain  a  clear 
flame  in  a  cold  furnabe. 

In  designing  a  furnace  practice  has  shown  that  prac- 
tically all  air  must  pass  through  the  flame;  that  the 
flame  must  not  be  allowed  to  impinge  directly  on  either 
boiler  sheets,  tubes  or  brickwork ;  that  the  flame  produces 
better  results  when  worked  near  hot  brick  and  distrib- 
uted over  as  large  an  area  as  possible  to  prevent  localiza- 
tion of  heat;  that  every  precaution  must  be  taken 
to  guard  against  excess  air,  and  that  the  efficiency  and 
reliability  of  an  oil-burning  installation  is  primarily  de- 
pendent upon  the  character  of  the  installation. 
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Purnpino-  out  the  raniiionia  from  tlie  difTereiit  parts  ol' 
a  modern  refrigerating  system  should  be  a  eomparatively 
simple  matter,  but  I  have  found  from  experienee  that  a 
large  number  of  men  who  called  themselves  refrigerat- 
ing engineers  were  incapable  of  and  totally  unfamiliar 
with  pumping  out  a  section  of  the  system  for  alterations 
or  repairs. 

Most  compressors  are  now  proxided  with  pump-out  con- 
nections so  that  any  section  of  the  system  can  be  pumped 
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iiit  and  the  ammonia  stored  in  another  ])art  of  the  sys- 
:  tern.  Generally  a  compressor  is  provided  with  bypasses 
I  or  cross-connections,  and  a  separate  pump-out  line  from 
1  the  suction  side  of  the  compressor  to  the  condenser,  liquid 
I  receiver  and  sometimes  to  the  liquid  line.  In  a  double- 
pipe  or  atmospheric  condenser  the  pump-out  line  is  con- 
nected to  each  individual  stand,  so  that  each  stand  can 
I  be  pumped  out  separately. 

I      The  beginner  and  a  large  number  of  the  more  or  less 
experienced  men  look  at  the  bypasses  as  some  sort  of  a 
Chinese  puzzle.     Nothing  could  be  more  absurd,  however, 
as  by  tracing  the  piping  it  is  simple  enough  to  deter- 
!  mine  the  purpose  for  which  they  w-ere  intended — to  re- 
]  verse  the  suction  and  discharge  connections  of  the  ma- 
il chine  so  that  it  will  pump  from  the  discharge  line  and 


discharge  into  the  suction  line.  To  run  the  nuichine  this 
way,  the  main  suction  and  discharge  stop  valves  are  closed 
when  the  machine  is  shut  down  and  the  bypass  valves 
are  opened  instead. 

Fig.  ]  shows  the  pump-out  coini('cti(ni.-  for  a  vertical 
single-acting  twin-cylinder  compressor.  Suppose  that  i*^ 
is  desired  to  jnimp  out  th(>  suction  line.  This  may  be 
done  by  closing  llic  vahc  L  near  the  suction  header  on 
the  expansion  coils  it  llicie  is  ouv,  or  if  there  is  not  by 
closing  all  the  suction  val\<'s  A'  on  the  expansion  coils. 
The  machine  is  kept  running  as  in  normal  operation  un- 
til the  suction-pressure  gage  indicates  a  slight  vacuum. 
This  operation  may  have  to  be  repeated  .several  times  as 
a  suction  line  is  generally  covered  and  any  liquid  am- 
monia which  may  be  present  in  the  line  evaporates  slow- 
h'.  When  the  suction  gage  indicates  no  rise  in  pressure 
after  the  machine  is  shut  down,  it  is  safe  to  as,sume  that 
the  line  is  pumped  out,  although  precautions  should  be 
taken  even  then,  if  joints  are  opened,  against  an  escape 
of  vapor. 

The  suction-gas  header  at  the  expansion  coils  is  pumped 
out  by  closing  the  suction  valves  K  on  the  expansion  coils 
and  proceeding  as  before.  In  case  one  or  more  of  these 
valves  leak,  close  all  the  expansion  valves  J  on  the  coils 
and  pump  the  coils  down  to  zero  or  a  slight  vacuum  be- 
fore closing  the  suction  vahcs  A'. 

To  pump  out  the  expansion  coils,  close  valve  /  in  the 
liquid  line  at  the  e.xpansion  coils,  if  one  is  jn'ovided; 
otherwise  close  the  expansion  valves  and  go  ahead  as  be- 
fore. A  better  and  safer  method  is  to  close  the  valve  // 
in  the  liquid  line  at  the  receiver,  pump  the  coils  down  to 
zero  a  couple  of  times,  then  close  valve  7  and  the  expan- 
sion valves  and  finish  the  pumping  with  these  closed. 
This  will  eliminate  trouble  from  leaky  valves.  In  case  a 
single  coil  is  to  be  pumped  out  it  is  better  to  proceed  the 
same  way  for  the  first  pumping  out.  Then  close  valve  /, 
the  expansion  valve  on  the  coil  to  be  pumped  out  and 
the  suction  valves  K  on  all  the  other  coils.  Pump  the 
coil  down,  close  the  suction  valve  K,  open  the  suction 
valves  on  the  other  coils,  open  the  valves  I  and  //  in  the 
liquid  line  and  the  machine  is  ready  to  resume  normal 
o])eration. 

The  liquid  header  at  the  expansion  coils  is  pumped 
out  in  the  same  way.  For  the  first  pumping,  valve  H  is 
closed.  Valve  I  at  the  header  is  then  closed  and  the 
pumping  finished.  The  expansion  valves  ,/  should  be 
closed  immediately  after  the  machine  is  shut  down,  to 
keep  the  gas  from  backing  into  the  header  from  the  ex- 
pansion coils  and  the  suction  line.  If  \al\e  /  is  not  pro- 
vided the  liquid  line  must  be  pumjjed  out  with  the 
header. 

Su])pose  it  is  desired  to  repair  some  ))art  of  the  ma- 
chine or  pack  a  stuffing-box ;  any  good  engineer  who 
wishes  to  keep  down  his  ammonia  bill  will  pump  out  the 
machine  to  do  this,  but  I  have  seen  a  number  of  engi- 
neers just  shut  the  suction  and  discharge  stop  valves, 
open  the  indicator  cock  or  purge  valve  and  let  the  am- 
monia blow  to  the  four  winds.  To  pump  out  the  ma- 
chine, close  the  main  suction  and  discharge  stop  valves  A 
and  B,  when  the  machine  is  stojiped,  and  the  \alve  D  in 


llie  (lisiliiir;,'o  line  to  llif  <  tuidi'iiscr.  (>|icii  miIvcm  1  ninl  V 
I'll  till'  liyimssi'H  and  the  l)V|m>*s  Milve  .'{  oil  tlio  l)y|>ahs  to 
the  clu'i'k  vnlvt'  ('  in  tlic  ilis(lmrj,'r  liiu-.  Hy  tnuinj,'  Ilic 
conni'ilions  it  will  Ih>  srcii  that  the  machine  will  now 
|>iuii|>  Iron)  tlu>  ilischa !';,'('  lino  and  diHcliar^o  into  the  sm- 
tioM  line.  Hun  the  uuuhinc  slowly  and  when  the  Innd 
prt'ssnre  •ja;:?  indicati's  a  iVw  inches  of  vacimin  shnt  the 
machine  down  and  just  liei'ore  it  slops  close  valves  2  on 
the  hypasses.  'I'his  jircvcnts  va|)or  from  the  suction  line 
Imckinjj  \ip  into  tlu'  machine  when  it  stops.  Now  o|ieii 
the  discliarj,'e  s(o|)  \al\es  J{  sli;,ditly  to  let  the  v;i|ii>r  hc- 
Iween  these  valves  and  (lu-  discliarf^e  vaUcs  in  the  imi- 
chiue  escape  into  the  dischar,i,'e  line.  It  is  lur  this  ica- 
son  that  a  \.i(  nuni  :s  pumped  on  liie  disclnir^c  line. 

Close  the  >top  valves  li  ajjaiii  and  vaUcs  I  on  the  hy- 
l>asses,  also  valve  .'5  on  the  check-valve  hypass:  then  (»pen 
the  pnijre  valve  and  let  the  rcmaininu-  \iipoi-  if  any  escape 
to  the  atmos|)hcic. 

In  pumpinji  out  a  nuicliine.  care  siiould  he  taken  to  cjoso 
valves  .1/  and  .V  on  each  side  of  the  oil  hiiitern,  es))ecially 
if  the  i)ackin<r  is  had.  as  ihc  vapor  will  leak  hack  throuf^h 
the  gas-relief  lino  of  the  oil  lanteni  and  through  the  last 
half  of  the  packing  into  the  machine. 

When  ready  to  start,  turn  llie  machine  over  a  few  icvo- 
luliiins  with  the  purge  valves  oi)en  to  expel  the  air  from 
the  niacliinc.  then  cl(»e  the  |)urge  valves  and  .start  up  in 
the  ri'gular  manner. 

I'umj'ing  out  the  discharge  line  is  done  in  the  same 
way  except  that  the  ojjeration  nuiy  have  to  he  repeated  a 
coui)le  of  times  to  get  all  of  the  vapor  out,  as  there  i.s 
always  more  or  less  ammonia  in  the  oil  trap,  which  takes 
time  to  evaporate. 

To  i)ump  out  the  gas  header  on  the  condenser  close 
the  stop  valves  E  on  the  individual  stands  and  leave 
valve  D  open.  Then  ]n-oceed  as  hefore.  Trouhle  is  often 
occasioned  by  one  or  more  of  these  valves  leaking.  In 
this  case  close  the  liquid  valves  F  between  the  coils  and 
the  liquid  header  on  the  coils  or  stands  having  the  leaky 
gas  valves.  Leave  the  leaky  gas  valves  open  and  pump 
out  the  coils  with  the  header.  In  doing  this  I  have  found 
it  good  practice  to  drain  the  water  from  the  coils  where 
a  double-pipe  condenser  is  used,  as  it  is  liable  to  freeze 
and  burst  the  pipe  or  return  bends  unless  a  good  circula- 
tion is  kept  up. 

To  pump  out  the  condenser,  close  the  valve  G  in  the 
liquid  header  at  the  receiver  and  use  the  bypasses  the 
same  as  before.  Keep  the  water  circulating  rapidly  or 
better  still  drain  the  coils  in  case  a  double-pipe  or  sub- 
merged condenser  is  used.  Otherwise  some  of  the  coils 
are  likely  to  be  found  burst  after  pumping  out.  I  can 
remember  one  ca.se  where  a  condenser  was  ruined  by  the 
engineer  failing  to  take  this  precaution. 

An  individual  stand  is  most  readily  pumped  out  by 
the  pump-out  line  and  most  of  it  can  be  done  while  the 
machine  is  in  normal  operation  by  closing  the  liquid  valve 
F  between  the  coil  and  liquid  header  and  valve  E  between 
the  coil  and  gas  header,  thus  cutting  out  the  coil.  Yalve 
5  in  the  pump-out  line  is  opened  and  valve  4  at  the  ma- 
chine. The  coil  will  then  pump  down  to  suction  pressure 
with  the  machine  in  normal  operation.  After  this  the 
operation  can  be  finished  by  closing  the  main  suction 
stop  valves  A  on  the  machine  and  pumping  on  the  coil 
alone.  A  gage  should  be  provided  on  the  pump-out  line 
to  avoid  pumping  a  high  vacuum  on  the  line  and  drawing 
air  into  the  svstem. 


A  coil  can  also  he  pumped  out  by  using  the  bypii  ■  . 
The  lirpiid  valve  />'  on  the  coil  lo  be  pumped  out  and  the 
gas  valves  /.,'  on  all  the  coils  hut  this  one  are  closed,  'i'liig 
is  trioro  like  work,  however,  and  keeps  (he  maclnnr  out 
of  service  longer. 

I  can  remember  one  case  wlieri!  with  no  puinp  out  lino 
and  no  bypasses  a  condenser  coil  was  |Miniped  out  hy 
(losing  the  litpiid  valves  F  on  all  the  coils  but  the  one  to 
be  pumped  out  and  closing  the  gas  \alv(!  on  this  coil.  The 
coil  was  pumped  (Mil  through  the  expansion  coIIh,  the 
li(piid   lino  and   litpiid   receiver. 

The  li(piid  receiver  can  be  pumped  mil  through  the 
pump-out  line  or  the  ex])aiision  coils  and  the  litpiid  line, 
or  Ihrouirh  both  in  succession,  which  is  the  best  and 
quickest  way.  Close  valve  G  in  the  liipiid  header  between 
tli(>  condenser  and  lh(-  receiver,  pump  dr)Wii  to  zero  a 
conple  iif  limes,  close  valve  //  in  the  litpiid  line  and  .-lop 
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valves  .1  at  the  machine  and  finish  the  pumping  with  the 
pump-out  line. 

Pumping  out  the  liquid  line  is  about  the  hardest  ]irob- 
lem  because  the  line  is  generally  covered  and  the  liquid 
evaporates  slowly.  If  the  pump-out  line  is  connected  to 
it  at  the  receiver  end  it  can  be  pumped  from  both  ends 
at  once.  The  liquid  will  drain  to  one  end  or  the  othei 
and  pump  out  more  readily.  If  the  pump-out  line  is  not 
connected,  time  and  trouble  will  be  saved  by  pumping 
out  both  the  receiver  and  liquid  line  in  the  same  way  as 
just  described  for  the  receiver. 

All  the  instructions  apply  where  one  machine  is  in 
operation.  ^Miere  there  are  several  the  pump-out  connec- 
tions are  generally  connected  to  a  common  line  both  from 
the  machines  and  the  condensers,  so  tliat  any  machine 
can  be  used  for  pumping  out.  The  suction  and  discharge 
headers  are  also  cross-connected  in  a  large  number  of 
cases.  This  makes  pumping  out  possible  in  a  number 
of  cases  where  otherwise  it  would  be  necessary  to  let  the 
ammonia  blow  to  waste. 

As  an  illustration,  last  summer  a  suction  valve  blew 
out  on  a  horizontal  machine.  After  the  suction  and  dis- 
charge stop  valves  had  been  closed  it  was  found  that  tlie 
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discliarge  valves  leaked  enough  to  make  it  unpleasant 
around  the  machine.  We  closed  the  stop  valve  in  the  dis- 
charge line  at  the  condenser  header  and  intended  to  let 
the  vapor  l)lo\v  away  when  1  happened  to  think  that  one 
of  the  discharge  lines  of  the  other  machines  was  cross- 
tonnected  to  it.  By  using  the  cross-connection  and  by- 
passes on  the  other  machine  it  was  possible  to  pump  down 
the  line,  saving  the  ammonia  and  making  it  more  pleasant 
for  the  men  to  work  at  the  machine. 

In  another  case  we  broke  one  of  the  discharge  valves 
on  one  of  two  machines  working  on  the  same  system.  It 
<3id  not  interfere  with  the  regular  operation  of  the  ma- 
chine but  made  it  impossible  to  shut  the  valve  off  and  a 
slow  job  to  puinp  the  niachinc  out.  We  finally  liit  upon 
the  idea  of  pumping  it  out  with  the  other  macliine.     We 
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In  an  interesting  paper  read  before  the  American  So- 
•ciety  of  Meciianical  P]ngineers,  E.  H.  Ahara  gave  the 
results  of  a  series  of  700  tests  on  the  transmission  of 
power  by  rope  drives  under  various  conditions.  The  tests 
were  all  made  in  the  open  air  at  the  plant  of  the  Dodge 
Manufacturing  Co.,  Mishawaka,  Ind.,  on  both  American 
«nd  English  systems  with  open  and  up-and-over  drives. 
The  results  include  the  friction  of  the  receiving  shaft  and 
bearings,  as  it  was  thought  this  would  more  nearly  ap- 
proximate working  conditions.     The  bearings  were  of  the 
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rmg-oiling  babbitted  type  and  the  ropes  were  all  1-in. 
man i la  of  the  best  quality,  carefully  treated  with  a  rope 
'ri'ssing  to  prevent  the  entrance  of  moisture  and  to  keep 

'   surface  in  as  nearly  uniform  condition  as  possible. 

The  general  method  of  conducting  the  tests  embraced 
the  use  of  a  850-hp.  Westinghouse  direct-current  motor, 
driving  through  an  au.xiliary  rope  di'ive  to  a  jackshaft  on 
which  was  mounted  a  60-in.  test  driver;  the  driven  shaft 
was  fitted  in  bearings  on  a  movable  tower,  and  on  the 
driven  shaft  was  mounted  the  receiving  sheave,  of  the 
-Mitio  diameter  as  the  driving  sheave,  and  also  a  prony- 
Take  wheel.  The  tests  were  made  on  rope  drives  con- 
taining from  one  to  eight  ropes,  each  under  speeds  of 
lope  travel  of  2500,  3500,  4500  and  SaOU  ft.  per  min. 
The  center  distances  were  varied  in  steps  of  25  ft.  from 
.'">  to  150  ft.,  and  at  the  same  centers  tests  were  made 
with  varying  loads. 

On  the  American  open  drive  it  was  found  that  the  efTi= 
ciency  was  greatest  at  the  lowest  speed.  At  a  rope  speed 
of  2500  ft.  per  min.  the  efficiency  was  approximately  96 


left  the  suction-stop  valve  open  on  the  machine  with  the 
broken  discharge  valve,  opened  the  bypass  from  the  dis- 
charge side  of  the  machine  to  the  suction  line  and  the 
bypass  on  the  check  valve,  first  closing  the  valve  in  the 
discharge  line  at  the  condenser,  letting  the  vapor  from 
the  discharge  line  escape  through  the  byi)asses  into  the 
suction  line  which  was  pumped  down  to  zero  by  the  other 
machine. 

Fig.  2  is  a  detail  of  the  bypass  on  a  double-acting 
compressor  which  requires  only  half  the  number  of  con- 
nections that  are  required  by  the  machine  shown  in 
Fig.  1.  By  comparing  the  two  illustrations,  it  will  be  seen 
that  the  valves  which  are  marked  with  the  numbers  1  and 
2  in  Fig.  2  serve  the  same  ])urposes  as  the  valves  of  the 
same  numbers  in    Fig.   1. 


.op®  DrivnEn^ 

per  cent.,  and  at  5500  ft.  per  min.  about  !)()  ]jer  cent.  The 
results  of  the  efficiency  tests  relative  to  varying  centers 
were  practically  uniform,  and  those  on  efficiency  as  to  the 
number  of  ropes  showed  a  lower  efficiency  on  the  lower 
number  of  ropes.  With  one  rope  the  efficiency  was  about 
88  per  cent,  and  with  three  ropes  it  increased  to  prac- 
tically 93  per  cent.;  from  three  up  to  eight  ropes  it  re- 
mained constant.  The  lower  efficiency  up  to  three  ropes 
was  probably  because  the  eight-grooved  wheel,  made  for 
testing  eight  ropes,  was  used  for  all  the  lesser  number  of 
ropes,  and  this,  together  with  the  weight  of  the  prony 
brake,  increased  the  proportional  friction  on  the  smaller 
loads,  so  that  it  would  be  a  larger  percentage  of  the  total 
load  in  the  drive  of  few  ropes.  Limiting  the  losses  to 
those  in  the  rope  alone,  it  was  believed  that  the  efficiency 
of  a  single  rope  would  be  as  great,  if  not  greater,  than 
any  multiple  thereof.  At  100,  75  and  50  per  cent,  loads 
the  efficiency  was  practically  unifoiiu,  but  at  one-quarter 
load  it  dropped  approximately  7  per  cent. 

Tests  to  ascertain  what  tension  in  the  slack  side  of  the 
rope  would  give  the  highest  efficiency  showed  that  180  lb. 
was  best.  Up  to  180  lb.  the  efficiency  increased,  and  from 
there  up  to  360  lb.  remained  constant. 

Efficiency  tests  comparing  exact  and  differential  drives 
gave  results  considerably  in  favor  of  the  former. 

The  up-and-over  American  drive,  so  called  because  of 
its  course  upward  from  a  driver  over  idler  wheels,  then 
horizontally  for  a  distance,  and  down  over  idler  wheels 
to  the  driven  wheel,  was  tested  on  approximately  100-ft. 
centers.  The  results  of  efficiency  versus  number  of  ropes, 
shown  in  the  illusTratioUj  will  serve  as  a  basis  of  compari- 
son where  but  two  additional  right-angle  turns  are  in- 
troduced, requiring  four  additional  idlers. 

The  results  obtained  in  the  tests  of  the  English  oi)en 
drive  showed  a  falling  off  in  efficiency  with  increase  in 
speed,  the  drop  running  from  90  per  cent,  at  2500  ft. 
per  min.  to  84.5  per  cent,  at  5500  ft.  per  min.  The  effi- 
ciency of  the  English  drive  also  remained  practically  con- 
stant irrespective  of  center  distances.  With  reference  lo 
the  number  of  ropes,  it  increased,  as  did  the  American 
system,  for  the  hrst  few  ropes,  and  then  remained  almost 
constant. 

hi  the  up-and-over  English  drive,  tests  at  the  four 
speeds   previously  given   showed    that  the  efficiency  in- 
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(•reused  nipidlv  witii  llie  lirsl  iliice  ropi's  miil  llicii  f^nidii-  'I'lie  In  I.  n.-  it  i."^  f-|iiav('d  lioiii  llic  iio/./le  and  comes  ii 

nlly  lip  to  i'ljiUi    nipe.x.  iilllioii;;li   (lie  iiiuxiiiiiiiii  eHicieiicv  coiiliict  with  tliin  !iot  siirraee,  in  liiriicd  into  a  vapor.  Tliii 

\va8  no(  a.s  lii;,di  as  tliat  .ittained  with  the  (>))eM  drive.  vapor   i^   parliallv    mixed   witli  air   whieh   ('omes   throii;;! 

The  illnslration  t?ives  a  rejireseiitative  comparison  of  llie  from  ll'i   'loltnm  of  the  veiitiiri  and  is  further  diluted  will 

ellicieneies  of  the  four  ^icneral  plans  of  rope  driving,  at  a  cold   nir  nassin;;  tliroiijih  the  secomlaiy  air  valve, 

center  distance  of    100    ft.  and   a   rope  speed   of    ITjOO   ft.  'riie  'ik'I  inlet  in  the  nozzle  is  automatically  opened  ;iii( 


per   mill.     'IMiese   tests   were   imule  at    thiee-(piaitcr   load. 
which  would  he   l(i."i  h]). 

The  principle  of  the  doul)lc  connecting-rod  devised  by 
T.  Williams,  manager  of  the  Harvey  Kngineering  Co.,  of 
Ula.sgow.  referred  to  in  the  editorial  on  i)age  203,  is 
shown  in  the  diagrams  reproduced  hcrewitli  from  The 
Eitqiiieev. 


<  loMil    liy    liic    action    of    the    secondary    air    valve,    atu 
llicrc  1^  lci(  one  adjustment  of  (he  iari)uretor ;  this  is  a 


The  Williams  Duplex  Connecting-Roi> 

Tiio  .stroke  of  the  piston  is  less  tlian  the  diameter  of 
the  cranlcpiu  circle,  permitting,  for  tlie  same  stroke,  an 
increased  crank  throw  and  the  choice  between  a  slightly 
shorter  length  of  bed  or  a  slightly  longer  connecting-rod. 
The  claims  advanced  for  its  eflect  upon  steam  economy 
seem  to  ns  to  be  preposterous. 

The  illustration  represents  a  sectional  view  of  the  Har- 
roun  kerosene  carburetor.  Part  of  the  exhaust  is  forced 
through  the  space  around  the  venturi  which  heats  this 
corrugated  surface  to  a  cherry  red.  This  passage  is  of 
spiral  form  and  as  the  dense  atomized  fuel  is  drawn 
through  by  the  suction  of  the  motor  the  heavier  parts 
are  throw-n  to  the  outside  against  the  heated  surface  by 
the  centrifugal  force  and  the  more  volatile  portion  re- 
mains in  the  center. 
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Sectiox  THRorcJn    ilAiiiiorx   Kkkosexe  Carburetor 

the  h'^er  A.  which  raises  and  lowers  the  fulcrum  of  thi 
rocker  i,rm  and  in  turn  raises  and  lowers  the  needle  E 
as  it  is  actuated  l)y  llie  air  valve  E. 

A  special  feature  of  this  carburetor  is  the  taking  of  i 
small  portion  of  the  exhaust  gas  back  into  the  chargi 
through  the  air-valve  opening.  This  prevents  preignitioi 
and  eliminates  the  disagreeable  pound  more  prevalen 
with  kerosene  than  with  gasoline.  The  amount  of  ex 
liaust  gas  used  is  delerniined  bv  the  Initterflv  valve  C. 


I'etroleum     Production    In    1913 — The    output  of    pttroleur 

in    1!)13    exceeded    240,000,000    bbl.,    according    to  estimates    o 

David    T.    Day,   of   the   United    States   Geological  Survey.      Th 

production  in  1912,  which  made  the  record  up  to  that  time 
was  222,113,218  bbl. 

The  following  is  an  estimate  of  the  production  in  1S13 
compared  with  the  statistics  for   1912: 

State                                                                     1913  1912 

California    98,000.000  86,450,76 

Oklahoma    62,500,000  51,427,07 

Illinois     22.000,000  28,601,30 

Texas    14,000,000  11,735,05 

Louisiana    ...- 12,000,000  9,263,43 

West    Virginia    11,000,000  12,128,96 

Ohio    8,000,000  8,969,00 

Pennsylvania ' 7,000,000  7,837,94 

Wvoming    3,000,000  1,572,30' 

Kansas     2,000,000  l,592,79i 

Indiana    900,000  970,00: 

New    York 800,000  874.121 

Kentucky    500.000  484,36: 

Colorado    200,000  206,05: 

Other    states 100,000  

Total     242,000.000  222,113.21; 


Pennsylvania's  Anthracite  Production  in  1913 — Final  ftg 
ures  for  1913  show  that  the  total  shipments  of  anthraciti 
coal  from  Pennsylvania  last  year  were  69,069,628  tons.  Thii 
is  5.459,050  more  than  in  1912,  when  the  output  was  cur 
tailed  during  the  suspension  of  work  pending  the  signing  o: 
a  new  scale  of  wages.  The  tonnage  is  884,669  tons  less  that 
in  1911,  which  was  the  record  year  for  high  production. 
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Transportation  is  the  backljon>;  ami  HIV  of  inanul'ac- 
tnring  and  jueri'antile  interests,  foi'  witliout  it  husiness 
paralysis  \\'oul(l   inc\ital)ly   result 

'I'lie  transportation  prolileni  begins  with  the  erection 
of  the  power  station  and  its  adjuncts,  regardless  of 
whether  it  is  hydro-electric  development  or  steam  gen- 
eration, although  in  subsequent  operation  the  steam-gen- 
craiing  station  is  at  the  mercy  of  transportation  com- 
panies to  a  greater  extent  than  is  the  hydro-electric 
])lart,  where  the  only  transportation  jiroblems  of  serious 
importance  which  develop  after  tlie  plant  is  once  in  op- 
er-ition,  are  those  connected  with  extensions  and  repairs. 

With  the  steam  power  plant,  however,  the  situation  is 
different,  for  there,  the  unceasing  problem  of  fuel  sup- 
ply,, and  the  possible  interruptions  to  service  connected 
tiierevvith,  is  always  present.  The  character  of  the  ser- 
vice and,  above  all,  whether  it  is  divided  between  two 
or  more  companies  and  is  competitive  and  wholesome  are 
fac*-ors  to  consider. 

It  is  of  vital  importance^  in  the  selection  of  the  site 
for  a  power  station,  to  have  a  liberal  regard  for  all  that 
pertains  to  transportation  facilities  at  the  outset  and  also 
in  subsequent  operation. 


lEaglhitl  BoMs^s'S  s^  Week 

When  is  an  engineer  not  an  engineer?  Xo,  this  is 
not  a  conundrum,  but  a  plain  question  that  needs  a 
specific  answer,  judging  from  the  indiscriminate  use 
of  the  word.  We  answer  that  an  engineer  is  not  an  en- 
gineer when  he  is  a  fireman,  or  an  oiler,  or  an  engine 
starter;  not  until  he  is  capable  of  operating  or  of  direct- 
ing the  operation  of  a  steam  power  plant. 

How  foolish,  then,  is  tlie  following  advertisement  that 
ajjpeared  recently  in  a  Xew  York  daily  newspaper : 

ENGINEER  wanted,  elderly  man,  third-class  license,  at- 
tend boiler  only;  wages,   $8 

An  engineer  knows  how  the  various  api)liances  in  a 
steam  plant  operate ;  ^^'llat  to  do  in  case  they  do  not  work 
efficiently,  how  to  handle  men,  and  how  to  plan  for  im- 
provements and  new  installations.  Such  men  do  not  work 
for  eight  dollars  a  week. 

Evidently  a  man  is  wanted  to  throw  coal  into  the  fur- 
nace of  a  boiler,  and  he  will  have  nothing  to  do  with 
an  engine  or  a  real  engineer's  job.  A  man  with  a  fire- 
man's license  could  fill  the  jolj  as  well  as  a  "tliird-class 
engineer,"  if  one  would  work  for  the  wage  otl'ered,  which 
is  doubtful. 

An  elderly  man  is  preferred,  doubtless  because  it  is 
assumed  that  a  man  of  advanced  age,  holding  but  a 
third-class  license,  has  l)een  a  failure  in  the  engineering 
field  and  will  be  glad  to  take  the  job  at  any  wages.  Such 
a  man  will  not  be  ambitious  to  advance  and  will  stay 
contented.     Probably  the  advertiser  is  tired  of  breaking 


in  yoiuig  men,  who  lca\c  when  Ihcy  have  learned  enough 
lo    eain    inure    money    elsew  liere. 

On  the  whole,  the  engineers  employed  in  stationary 
steam  plants  are  intelligent  and  capable  men.  They  are 
interesti'd  in  the  ellieieiit  operation  oF  tlieir  i)lants,  and 
those  who  are  elinihing  are  working  hard  to  lit  them- 
selves for  places  of  higher  responsibility. 

Such  men  should  not  be  confujcd  with  "engineers'' 
who  care  nothing  for  advancement,  who  are  failures  in 
their  work,  and  who  can  be  hired  lor  a  wage  of  eight 
dollars  a  week. 


Because  of  opposition  from  the  National  Association  of 
Stationary  Engineeis  to  the  plan  of  having  the  Pittsburgh 
smoke  inspector  either  a  metallurgical  or  mechanical  engi- 
neer, the  city  council  has  been  forced  to  postpone  action  on 
an  ordinance  providing  for  the  position  and  fixing  the  salary. 
The  stationary  engineers  thinli  such  a  provision  would  be 
unfair  to  men  who  have  learned  all  about  boilers  and  fur- 
naces by  experience  and  study,  but  who  may  not  have  a  col- 
lege degree.  The  engineers  say  they  ask  for  no  preference 
to  be  shown,  but  are  opposed  to  having  college  graduates 
given  preference  over  practical  men  who  may  be  more  com- 
petent. 

Thus  runs  a  news  item  from  Pittsburgh. 

We  have  no  wish  to  encourage  the  often  exaggerated 
antipathy  of  the  practical  man  for  the  one  with  a  theo- 
retical training  only.  Quite  the  reverse,  one  of  our  am- 
bitions is  to  show  each  tlie  value  of  the  other  and  urge 
tlieir  co()peration.  Nevertheless,  we  must  remark  the  evi- 
dent justice  of  the  stationary  engineers'  contention  in  this 
instance,  for  there  is  about  as  much  reason  why  a  smoke 
inspector  should  have  a  college  education  as  that  a  base- 
ball player  should  have  hatl  a  course  at  a  conservatory  of 
music. 

As  we  see  the  qualifications  necessary  in  a  satisfactory 
smoke  inspector,  next  to  good  eyesight,  the  essential  is  a 
knowledge  of  the  principles  of  combustion  born  of  prac- 
tical experience  sufficient  to  know  how  to  obtain  smoke- 
less burning  of  various  fuels  under  various  conditions. 
It  matters  not  whether  tliis  knowledge  was  gained  in  or 
out  of  college. 

A  college  education  is  not  to  be  disparaged,  for  it  can 
be  a  great  advantage  to  anyone.  The  main  benefit  derived 
from  it,  however,  is  not  whai  is  learned  of  specific  sub- 
jects, for  this  is  soon  forgotten  unless  the  study  is  con- 
tinued after  graduation,  but  learning  how  to  learn;  that 
is,  it  is  the  training  of  the  mind  to  habits  of  observation 
and  deduction  therefrom.  Even  then  if  the  liabit  of 
thought  is  not  related  (o  a  habit  of  action  it  is  of  no 
profit.  It  is  the  ability  to  apply  his  trained  mind  to  use- 
ful purposes  that  determines  the  successful  man.  This  is 
just  as  true  of  the  man  who  never  saw  a  college,  but  was 
gifted  with  a  mind  capable  of  training  and  had  the  de- 
termination to  train  it,  scliool  or  no  school.  Such  men 
are  successes  not  because  they  had  no  college  education, 
but  in  spite  of  that  fact.    It  is  the  greater  credit  to  them. 

So,  if  we  were  selecting  Pittsburgh's  smoke  inspector, 
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we  would  ;;ivi>  hitn  tin  I'XiiMiiiiiitioiiH  in  liiitiii,  ln;.'lii'i- 
iiinllu'imitiiH  r  ..iiy  of  tin-  "ologios."  If  lie  could  pass 
an  evi'  tost  tluit  sliowi-d  In-  was  not  HcriouBly  luvopic  hiuI 
could  I'xplain  liow  to  hiirn  coal  coiuplctdy  ami  tlicii  prove 
it  bv  actually  doin;;  it,  \vc  should  accept  liiui.  Aiul  if  wc 
could  ^ct  two  or  nuirc  such  men  that  were  "(lually  j,'ood 
in  these  resi)ects,  we  should  ;,'ive  the  preference  to  the 
num  who  evidently  possessed  the  nu>st  tact  so  that,  instead 
of  anlaj;\>ui/.injj  the  (ilfcnders  a<,Minst  the  smoke  laws,  lip 
would  eihicaio  them  to  the  economic  advantages  to  them- 
selves of  complyinji  with  Ihcm. 

A  Magic  Rod 

\\  lial  is  tlr  u<e  of  fussinj,^  with  multijijt!  lylinders,  hij^h 
pressure,  superheat,  etc.,  to  inci'case  the  elliciency  uf  an 
engine  a  small  amount  when  hy  putting  on  a  douhio  con- 
necting-rod you  can  save  liftecMi  ])or  cent.? 

Sonie  months  since,  the  Loiuhm  Tiiiies  descrihed  a  new 
connection  l)etween  the  crosshead  and  the  crankpin  disk 
devised  hy  the  manager  of  tiie  Harvey  Engineering  Co., 
of  Glasgow,  ll  was  not  surprising  to  see  a  nontechnical 
news])aper  aci-cjit  witiiout  question  the  statement  that 
the  use  of  this  rod  on  a  twcnty-five-horsepowcr  engine 
made  a  saving  of  seventeen  ])er  cent,  in  steam,  and  that  a 
two  hundred-horsel)ower  cross-coni])ound  condensing  en- 
gine so  equipped  ran  on  ten  and  a  half  pounds  of  satu- 
rated steam  ])er  indicated  iiorsepower-hour,  at  one  hun- 
dred and  twenty  pounds  ^iressure  (an  efficiency  of  nearly 
eightv-lhrec  per  cent.),  hut  it  was  rather  startling  to  see 
our  dignified  and  con.<ervativc  professional  English  con- 
temporary, The  Engineer,  devote  over  two  pages  to  a  seri- 
ous consideration  of  it.  That  paper  believes  "that  the  de- 
creased steam  consumption  is,  in  good  part,  due  to  the 
circumstance  that  the  power  developed  in  the  cylinder  is 
transmitted  more  evenly  to  the  crankshaft  than  is  usual." 

The  energy  developed  will  he  the  product  of  the  pres- 
sure and  the  piston  displacement,  and  no  modification  of 
the  connecting  mechanism  can,  for  the  abstract  case  at 
least,  make  any  diU'erence  in  the  ratio  of  that  energy  to 
the  .steam  required  to  produce  it.  It  is  conceivable  that 
by  a  better  distribution  of  the  crank  effort  the  mechanical 
efficiency  might  be  improved,  but  inasmuch  as  the  total 
internal  friction  of  a  simple  engine  should  not  exceed  ten 
per  cent.,  it  is  not  easy  to  see  how  a  saving  of  seventeen 
per  cent,  is  to  he  accounted  for  along  these  lines.  The 
arrangement  is  described  on  page  200. 

The  Sew  York  Sun  predicts  a  row  between  Gifford 
I'inchot  and  the  President  over  the  question  whether 
the  state  or  the  federal  government  shall  control  the  wat- 
er powers,  and  whether  either  shall  collect  a  rent  or  tax 
for  their  use. 

The  interests  which  are  seeking  to  acquire  and  con- 
trol the  water  powers  are  strong  for  state  rights,  which 
would  seem  to  be  a  pretty  good  cue  for  those  who  want 
to  save  them  for  the  people  to  put  them  under  the  con- 
trol of  the  stronger  and  less  susceptible  federal  power. 

So  far  as  the  tax  is  concerned,  with  a  proper  system 
of  rate  control,  it  becomes  one  of  the  expenses  of  the 
business,  is  charged  in  when  the  rate  is  established  and 
passed  on  to  the  consumer.  It  is  only  when  the  power 
is  sold  at  what  the  market  will  hear  instead  of  at  a  price 


which  will  jiiiy  ii  pr<'dclermincd  profit  on  Ibi-  iiivi'st- 
nuMil  involved,  that  the  pid)lic  gels  any  net  gotxl  out 
of  u  franchise  tax,  and  it  is  to  Ik;  hoped  that  the  pcoplu 
will  rclincpiish  their  hold  upon  these  rerruiining  sourccH 
of  power  only  u|ion  such  terms  ns  will  insure  their 
prompt  dcxelopmcnt  and  the  mailability  to  the  public  of 
energy  at  rates  whicji  will  pay  a  fair  jirolit  u[)<)n  the 
money  actiudly  invested  in  its  production.  In  which 
case,  what  is  the  dilTcirencc  who  makes  and  enforces  the 
terms  so  long  as  they  an;  made  and  enforced?  And 
which  is  the  more  likely  to  imikc  and  enforce  them  in 
the  interest  of  the  Jieoplc,  a  corporation-owned  stale 
legislature  or  a  national  body  whose  personnel  is  known 
to    and    whose   every    act    is   scrutinized    by    an    aroufiod 

people? 

A.r/aoftlheff'  Kimgniraeeir'  Mero 

C'ons|)i(iionsly  dill'erent  fi'om  some  (jther  of  the  mori' 
recent  marine  disasters  was  the  sinking  of  the  "Monroe." 
Usually,  some  shameful  acts  of  cowardice  are  reported, 
but  not  a  single  account  of  such  has  come  from  the 
"Monroe"  survivors.  Mingled  with  the  feeling  of  hor- 
ror that  always  comes  with  the  hearing  of  such  a  terri- 
ble tale  is  one  of  ])ride  and  gratitude  that  the  behavior 
of  an  American  crew  in  the  face  of  expected  death  wa 
so  exemplary  throughout,  from  the  highest  officer  to  thu 
humblest  colored  steward. 

Among  the  outstanding  displays  of  bravery  and  heroism, 
next  to  that  of  Wireless  Operator  Kuehn,  who  perished 
because  he  removed  his  own  life  belt  to  give  to  a  woman 
who  had  none,  was  that  of  Engineer  Oscar  Perkins,  who 
at  the  ri.sk  of  his  life  went  down  and  started  a  reserve 
dynamo  when  the  main  one  was  put  out  of  commission 
and  got  the  lights  going  again.  Without  question,  this 
act  did  much  to  prevent  a  greater  loss  of  life  and  the 
glory  belongs  to  an  engineer. 


A  reader,  evidently  thinking  we  are  alarmists  on  the 
ooal-exhaustion  (]uestion,  sends  us  a  very  reassuring  clip- 
ping from  a  daily  paper.    It  reads: 

The  Internationiil  Geographical  Congress  has  just  issued 
a  pamphlet  giving  results  of  a  study  of  the  subject  in  64 
countries.  The  conclusion  is  that  there  are  more  than  seven 
trillion  tons  yet  unmined,  while  the  present  consumption  is 
about  one  billion  tons  a  year.  It  would  seem,  therefore, 
that  the  world  still  has  coal  enough  to  last  7000  years. 

What  the  International  GeoJof/ical  Congress  monogram 
on  "The  Coal  Resources  of  the  World"  really  did  say  was : 

The  total  reserves  of  the  world,  compiled  from  all  the 
reports  received,  amount  to  7,397,533  million  tons.  .  .  .  The 
world's  production  of  coal  for  thi,  year  1910  was  about  1145 
million  tons,  so  that,  though  much  must  be  allowed  for  loss 
in  mining  and  for  areas  that  for  various  reasons  cannot  be 
economically  mined,  there  still  remain  many  hundreds  of  years 
before  exhaustion  of  tho  supply  may  be  looked  for.  Taking- 
up  the  individual  countries,  h(  wever,  it  is  found  that  in  mor. 
than  one  case  the  end  is  in  sight. 

Further  the  rate  of  consumption  is  constantly  increas- 
ing, so  that  it  is  not  correct  to  divide  our  reserve  supply 
by  our  present  annual  consumption  and  call  the  quotient 
the  number  of  years  that  coal  will  last.  We  should  like 
to  convince  ourselves  that  the  "we-should-worry  ?"  atti- 
tude toward  the  exhaustion  of  the  fuel  resources  is  war- 
ranted, but  we  cannot.  Just  because  it  will  not  come  in 
this  generation  is  no  excuse  for  indifference  toward  the 
inevitable  that  must  be  faced  by  posterity. 
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I  have  liaiuUcd  croys-coinpouiul  coudeusiiig  engines 
siu-cessiuily  by  following  these  rules:  Mever  attempt  to 
start  the  engine  until  the  eoiKleusing  machinery  is  in  op- 
eration and  the  vacuum  gage  shows  the  proper  vaeuum 
and  that  it  is  easily  maintained  ;  then  he  sure  that  the  re- 
ceiver is  directly  oi)en  to  the  atmos])here.  This  opening- 
is  usually  a  1-iii.  or  ly^-in.  pipe  fitted  with  a  globe  valve 
attached  to  the  lowest  point  (if  the  receiver  and  is  used  as 
a  byjjass  around  the  steam  trap,  when  there  is  not  suffi- 
cient jjressure  to  cause  the  trap  to  o])erate,  thus  giving  a 
positive  drain  to  the  receiver. 

Then  crack  the  throttle  and  use  the  starting  bar  to  op- 
erate the  valve-gear  until  the  receiver  pressure  runs  up 
to  20  or  25  lb.  and  the  by])ass  blows  freely.  Everything 
else  being  ready,  hook  in  the  reach  rod  and  admit  the 
steam,  leaving  the  by])ass  open  until  the  engine  comes  up 
to  speed  and  takes  the  load.  Next  go  around  and  close 
the  bypass  and  see  that  the  receiver  trap  operates.  Always 
maintain  a  pressure  above  the  atmosphere  in  the  receiver 
sufficient  to  drive  all  water  out  through  the  trap  provided 
for  that  purpose.  If  the  load  falls  off  for  any  reason  and 
the  engine  must  be  kept  rirnning,  lower  the  steam  pres- 
sure to  get  a  late  cutoff  in  the  high-pressure  cylinder 
sufficient  to  keei)  up  the  receiver  pressure. 

JoHX  J.  Kamsey. 

AVellington,  Kan. 

All  compound  engine  receivers  should  ])C  provided  'with 

two  traps,  a  steam  trap  to  operate  with  pressure  altove  the 

iitiuosphere,  as  during  normal  operating  conditions,  and  a 

\a(uum  trap  when  the  receiver  contains  a  vacuum. 

A  vacuum  trap  may  be  placed  below  the  receiver  so  that 

I  the  water  will  flow  to  it  by  gravity.     When  the  water 

'  reaches  a  certain  inlet  in  the  trap,  communication  to  the 

H  Lium  is  closed  and  the  trap  is  vented  to  the  atmosphere, 

'  water  discharging  into  the  air.    This  trap  should  aLso 

connected  to  the  exhaust  line  if  there  are  any  jxK'kets 

1  at  may  collect  water. 

The  engineer  can  readily  connect  a  \acuum  trap  and  a 
lui'ssure  trap  to  the  receiver  and  have  a  valve  stem  extend 
lo  the  floor  line  to  enable  him  to  control  the  tra])  ac- 
iiiiding  to  operaling  conditions. 

I      One  of  the  engines  in  the  writer's  plant  o])erates  com- 
pound condensing  under  a  varying  load  and  at  times  has 
little  more  than  friction  load.  A\'hen  this  condition  occurs, 
j  Ave  drop  tlie  boiler  ])ressure  until  the  cutoff  on  the  high- 
I pressure  cylinder  will   give  a   suitable   receiver  pressure. 
This  M-ili   allow  tlie  pressure  trap  to  drain  the  receiver. 
Til  is  trap  should  be  cleaned   frequently  because  the  oil 
I'lm  the  high-pressure  side  will  tend  to  clog  it  and  pre- 
it  satisfactory  operation. 

If  the  engine  is  to  run  for  long  witli  a  light  load,  it 
imay  be  good  engineering  to  take  down  the  low-pressure 
side  and  carry  the  load  with  the  high-pressure  side  if  the 


piping  is  arranged  to  bypass  the  low-pressure  cylinder;  if 
not,  it  may  pay  to  so  pipe  it. 

The  receiver  relief  valve  should  be  given  more  than 
usual  attention  and  should  have  a  wire  so  connected  that 
it  can  be  raised  from  its  seat  each  day. 

1*.  E.  AIehhia.m. 

Methuen,  Mass. 

m 

What  experience  have  readers  of  Poaa'eh  had  in  remedy- 
ing hammering  check  valves  on  heating  systems  where 
the  hot  water  is  returned  direct  to  the  boilers  by  means  of 
a)i  automatic  pump  and  tank? 

The  writer's  attention  has  been  called  to  two  cases 
lately  in  which  trouble  has  been  encountered  from  this 
action,  although  the  piping  was  almost  identical  with 
that  in  a  number  of  other  systems  which  had  given  no 
trouble. 

A.  E.  Waldex. 

Baltimore,  Md. 

A  steam  trap  being  necessary  on  the  outlet  of  a  large 
heating  coil,  I  decided  to  make  one  as  shown  in  the 
sketch.  I  placed  a  tee  in  the  line  with  a  %-in.  brass  riser 
8  ft.  long.  A  foot  beyond  that  I  placed  a  globe  valve  with 
threads  filed  off  the  stem ;  the  pressure  was  under  the 
disk.  Overhead  on  a  floor  beam  is  a  lever  with  one  end 
attached  to  the  top  of  the  brass  pipe  and  the  other  to  a 

F/oorBeam 


Homemade  Trap 

chain  connected  to  the  globe  valve.  The  fulcrum  is  placed 
so  as  to  make  the  leverage  three  to  one.  On  the  valve  Is 
a  weight  to  hold  the  disk  down  and  yet  allow  it  to  rise 
in  case  of  excessive  pressure  in  the  coil  wlaeu  it  will  al- 
low the  valve  to  open  like  a  safety  valve. 
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\\  lien  (liscliarjiin^,  stciiiii  iciiilics  the  Ih'iiks  riser.  Hit' 
i'X|niiisn)ii  allows  (Ik'  j(IoI»c  vaixc  to  close.  When  water 
.seals  the  ri.ser,  the  valve  is  opened,  allowing;  il  to  lie  dis- 
rliar;;eil.  This  iiroportioii  of  parts  ^ives  a  tola!  valvi- 
inoveiiietit  of  ahoiit  %  in.  The  air  valve  on  lo]i  of  the 
riser  niake<  the  chanties  more  iiipid  and  the  whole  aiVaii', 
while  simple  and  somewhat    ciude,   works  perfertlv. 

II.   K.  Wiisos. 

New    Medl'ord,   Mass. 

>: 
Do|J  for  F\uiinnip  Pistoira  Rodl 

'J'lie  illustration  shows  a  device  I'or  u.se  on  a  I'rescoll 
piston-pattern,  hoiler-fccd  pump.  The  idea  is  to  prevent 
the  piston  rod  and  the  cro.sshcad  from  heinj!;  turned  hv  the 
valve-actua tiller  lexers.    As  this  t \  pe  of  crosshead  lias  a 


(^  Set  Screw  I  "Long 


iiexa,<>-onal  end  the  tlevice  is  easily  applied.  This  improve- 
ment also  helps  to  hold  the  jjiston  rod  when  tightening 
jam-nuts,  etc. 

W.  E.  Rough. 
Chisholm.  Minn. 


I  have  read  with  becoming  mortilication  of  spirit  the 
editorial  bearing  tlie  above  title  in  which  you  chant  the 
obsequies  of  the  isolated  plant  in  the  South.  He  died  at 
the  liands  of  the  hydro-electric  plant  in  the  struggle 
for  industrial  supremacy.  Was  it  murder  or  justifiable 
homicide? 

Some  months  ago  you  j)ul)lislied  the  rates  at  which 
power  from  the  Hale's  Bar  development  near  Chatta- 
nooga is  sold.  These  are  supposed  to  be  among  the 
lowest  of  the  hydro-electric  rates,  yet  they  make  the 
cost  of  a  horsepower  some  $20  for  a  3600-hr.  year.  It 
would  not  take  a  phenomenal  steam  plant  to  beat  that 
figure,  especially  if  there  w^ere  any  use  for  exhaust  steam, 
as  for  slashing. 

The  standing  charges  against  a  plant  are  usually  as- 
sumed at  about  18  per  cent.  A  good  steam  turbine-driven 
plant  can  be  put  down  for  $oO  pci-  !i]i.,  entailing  a 
standing  charge  of  $6  per  hp.  per  annum.  The  Hale's 
Bar  development  cost  over  $150  per  hp.  of  maximum 
capacity,  and  at  the  same  rate  is  subject  to  a  standing 
charge  of  $18  per  hp.  The  difference  would  pay  the 
coal  bill  of  a  good  steam-driven  plant. 

In  addition,  many  hydro-electric  plants  have  to  main- 


tain, as  yonr  editorial  sa\s,  steam  plants  for  Hland-hy  or 
ri'Herve  Hcrvice,  so  they  have  to  carry  IIk-  standing  eliargi-a 
which  the  Kteam  plant  ordinarily  liaH  in  addition  lo  their 
own.  !''nrtlii'iniore,  the  power  delivered  and  collected 
for  is  considerahly  less  than  that  generated,  on  aeeoiint 
of  line  losses. 

W.  \ .  \.  I'owelson,  a  ctinsulting  engineer  of  New 
York,  in  an  argument*  opposing  the  charge  to  private 
parties  of  a  rental  by  the  goxcriuiK'nt  for  the  uho  of  water 
powers,  and  in  favor  of  grants  in  perpetuity,  huvh  that 
•■many  water  powers  have  little  or  no  commercial  earn- 
ing capacity  in  competition  with  coal."  and  that  the 
number  of  water  powers  which  are  capable  of  producing 
power  considerably  cheaper  than  by  coal  is  not  very 
great. 

If  the  hydro-electric  developments  of  the  South  dis- 
place the  isolated  sleani  plants  generally  it  will  be  be- 
cause the  steam  plants  are  not  as  good  aa  they  hIiouIcI 
be,  or  those  who  are  responsible  for  the  change  have  no' 
a  full   undci-slanding  of  the  facts  and  conditions. 

•     K.u.rii   K.  SoMKK-. 

New   York    City. 

F^rclhiSisnira^  Coal  omv  Botl.tui.  Basis 

The  government  has  definite  specifications  regardiiio 
the  purchase  of  steaming  coal  in  which  the  ash  and  mois- 
ture content  as  well  as  the  heat  value  bear  a  definite  rela- 
tion to  the  price  per  ton.  When  bids  are  called  for,  eacli 
bidder's  price  is  reduced  to  a  common  basis  for  compari- 
son. Through  three  successive  steps,  taking  into  acconiil 
ash,  moisture  percentage  and  B.t.u.  value,  the  cost  foi 
1,000.000  B.t.u.  is  determiiuid.  Although  certain  limiti 
are  established  for  sul])hur  content  and  volatile  com- 
bustible matter,  they  are  not  taken  into  account  in  cor- 
recting the  bidder's  price. 

The  accompanying  table  shows  the  cost  of   1,000,00( 

COST    AND    PRACTICAL   TE.ST.S   OF   COALS 
Practical  Tcj^t 
Chain-Grate  .Stokers,  In- 
Cost  of  duccd  Draft 
No.  of            Kind         1  .(KX),0O()       Cost  per 
Sample             Bit.              B.t.u.          Kw.-hr.      Behavior  of  Coal         Remark-s 

1  N&S  $().041  SO  021        Clinkcred  badly     Too  large 

2  P&S  0.043  0.0119     Good 

3  P&S  0.043  0  012()     Good  Dusty 

4  N&S  0.046  0  0178     Clinkered  Excessive  "lati 

5  N&S  0.047  0  0127     Clinkcred  Excessive  slati 

6  P&S  0.051  0  0128     Good 

7  P&S  0.061  0  0125     Fair 

8  N&S  0.0645         0  018       Fair  Gummy 

9  N&S  0  065  0.0153     Clinkered  Too  large 
N&S  =  Nut  and  slack;     P&S  =  Pea  and  .slack. 

B.t.u.  figured  on  the  government  basis,  also  the  per- 
j"ormance  of  the  coal  under  actual  operating  conditions 
for  nine  different  samples.  The  coal  was  tested  in  s 
plant  of  1000  boiler  horsepower,  the  boilers  being  of  th( 
water-tube  type,  with  chain-grate  stokers  and  a  draft  ot 
0.30  in.  maintained  over  the  fire  by  a  77-in.  fan.  Ac- 
cording to  the  government  method  of  calculation,  sam- 
ple Xo.  1  is  the  cheapest  coal,  but  tests  demonstrated  thai 
it  was  not  suitable  for  the  work  at  hand,  and  it  was  not 
the  cheapest  when  the  cost  per  kilowatt-hour  was  con- 
sidered. The  table  is  self-explanatory.  The  contraitoi 
who  submitted  sample  Xo.  fi  was  awarded  the  contract. 
Samples  Xns.  2  and  3,  the  only  coals  showing  a  lower 
cost  per  kilowatt-hour  than  Xo.  6,  together  with  satis- 
factory furnace  conditions,  were  rejected  because  the  con- 
tractor had  a  reputation  for  slow  delivery. 

It  would  seem  valuable,  as  a  check  on  practical  tests, 


•Senate  Document  243,   63d   Congress,   first  session. 
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tliat  some  relation  be  established  between  the  priee  jtaid 
for  coal  and  the  heat  value,  ash  content  and  moisture,  but 
the  attached  table  shows  that  it  would  be  inadvisable  to 
contract  for  a  coal  supply  without  testing  out  thoroughly, 
under  actual  operating  conditions,  different  coals  on  the 
market  most  accessible  to  the  plant  in  question.  Again, 
as  in  the  case  at  hand,  there  may  be  factors  to  be  taken 
into  account  besides  low  cost  of  operation  and  clinkers. 
If  previous  e.xperience  has  shown  that  certain  contractors 
or  mines  are  unreliable  or  uniitted  to  handle  the  business, 
they  should  be  stricken  from  the  list  of  bidders. 

There  comes  to  my  mind  a  plant  which  during  one  year 
used  a  certain  coal  selected  on  a  B.t.n.  basis  and  fired 
under  hand-stoked  boilers.  The  ash  was  of  such  quantity 
and  quality  that  as  much  labor  was  required  to  handle 
the  ashes  and  clean  fires  as  to  handle  the  coal,  to  say 
nothing  of  damaged  furnace  walls. 

r.    J.    BUYANT. 

Jeffersouville.  liid. 


of  the  pump  tested  was  reached  when  the  piston  speed 
was  about  110  ft.  per  min.  Using  this  as  a  basis,  the 
following  is  a  comparison  of  the  results  actually  obtained 
with  those  which  Mr.  Nickel  would  expect  to  find : 

Piston  Speed 
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Several  times  within  his  experience  the  writer  has  had 
to  place  a  rope  over  the  top  of  a  self-supporting  stack. 
Sometimes  it  has  been  desirable  to  paint  the  outside  of 
the  smokestack  and  the  rope  running  through  the  pul- 
ley at  the  top  has  broken  or  fallen.  Frequently  in  iso- 
lated plants  inconvenience  is  occasioned  by  this  trivial 
accident. 

There  are  several  simple  methods  for  getting  a  wire 
or  a  rope  over  the  top  of  the  stack.  One  method  is  to 
use  an  ordinary  skyrocket  with  a  cord  attached,  on  the 
inside  of  the  stack.  By  shooting  the  rocket  up  the  stack 
the  stick  will  fall  on  the  outside,  and  pull  a  fine  cord 
with  it,  which  will  in  turn  pull  a  larger  one  up  until  a 
rope  of  any  size  desired  can  be  drawn  up.  It  is  an  easy 
matter  then  for  anyone  to  scale  a  stack  with  a  rope  that 
is  extended  up  the  inside,  and  down  to  the  ground  on 
the  outside. 

Sometimes  in  isolated  places  a  skyrocket  is  hard  to 
obtain  at  some  seasons  of  the  year,  and  then  a  much 
simpler  method  can  be  employed.  It  consists  of  erect- 
ing a  cross-bow  inside  the  stack  and  then  shooting  an 
arrow,  or  any  other  projectile,  up  the  inside  and  let  it 
fall  on  the  outside,  pulling  a  fine  cord  with  it.  In  some 
of  the  larger  cities,  where  steeple-jacks  can  be  secured, 
this  work  can  Le  delegated  to  them,  luit  it  will  save  much 
expense  if  the  engineer  in  charge  knows  this  little  trick 
of  getting  the  rope  over  the  top  of  the  stack. 

Letsox  Balliet. 

Tonopah,   Nev. 

m 
SEiip)  of  IR.©cnpiP®csi(tlim^  P^niffips 

U".  F.  Xickel's  communication  regarding  the  slippage 
01  recipKjcating  pumps,  in  the  Jan.  6  issue,  contains  some 
excellent  material  for  discussion. 

First,  the  article  states  that  "the  rate  of  leakage  is  prac- 
tically constant  ...  If  the  slip  at  full  capacity  is  5 
per  cent.,  then  at  half  capacity  it  will  be  10  per  cent." 
In  my  article  on  this  subject,  printed  in  the  issue  of 
Apr.  8,  1913,  the  curves  showing  the  slippage  of  pumps  do 
not  bear  out  this  statement.  It  is  true  that  the  slip  in- 
creases when  the  speed  of  the  ])ump  decreases,  but  not  in 
the  simple  ratio  stated.     I  said  that  the  rated  capacity 


Tested  .Slip 

Compute 

oO-lb.  Discharge  Pressure 

16 

16 

24 

32 

48 

64 

10-lb.  Discharge  Pressure 

5 


This  lends  to  prove  that  there  are  more  things  than  sim- 
ply the  piston  speed  which  govern  the  slippage  of  a  pump. 

Second,  Mr.  Nickel  brings  up  the  matter  of  testing 
small  punijjs  by  closing  the  discharge  valve  and  admit- 
ting steam  until  the  normal  water  pressure  is  obtained. 
The  speed  of  the  pump  is  then  noted,  and  if  it  does  not 
exceed  a  certain  prescribed  number  of  strokes,  1  per  cent., 
the  pump  is  considered  to  be  in  good  shape  as  far  as  slip 
is  concerned.  The  fault  I  find  with  this  method  is  that 
it  takes  into  account  practically  only  the  slippage  past 
the  plunger,  largely  neglecting  the  leakage  past  the  valves. 
This  procedure  also  does  not  reproduce  working  condi- 
tions, as  the  water  is  practically  at  rest  and  therefore  does 
not  offer  the  resistance  nor  possess  the  inertia  which 
water  in  motion  does. 

The  question  of  pump  slippage  is  a  broad  and  import- 
ant one,  and  I  think  many  of  us  would  be  interested  in 
hearing  its  further  discussion. 

Mervin  K.  Baer. 

Chicaso.  111. 


Opes'ss.tloim  ©f  ^1h®  OeErs^y  ]S>®|]I(B2=§ 

There  appeared  in  the  Dec.  oO  issue  an  abstract  of  a 
paper  presented  before  the  American  Society  of  Mechani- 
cal Engineers,  by  J.  AV.  Parker,  on  "Further  Operation 
of  Large  Boilers  of  the  Detroit  Edison  Co."  This  paper 
is  interesting,  especially  as  it  involves  certain  theories  of 
hand-control  in  boiler  operation,  which  appear  at  variance 
with  established  practice.  Under  the  suljject  of  regula- 
tion, with  reference  to  COo  results,  the  following  state- 
ment is  made : 

"As  to  furnace  conditions,  the  firemen  must  judge  by 
the  CO2  recorder,  by  the  amount  of  air  pressure  neces- 
sary for  any  given  boiler  load,  and  also  by  the  color  of 
the  gases  as  they  pass  over  the  first  baffle  and  enter  the 
top  of  the  superheater  pass." 

There  is  no  question  of  being  able  to  judge  the  com- 
bustion by  the  CO,  results,  but  to  judge  the  boiler  load 
by  the  air  pressure  is  hardly  comprehensible;  for  the 
resistance  of  the  fuel  bed  governs  the  static  pressure  in 
the  ashpit  to  a  large  extent.  With  the  fire  burning  thin, 
the  ashpit  pressure  is  reduced,  and  vice  versa.  Therefore, 
the  ashpit  pressure  rather  indicates  the  thickness  of  the 
fuel  bed,  instead  of  the  rate  of  combustion,  providing  the 
fans  are  running  at  constant  speed. 

With  further  reference  to  CO^,  results  Mr.  Parker  says: 

"It  is  not  desirable  to  substitute  automatic  air  and 
stoker  control  if  a  better  CO^  chart  cannot  be  shown  there- 
by. The  danger  is  that  the  fireman  will  rely  on  the  au- 
tomatic device  rather  than  study  the  conditions  and 
control  his  fire  intelligently.  With  the  present  hand 
control,  excellent  furnace  conditions  are  being  obtained 
and  held.     Observation  of  the  furnace  gases,  as  they  en- 
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Icr  the  Mi]irrliciilcr  puss  rnuii  llic  top  i,(  ihr  cniiiliiislinri 
(•IiiiiiiImt,  shows  lliiil  tin-  coiiilinslioii  of  volatile  giisi'S  is 
roiiipU'tf  ami  thai  the  oiiciatioii  in  roiiHccpii-iitly  Hiiiokc- 
Icss.  At  the  samt'  tiim-,  the  ('()„  charts  ;,'ivi'  ^jood  re- 
sults, ir>  per  cent,  of  ('()._,  heiii^;  eoiniiioii  anil  the  avenifje 
heiiijr  '•^•"»  I"   I  I  pt'i"  eeiil." 

.M\  evpericiiee  eaiiiiot  he  ircniuili'd  uiih  I  his  sliileinriii. 
iiiasiiiiifli  as  hotli  the  luiiier  ami  liiriiace  ellicieiicv  have 
not  iieen  taken  into  eonsideialion.  High  CO.,  does  noi 
necessarily  mean  a  larp-  output  per  pound  of  coal.  Tn 
illustrate  this  point,  consider  the  operation  ol"  live  iioil- 
ers  in  a  plant,  and  imagine  a  nioiiient  wlieii  the  slcani 
pressure  is  dropping,  say,  'i  lii.  If  all  the  lireiiien  gel 
alter  their  (ires,  hidore  they  can  recover  the  steam  ])res- 
sure.  it  will  have  droi)ped  more,  and  llio  five  iires  will 
llifii  lune  to  he  driv(>n  to  regain  the  i)ressurp,  and  a 
hii:li  CO,  will  he  had.  Almost  invariahly,  the  steam 
meti'r  will  show  the  hoilers  lo  li;i\c  liccii  run  in  excess 
of  their  most  rllicieiit  stcamiiii;  i-atc  witli  a  conseciueiit, 
(Imp  ill  cHiciriK  y.  l-'ii  rt  hcnimrc.  the  drop  in  steam  pi'cs- 
.-lii-e  undmililedly  has  I n  due  to  one  lire  or  lioilri'  trail- 
ing hehiiid  the  others.  \\  liii  h  li;is  thrown  a  momentary 
overload  on  the  remaining  hoilers.  .\s  a  eonsecpience, 
there  must  he  a  continued  loss  on  all  hoilers.  On  the 
other  luuul,  wiien  tiie  fires  are  hrought  up  to  their  proper 
condition,  if  the  load  shoidd  droj)  olf  slightly,  the  pres- 
sure will  rise,  and  the  (iremeii,  nine  times  out  of  ten, 
will  immediately  start  hand  manipulation  to  check  the 
comhustion  and  the  furnace  elliciency  falls  ofl",  due  to  the 
formation  of  CO. 

The  nearer  tiie  cond)Uslion  can  he  kept  constant  witii 
blight  changes  to  keep  the  desired  steam  pressure,  tiie 
helter  will  he  the  results.  Of  course,  the  boiler  needs 
some  constant  rate  of  cxapoiatidii,  or  nearly  so,  for  the 
attainment  of  ma.xiinuin  ellicieiuy.  Therefore,  the  ideal 
condition  must  he  at  a  point  wliidi  r(>presents  a  constant 
rate  of  combustion  and  of  evaporation. 

AUth  automatic  control  of  the  air  suj)|jly  and  outgo- 
ing gases,  one  is  able  to  fix  the  best  condition  under 
■which  the  boiler  is  to  operate,  and  maintain  it  tmi- 
formly  for  all  rates  of  steaming.  There  follows,  there- 
fore, a  regulation  witli  respect  to  the  ])articular  condi- 
tions within  each  boiler,  such  as  the  thickness  of  fuel 
bed  and  compensation  for  blow-holes  and  thin  spots  in 
the  fire.  A  predetermined  pressure  is  maintained  in  the 
furnace  chamber  for  all  rates  of  combustion  and  is  ac- 
complished by  varying  the  aslipit  ])ressnre  to  meet  the 
different  resistances  of  fuel  beds.  Therefore,  there  is  a 
constant  rpiantity  of  air  going  through  the  fuel  bed 
w'hich  adjusts  itself  to  the  requirements  of  steam.  There 
follow'S,  also,  an  even  distribution  of  the  load  on  the 
boilers,  because  equal  quantities  of  coal  are  burned  in 
each  furnace — i.e.,  the  regulation  is  such  that  each  boiler 
is  made  to  do  its  pro  rata  shai'e  of  the  total  output  of 
the  plant. 

My  observation  has  been  that,  with  automatic  control, 
the  firemen  are  made  more  efficient  by  giving  them  more 
time  to  watch  operating  conditions,  and  their  minds  are 
relieved  from  the  numerous  and  burdensome  conditions 
of  hand  control. 

E.  E.  Fox,  Jk. 
New  York   City. 

[Mr.  Parker  was  not  discussing  the  subject  in  gen- 
eral, but  merely  stated  the  practice  which  had  been 
found  best  adapted  to  the  conditions  at  the  Delray 
station. — Editor.] 


!''»  \V  i;  K  v„l.  :t!i,  .No.  r. 

Hi]^H-Pre8svire  Compound 

Feeder 

The  illustration  shows  a  boiler  compouiid  feeder  that 
should  prove  good  in  operation  on  the  discharge  pipe  of 
I  lie  feed  pump.  'I'lie  discharge  pipe  ,1  from  the  feed  pump 
i.>-  connected  to  a  strong  cylinder  /{  by  pipes  ('  and  If. 
The  lop  of  the  cylinder  is  provided  with  a  plug  which  can 
he   removed   to  allow   the  compound   to  lie  placed   in  the 
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cylinder.  When  the  pump  is  in  operation,  the  valve  D 
is  to  be  opened  more  or  les.s,  according  to  the  amount 
of  compound  it  is  desired  to  feed.  By  placing  a  valve  at 
-Y  a  positive  feed  of  compound  to  the  boiler  could  be  had 
by  closing  that  valve  and  opening  valve  /''  and  running 
the  pump  slowly.  Clear  water  will  show  in  the  glass  when 
the  compound  is  gone. 

Ja.mi;s  E.  Xoble. 
Toronto,  Can. 

The  piping  .systems  of  steam  plants  in  the  United 
States  and  Canada  are  usually  of  markedly  different  de- 
sign than  those  found  in  European  countries.  Although 
the  manufacture  of  pipe  and  fittings  here  has  been 
brought  to  a  high  standard,  the  use  of  certain  fittings 
seems  to  have  l)een  neglected,  even  wdien  the  cost  would 
not  add  materially  to  those  usually  employed.  Some  de- 
signers of  steam  plants  apparently  forget  the  advantage 
of  giving  steam  free  flow  through  a  steam  line  and  that 
right-angle  turns  are  to  be  avoided. 

I  call  to  mind  a  steam  plant  in  Budapest  in  which  the 
steam  pipe  line  was  made  with  easy  curves  at  every  turn. 
There  were  six  engines  and  ;'.'•  >team  supply  came  to 
the  center  of  the  header  feeding  the  engines.  AYIiere  the 
pipes  came  through  the  boiler-house  wall,  care  had  been 
taken  to  avoid  openings  around  them.  There  were  no 
connecting   doors   from   the   engine   room   to   the  boiler 


February  10,  1914 


POWER 


207 


house  ;uul  the  boilers  were  stoiced  at  the  eud  farthest  from 
the  engine  room.  'IMiis  coiistruetion  precluded  tlie  pos- 
sihilitv  of  dust,  ashes  and  dirt  woi'king-  into  the  engine 
room. 

The  piping  was  of  copper.  On  entering  the  engine 
I'oom  the  main  pipe  branched  right  and  left  in  the 
shaj)e  of  a  Y  to  supply  the  engines;  these  branches  were 
nuide  with  easy  curves.  The  outlet  to  the  first  and  sec- 
ond engine  on  each  branch,  instead  of  coming  out  at 
right  angles  from  the  main  supply  pipe,  was  made  by 
brazing  in  the  pipe  at  an  angle  of  about  60  dog.  At 
this  pipe  tlie  main  supply  pipe  was  rcfluced  in  size  by  a 
long  cone  and  beyond  the  second  outlet  the  pipe  was 
again  reduced  and  led  to  the  third  engine  with  a  long- 
radius  curve.  At  the  end  of  the  su])]jly  main  another 
I)ipe  was  brazed  on  from  the  under  side  and,  passing 
through  and  under  the  floor  to  the  boiler  room,  dis- 
charged into  a  hotwell.  This  method  was  repeated  on  the 
second  group  of  engines  to  the  left. 

Extreme  care  had  i)een  taken  in  insulating  the  steam 
pipes,  the  one  running  from  the  boilers  to  the  engine 
room  being  thickly  insulated  at  the  larger  end,  but 
gradually  decreased  as  the  pipe  size  was  reduced.  The 
pipes  at  the  extreme  ends  of  the  steam  mains  leading 
to  the  hotwell  were  fitted  with  a  stop  valve  close  to  where 
the  last  engine  pipe  l)ranched  off.  These  two  pipes  were 
to  drain  the  water  from  the  steam  main  before  starting 
up.  Straightway  valves  were  placed  in  the  main  sup- 
ply pipe  where  it  branched  right  and  left,  after  entering 
the  engine  room,  for  cutting  out  either  branch  if  one 
of  the  two  groups  of  engines  were  idle,  to  prevent  loss 
by  radiation  and  condensation. 

I  do  not  recall  the  exact  mechanical  construction  of 
the  throttle  valves,  but  the  idea  was  that  before  a  throt- 
tle could  be  opened  it  was  necessary  to  turn  back  a  lever 
which,  when  the  valve  was  closed,  folded  over  the  hand- 
wheel  of  the  throttle  with  a  cap.  In  turning  this  cap  out 
of  the  way  a  drain  valve,  piped  above  the  valve  seat,  was 
opened,  which  drained  out  any  water  that  might  have 
collected  ;  this  water  was  returned  to  the  hotwell  in  the 
boiler  room. 

This  piping  layout  and  other  arrangements  are  not 
usually  seen  in  America.  The  boiler  room  is  generally 
just  outside  the  engine  room  with  sliding  doors  between, 
and  comparatively  little  attention  is  given  to  making 
them  dustproof.  The  piping  in  America  would  un- 
doubtedly be  of  steel  or  wrought  iron;  they  are  cheaper 
and  answer  as  well  as  copper,  but  after  entering  the 
engine  room  the  main  supply  is  frequently  found  to 
branch  from  a  tee  or  elbow  and  the  outlets  to  the  en- 
gines are  made  in  the  same  way.  This  is  objectionable. 
Why  are  not  more  Y-connections  used  where  the  main 
steam  pipe  enters  the  engine  room,  and  easy  bends  and 
Y's  employed  instead  of  tees  and  elbows?  Long-radius 
bends  are  employed  extensively  in  the  later  installa- 
tion between  the  l)oilers  and  headers,  and  between  the 
headers  and  engines,  a  decided  iiii])i'o\ement  upon  former 
practice. 

In  the  Budapest  plant  I  was  struck  with  the  method 
of  arranging  the  intake  to  the  suction  of  the  air  com- 
pressors. In  America,  air  compressors  usually  take  air 
from  the  engine  room,  but  in  the  plant  referred  to,  air 
ducts  passed  through  the  roof  of  the  engine  room  about 
12  ft.  and,  instead  of  being  gviyed  by  unsightly  wires. 


the  ]2  wooden  air  intakes,  sui)ported  horizontal  pieces 
()\er  which  vines  were  growing,  giving  a  neat  and 
ai'tistic  effect. 

W.  1).  Forbes. 

New  London,  Conn. 

I  It  is  true  that  y-connections  in  steam  lines  are  in- 
frequently used  in  this  country,  but  it  is  the  prevailing 
practice  to  use  long-  and  short-radius  fends,  where  pos- 
sible, instead  of  elbows  and  tee  connections.  Further- 
nuire.  steam  piping  is  eliminated  from  the  engine  room 
as  much  as  is  ])ossible. —  Hd.  | 

Suppknnenting  the  lessons  on  trigonometry  in  the 
Study  Course,  the  accompanying  data  sheet  should  be 
of  service  for  quick  reference. 

It  was  got  up  by  the  writer  several  years  ago;  the 
original  is  a  tracing  which  is  kept  in  a  ring-binder ;  blue- 
prints being  made  frorr,  it  as  reipured.  These  blueprints 
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are  pasted  on  the  inside  of  the  covers  of  handbooks,  such 
as  "Kent,"  and  the  handbooks  published  by  the  manu- 
facturers of  structural  steel.  These  handbooks  are  usual- 
ly kept  within  reach,  so  the  solution  of  a  problem  in 
trigonometry  would  be  a  simple  nuitter  for  one  who  does 
not  have  the  formulas  indelibly  impressed  upon  his 
memory. 

It  will  be  noticed  that  in  the  equations  for  the  fuiu'- 
tions  expi-essed  as  ratios,  instead  of  using  the  letters 
AB,  OA,  OB,  etc.,  to  represent  lines,  they  are  designated 
as  "side  opposite,"  "side  adjacent,"  "hypotenuse,"  this 
being  more  concrete  and  better  adapted  to  the  memory. 

Underneath  is  found  the  method  of  solving  triangles 
other  than  right-angled  triangles. 

C.   0.   Sandstrom. 

Kansas  City,  Mo. 


'rccliiiiciil  l'ii|HT  ;ii.  i'<siu'(l  liv  I  111'  liim-au  of  Miiirs,  ami 
«'iilitU'(l,  "Hi'iivy  Oil  lis  a  I'ucI  Idi-  liitciiial  ('oiiiimslioii 
l']ii^iiu's,"  ctintiiiiis  sdiiic  (|iirsli<>iial>lc  iiiroi'iiiatioii  on  nil 
iiiiil  a  two-pa^'i'  ilcsi  ription  of  the  Dioscl  cngiiio,  liy  0.  I', 
llooil,  iliifr  iiu'cliaiiiial  ciifiimMT,  in  wliicli  tluTt-  an; 
sonii'  jrlarinij  inisstatoincnls;  soiuc  of  tlicsc  an-  as  follows: 

I.  *"riii'  lii'at  is  llu'rclty  ficnciiiti'd  liv  a  more  nearly 
<-oiislant  It'iiipi'rntiiiv  and  docs  not  reach  the  lii^'li  Icin- 
pcratnro  or  pressure  of  the  explosion  enf^ine." 

'riie  oil  enjiine  is  ecpiijjped  in  many  eases  with  ti  ri'litf 
valve  wliicli  is  se(  I'm-  S(i(l  lli.  Tlie  e\pl(i>iiin  lypf  rarely 
has  a  jJiTssiire  of  ninic  ihan  :!i)ii  lli, 

■'.  "Another  pcmliar  rcalnrc  nf  Ihc  manner  in  wliicli 
this  (Mi.irino  uses  heat  is  the  ((impressKni  of  llir  air  for 
the  eoinhiistion  to  such  a  de.u'ree.lhat  the  heat  developed 
therehy  ap])vo\iiiiates  the  temperature  ohtained  l>y  the 
suhsequont  hurniufi  of  the  fuel." 

The  compression  temperature  is  IdOO  deji.  1''.  and  the 
comliuslinn  tcmpeiature  aroniul  ".'."iOO  to  .'5000  dep. 

;>.  "it  (the  tem]ieriitiiii'  uf  eomjjressioii)  also  causes 
the  spontaiu'ous  ignition  of  the  charge  of  the  fuel,  al- 
though that  is  not  the  chief  rea.son  for  the  high  compres- 
sion." 

The  reason  for  the  high  compression  of  the  Diesel  is 
to  produce  ignition  of  the  charge. 

•1.  Eelativc  to  the  ignition  system — "so  that  the  en- 
gine in  this  suhjcct  is  inucli  siini)ler  than  the  explosion 
ei.gine." 

It  is  only  necessary  to  compare  the  fuel  valves  of  a 
Diesel  engine,  Avith  their  at  ]M-cscnt  unsolved  troubles, 
and  a  spark  plug  and  timer  for  an  engine  of  the  cx- 
])l<isi()n   typo. 

■"i.  ''In  general  appearance  these  engines  are  like  the 
exi)losion  engines,  although  not  built  so  heavily." 

The  fact  of  the  Diesel  engines  having  such  high  pres- 
sures means  that  they  must  be  heavily  built. 

6.  Eeferring  to  fuel  injection  the  statement  is  made 
that  it  is  injected  "at  such  a  rate  as  will  maintain  an  ap- 
proximately constant  temperature  while  burning." 

As  a  matter  of  fact  the  Diesel  engine  has  a  constantly 
rising  temperature  during  injection. 

It  is  a  waste  of  money  to  have  anything  of  the  sort  pub- 
lished and  besides  it  may  do  harm  by  giving  false  im- 
pressions. 

JOHX   F.   We\T\V01!TH. 

(Juincy.  ^fass. 

Probably  the  most  vulnerable  jioint  in  a  belted  alter- 
nator and  exciter  unit  is  the  pulley  end  bearing  of  the 
exciter.  Much  inconvenience  is  experienced  Avith  unequal 
shrinkage  and  expansion  of  the  main  drive  and  exciter 
belts.  When  the  main  belt  is  tightened  with  the  unit  in 
use  it  is  necessary  first  to  slack  the  exciter  belt,  attended 
by  possible  slippage,  or  to  throw  undue  strain  upon  the 
exciter  bearing  while  the  main  belt  is  tightened  and  be- 
fore the  exciter  can  be  moved  a  corresponding  amount.  A 
simple  method  for  overcoming  this  difficulty  is  suggested 
as  its  more  universal  use  seems  warranted.  The  idea  has 
been  tried  and  found  effective  and  convenient. 

Instead  of  fixing  the  exciter  base  firmly  to  its  founda- 
tion, it  can  be  mounted  upon  strap-iron  slides  with  sides 


i'lnjccting  upward  along  Ihc  sidei-  of  Ihe  exciter  ban'.  A 
i  ross-Hcction  of  such  a  slide  is  siiown  in  Ihe  upper  left- 
hand  corner  of  tlie  illustration.  'I'liis  slide  perinils  the 
whuie  exciler  lobe  mined  upon  the  foiindalion,  yet  kept  in 
alignment.  .\  rod  is  now  coniiecteil  from  the  cxcitcir  base 
to  the  allernator  itsi-lf;  this  can  lie  fastened  in  any  con 
venieni  nninner.  The  length  of  this  rod  slioiihl  be  lui 
justed  for  the  belt  so  that  the  si  retch  will  be  taken  uji  by 
the  adjusting  screw  of  the  exciter  unit.  If  the  e.xciter 
belt  is  new  it  is  plaied  ii|>oii  the  pulleys  and  the  exciter 
slid  upon  its  base  until  it  is  at  the  extremity  toward  the 
allermitor.  The  exciter  base  is  then  moved  to  tighten  the 
.-mall  bell,  the  exciter  aligned,  the  rails  placed  and  the 
leiii:ili  (if  I  lie  (■(iiiiiccling-rod  determined.  The  rails  and 
e\(  ilcr  loiiiidaliiiii  should  be  long  enough  to  i)ro\ide  for 
I  lie  full  travel  of  the  alternator  upon  its  lm.se. 

A  modi licat ion  of  this  method   nrovides  a  rod  directly 


Rki/pkd  Excitkr  with  Ron  bktwben  It  and  riiK 
Cii:xi:ii.\Toi! 

from  the  alternator  to  the  exciter,  allowing  the  exciter 
base  to  be  bolted  down,  the  exciter  sliding  upon  it  a- 
the  main  belt  is  adju.sted.  A  turnbuckle  must  then  be 
])laced  in  the  rod  connecting  the  machines  to  provide  for 
adjustment  of  the  exciter  belt. 

Chicago,  111.  CxOKDOx  Fox. 

In  the  Jan.  6  issue,  Gilbert  Crawford,  Jr.,  describes  a 
metliod  of  testing  direct-expansion  coils  in  a  freezing 
tank.  While  it  evidently  was  a  .success  in  his  particular 
case,  I  would  not  recommend  it  as  good  practice.  It  is 
not  a  sufficient  test,  and  should  only  bo  used  in  an  emer- 
gency, such  as  confronted  Mr.  Crawford. 

To  properly  te.st  the  coils  in  a  freezing  tank,  an  air 
pressure  of  from  175  to  200  lb.  per  sq.in.  should  be  ap- 
plied, using  either  the  ammonia  compressor  as  an  air 
compressor  or  a  separate  air  pump.  After  the  pressure 
has  been  applied,  brush  each  joint  with  soapy  water  and 
if  a  leak  exists,  the  air  escaping  around  the  threads 
or  between  the  flanges  will  form  a  soap  bubble  which 
can  be  readily  seen.  After  every  joint  has  been  gone 
over  in  this  manner,  fill  the  tank  with  water  and  again 
apply  the  air  pressure,  watching  the  surface  of  the  water 
for  air  bubbles.  Air  pressure  should  be  left  on  the  coils 
over  night  and  the  gage  read  the  following  morning  to 
see  how  much  the  pressure  has  dropped. 

As  a  final  test,  the  air  should  be  blown  out,  which  in- 
cidentally will  clear  the  coils  of  scale,  and  a  vacuum  test 
applied  for  two  or  three  hours,  carefully  watching  the 
gage  to  see  if  air  leaks  in  and  reduces  the  reading.  Some- 
times the  vacuum  test  will  reveal  small  leaks  that  pres- 
sure does  not  indicate. 

Jacksonville,  Fla.  C.  T.  Baker. 
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Speed  of  Kotor  tvltlioiit  lniliive<l  t'lirrent — "V\'ould  the  rotor 
of  a  three-phase  squirrel-case  iiuluction  motor  come  up  to 
speed  if  the   copper  bars   of  the   rotor   were  removed? 

W.   B,    P. 

No,  for  lhi>rc  would  be  no  induced  current  set  \ip  in  tlie 
rotor. 


Draft  for  HauluKc  at  IJill'erent  Speeds — What  would  be  the 
relative  drawbar  pull  hauling  4.S()(»-lb.  loads  up  a  10  per  cent. 
grade  at  the  rate  of  600  ft.  per  min.  as  compared  with  SOO 
ft.   per   min.? 

J.    H.    S. 

Neglectins?  air  resistam  e,  after  the  speeds  become  con- 
stant, the  drawbar  pull  would   be  practically   the  same. 


TeHtlnK  Pump  Valves — How  are  the  suction  and  the  dis- 
charge valves  of  a   pump   tested   for  leakage? 

T.    P.    G. 

By  putting-  full  water  pressure  on  the  suction  and  the 
delivery  valve  decks  while  the  pump  is  idle  and  examining 
for  leakage  of  the  suction  valves  from  the  pump  cylinder 
through  the  suction  valves  and  for  any  leakage  of  the  dis- 
charge  valves   back    into    the    pump    cylinder. 


Temperature  of  Feed  AVater  from  Closed  Heater — To  what 
temperature  can  boiler  feed  water  be  heated  in  a  closed 
heater    by    steam    supplied    at    1-lb.    gage    pressure? 

G.   C. 

The  temperature  of  steam  at  1-lb.  gage  pressure  is  215.4 
deg.  P.,  but  with  continuous  boiler  feeding  the  average  tem- 
perature of  water  supplied  to  heaters,  and  with  the  usual 
proportions  of  clean  heating  surfaces,  the  water  is  generally 
heated  to  about  205  deg.  P.,  depending  on  the  temperature  of 
the  supply,  the  proportion  and  the  cleanliness  of  the  heating 
surfaces  and  the  heat  lost  by  radiation  from  the  shell  of  the 
heater. 

Capaeity  of  Briek  Chimney — What  would  be  the  boiler- 
horsepower  capacity  of  a  brick  chimney  110  ft.  high  and  hav- 
ing   a    least    diameter    of    4S    in.? 

J.    G. 

For  ordinary  conditions,  the  number  of  boiler  horsepower 
for  which  a  chimney  is  appropriate  may  be  found  by  the 
formula 

hp.  =  .31  i.\  -  0.6  l'  ^1  X  V  7l 
In   which   A    rr    the   cross-sectional   area   of   the   smallest    part 
of   the    flue    in    square    feet    and    H    eqvials    the    height    of   the 
chimney  in  feet,  according  to  which  a  chimney  of  the  dimen- 
sions quoted  would   be   suitable   for   365   boiler-horsepower. 


Kllovolt-Ampere — What  is  the  definition  of  "kilovolt-am- 
pere"  and  why  is  it  used  on  nameplates  of  alternating-current 
apparatus   instead   of  kilowatts? 

T.   H.   y. 

One  kilovolt-ampere  is  the  product  of  one  volt  and  one 
ampere  times  1000,  or  the  amperes  in  a  circuit  times  the  volts 
divided  by  1000  gives  the  kilovolt-ampere  capacity  of  that 
circuit.  This  also  applies  to  kilowatts  in  direct-current  prac- 
tice, but  in  alternating-current  work,  the  kilowatts  are  equal 
to  the  volts  times  the  amperes  times  the  power  factor  divided 
by  1000.  A  machine  might  carry  100  amp.  and  220  volts  at 
80  per  cent,  power  factor,  which  would  be  equivalent  to  22 
kilovolt-amperes,  though  delivering  only  17.6  kw.  Manu- 
facturers rate  their  alternating-current  apparatus  in  kilo- 
volt-amperes to  signify  how  much  load  the  machine  will 
carry  under  all   conditions. 


ReversiiiK  Direction  of  Knsine  Rotation — How  can  the  di- 
rection of  rotation  of  a  D-slide-valve  engine  be  reversed 
without  removing  the  valve  chest  cover  in  resetting  the 
valve? 

E.    T. 

Approximately  the  same  setting  of  the  valve  for  reversed 
rotation  is  to  be  ol  'ained  by  giving  the  eccentric  the  same 
angle  of  advance  for  the  new  direction  of  rotation.  This  can 
best  be  done  by  indicating  the  engine  and  setting  the  eccen- 
tric to  a  position  on  the  shaft  which  will  give  indicator  dia- 
grams  which    are    correct   for   the    new   direction   of   rotation; 


or  the  same  angle  of  advance  of  the  eccentric  for  opposito 
direction  of  rotation  may  be  found  by  marking  a  point  on  the 
side  of  the  shaft  which  is  intersected  by  a  radial  line  drawn 
on  the  side  of  the  eccentric  opposite  that  point  of  the  eccen- 
tric furthest  from  the  center  of  the  shaft.  The  angle  be- 
tween this  line  and  the  radial  direction  of  the  crank  will  be 
the  total  angle  the  eccentric  is  in  advance  of  the  crank.  Then 
place  the  crank  on  either  dead  center,  loosen  the  eccentric 
from  the  shaft  and  turn  it  around  the  shaft  in  the  first  di- 
rection of  rotation  of  the  engine  until  the  radial  line  is  in  line 
with   the  eccentric   rod. 

The  distance  the  eccentric  has  thus  been  turned  will  be 
one-half  of  the  total  distance  it  is  to  be  turned  on  the  shaft 
and  set  for  reversing  the  direction  of  rotation  with  the  former 
angle  of  advance   of  the  eccentric. 


Size  of  Boiler — How  is  the  manufacturers'  horsepower  rat- 
ing computed  for  a  flush-ended  return-tubular  boiler  66-in. 
diameter  by   16   ft.   long   with   ninety-six  .3-in.   diameter   flues? 

J.  D.  A. 

The  manufacturers'  horsepower  ratings  of  sizes  of  ex- 
ternally fired  boilers  are  based  on  an  allowance  of  10  sq.ft. 
of    heating    surface    per    horsepower. 

With  ordinary  brick  setting  the  heating  surfaces  of  a 
flush-ended  return-tubular  boiler  of  the  dimensions  given 
would    consist    of: 

(A)  The   area   of   one-half  of   the   shell,   i.e., 

66  X  3.1416 

1/2    of  X    16    =    138.23   sq.ft. 

12 

(B)  The  internal  area   of  the   3-in.   tubes,   i.e.. 
8.74  in.  circumference 

X    16    X    96    =    111,X.72   sq.ft. 

12 
and 

(C)  The  heating  surface  of  the  heads,  approximately 
equivalent  to  the  area  of  a  circle  68  in.  in  diameter  minus 
twice  the  external  cross-sectional  area  of  the  tubes,  i.e.,  thu 
area  of  66  in.  or  5% -ft.  diameter  being  23.758  sq.ft.  and  the 
external  cross-sectional  area  of  a  3-in.  tube  being  0.0491  sq.f  t  , 
the  net  heating  surface  of  the  heads  would  be  approximately, 

23.758    sq.ft.   —    2    (0.0491     X    96)    =    14.33. 
Adding  A,  B  and  C  the  total  is 

138.23     +     1118.72     +     14.33    -    1271.3    sq.ft. 
the    manufacturers'    horsepower    size    of    Uu'    lioiler    would    be 
1271.3   sq.ft. 

— ■ =    127.13    horsepower. 

10 


Efficiency  nlth  and  without  Eeonomi/.er — When  using  an 
economizer  a  boiler  plant  has  an  efficiency  of  64  per  cent. 
The  water  entering  the  economizer  contains  7S  B.t.u.  per  lb. 
above  32  deg.  P.,  and  upon  entering  the  boiler  it  contains  176 
B.t.u.  per  pound  above  32  deg.  F.  The  boiler  evaporation  is 
12,000  lb.  of  water  per  hr.,  containing  per  lb.  1120  B.t.u.  abovn 
32  deg.  F.  The  heat  of  combustion  of  the  coal  is  14,000  B.t.i;. 
per  lb.  of  coal.  How  many  pounds  of  coal  are  burned  per 
hour  and,  with  the  same  efficiency  of  the  boiler  and  using  the 
same  coal,  what  would  be  the  efficiency  of  the  plant  without 
use   of  the   economizer? 

.1.   P.   C. 

While  using  the  economizer  the  heat  per  hour  received  by 
the   water   would   be 

(1120   —   78)     X    12,000    =    12,504,000    B.t.u. 
and   the   heat   realized   would   be   0.64    of   14,000,   or   8960    B.t.u. 
per  pound  of  coal,  therefore  the  coal  used  would  be 
12,504,000 

=    1395.5    lb.    of   coal    per    hr. 

8960 

Without    using   the    economizer    there    would    be    a    loss    of 
176   • — ■   78,   or   98   B.t.u.   per  pound   of   water   fed   to   the   boiler 
and,    with    the   same    efficiency   of   combustion,    each   pound   of 
water  evaporated   would    require   burning 
98 

1    -1 =   1.094  times  as  much  coal. 

1120  —  78 
1 

Hence  only  as  much  heat  of  the  coal  would  be  real- 

1.094 
ized  and  the  efficiency  of  the  plant  would  be  reduced  to 
1 

of  64   per  cent.,   i.e.,   58'/<.   per  cent. 

1.094 
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\\'i'ri'  (IMC  to  tiikc  l\\(i  rulers,  siuli  as  iirc  sliowii  iji  V\)r,. 
1,  iiixl  plait'  tliciM  with .  ('il^r(.,s  idiichiii^  with  llic  li'I't 
I'lid  of  one  on,  siiv,  tlu'  "."i"  of  tlic  sct'oiul,  it  is  licai'  lliai 
uiuliT  the  "2"'  of  ilu"  first  would  conic  llic  ".")"  of  llie  aec- 
oiul.  'riiat  is.  a  ivadiiw;'  "ii  \\\v  second  woidd  fjive  the 
sum  of  tiic  dibits  indicated.  And  so,  any  aildition  coidd 
he  performed  hy  siicli   nders. 

ll  is  only  a  step  to  a  nndti plying  set  of  rulers.  Since 
0  times  anything  is  n,  (imii  a  zero  point  on  the  scales, 
and  hegin  tiiem  at  "1,"  and  taking  any  arbitrary  space 
to  the  right  from  "1,"  make  a  mark  and  call  it  "2."' 
Slide  one  rule  along  tlie  oilier  until  the  "\"  of  one  scale 
comes  opj)ositc  the  ""l"  of  the  second  and  niider  llie  '"I" 
of  the  first  make  a  mark  on  the  second,  calling  it  "1."' 
Now  slide  tiie  "1"'  on  the  upper  scale  to  "4"  and  iinder 
"2"  mark  "S."  By  an  extension  of  this  process  a  rule 
can  be  made  by  which  multiplication  and  division  can  be 
done,  just  as  addition  and  subtraction  could  l)e  with  two 
ordinary'  rules,  were  tliesc  processes  long  enough  to  re- 
quire aid  of  this  sort. 

Incidentally,  logarithms  furnisli  a  ready  means  of 
graduating  sucli  a  rule  so  that  the  tedious  cut-and-try 
method  is  unnecessary.  However,  let  no  one  think  that 
a  knowledge  of  logarithms  is  necessai'y  to  work  a  slide 
rule.  Almost  any  who  will  take  a  rule  and  follow  the 
dii'ec-lions    can    woi-k    oiii    llu'    problems    explained    later 


got  iiy  selling  the  hair  line  of  the  riiiincr  halfway  from 
"I"  lo  llic  first  line;  1.001  would  be  found  by  giiesHiiig 
at  one-tenth  i>f  the  first  division;  i:tl(>  would  he  found 
by  going  up  tliree  (d'  the  main  di\isioiis  fi-oni  "1"  to  "2,"' 
gi\ing  lliOO.  then  up  Jour  small  divisions,  giving  IMH), 
then  approximating  six-tenths  id'  the  distance  to  the 
next  line,  giving  approximately    l^iKl. 

The  same  is  true  with  the  higher  numbers,  "7"  to  "S," 
".S"  to  •'!),"  etc.,  except  that  as  will  be  seen  hy  looking 
at  the  rtde,  the  intervals  ix-lweeii  them  are  smaller,  and 
there  are  on  scab;  I),  for  instance,  only  20  H])aeeH  between 
■'I'"  and  "10."  It  would,  therefore,  be  ni-cessary  to  esti- 
mate anything,  except  even  twentieths,  after  the  second 
tif^ure  here,  'i'hus,  90.4  would  be  four-fifths  of  the  dis- 
tance from  "!("  to  the  first  line  after  it. 

The  .1  and  H  scales  on  some  rules  are  graduated  from 
"l"  to  "Kr'  and  from  "lo"  to  "lOO."  In  others  they 
run  from  "1"  through  "i)"'  to  '"1"  again  and  from  "1" 
through  "9"  again  to  "1."  The  .scales  will,  therefore, 
be  referred  to  as  tlie  left-hand  .1  scale,  or  to  the  left-hand 
''!,"  and  the  right-hand  .1  scale,  or  the  right-hand  "1," 
although  on  some  rules  the  right-hand  "1"  is  jnarked 
"lOO."     (Forget  the  decimal  point.) 

With  this  much  jireliminary,  the  best  thing  to  do  with 
a  slide  rule  is  to  go  ahead  and  use  it,  and  learn  by  ex- 
periment. Multiplication  is  the  easiest  process.  To 
multi])ly  1..S  by  :!  on  scales  ('  and  I),  set  the  hair  line  of 
the  runner  oxer  1.:!  mi  !)  and  bring  the  left-hand  "1"  of, 
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whether  he  knows  logarithms  or  not,  and  will  jind  the 
slide  rule  a  brain-and-tiine-saving  shortcut  for  such  work. 

The  ordinary  rule.  Fig.  2,  consists  of  four  scales.  A,  B, 
C  and  D,  B  and  C  being  movable,  A  and  I)  being  fixed, 
and  a  runner  with  a  hair  line.  The  only  difficulty  in 
using  the  rule  is  to  banish  all  disturbing  thoughts  about 
the  decimal  point.  That  is,  the  "1"  of  the  slide  rule 
represents  0.1,  1,  10.  100  or  1000;  the  "2"  represents 
0.2,  2,  20  or  200,  etc.  The  decimal  point  is  merely  an  in- 
cident ;  it  is  the  absolute  value  of  the  figures  that  counts. 

On  the  lower  scales,  C  and  D,  it  will  be  seen  that  the 
space  from  "1"  to  "2"  is  divided  into  10  spaces,  each  of 
which  is  again  subdivided  into  ten.  The  larger  spaces 
represent  "1.1,"  "1.2,"  "1.3,"  "l.f,"  etc.,  or  these  figures 
multiplied  by  10  any  number  of  times  i.e., :  they  may 
represent  1100,  1200,  1300,  etc.  The  smaller  spaces 
represent  proportional  parts  of  the  larger  divisions ;  thus 
the  sixth  line  after  the  "1.2"  line  Avill  be  1.26  for  12.G, 
.?tc.). 

If  it  is  necessary,  as  it  usually  is.  to  estimate  more 
closely,  one  must  interpolate.     That  is,  1.005  would  be 


r  op])osite  it.  The  product  (3.!))  can  then  be  read  off 
on  I)  opposite  3  on  ('. 

There  are  numerous  rules  to  keep  the  decimal  point  in 
mind  as  one  works,  but  many  lind  them  all  burdensome, 
and  likely  to  be  followed  ei-roneously,  and  prefer  to  de- 
termine the  decimal  point  after  getting  the  answer,  for 
it  can  usually  be  told  whether  an  answer  is  10  times  too 
large  or  too  small.  Think  of  the  slide  rule  as  a  person 
who  would  answer  S  whetlior  he  was  asked  what  is  2  X  ■)  J 
or  20  X  40  ;  or  200  X  -+000.  So  long  as  one  knew  of  his 
personal  peculiarity,  and  allowed  for  it,  it  would  result 
in  no  difficulty.  However,  if  one  wants  a  rule  for  deter- 
mining the  decimal  point,  a  fairly  simple  one  is  as  fol- 
lows : 

In  multiplication,  if  the  slide  projects  to  the  left  when 
the  answer  is  found,  add  the  whole-number  places  in 
the  multiplicand  and  mu]tii)lier  to  get  the  number  in  the 
product.  For  division  sul)tract  tlie  places  in  the  divisor 
from  those  in  the  dividend  to  get  those  in  the  quotient. 
If  the  slide  projects  to  the  right  when  the  answer  is 
found,  for  multiplication  do  the  same  as  before  and  then 
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subtract  one,  or,  for  division  do  the  same  as  before  and 
add  one.  In  other  words,  add  one  less  for  niultiplicatiou 
a:id  subtract  one  less  for  division. 

It  will  be  found  by  expei'iment  that  if  tiie  haii-  line 
of  tlie  runner  be  set  on  3  of  D  and  the  left-hand  "1" 
of  ('  bo  placed  opposite  it,  that  3.!)  will  be  found  op- 
])osite  1.3  on  C,  which  is  to  be  expected,  as  2  X  3  is  equal 
to  3  X  2'  'I'lio  following,  then,  nuiy  be  given  as  a  rule 
for  niultiplying  on  the  slide  rule: 

Set  the  "1"  of  the  movable  scale  opposite  one  of  tiie 
numljcrs  on  the  fixed  scale;  the  product  will  he  luund 
on  the  lixed  scale  opposite  the  other  numbci'  on  the  mov- 
able scale. 


Solve 


S'rnDY  QuKSTioxs 

I'sing  the  slide  rule,  multiply  1  r,()00  by  0.0093. 
Divide  0.031G  by  273. 
605  X  921 
437       ■ 
Write  the  equation  and  solve  with  the  slide   rule 
the  following  problem.  What  is  the  horsepower  of  a  10x10- 
in.  engine  running  at  34()  r.p.m.,  when  an  indicator  dia- 
gram shows  a  mean  effective  pressure  of  26.7  lb.? 

.-).  'i'lic  healing  surface  of  a  boiler  is  920  sq.ft.  and  the 
gralc  area  '^1  s((.ft.  If  llic  coal  consumption  is  10  lb. 
[)(']•  s(|.ri.  of  gi-alc  area,  wlial  is  il  per  scpiare  fool  of 
beat  iny  su  rfacc  'i 


ttl/tlAjAtilfe^^ 
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However,  it  may  be  noted  that  there  is  some  mechani- 
cal choice  in  the  above  problem.  If  the  smaller  numbe;- 
be  taken  on  the  fixed  scale,  the  slide  projects  less  from 
the  rule  than  if  the  larger  number  be  taken  there,  and  it 
will  be  found  that  the  rule  is  less  likely  to  be  disturbed 
by  accidental  jolts,  the  less  there  is  of  the  slide  pi-oject- 

As  will  be  noticed  as  soon  as  any  experimenting  is 
done  with  the  slide  rule,  the  lower  scales,  C  and  D,  are 
graduated  more  finely  than  A  and  B,  or  what  is  the  same 
thing,  the  corresponding  numbers  are  further  apart.  For 
this  reason  it  is  easier  to  read  and  interpolate  on  the 
lower  scale,  and  in  general  it  is  preferable  to  use  the 
lower  scales  for  everything  except  roots  and  powers. 

However,  the  lower  scales  have  some  unpleasant  pe- 
culiarities. Suppose  it  is  wished  to  multiply  2.6  X  -^5. 
If  the  hair  line  of  the  runner  be  set  on  2.G  of  scale  D, 
and  the  left-hand  "1"  of  scale  C  be  brought  opposite  it, 
4.")  on  scale  ('  will  be  found  out  in  space.  (Try  this.) 
But  this  does  not  signify  that  2.6  cannot  be  multiplied 
by  45  on  scales  ('  and  I).  Shift  scale  C  end  for  end, 
setting  the  right-hand  "1"'  (or  ordinary  "10,"  for  thev  are 
the  same  on  the  slide  rule)  opi)osite  2.6  and  opposite 
45  on  C  is  found  117  on  D. 

It  may  here  be  noted  that  the  slide  rule  furnishes  a 
set  of  tables.  For  instance,  when  the  left-hand  "1"  of 
C  is  set  on  26  of  I),  on  D  under  the  "2"  of  C  is  found 
52.  under  the  "3"'  of  C  is  found  78.  Besetting  the  rule. 
end  for  end;  i.e.,  right-hand  "1"  of  C  on  26  of  1),  on  I) 
under  "4"  on  C,  is  found  104,  etc.,  i.e.,  a  taljle  of  2(l"s 
is  given  in  this  way.  This  point  will  be  reverted  to  later, 
but  it  should  be  seen  immediately  that  if  a  larger  num- 
ber of  multiplications  are  to  be  made,  they  can  usually 
be  performed  with  one  setting  of  the  rule,  or  at  most 
two. 

iJivision  is  the  opposite  of  multiplication.  To  divide 
962  by  37,  on  scale  D,  set  the  hair  line  of  the  runner  on 
96  and  a  little  over,  estimating  two-fifths  of  the  next  snuill 
space;  bring  37  on  C  opposite  it.  The  quotient  26  will 
be  found  on  the  I)  scale  opposite  the  "1"  of  tiie  (7  scale. 

In  the  next  lesson  will  be  explained  how  to  get  the 
squares  and  cubes,  and  the  square  roots  and  cube  roots 
of  numbers  on  the  slide  rule,  with  further  hints  on  tables 
and  on  manipulation. 


\\\  li'(ii!i:i;i'  (.'.  II.  II  vxK 

Several  years  ago,  the  writer  installed  a  small  power 
plant  in  which  the  nuiiu  piping  was  hung  close  to  a  low 
ceiling.  This  piping  was  made  up  ready  for  bolting  to- 
gether, the  5-in.  high-pressure  line  with  screwed-on 
flanges  and  flanged  fittings ;  the  8-in.  exhaust  line  (which 
had  a  number  of  branches)  was  in  sections  with  flange 
unions.     The  heaviest  scdinns   ran  from   500   to  SOO   lb. 
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FRONT  SIDE 

HoMKMADi:   1. 1  I'll  N(;  ,)ack 

in  weight,  and  a  one-ton  triplex  block  had  ample  lift- 
ing capacity;  but  there  was  no  head  room  in  which  the 
block  could  be  hung  above  the  j)osition  of  the  pipe  to  pull 
it  up  into  place. 

'W)  meet  this  condition  a  special  lifting  jack  was  de- 
vised so  arrang(Hl  that  it  could  be  placed  beneath  the 
pipe  and   lift,  the  hoist  block  su|)|)lving  the  needed  lift- 
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itij;  [Kiwcr.  As  oullincd  in  (lie  lijjun',  it  was  iiiatlc  willi 
an  u|>i'i|;lit  frame  or  Hlaiidanl  .1,  iiiadc  of  two  itirccH  of 
plank  u'itli  crosshars  at  tlic  top  and  liottoin  and  sonic  en iss- 
hrai'ing  on  tlio  hark  holow  niiil-hciglil.  Aloiij;  the  (tiitcr 
front  I'llgi's  were  fasti'iird  two  guide  bars  JUi  of  iiglil 
scantling.  'Vhv  hoist  block  was  luing  at  (',  by  a  rope 
sling  llirougli   the  holes   I)   in  the  top  of  the  crosspiece. 

'I'lie  slide  /v',  the  i-onsl ruction  of  which  is  evident  from 
the  drawing,  can  swing  in  against  the  standard  (dotteil 
position)  or  outward  against  the  guides  /i/{  (full  lines), 
when  its  top  forms  a  iirnjeiling  shelf  upon  which  a  ImiuI 
can  he  placed. 

The  scheme  is  to  lay  llic  scrlion  of  i)iping  in  froiil  of 
the  jack  and  lift  it  fioiii  the  lloor  by  hooking  iiilo  a 
rope  sling  around  it.  It  is  lioisled  u|)ward  along  tlie 
front  of  the  slide  K,  which  swings  in  so  as  to  olTer  as  little 
resistaut'c  as  |)o.ssible.  When  the  pi|)e  is  above  J'J,  that 
lift  is  swung  o\it  and  the  j)ipe  lowered  upon  it.  Then  the 
hoist  eliain  is  run  down  and  hooked  into  a  sling  fast 
to  the  slide  E  at  the  holes  P'F:  and  by  raising  J'J  the 
pipe  can  be  lifted  to  or  above  the  top  of  standard  .1, 
and  held  there  till  secured  by  its  ])ennanent  fastenings 
and  supports. 

If  the  jack  is  leaned  forward  a  little,  there  will  be  less 
drag  against  its  front  and  it  can  be  steadied  by  running 
a  eou])le  of  light  guy  ropes  back  from  the  top  to  the 
nearest  column,  window  or  machine. 

The  real  merit  of  the  scheme  is  the  coml)ination  o!' 
the  partial  plain  lift  from  above,  the  remaining  lift  being 
beneath  the  loa<l. 

m 

In  a  i)a])er  on  the  foregoing  subject,  presented  before 
the  Institution  of  Civil  Engineers  of  Great  Britain,  by 
Henry  Fowler,  Jan.  13,  1914,  it  was  stated  that  the 
chief  advantage  claimed  for  the  use  of  superheated  steam 
in  locomotives  is  the  economy  in  coal  consumption.  On 
the  Midland  Ey.,  a  number  of  trials  were  made  to  as- 
certain what  this  is  with  the  various  types  of  engines, 
the  comparison  being  made  on  the  consumption  per  ton- 
mile  under  circumstances  as  nearly  comparable  as  pos- 
sible. 

These  trials  show  that  a  saving  of  23  per  cent,  in  the 
coal  consumption  and  of  22  per  cent,  in  the  quantity  of 
water  used,  was  obtained  in  one  case,  while  in  another, 
where  the  difference  betw^een  the  locomotives  was  solely 
in  the  superheater,  the  saving  of  coal  "vas  as  high  as  30 
per  cent.  This  high  figure  was  probably  due  to  the  en- 
gine which  used  superheated  steam  liaving  more  reserve 
of  power  than  the  one  employing  saturated  steam.  From 
diagrams  of  these  two  engines  it  can  be  shown  very  clear- 
ly how  much  more  fluid  superheated  steam  is  than  satu- 
rated. 

Experiments  have  been  carried  out  to  ascertain  the 
effect  of  superheating  the  steam  supplied  to  the  high- 
pressure  cylinder  of  a  three-cylinder  compound  locomo- 
tive, and  it  has  been  found  that  a  saving  of  coal  of  25.9 
per  cent,  and  of  water  of  22.3  per  cent,  has  resulted  when 
comparison  is  made  with  a  similar  engine  using  saturated 
steam.  In  tests  carried  out  with  freight  engines,  the 
coal  saving  has  been  from  14.3  to  18  per  cent. 


OVER  THE  SPILLWAY 

J  II  HT  JKHTH,  J  A  MH,  JOHIIKH  AND  JU  M  Ht.KH 


.MainpMiin  W.  .Mcioii  Iiiih  |ialuiitu<l  :in  doctilc  Hiifety  iiizoi. 
(>i'(5iit!  I..lku  IiIh  iii(ilul.v|iu  of  old,  thin  iiiuiIimm  HiiiiiHon  hiiH 
t'ruii  <lown  the  iiIIIiiih  tif  tho  Toniplu  itf  llchlnilhaiiil  uiid 
liooHted  U8  old  biirnncloM  up  Into  tho  llnht  of  proKrOMM — th<! 
.MooM-llKlit  of  proKiuHH,  In  a  inaiiniM'  of  HptMikliiK.  Can  w  ■■ 
tluMi  bit  Hhavfd  In  bod  whilo  wu  Hlr-i'p.  tho  operation  bidnr 
timed  to  completion  when  our  alarm  dock  tollH  the  doleful 
hour-    <jf    iIhImk  '      How    'lioul    II.    .Samp.v  '  _* 


lt'8  JUHt  as  practical  for  tho  Navy  to  operate  ItH  own  oil 
landH  aH  foi'  a  railroad  to  operate  IIh  coal  laiiilH.  Secretary 
DanielH  may  have  trouble  In  flndlni;  available  fleldM,  but 
he'H   on    the    rlKht    trail. 

SuKKCHtlon!  Why  not  get  Otto  Kdler  von  Oraeve  and  his 
little  KUC8HlnK  Htlck,  the  divining  rod,  to  locate  an  oil  field 
near  a  navy  yard  or  a  Heacoast'.'  I'erhapH  oil  Ih  not  HUHcep- 
tlble  to  tho  lOdler'.s  radioactivity,  althouKh  oil  waves  flow  up 
from    underKround — when    found. 

m 

The  Panama-Pacific  I'ixpo.sition  bulldlng:8  will  need  over  a 
thousand  tons  of  glass.  My  jollies!  what  if  our  suftragettes 
net    the    smashing    habit   along   aijout    1!I15? 


Our  friend  Vilhellum  of  Germany  has  sent  his  greetings 
over  the  4062 ',i  miles  of  wireless  to  llrother  Wilson  at  Wash- 
ington. The  new  Coldschmidt  system  wave  speed  is  196,000 
miles  per  second.      Some  swift  talkl 


"Curing  an  Isolated  Village  of  Loneliness,"  is  the  title  of 
the  leading  article  in  the  Jan.  29  "Iron  Age."  Sounds  real 
good;  but  what's  the  remedy,  importing  a  fresh  load  of  eli- 
gible young  bachelors  or  exporting  the  old  maids?  If  any  of 
the  last-mentioned  take  exception  to  this  harsh  classification, 
we    apologize    here    and    now. 


The  Dodge  Manufacturing  Co.  has  a  new  (to  us)  dodge — 
it  says  it  "treats  an  employee  like  a  customer."  President 
Melville  W.  Mix  says  "Bosh!"  to  the  man  who  claims  there's 
no  sentiment  in  business.  Here's  another  chance  for  that 
divining  rod.  How  many  employees  expect  or  want  such 
treatment?      How    many    employers    use    it? 

:^ 

The  most  perfect  pump  in  the  world  runs  night  and 
day  without  a  stop,  needs  no  repairs  and  lasts  a  lifetime;  in 
an  hour  it  pumps  956.25  lb.,  in  a  year  5,748,750  lb.,  its  normal 
life  is  70  years,  in  which  it  pumps  more  than  201,206  tons,  and 
30  engines  would  be  required  to  haul  that  weight.  It's  the 
human   heart. 

m 

Prizes  of  .$120,000  will  be  awarded  at  Paris  for  the  best 
stabilizer  of  air  craft.  Among  the  entries  are  the  Sperry 
Gyroscope  Co.  and  Glenn  Curtiss.  Here's  hoping  that  the 
Yankees  bring  home  the  bacon!  Anything  that  will  make  the 
airship  stay  up  after  it  goes  up,  right-side  up,  can  make  the 
Parisians  come  up  if  it  comes  down   right-side  up. 


A  busy  office  manager  has  a  miniature  quilt  of  many- 
colors  on  his  desk,  and  when  his  eyes  become  tired  from  the 
white  paper  he  rests  his  gaze  on  tliese  colors.  Wouldn't  this 
carry  you   back    to   the  quilts   grandmother   used   to  make? 


They're  a  merry  lot  in  Pittsburgh.  The  telephone  folks 
are  telling  subscribers  to  "Smile  when  you  phone;  a  frown 
has  spoiled  many  a  call."  Let  us  assume,  as  Doc.  Inquiries 
would  say,  tliat  you  met  a  chap  you  hadn't  seen  for  years; 
and  you  just  couldn't  get  away.  You  telephone  the  missus 
(and  smile)  that  you're  making  a  test  at  the  plant  that 
night;  can't  come  home  till  10:59.  And  friend  Chap  and 
you  feed  up,  and  take  in  a  show,  and  thon  some  more  feed, 
then  a  bit  of  lubrication  (and  wifey,  coming  home  from 
meeting,  sees  you  going  into  the  Cafe  Mecca,  the  Beaux  Arts, 
or  Scully's  (whichever  you  call  it  in  your  town)  and  then — 
About  10:58  you  phone  to  the  missus  that  the  "test"  is  over — 
Smile?     "U'ow!   it  can't  be  done. 
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By  F.   a.  Axxktt 


The  KEPrLsiox  Motor 

From  the  o^eneral  ajiiJearance  of  the  windings,  the 
stators  of  various  repulsion  motors  arc  similar  to  that 
showTi  in  Fig.  53,  Part  (>,*  the  number  of  poles  being  in- 
dicated bv  the  winding  itself. 

The  rotor  has  a  winding  similar  to  that  of  a  direct- 
current  macliine ;  see  Fig.  62,  which  shows  the  rotor  of  a 
Westinghouse  repulsion  motor.  On  this  armature,  how- 
ever, the  connnu tutor  is  vertical  and  not  horizontal,  as  in 
the  direct-current  machine.  At  starting,  short-circuited 
brushes  are  pressed  against  the  connnutator,  and  after 
the  motor  has  attained  nearly  synchronous  speed  a  cen- 


place  by  a  nut  threaded  on  the  shaft.  Fig.  64  is  a  cross- 
section  through  the  commutator  end  of  the  rotor,  indi- 
cating the  position  of  the  various  parts.  When  the  gov- 
ernor weights  are  thrown  out  from  the  shaft  they  will 
push  the  spring  sleeve  toward  the  commutator  and  with 
it  the  short-circuiting  coil,  M'hich  will  be  forced  under  the 
commutator,  as  previously  described. 

Fig.  65  shows  the  rotor  of  a  Wagner  single-phase  re- 
pulsion induction  motor.  This  also  employs  a  vertical 
commutator  and  short-circuited  brushes  at  starting.  Part 
of  the  governor  si)ring  and  the  sleeve  that  raises  the 
tension  springs   on  the  brushes,  also  the  adjusting  nut 


Fjg. 


62.   EoTOR  OF  THE  Westixghouse  Eepulsion 
Motor 


trifugal  governor,  located  viitliin  the  armature,  acts  and 
presses  a  short-circuiting  device  against  the  conmiutator, 
short-circuiting  all  the  armature  coils.  At  the  same  time 
the  brushes  are  raised  from  the  commutator  and  the 
machine  operates  as  a  scpiirrel-cage  induction  motor. 


Comrrtufafor  5ar 


Short -circu'/f/nc! 
■■  Coil        "^ 


Fig.  63.    Short-Circuitixg  Device  and  Governor 
Unassembled 

on  the  shaft,  can  be  seen  beyond  the  commutator.  To 
operate  the  short-circuiting  device  and  raise  the  brush 
springs,  two  types  of  governors  are  employed.  On  the 
small  sizes,  the  governor  consists  of  two  semicircular 
disks  mounted  on  the  back  end  of  the  rotor.  One  end  of 
these  disks  is  made  fast;  the  other  is  free  to  move 
through  a  slot  as  indicated  in  Fig.  66.  These  disks  are 
so  connected  to  the  short-circuiting  device  that  when 
they  are  thrown  outward  by  centrifugal  force  they  push 


Armature  Core 


Fig.  64,    Short-Circuting  Device  and  Governor 
Assembled 

Fig.  63,  A  and  B,  show  tlie  short-circuiting  device  and 
governor  respectively.  The  short-circuiting  device  con- 
sists of  a  steel  sleeve,  carrying  a  short-cii-cuiting  coil  or 
spring  of  helical  phosphor-bronze  inside  of  which  is  a 
ring  of  flexible  copper  shunts.  The  governor  6  is  made 
up  of  two  weights  so  hinged  that  they  will  be  thrown 
apart  by  centrifugal  force  as  the  motor  comes  up  to 
speed ;  it  rests  against  the  rotor  core  and  is  kept  in  place 
by  dowels.  The  short-circuiting  sleeve  is  pressed  against 
the  governor  l)y  a  spring  and  the  whole  is  retained  in 
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Fig.  65.   Rotor  of  Wagner  Motor 

the  short-circuiting  device  out  toward  the  commutator. 
On  the  large-size  motors  a  governor  is  employed,  as 
showTi  in  Fig.  67.  Two  weights  are  mounted  on  the 
shaft  within  the  rotor,  and  as  the  motor  is  accelerated, 
the  weights  are  thrown  outward,  the  effect  being  the 
same  as  described  for  the  other  governors. 

The  Bell  Electric  Co.  builds  a  repulsion  motor  with 
a  horizontal  instead  of  a  vertical  commutator;  Fig.  H^ 
shows  the  general  appearance  of  the  rotor.  The  governor 
and  short-circuiting  device  are  mounted  at  the  outer 
end  of  the  shaft.     The  governor  A  consists  of  two  weight,^ 
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comiiTli'd   lo  a  colliir,  held   in   |ilii(i'  hv   HctHcrcwK.      The      >  liiinn  IniHtirs ;  lluil 
Hluiit-ciiciiilinj,'  dcvico  U  is  a  stocl  disk  wliicli  can  rnovo      ol  h]h-v(\  and  Uir(|Uu 
Irct'lv    on   tile  slnill   and   wlim   llir   rolor  is  at    rest    it    is      conu'  lliis,   it   is  ni'cc 
held   away    I'l'nni    llif  coMiniiMaloi'  l)y   a   spiral    spring   i'l 
a   sleeve   williin    the  eoniiiinhilni .      Iiisnli'    ilic   steel    disk 
is    incnmted    a    thin    |)liiis|ili(ii-l)ruii/.i'    iiKJial     lin^'.    se;;- 
tnented  on  it-  inner  eiljje  and  s|)ninf;  away  linm  ihr  disk 
so  (liat  wluMi  loired  ajjainst   the  ((iinMUitatoi-  l>\   the  gov- 
ernor, wlien  till'  motor  eonies  up  to  speed,  it   will   nuike 
}jood  eontaet.      In  this  tvpe  of  motor  Ihe  hriislies  are  not 
raised    from    ilie   i  iimmui.itor   niter    the    rotor    lias    heen 
shortH'irciiili'd,   bin    lhi>   is   not    neeessarv.    lor  alter   the 
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I'lG.  fit).    Siinwixc    Disks  ox   EnM)  ok   Rotor 

commiitalor  lins  heeii  shorl-riniiitcil  tlie  brushes  cease 
to  tiiirv  any  ciirrenl,  and  whatevei-  sj)arking  may  have 
oeeiirred  at  the  brushes  wiiik!  starting  will  cease;  there- 
J'ore.  the  wear  on  the  commutator  is  very  small. 

Tiie  motors  just  desirihod.  when  connected  directly  to 
tlie  line  at  iate(l  voltaiic  slail  uilh  2.")()  to  300  per  cent, 
of  full-load  current  and  develop  from  250  to  350  per  cent, 
of  full-load  torque.  Using  a  starting  rheostat  full- 
load  toixpie  can  l)e  developed  with  about  125  per  cent, 
full-load  current.  As  described  in  Part  6,  by  shifting 
the  brushes  to  the  right  or  left,  of  the  stator  field  axis, 
the   direction    of   rotation   is   determined.      The   normal 


Fig.  67.    Governor  Employed  ox  Large  Motor 

running  position  lor  the  hrushes  is  when  they  are  dis- 
placed from  the  stator  field  a.xis  by  about  15  or  20  elec- 
trical degrees.  The  position  is  always  indicated  by  a 
scale,  mounted  on  the  rocker  arm,  with  the  two  running 
positions  indicated.  If  the  motor  is  not  turning  in  the 
proper  direction,  the  brush-holder  rocker  arm  should  be 
shifted  to  the  reverse  position  as  indicated  on  the  scale. 
The  repulsion  motor,  as  described  in  Part  6,  has  series 


Frc;.  (is.    Koroi;  oi    IJki.i.  Mo'iok 

llie  machine  into  oiie  iliai  ha>  s<piirrel-cage  ciiaracter- 
islies  or  practiciii!\  a  (oiisiaiil  speed  from  no  load  to 
I'lil!    load. 

l>\  the  addiliuu  of  aiioilier  set  of  brushes,  rd  Fig.  (ii), 
set  !H)  electrical  degrees  I'rom  the  first  set.  the  motor  can 
be  made  to  operate  at  jiraetically  constant  speed,  and  the 
sli()rl-(ii(  nit  iiig  device  can  lie  di.-ipensed  with.  Brushes 
(ill  arc  kiioun  as  the  energy  brushes,  and  brushes  rd 
as  compensating  brushes,  and  when  both  sets  are  in  use 
there  will  be  a  resultant  tonjue  due  to  their  combined 
action.  Witli  the  brushes  in-  the  jjosition  shown,  tiu; 
action  of  brushes  tib  will  be  much  greater  than  brushes 
<d  and  the  direction  of  rotation  will  be  as  determined 
by  the  brushes  ab :  that  is,  the  direction  in  which  they 
are  shifted  with  reference  to  the  axis  of  the  field  poles. 
The  no-load  speed  of  this  motor  will  be  slightly  above 
synchronism  while  the  full-load  speed  will  be  below. 


Fig.  G9.    Illustratixg  Coxstaxt-Speed  Feati-res 


By  the  addition  of  another  winding  concentric  with 
the  center  portion  of  the  main  stator  winding  and  con- 
nected with  the  compensating  brushes  cd,  as  shown  dia- 
grammatically  in  Fig.  70,  the  power  factor  may  be  in- 
creased to  unity  or  above,  which  is  a  distinct  advantage 
over  the  other  types  of  induction  motors,  the  power 
factor  of  which  under  the  best  conditions  is  usually  never 
above   85   per  cent. 
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The  General  Kleetrie  (^o.  builds  a  single-pliase  coui- 
pensated  repulsion  induction  motor  of  the  same  type 
as  just  described.  The  stator  winding  is  shown  in 
Fig.  5(},  Part  6.  The  compensating  winding  is  auxiliary 
to  the  main  stator  winding  and  forms  the  center  portion 
of   the    field-pole   windings.     Fig.    71    shows   the   arma- 

To  reverse  direction 
of  rofation  interchange 
leads  "d  and'c  "and 
stiift  brush  yoke 


Brushes  "adnd'b" 
permanently 
shor  t-  circuited 


Fig.  71.    Commutator  End  of  Aematuee 

ture  used  in  this  motor;  the  winding  on  the  armature  is 
of  the  series  type  connected  to  a  horizontal  commutator. 
A  fan  is  mounted  on  the  back  end  of  the  armatui'e  to 
improve  the  ventilation.  When  started,  if  this  motor 
is  connected  directly  to  the  line,  it  will  develop  250  per 
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connected  to  the  brushes.  If  the  brushes  are  .shifted 
and  the  leads  of  the  comjjensating  winding  are  not  in- 
terchanged, the  motor  will  emit  a  humming  sound, 
develop  a  low  starting  torque  and  take  an  abnoi-mally 
heavy  current  from  the  line,  which  will  cause  excessive 
heating  of  the  field  winding. 

A  few  years  ago  the  Wagner  I'^lectric  Manufacturing 
Co.  brought  out  a  new  type  of  alternating-current  com- 
pensated motor  known  as  the  unity  power  factor  single- 
phase  motor.  This  motor  has  approximately  unity  power 
factor  at  full  load  and  a  leading  power  factor  at  loads 
between  full  load  and  no  load,  (kicreasing  to  (50  per 
cent,  leading  at  no  load  (see  Fig.  72).  However,  this 
leading  power  factor  can  be  used  in  most  cases  to  com- 
pensate the  lagging  power  factor  of  the  generating  plant 
and  distribution  system,  thereby  increasing  the  capacity 
of  the  plant  and  the  line. 

The  construction  of  this  motor  is  similar  to  the  com- 
pensated motor  previously  described;  the  electrical  con- 
nections are  shown  in  Fig.  73.  The  stator  winding  has 
a  main  winding  a  and  a  compensating  winding  b.  The 
chief  departure  is  in  the  armature  in  which  two  wind- 
ings are  also  used ;  the  principal  winding  c  is  of  the 
usual  squirrel-cage  type  and  occupies  the  bottom  of  the 
armature  slots:  auxiliary  winding  d  occupies  the  upper 
part  of  the  slots,  is  similar  to  that  used  in  the  machine 
previously  described  and  is  connected  to  a  horizontal 
commutator.  Between  the  two  windings  is  a  magnetic 
separator  made  of  a  soft  rolled  steel  bar.  Two  sets  of 
brushes  are  provided,  the  main  pair  of  brushes  (shown 
solid)  is  placed  on  the  axis  of  the  main  stator  winding, 
and  is  short-circuited,  thus  giving  the  repulsion-motoi' 
characteristics ;  the  auxiliary  pair  is  placed  at  right 
angles  to  the  axis  of  the  main  stator  winding  and  is 
connected  in  series  with  it.  A  cross-section  of  an  arma- 
ture slot  is  represented  in   Fig.  74. 

During  starting,  switch  /,  Fig.  73,  is  open,  and  the 
compensating  winding  carries  no  current.  The  com- 
mutated  winding  d  is  in  series  with  the  main  stator  wind- 
ing a.  The  commutated  winding  develops  the  torque  at 
starting,  and  as  the  motor  increases  in  speed  the  torque 
in  this  winding  decreases  very  rapidly,  but  is  more  than 
offset  by  the  torque  developed  in  the  squirrel-cage  wind- 
ing, which  increases  very  rapidly,  reaching  a  maximum 
at  about  4  or  5  per  cent,  slip  where  it  starts  to  decrease 
and  becomes  zero  at  synchronism.      Above  synchronous 


^<^''         "^  Retaining  Yiedge 
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72.    Variation  of  Power  Factor 
WITH  Load 
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Fi(i.  73.   Diagram  of 
Winding 


Fi(i.  74.    Ovic  Slot  of  Rotor, 
Showing  Construction 


cent,  of  full-load  torque,  and  if  started  with  a  rheostat 
will  develop  full-load  starting  torque  on  about  200  per 
cent,  of  full-load  current.  To  reverse  the  direction  of  ro- 
tation, shift  the  brushes  to  the  opposite  side  of  the 
stator  field  axis  and  interchange  the  compensating  leads 


s])eed  the  torque  in  the  s(|uirrel-cage  winding  is  reversed 
and  it  acts  as  a  brake  and  balances  the  torque  due  to  the 
series  repulsion  winding.  The  squirrel-cage  winding, 
therefore,  effectually  prevents  the  motor  from  racing  at 
light  loads  and  gives  it  practically  a  constant  speed  be- 
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tuccii  no  loMil  iiiid  full  loud,  'i'lii-  (onuif  (Icvclopi'il  liy 
till-  stiiiirrt'l-nip'  wiiuliii^'  i(«  /cro  iit  Hliirtiii;;.  Itnt  intifiiHcs 
viTV  riijiidlv  hcvomi  a  ftTlaiii  Hpci'd,  wliicli  liuH  llio  ef- 
fivl  of  giving  llic  motor  a  K|ii'cd  loninc  wliith  imii'aHcs 
witli  tlit>  sptrd  and  insures  tlic  innior  |iiilliMg  tlirough 
nnv  load  that  it  can  start. 

'i"lu'  niagni'tic  separator  mis  as  a  sliunt  for  the  lliiv 
si't  ii|)  l>y  the  main  stator  windiiig  at  starling,  and  al 
tlu-  same  time  eau.ses  tlii'  indiictaiuc  of  tlie  scpiirrel- 
cage  winding  to  ho  high;  eonse(piently.  the  current  set 
up  in  this  winding  is  snuill  at  starting.  .\8  the  motor 
speeds  up  this  magnelie  shunt  elVeet  is  decreased  hy  (he 
action  of  the  current  in  the  s<|uirrel-cage  winding,  and 
when  near  synchronous  speed  the  machine  operates  prac- 
tically in  the  sanu>  manner  as  if  the  magnetic  separator 
did  not  exist  at  all.  When  the  motor  has  reached  nearly 
synciironous  speed  a  small  centrifugal  switch  c.  locate<l 
on  the  outer  end  of  (he  arnuiture  shaft,  is  closed;  this  con- 
nects the  auxiliary  winding  across  tiie  series  l)ruslies. 
This  winding  controls  tlie  ]i()\ver  factor  of  tlie  motor. 

Progress  of  Fs^iaasna-FacnlFac 

TIk'  progress  made  in  the  construction  of  the  Panama- 
Pacific  International  Exposition  is  cleai-ly  shown  in  the 
aciom])anying  j)anoramic  ])hotogra]>h  taken  from  the 
roof  of  the  completed  Palace  of  Machinery,  tlie  largest 
wooden  huilding  ever  erected. 


The  huilding  with  the  ilome  in  the  rear  center  iH  tho 
I'alace  of  I'lducalion,  which  is  !I0  per  cent,  complete,  and 
in  the  fore  of  that  the  Palace  of  liilierai  Arts,  which  if 
(;(i  |)er  cent,  complete.  'I'o  (h(r  left  and  a  hit  forward  ii 
the  i'alace  of  Manufactiin!,  .'>.')  per  cent,  complete,  and 
the  sile  of  the  great  Court  of  (lie  Sun  and  Stars. 

The  rapidity  of  (he  progress  made  nuiy  he  realized 
wiicii  it  is  understood  (hat  the  (irtit  ground  was  hrolceu 
for  tliu  palaces  on  .Ian.  1,  1I»13. 


Opem^im^lf    of    tSiie    201st 
Staliomip  Ne^'y  YoipR 


St. 


X.w  Voik'H  l;it<Ht  \<\K  p'lW.r  Hhill'iri  wiih  iirr<l:ill.v  |)luc<-cl  in 
comiiilHsion  Jan.  31.  It  Is  Ihi;  m-w  K<-n<-ratinK  Htution  of 
United  Klcctrlc  l.lKht  &  Powor  Co.,  located  at  West  201hi 
and  the  Hurlem  HIver.  The  purpoHc  of  the  Htatlon  l«  to  n\i|)- 
I)Iy  the  K''owln(^  upper  seetlon  of  the  city,  and  bo  It  haH  been 
hullt  to  allow  of  additional  equipment  as  the  need  arrives. 
.\t  iiresent  It  contains  three  l.'i.OOO-kw.  turbo-Keneralor  unit* 
and  has  space  for  five  more  like  them  so  that  the  bulldlnjj  ag 
it  now  stands  represents  a  posslljli.  capacity  of  120,000  kw. 
Reserve  space  is  available  in  the  same  way  for  boilers,  elec- 
tri<'al  wiring  and  equipment  and  pant-la  on  the  switch  and 
control    boards    for    corresponding    accessions    of    capacity. 

In  addition  to  the  numerous  individual  Invited  guests,  the 
opening  ceremonies  were  witnessed  by  parties  from  the  lirook- 
lyn  Engineers'  Clul)  and  the  Municipal  Engineers  of  New  York. 
The  visitors,  as  they  arrived  at  the  Dycliman  St.  station  of  the 
subway  were  met  l)y  automobile  busses  and  taken  directly  to 
the  plant.  There  guides  were  appointed  to  take  them  by 
groups  for  an  inspection  of  the  plant.  About  12:30  all  con- 
gregated  on   the  main   floor  to  see   the  first  unit  started. 

Luncheon  was  then  served  on  the  seventh  floor  of  the 
building   where    addresses   of   welcome    and    brief    histories    of 
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The  exceptional  beauty  of  the  site,  fronting  as  it 
does  for  three  miles  on  the  bay  of  San  Francisco  within 
a  stone's  throw  of  the  portals  of  the  far-famed  Golden 
Gate  and  with  the  evergreen  hills  of  Marin  on  the  op- 
posite shore,  is  apparent. 

In  the  background  can  be  seen  the  Presidio,  San  Fran- 
cisco's great  army  post,  and  to  the  extreme  left,  part 
of  the  residence  district  of  the  city.  To  the  right  is  the 
Palace  of  Mines  and  Metallurgy,  which  is  60  per  cent, 
complete :  adjoining  it  on  the  left  is  the  Palace  of  Varied 
Industries,  also  60  per  cent,  complete.  To  the  rear  of 
these  may  be  seen  the  Palace  of  Transportation,  50  per 
cent,  complete,  and  behind  that  the  Palace  of  Agricul- 
ture, 65  per  cent,  complete. 


A  Panoramic  View  of  the  P.^xama-Pacific  Grot 

the  enterprise  were  given  by  Frank  W.  Smith,  vice-president 
of  the  United  Electric  Light  &  Power  Co.,  and  George  B.  Cor- 
telyou,  president  of  the  Consolidated  Gas  Co..  and  one  of  the 
directors   of   the   United   company. 

The  building  is  fireproof,  being  of  brick,  steel  and  concrete 
throughout.  It  is  seven  stories  high  in  the  main  part,  al- 
though the  equivalent  height  in  the  boiler  section  is  divided 
into  only  two  tiers.  Above  the  boiler  house  is  a  15,000-ton 
coal  storage.  The  whole  structure  is  330x200  ft.,  and  contains 
200.000  sq.ft.  of  floor  area.  The  four  chimneys  are  each  22 
ft.  in  diameter  and  325  ft.  high.  On  the  several  floors  in  the 
electrical-gallery  section  are  the  offices,  busbar  switches  and 
reactance  coils,  busbar  compartments,  selector  oil  switches 
and  feeder  and   generator  switches. 

All  operations  are  directed  from  a  control  gallery  on  the 
second  floor  containing  the  generator  benchboard  and  the 
semi-circular  feeder-control  boards,  from  which  all  switches 
are  controlled.  On  the  first  floor  is  a  storage  battery  and  the 
generator  rheostats. 


February  10.  1914 


P  0  W  K  1{ 


31? 


On  the  street  level  (the  basement)  are  the  exciter-control 
board,  exciters  and  transmission  transformers.  The  200-kw. 
exciters  are  directly  connected  to  7500-volt  induction  motors. 
The  main  turbine  room  is  on  the  first-floor  level,  and  beneath 
it  is  the  auxiliary  apparatus.  All  the  steam  auxiliaries  are 
turbine-driven   and   the  ventilating  fans   are   motor   driven. 

On  the  first-floor  level  of  the  boiler  house  are  thirty-two 
650-hp.  water-tube  boilers,  and  space  for  an  equal  number  is 
reserved  on  the  second-floor  level.  Coal  is  delivered  from  the 
elevated  bunkers  to  the  automatic  stokers  that  minimize  the 
smoke  by  insuring  practically  perfect  combustion,  and  the 
cinders  are  eliminated  from  the  gases  by  furnace-gas  cleaners. 

From  pockets  under  the  boiler,  ashes  are  transferred  to 
cars  hauled  by  electric  mine  locomotives  and  dumped  into 
a  hopper  which  feeds  a  skip  hoist.  This  conveys  them  over 
the  street  to  a  hopper  in  a  coal  tower  from  which  they  are 
discharged  into  boats  or  carts.  The  coal  tower  is  240  ft.  high 
and  on  the  bulkhead  at  the  water's  edge  to  hoist  coal  as  re- 
ceived on  boats  or  barges  and  dump  it  into  a  hopper.  Prom 
thence  it  passes  through  a  crusher  and  into  coal  cars  in  which 
it  is  weighed.  These  cars  are  cable-hauled  to  the  main  build 
ing  and  dumped  into  the  storage  bunkers. 


The  midyear  meeting  of  the  American  Electric  Railway 
Association  was  held  in  New  York  on  Jan.  29,  30  and  31.  The 
tirst  and  third  days  were  given  up  to  committee  meetings  and 
on  the  evening  of  the  29th  a  banquet  was  held  at  the  Waldorf- 
Astoria,  about  SOO  attending. 

Addresses  were  delivered  by  Charles  N.  Black,  president  of 
the  association;  C  S.  Hawley,  president  of  the  American  Elec- 
tric Railway  Manufacturers'  Association;  Guy  E.  Tripp,  chair- 
man of  the  board  of  directors,  Westinghouse  Electric  &  Man- 
ufacturing Co.,  and  H.  W.  Anderson,  vice-president  and  gen- 
ii al  counsel,  Virginia  Railway  &   Power  Co.     President  Black 


CavaS=.S©s'vflce  ©pp®rt^]aattaes 

COMPETITIVE    EXAMINATIONS  for  the  civil-aervice  posilians 
named  Mow  will  he  held  on  the  dates  fjiven.       Applicatims  and  fur- 
Iher  information  mat/ he  had  hy  addrenaing  the  respective  commissions. 
Candiitates  must  be  citizens  of  the  United  Slates  and  residents  of  the  cities 
m  question,    and   at    least    21    years  of  age,   unless  otherwise  specified 


AHHiNtnnt  Steiim  Knidni'pr — State  and  County  Hospitals, 
Departments  and  Institutions.  The  New  York  State  Civil 
Service  Commission  will  hold  an  examination  for  this  position, 
Feb.  21,  1914.  Usual  salaries  $480  to  $900  with  maintenance 
when  employed  in  institutions.  Candidates,  unless  technical 
graduates,  must  have  had  two  years'  experience  as  machinists, 
boilermakers,  steamfitters,  oilers,  firemen,  engineers  or  elec- 
tricians, including  at  least  one  year  in  the  operation  of  steam 
engines  or  electrical  machinery,  which  latter  is  also  required 
of  technical  graduates  also.  Subjects  of  examination:  Prac- 
tical and  technical  questions  on  the  operation  and  repair  of 
steam  engines,  boilers,  steam-heating  apparatus  and  electrical 
machinery.  Application  blanks  must  be  obtained  by  Feb.  11 
and  returned  before  Feb.  13.  Address  State  Civil  Service 
Commission,    Albany,    N.    Y. 


Pa©seE  lEia^nim©  I 

It  is  announced  by  the  department  of  machinery  of  the 
Panama-Pacific  International  Exposition  that  since  Jan.  1, 
more  than  30,000  sq.ft.  of  exhibit  space  has  been  contracted 
for  in  the  Palace  of  Machinery.  More  than  a  dozen  firms 
have  contracted  for  space  in  which  to  install  engines  built  on 
the  Diesel  principle.  These  will  occupy  a  central  space  in 
the  Palace  of  Machinery,  and  will  be  under  operation 
through  connection  with  electric  generators  or  other  ma- 
chinery to  show  the  economy  of  working. 


filbatt  Si^  Paiae 


Sowing  the  Progkess  Made  in  Building  Erection 


decried  the  present  system  of  public  service  supervision  and 
announced  that  $100,000  was  to  be  raised  by  the  association  to 
be  devoted  to  a  publicity  campaign  to  counteract  the  popular 
dtmand   for  public  utility  regulation. 

The  general  conference  took  place  on  Jan.  30,  five  papers 
being  presented.  Martin  Schreiber  discussed  the  value  of  the 
company  sections  and  this  was  followed  by  a  report  of  the 
.special   committee   on    the   joint   use   of  poles. 

"The  Economic  Aspects  of  Regulation  Compared  with  Profit 
Sharing  with  Municipalities"  was  the  title  of  a  paper  by 
Halford  Erickson,  of  the  Wisconsin  Railroad  Commission. 
This  discussed  local  versus  state  supervision  and  regulation, 
and  also  pointed  out  that  one  of  the  duties  of  a  public  service 
commission  was  to  protect  the  public  utilities'  interests  as 
well  as  the  public's,  for  upon  the  former  indirectly  depended 
the  ultimate  service  to  the  public.  The  other  subjects  dis- 
cussed at  the  conference  were  "The  Effect  of  Rate  of  Fare  on 
Riding  Habit,"  by  F.  W.  Hild,  L.  R.  Nash  and  S.  G.  McMeen, 
and  "Influence  of  Labor  on  Legislation,"  by  C.  L.  S.  Tingley. 


A  large  amount  of  exhibit  space  has  also  been  spoken  for 
by  the  manufacturers  of  steam  turbines  and  unit  type  plants. 
In  the  electrical  department  there  will  be  demonstrated  the 
latest  apparatus  for  the  transmission  and  control  of  elec- 
tric   currents  at   high   voltage. 


New  Federal  Power  Plant — Plans  are  now  being  drawn  for 
a  central  power,  light  and  heating  plant  in  Washington  to 
serve  the  group  of  Government  buildings,  including  and  ad- 
jacent to  the  White  House  and  those  on  the  opposite  side  of 
the  Mall.  The  new  plant  will  be  located  in  the  southwest  sec- 
tion of  the  city,  on  the  Potomac,  and  will  probably  have  a 
capacity  of  about  6000  hp.  Steam  turbines  will  be  employed 
and  will  run  partly  condensing  (depending  upon  the  heating 
demand),  the  exhaust  being  used  for  supplying  steam  and  hot 
water  to  heat  the  buildings.  L.  B.  Stillwell  &  Co.,  of  New 
York,   will  do   the  engineering  work. 
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Till'  ;Uitli  uiiinial  iiiliilaliiiiii'iil  iiml  li.ill  t.f  .I.-imi>  •'lly 
A»»orli>tl<iii  Nil.  1.  N.  A.  S.  K.,  wii«  li.-M  nn  Kricliiy  .v.iiliiK,  Jan. 
30.  lit   KIUb  Hull,  Jersey  City,   N.  J. 

Tlio  KiiRlin>or8  Society  of  WeHltTii  I'lMiiiMy  1  vunin  elcil.'d 
(he  fullowliiK  oIllreiH  Jiiii.  21):  I'li-HUleiit,  Albeit  H.  Unymei-; 
vlce-proslileiit.  Siiimnl  K.  DulT;  tn^asurer,  A.  K.  Kiiml.  -Il- 
rectoi-B,  OeoiKe  K.  NcIIhoii  and  Kieil  Crubtroe.  Tlio  nuMii 
bei-Hhlp  Is  now   112-1. 

The  Conilihn-il  Associations,  N.  A.  S.  K.,  of  Phllndeliihlii. 
1-cW  their  tirth  nmiiial  enteitillnment  and  banquet  at  Kiilu 
Temple,  on  Wednosilay  evening,  Jan.  28.  In  the  comblni'd 
aasoci.itu.us  are  IJuaker  City  No.  1,  Ta.ony  No.  9.  Merrick  No. 
12.  anil  Northeast  No.  20,  A  clever  entertainment  was  given 
hy   national   anil  local   i>i ofessional   talent. 

On  Tuesday  evenlnn,  Feb.  10,' at  8:15  p.m.,  S.  W.  Dudley, 
assistant  chief  en»rlneer  of  the  WestlnRhouse  Air  Brake  Co., 
will  present  a  jiaper  on  "Drake  rerformaiice  on  Modern  Steam 
Uallroad  Passeiiner  Trains,"  .it  the  nieethiK  of  the  American 
Society  of  Mechanical  Engineers,  EnslneerlnK  Societies  Build- 
luR.  New  York  City.  The  data  given  are  the  result  of  tests 
made  by  the  Pennsylvania  R.R.  In  conjunction  with  the  West- 
inghouse  Air  Brake  Co.  An  informal  dinner  will  be  served 
at  6:30  p.m. 


PERSOHAILS 


John  Beattie,  formerly  with  the  Consolid.ated  Cas.  KUctri>- 
I^ight  &  Power  Co..  Baltimore.  Md.,  is  now  chief  engineer  of 
the  Metropolitan  Life  In.surance  Co.'s  Sanatorium,  Wilton. 
N.    Y. 

Prof.  J.  Ansel  Brooks  will  conduct  the  Brown  rniversity 
course  in  industrial  organization  and  management.  Prof. 
Brooks  has  been  a  member  of  the  Brown  faculty  since  1903, 
and  has  been  associate  i)rofessor  of  mechanics  and  mechan- 
ical drawing  since  1909.  He  was  instructor  in  mechanical  en- 
gineering at  Yale  from  1897  to  1901.  His  degrees  are  Ph.  B.. 
Yale,  1897,  and  M.  K..  Yale,  1901.  He  is  a  member  of  the 
American  Society  of  Mechanical  Engineers,  the  Society  for 
the  Promotion  of  Engineering  Education  and  the  American 
Society    for   the    Advancement    of   Science. 

A.  Reiche,  formerly  general  manager  of  the  Orensteln- 
Arthur  Koppel  Co.,  Koppel,  Penn.,  sailed  for  Germany  re- 
cently and  has  been  succeeded  by  Erich  Joseph,  formerly  the 
company's  New  York  manager.  Mr.  Reiche  has  served  for 
many  years  in  the  above  capacity  and  under  his  stipervl- 
sion  the  plant  has  been  greatly  increased,  with  numerous 
branch  offices  in  this  country  and  in  the  West  Indies.  Mr. 
Reiche  will  assume  the  position  of  managing  director  for  a 
large  German  manufacturer  of  locomobiles  and  agricultural 
machinery.  ilr.  Joseph  has  also  been  connected  with  the 
Orenstein-Arthur  Koppel  Co.  for  many  years. 

Prof.  John  Edson  Sweet,  the  "Grand  Old  Man"  of  Syra- 
cuse engineering  circles,  was  given  the  degree  of  doctor  of 
engineering  at  the  midwinter  meeting  of  the  board  of  trus- 
tees of  Syracuse  University.  Prof.  Sweet,  who  is  president 
of  the  Straight  Line  Engine  Co.,  was  born  in  Pompey  on  Oct. 
21,  1832.  After  a  career  in  England  he  was  professor  of 
engineering  at  Cornell  University.  He  is  widely  known 
throughout  the  country  for  his  numerous  inventions,  among 
which  are  the  oil  ring  in  universal  use  for  lubricating  bear- 
ings, the  matrix  compositor,  which  was  the  first  step  toward 
the  linotype  machine,  the  Sweet  ingot  mold,  governor  and  a 
measuring  machine.  He  was  one  of  the  founders  of  the 
American  Society  of  Mechanical  Engineers  and  its  third 
president.  He  is  a  charter  member  of  the  Technology  Club 
and    was    its    first    president. 

Joseph  N.  Gregory,  for  the  last  eight  years  Western  New 
York  manager  of  the  Dearborn  Chemical  Co.,  Is  suggested  by 
the  Commissioner  of  Public  Works  for  the  new  position  of 
mechanical  engineer  in  the  Bureau  of  Buildings,  Buffalo, 
X.  T.  Mr.  Gregory  is  an  efficiency  engineer,  has  a  wide  repu- 
tation, and  is  considered  an  expert  in  all  matters  allied  with 
engineering    problems. 

Mr.  Gregory  was  formerly  president  of  the  Marine  Engi- 
neers' Association,  New  York  branch,  and  has  been  presi- 
dent of  the  local  body  of  the  National  Association  of  Sta- 
tionary Engineers.  At  the  time  he  assumed  his  present  po- 
sition he  was  vice-president  of  the  State  Association  of  Sta- 
tionary   Engineers.      He    is    a    member    of    the    American    So- 


eloty  of  .Meelianlcal  ICiiKlneerH,  tln<  Aineilcaii  Itallway  <*lii 
tho  Cnniiillun  Hallway  t'luli  ami  vurloiiH  ollii<r  niucharii' 
and  iinKliieerltig  Hiiel»tk>N  IhrouKbout  the  country.  Kor  Hi" 
tlino  liu  wuH  a  munilit<r  of  lliu  (.'Ivll  Servlcu  ComnilMslon  >i 
tier  Mayor  Conrad  Oulhl  of  Huffiilo.  Iln  is  at  preNont  n  mki 
lier  of  tho  exeeullvu  eoniniltleo  of  Ihct  Board  of  Truiili 
•  if  LochIh  in  uMil  TiO  of  the  .Vullonal  AHHoclatlun  of  Hlatlor^< 
I'lnglneei  H. 
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WII.MA.M    COOPER 
llllam   Coopir,   dlreclur  of  buildings  and  equipment  at  I  li- 
InghouNc   ICleitrlc  &   Manufacturing  Co.,  died  Jan.   23.      11' 
graduated    from    Cornell    University    In    1887    and    becniii' 
engineer   of   the  Twin   City   Rapid   Transit   Co..   Ht.    Pain 
Later   Mr.   Cooper   was   in    the   engineering  departm' 
e  General   Electric  Co.,  at  Schenectady.      Kor  six   years 
chief   engineer    at    the    Bullock    Electric    &    Manufacturn 
at    ("Incinnall.     liaving    there    to    loin     the     W'estlnghou.'io 


GEORGE   J.   WEBEK 

George  J.  Weber,   Inventor  of  a  gasoline  engine  and  former 
Iiresldent   of   the    Weber   Gas   &   Gasoline   Co.,    lUed    recently 
his   home    in    Kan.sas   City.      Mr.    Weber    had    more    than    fo 
patents   granted    to   him    covering    nearly   every    phase   of   i-- 
and    gasoline   engine   construction.      The    turbine   engine   with 
which    he   was   experimenting   at    the   time   of   his   injury    will 
be  completed  by  his  sons. 

He  is  survived  by  his  wife,  Mrs.  Mar.v  Louise  Weber,  and 
by  four  children,  Edwin  W.,  Lloyd  H.,  .Miss  Cora  Weber  and 
Robert   G.    Weber,   of  New   York. 

JOHN    C.    KELLEY 

John  C.  Killey  the  founder  and  only  president  of  the 
National  Meter  Co.  for  the  past  44  y«ars.  died  at  his  home, 
247   Hancock   St..   Brooklyn,   Jan.   24. 

Mr.  Kelley  was  born  in  Woodford,  County  Galway,  Ireland, 
on  Apr.  17,  1839.  He  came  to  this  countr.v  with  his  parents 
when  eight  years  old.  His  boyhood  days  were  spent  at 
Rochester  and  Palmyra,  N.  Y.  From  there  his  parents  moved 
to  Franklin,  Ohio,  and  later  to  Cincinnati,  where  he  was  en- 
gaged in  the  retail  dry-goods  trade.  On  Jan.  1,  1860,  he  came 
to  New  York  and  entered  into  partnership  with  his  uncle,  the 
late  Austin  Kelley,  in  the  manufacture  of  hoop  skirts.  On 
Sept.   9,   1860,   he   married  Carrie   A.   Stuart,    of  New   York. 

Through  an  accident,  Mr.  Kelley  met  a  man  with  a  patent 
water  meter,  and  on  Jan.  5,  1870,  he  organized  the  National 
Meter  Co.,  which  he  built  up  to  a  large  and  successful  organ- 
ization. 

Mr.  Kelley  was  prominent  in  the  civic  life  of  Brooklyn,  and 
was  identified  with  Loyola  Union,  Catholic  Benevolent  Legion, 
the  Emerald  Association,  and  many  other  organizations. 
During  the  first  term  of  Mayor  Lovif  he  was  appointed  to  the 
old   Brooklyn   Board   of  Education 

He  was  one  of  the  charter  members  of  the  American  Water 
Works  Association.  Among  his  friends  who  knew  him  well, 
he  was  known  as  a  man  of  sterling  integrity,  remarkable 
firmness  of  character,  and  the  tenderest  sympathy  for  anyone 
in  tronble.  On  account  of  his  failing  health  Mr.  Kelley  with- 
drew from  all  outside  organizations  except  the  Home  Trust 
Co.,  of  which  he  was  a  director  at  the  time  of  his  death.  He 
is  survived  by  his  widow,  five  daughters  and  two  sons. 


Novel  Liquid  Meter — The  Leinert  liquid  meter  automati- 
cally measures  water,  petroleum,  sugar  juice  and  other 
liquids,  the  measurements  being  made  by  weight  and  not  by 
volume,  therefore  the  temperature  does  not  enter  in.  The 
meter  has  a  pair  of  equal-sized  tanks  so  arranged  that  when 
one  is  filled  to  standard  level  it  automatically  shifts  the 
feed  over  to  the  second  tank  and  is  then  emptied  by  siphon, 
recording  at  each  time  of  filling  and  emptying.  As  this  meter 
is  actuated  by  the  weight  of  the  liquid,  it  is  not  subjected  to 
the  sudden  inaccuracies  of  volume  meters,  and  has  scarcely 
any  wearing  parts.  It  can  also  be  quickly  cleaned  and 
sterilized. — ".Scientific    American." 


To    Stimulate    Internal-Combnstlon    Turbine   Development — 

It  is  proposed  that  England's  Royal  Automobile  Club  offer  a 
prize  for  the  most  practical  rotary  or  turbine  oil  or  alcohol 
engine  applied  to  a  motor  vehicle  and  entered  for  trial  under 
the  club's  regulations  in  1915.  The  amount  of  the  prize  has 
not  been  stated. 
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erating  Condensing .  Showin  g  the  Variation  of  Tern 
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Sectional  View  cf  the  Apparatus  and  Piping  of  a  Typical  Reciprocating  Engine  Plant,  Operating  Condensing,  Showing  the  Variation  of  Temperatiir 

Through  the  Engine,  Condenser  and  Back  to  the  Boiler. 
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^.^    W  AijKi  N  ( ).   I«()(;i:k.s 


,'<y.\()l'>lS~ri,ilat{rliiliia.  in  IStil.  hiiill  Ihr  first 
Htilrr-worli-ii  st/sfriii  in  the  United  States  at  a  rout  of 
$:.'^0,'^'>(K  'J'liis  (it;/  hat-  the  distinction  of  opcmtinf/  Ihr 
largest  junnpinij  water-works  plant  in  the  irorld.  'I'lir 
latest  di,itrilnitin()  station,  is  the  Lardner's  I'ainl  plaiil, 
with  a  normal  capacili/  of  JJiO.OOO.ooo  (/at.  of  water  per 
*!,  kr.  There  are  twelve  20,000,(l()i)-(ial.  verliral  triple- 
expansion  pumps  in  two  stations,  s-upplied  with  sirnm  hij 
fourteen  ,'>0()-hp.   water-iuhe  boilers. 


'I'lic  cily  of  l'liila<l('l|)liiH  enjoys  tlic  (lintinflioii  of  lia 
in;,'  opcniti'd  llic  first  stciiiii-pninpcd  wiitcr  Kystcm  in  tl 
I'nilcd  Slates  and  ulso  of  operating  llir;  larj^est  pinn|)i 
pliiiit  in   tlie  world.     There   an;   two  rivers    from    wliicli 
In  draw  the  water,  tlio  Sciiuylkill  and   Delaware,  the  hit 
Icr    river    furnishing   at    present    apjiroxinnitely    70    p. 
<ent.  (if  the  city's  water  eonsmnption. 

The  lirst  ])nnii)iiifj  cnf^ine  used  had  a  capacity  of  'Mi'i,- 
.")".'n  ^r;,|.  ,,f  \vjitcr  per  2\  iir.  with  a  consumption  of  55 
1)11.  (if  (oai.  'i'iie  hardncr's  ])oint  pumping  jjjant  con- 
sists of  two  separate  station.s,  witli  twelve  20,0()(),()00- 
gai.  ])unips  of  modern  design  for  liigli-service  work. 

Tiu'  old  Center  S(|uar(;  ])um[)ing-plajit  huilding,  a  soc- 
li(in  (jf  whicii  is  shown  in  Fig.  ],  wa.s  constructed  of 
marl)le  and  was  GO  ft.  square  at  tlie  hottom  and  '-i5  ft.' 
liigli.  The  iipi)er  ])art  was  huilt  in  circular  form,  having 
a  diameter  of  40  ft.  and  heing  CO  ft.  liigh.  It  was  sur- 
mounted by  a  dome  tiirough  the  center  of  which  tlie 
stack  from  the  boiler  e.xtended. 


7USNEL  SC 
BYTHE  eNS,'\£AT 
THC  SCHUYLKILL 


FtG.  1.  Old  Center  Square  PuMnxG  Plaxt 


Fig.  .3.  Fhoxt  A'ikw  ok  Lai!dx]:i:'s  Point  Station 
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Fig.  3.  Boiler-House  Side  of  Pumping  Station 
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When  one  considers  the  material  of  which  the  pump- 
ing engine  and  boiler  was  constructed,  it  is  a  matter  of 
surprise  that  the  apparatus  Iiad  such  a  large  capacity. 
For  instance,  all  the  levers,  beams,  flywheel,  shafts  and 
arms,  cold-water  pumps  and  cisterns  were  made  of  wood. 
Even  the  boiler  was  a  ^/^-in.  white-pine  box,  9  ft.  high, 
9  ft.  wide  and  15  ft.  long,  securely  bolted  through  ajul 
braced  on  the  outside.  The  boiler  firebox  was  of 
wrouglit  iron  with  cast-iron  vertical  flues.  The  main  cyl- 
inder of  the  engine  was  cast  in  two  pieces,  united  with 
copper,  the  Joints  being  secured  externally  by  a  cast-iron 


ware  River  water  after  it  has  passed  through  the  filters 
at  Torresdale.  A  description  of  the  Torresdale  plant 
and  filter  beds  was  published  in  1'ower,  Nov.  16,  1909, 
page  811.  This  plant  contains  seven  •10,000,000-gal.  cen- 
trifugal punii)s  and  one  .5(J,0()0,()()()-gaI.  unit,  the  water 
being  pumped  to  the  preliminary  filtering  l)eds  and  flow- 
ing by  gravity  to  the  final  filters. 

After  the  water  has  passed  through  the  final  filters 
it  flows  by  gravity  to  a  filtered  Avater  basin  having  a  ca- 
])acity  of  .50,000,000  gal.  This  filtered  water  is  carried 
to  the  Lardiier's  Point  pumping  station  through  a  cou- 


FiG.  4.  Partial  View  of  Pumping  Engines  in  No.  2  Pumping  Station 


band.  Nearly  four  months  were  t-onsunicd  in  buring 
the  cylinder.  The  force  pumps  were  double-acting  and 
were  first  used  without  air  chambers. 

The  engine  pumped  water  into  two  wooden  tanks  on 
top  of  the  buidliug,  which  were  60  ft.  above  the  bottom 
of  the  brick  tunnel  leading  from  the  Schuylkill  pump- 
ing house,  where  a  similar  pump  was  in  operation.  These 
tanks  held  17,094  gal.  The  engine  was  able  to  fill  them 
in  about  25  min.,  the  same  time  being  taken  to  exhaust 
them.  Any  disability  of  the  pump  meant  a  water  fam- 
ine in  a  few  minutes. 

The  present  pumping  system  of  the  city  comprises 
four  high-duty  stations,  three  of  which  are  on  the  Schuyl- 
kill Eiver,  and  the  other  at  Lardner's  Point.  The  latter 
connects  with  the  Torresdale  coii(liiit  and  jiumps  Dela- 


duit  i;j,807  ft.  long  and  10  ft.  7  in.  in  diameter.  The 
conduit  has  an  elevation  at  the  entrance  shaft  of  127 
ft.  below  the  ground  surface,  but  at  the  outlet  end  is 
10  ft.  higher,  the  rising  grade  being  made  to  prevent 
air  pockets. 

The  pumping  outfit  at  Lardner's  Point  consists  of 
two  plants,  known  as  Nos.  2  and  3  stations.  Rear  and 
front  views  of  the  buildings  are  shown  in  Figs.  2  and 
3,  each  building  containing  six  vertical,  triple-expan- 
sion pumping  engines,  each  of  20,000,000-gal.  capacity. 

An  interior  view  of  each  plant  is  shown  in  Figs.  4  and 
5.  The  engine  rooms  are  built  separately  from  the  two 
boiler  houses  and  are  171  ft.  long  by  87  ft.  wide  and 
constructed  of  gray  brick  with  granite  and  terra  cotta 
trimmings.     The  roof  coverings  are  of  red  tile. 
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'riic    wiitiM'   ciul.s   uf   llic    |>iim|)s   lire    in    tlic   hasciiicrit,  Imh  li  piiiiip  is  filled  with  n,  rccd-watcr  |niiii|),  a  heater 

Fijj.  (!.  iiikUt  the  lloor  of  the  cM^jiiic  hmhii  ;  the  ciitiro  .hkI   an   eje(  lor  eoMdeiiHcr,  ours  of   the  eoiideriHerH   lieinj^ 

steam   eiiii.-i   are   aluive   (he   lh)or   h'vel.     'I'he   |iiiiii|)   well  .-liowii  in   I'lj^.  (!.     Water  for  coiKlcMiHinf,'  |)nrpoK<'H,  taken 

is  placed  under  the  hasenient  IU>or  in   the  center  of  the  from  tlio  Delaware  JJivcr,  is  n'turncul  to  the  river  after 

huildinjj   and   extends   the   full    lenj,'lh,   hein;,'   horseshoe-  passing  throufjh  the  condensorH.     'i'he  condeiiHcr  air  and 

shaped   in  sections.    I  1    fl.   in   width,  and  constructed  of  water  are  hamlled  hy  a  hncket  pump  driven  directly  liy 

reinforced  concrete.      Data  relating,'  to  the  eii<rincs  in  the  the  enf,'iiH'.      In   pa.ssinjj  tlirouf(li   the  feed-water   heater, 

two  stations  arc  as  follows:  (he   water   is   healed    to    \)iO  dcf^.    !•'.,   Ilicii  ;,'oint,'   to  the 


Fig.  5.  Pumping  Engines  in  No.  3  Pumping  Station 


Nominsil  rapacity  of  each  engine,  gal.  (lail 

Number  of  r.p.m 

Stroke,  ft 

Piston  speed,  ft.  per  min 

20,000,000 
20 
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High 

Intermediate 

Low 

Cylinder  diameter 

Diameter  piston  rod . . 

32" 

60" 

71" 

90" 

7J" 

First 

Second 

Receiver  volume ...  - 
Receiver  heating  surface 

20.5  cu.ft. 

.166  sq.ft. 

Diameter 

.304  ™.ft. 

304  sq.ft. 

Length 

Crosshead  pins. . 

Crank  pins 

12" 
12" 

175" 
205" 

11" 
11" 
32" 

Shaft  at  center 

Distance  rods — Four,  each  5-in.  diameter. 

Air  pump^-One  28-in.  diameter,  66-in.  stroke. 

Feed  pump — One  3j-in.  diameter,  66-in.  stroke. 

Feed  water  heater — One  in  exhaust,  308  sq.ft. 

Flywheels — Two,  20-ft.  diameter  and  weighing  32  tons  each  (approximate) . 

Throttle  valve Sin.  diameter. 

Exhaust  pipe — 24|-in.  diameter. 

Suction  pipe — Main  42-in.  diameter,  branch  30-in.  diameter. 

Discharge  pipe — Main  42-in.  diameter,  branch  30-in.  diameter. 

Suction  injection — 8-in.  and  10-in.  diameter. 

Force  injection — 3-in.  and  3j-in.  diameter. 

Overflow — 18-in.  diameter. 

r'iamptcr  of  plungers — 33  in. 

No.  2  House   No.  3  House 

Number  of  pump  valves 960  864 


economizers  and  boilers.  A  general  view  of  the  water 
piping  and  the  position  of  the  boilers  and  pumps  in  their 
respective  buildings  is  shown  in  Fig.  7. 

Fig.  8  is  a  partial  plan  view  of  Xo.  3  boiler  room  and 
piping.  Two  10-in.  steam  mains  run  to  the  pumping 
plants.  In  No.  3  station  each  branch  pipe  has  a  steam 
separator  close  to  the  engine  throttle.  In  Xo.  2,  the 
main  header  in  the  basement  contains  a  steam  separator; 
the  separators  are  all  drained  by  traps.  The  cylinder 
jackets  drain  into  a  2-in.  pipe  which  discharges  into  a 
pump  receiver,  to  be  returned  to  the  boilers  by  two  7 
and  41/^  by  8-in.  duplex  steam  pumps.  The  steam  pipes 
from  the  main  header  to  the  pumps  are  6  in.  in  diameter, 
and  are  taken  from  the  header,  which  is  in  the  basement 
in  both  buildings,  and  run  to  the  boiler  houses  through 
a  tunnel.  Fig.  f)  shows  the  position  of  the  steam  header. 
The  lower  water  main  is  for  the  condenser  circulating 
water.     Two  8  and  8  by  10-in.  air  pumps  in  the  base- 


February  17,  1914 


POWER 


223 


ment  of  No.  3  pump  house  supply  air  at  105-lb.  pressure 
for  closing  the  top  valves  on  the  low-pressure  cyliuder. 

In  the  basement  there  is  a  bypass  between  the  suction 
and  the  discharge  pipe  of  each  pump,  fitted  with  a  reliei' 
valve.  Tf  anytiiing  obstructs  the  discharge  line,  water 
is  discharged  into  the  suction  pipe.  The  large  valves 
on  the  suction  line  are  hydraulically  operated. 

All  pumps  discharge  into  city  mains,  but  if  the  pres- 
sure exceeds  the  allowable  pipe-line  pressure,  the  ex- 
cess water  backs  up  into  one  of  the  reservoirs.  If  the 
pressure  is  reduced  in  the  city  main,  water  flows  by 
gravity  from  the  reservoir  into  the  main,  and  in  this 
way  acts  as  a  relief  valve. 

All  pumps  are  equipped  with  an  oiling  system  oper- 
ated by  compressed  air.  Oil  is  received  by  the  carload 
and  emptied  into  a  2500-gal.  tank  outside  the  building. 
This  tank  is  subjected  to  an  air  pressure  of  50  lb.  and 
the  oil  is  forced  into  two  small  galvanizcd-iron  tanks 
suspended  in  the  basement  from  the  engine-room  floor. 

These  small  tanks  are  also  kept  under  50-lb.  air  pres- 
sure, which  elevates  the  oil  to  the  top  of  the  engines 
through  brass  piping,  from  which  point  the  oil  flows  by 
gravity  to  the  bearings. 

The  water  pressure  on  the  pump  intakes  is  69  lb. ; 
the  steam  pressure  175  lb.  on  the  high-pressure  cylinder 
and  13  lb.  on  the  intermediate  receiver.  A  vacuum  of 
15  in.  is  carried  on  the  second  receiver  and  of  28  in.  in 
the  condenser. 


Fin.  G.    AVatet!  Eyn  of  Pf:\rT's :  .\lso  ,Tft  Condensek 


To  Oak  Lane  Reservoir 
and  Distribution, 60"Linea 


Sate  --•'  '^sj 
Chamber     1 1— ^ 


Locomo+ive 
House 
^  Flush  Tank  / 


Scales 


LfTO-^n 


Fig.  7.  Water  Piping  i^oe  Nos.  2  and  3  Pumping  Plan'is 
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Tin-   |)uiii|)s   ill   I  lie   twd   |niiii|)iii;,'  |)liints  work  apiiiisl.  flue    leases    Icavo    tlic    ('coiioiiiizcrs    at    MOO    dcj,'.,    afU;r 

a   licad   of    lil.'J   and    '.il?    fl.      Lasl   year,    tlii'so   Htalioiis  licaliiin   tlic    IVcd   water   Iroin    !'<!()   dcfj.   to   2iH)  def(.   F. 

piiiii|ii'd    '?;{,;{.')(),()0().00(t   Hjiil.   of   water,    ro<niiriii>^   (i.f.SOO  'I'lic  scrapiMS  of  cadi  iHoiioiiiizcr  are  ojierated  liy  a  7'/^- 

toiis   of  coal.    ir),00(l  ^rjil.    ,,|'  (Mif^iiic   oil.    .1  l,()0(t   ;,'al.   of  h|).    •^';{(t-volt,   direct-current    iixttor.     Two   eiif^iiic-drivcii 

cylinder  oil  and  7000  ll>.  ol'  liiliricalinj,'  grouse.  fans  supply  tiie  niecliaiiical  draft. 


Hdii.ii;    lIousKs 

JU)tli  l)oiler  houses  of  the  new  station  are  of  the  same 
fieneral  architecture;  No.  "J  l)oiler  Uuut^o  contaiTis  six 
water-tuhe  boilers  of  5U0-hp.  capacity  each,  e(iuippcd  willi 


In  case  the  feed  pumps  on  the  puiii|)inf(  enj^ines  fail 
to  deliver  sullicienl  l)oiler-l'e(;d  water,  auxiliary  feed 
|)uinps  in  a  pump  room  at  tlic  rear  of  the  hoiler  cau 
he  used  to  supjily  this  delicicncy. 

Com.  AM)  Ash 

Fuel  is  delivered  to  the  plants  hy  either  water  or  rail ; 
if  hy  water,  the  coal  is  unloaded  at  the  wharf  into  coal 
cars  and  drawn  by  a  small  locomotive  to  the  square  build- 
ing partly  shown  in  Fig.  11,  and  shown  in  sections 
in  Fig.  13.  Kail  shipments  are  hauled  to  the  same  build- 
ing, where  the  fuel  is  dumped  through  the  bottom  of  the 
ears  into  a  track  hopper,  from  which  it  is  fed  to  the 
crushing  rolls  and  conveyed  hy  a  pivoted  bucket  elevator 


Fig.  8.  Paktial  Plan  of  No.  3  Boiler  Room  and    Piping 


mechanical  stokers,  and  there  are  eight  500-hp.  water- 
tul)e  boilers  equipped  with  mechanical  stokers  and  two 
economizers  in  No.  3  boiler  house.  The  piping  of  the 
boiler  installation  is  shown  in  detail  in  Fig.  8.  These 
boilers  contain  252  four-inch  tubes,  18  ft.  long.  The  two 
steam  drums  are  each  36-in.  in  diameter  and  are  21  ft. 
long. 

The  length  of  the  stoker  grate  is  8I/2  ft.  and  the 
area  is  102  sq.ft.  The  boilers  are  set  in  batteries  of 
four  each.  The  two  10-in.  steam  mains  to  the  engine 
room  are  connected  at  the  end,  to  the  boilers,  by  6-in. 
steam  lines,  with  long-radius  loops  to  take  care  of 
expansion  and  contraction.  Fig.  8  gives  a  good  idea  of 
the  piping -arrangement  for  the  entire  boiler  plant.  Fig. 
10  is  a  partial  view  of  the  boiler  room.  Smoke  and 
gases  pass  through  smoke  flues  to  four  150-ft.  chimneys, 
each  with  an  internal  diameter  of  7  ft. 

Economizers 

At  the  rear  of  the  boilers  in  No.  3  station  are  two 
economizers,   Fig.   12,  each   containing  640  tubes.     The 


to  the  top  of  the  elevator  house,  and  is  then  discharged 
onto  a  425-ft.  belt  conveyor.  The  belt  conveyor  runs  to 
both  boiler  rooms  and  discharges  the  coal  into  the  coal 
bunkers  above  the  boilers,  of  which  there  are  two,  having 
a  total  capacity  of  3000  tons. 

The  ashpit  of  each  boiler  is  divided  into  two  sections, 
one  for  fine  coal  sifting  through  the  stokers,  the  other 
for  ash  falling  from  the  rear  end  of  the  stokers. 

These  pits  have  duplex  gates  at  the  bottom  and  the 
contents  discharge  into  an  end-dumping  ash  car  run- 
ning on  a  track  in  a  tunnel  under  the  boilers.  All  fuel 
is  elevated  from  the  tunnel  level  to  the  top  of  the  track 
hopper,  where  it  is  dumped  into  the  hopper  and  elevated 
to  the  coal  bins  to  feed  to  the  stoker  again. 

Ash  is  discharged  into  a  similar  car  and  is  dumped 
into  a  skip  car  and  elevated  to  the  top  of  the  ash  bunker 
and  discharged.  Ashes  are  disposed  of,  either  into  a 
common  coal  car  on  the  track  in  the  elevator  house  and 
hauled  away  for  filling-in  purposes  or  is  discharged  in- 
to wagons  through  the  spout  shown  at  the  side  of  the 
tower.  Fig.  13. 
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Fig.  9.  Steam  Header  in  Basement;  Also  Water  Main 


Fig.  11.   Weighing  a  Car  of  Coal 


Fig.  10.    View  of  Part  of  No.  3  Boiler  Koom 


Fig.  12.    Bear  View  of  the  Economizers 
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I'lk'clrifiil  ciiciuy  Im'  (iix'riitiiiji;  llic  iiuitor,'*  iiiid  I'nr 
lifrlitiiij;  i.>i  suiiplicd  liy  thri'o  l()xr.i-iii.  iriitcr-cnink  cn- 
i^iiu's,  cacli  (lirfclly  cuiiiR'itod  to  ii.  r)()-k\v.,  '.^riO-voll.  di- 
ivct-cunvnt  gi'iifrator.  These  units  are  in  llic  .-iiuill 
hnildinir  at  tlie  rear  of  No.  2  hoiler  lioii,<e,  sliowii  at  tlie 
riiilit  of  V\'j:.  'i.  There  is  also  one  air  eonipressor  for 
lildw  iui;'  lioiler  tubes,  ete. 

Tlie  imiiiping  phuits  of  lMiihuiel|)i\ia  supi)l\  liilered 
water,  freed  of  !>!)  per  cent,  of  all  baeteria,  to  approxi- 
mately ;V^G,()00  homes  and  l,.5r)(),()()()  ])eople  at  a  eost  of 
less   than   one   eent   a  day   to  each    person.      About  "-^OOO 


k :     - 56'  '■' —  -J 

Fig.   1.3.    Sectional  Elevation   of  Ash-  and   Coal- 
Conveyor  House 


nun  arc  einpluycd   ii\    liir  water  departinent   and  the  aj^- 
.H'li'oaic  daily  caparity  of  all  the  city  puni|)inf,'  plants  is 

1 

:*: 
Collleipsilble  SsilTetly  lEleveiftor    i 

1)1   .\.  (i.  K  \  Hnri' 

The  gate  shown  in  the  drawin^r  vvas  ori^^inaliy  devistid 
to  comply  with  the  .Nebraska  Stale  Factory  Laws,  which 
require  tliat  freight  elevators  be  jirovided  with  {(ates  d 
ft.  high  and  reaching  to  the  floor  instead  of  standing  on 
legs  as  eoniinonly  arranged. 

There  has  been  so  much  comment  from  elevator  in- 
s])ectors,  architects,  building  owners  and  others  that  the 
writer  believes  there  are  many  who  would  like  to  use  the 
gate  as  illu.strated. 

The  main  feature  of  the  gate  is  that  it  closes  in  a  space 
of  ]<S  in.  and  can,  therefore,  be  used  where  there  is  little 


Collapsible  Elevator  Gate 

headroom.  Its  top  and  bottom  rails  are  made  of  %-in. 
hlack  pipe  flattened  at  the  ends.  The  top  rail  has  a  small 
lug  riveted  near  each  end.  the  lugs  resting  on  little  iron 
blocks  on  the  slides  and  holding  the  top  rail  at  the  proper 
height. 

The  oak  slats  are  1%  in.  wide  hy  %  in.  thick,  and  are 
put  together  with  I'Tj-in.  carriage  bolts.  A  washer  on  each 
bolt  between  the  slats  reduces  the  friction.  The  chain 
.shown  in  the  upper  part  of  the  gate  is  necessary  in  that 
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it  kee])s  llie  gate  from  sagging  down  and  getting  out  of  liottom  rail  or  to  sonic  part  of  tlie  gale  near  tlie  bottom, 

the  slides.     These  gates  are  quite  large,  have  counterbal-  Dill'erent  ways  of  opening  the  gate  liave  been  tried,  but 

ance  weights  attached  to  both  lop  and  bottom  rails,  and  for  a  wide  gate  two  ropes  attached  to  the  two  eyes  shown 

are  opened   by  one  or  two   ropes   attached  either   to  the  near  the  bottom  of  the  gate  are  preferable. 


itl©ini< 


■m^Sini' 


By  J.  \.  Skagkr 


Most  satisfactory  results  have  l)een  obtained  with  a 
low-com])ression  type  of  crude-oil  engine,  developed  by 
Blackstone  &  Co.,  Ltd.,  Stamford,  Eng.,  especially  for 
using  low-grade  oils.  The  engine  employs  the  four- 
stroke  cycle  and  a  compression  of  ab^ut  150  lb.,  the  air 
for  fuel  injection  being  supplied  at  450  lb. 

With  compression  to  only  150 »lb.,  some  additional 
means  have  to  be  provided  to  ignite  the  charge.  This  is 
effected  by  a  dual  spraying  device  consisting  of  a  main 
jet  delivering  into  the  combustion  chamber  and  au  auxil- 
iary jet  delivering  a  small  constant  charge  into  a  bulb- 
shaped  ignition  chamber  heated  at  starting  by  a  lamp 
and  afterward  kept  hot  by  the  heat  of  combustion.  This 
ignition  chamber  communicates  with  the  combustion 
chamber  by  a  port  so  arranged  that  the  flame  impinges 
upon  and  ignites  the  main  fuel  sprayed  into  the  combus- 
tion chamber.  The  oil  is  delivered  from  a  tank  to  the 
spraying  device  by  a  governor-controlled  pump  and  first 
reaches  the  auxiliary  or  igniter  spray.  All  oil  in  ex- 
cess of  the  quantity  required  for  this  overflows  into  the 


main  spray.  In  this  way  the  charge  of  oil  is  injected 
into  the  igniter  at  every  cycle,  keeping  it  hot,  whether 
the  engine  is  running  light  or  loaded. 

Fig.  1  is  a  view  of  the  cylinder  end.  The  fuel  is  de- 
livered to  the  spray  chamber  by  a  force  pump,  worked 
from  the  camshaft,  the  quantity  pumped  being  deter- 
mined by  the  action  of  the  governor  in  raising  or  lower- 
ing into  the  pump  ram.  This  ram  travels  home  to  a 
fixed  point  on  the  outward  travel,  and  hence  the  length 
of  the  stroke  home  is  dependent  on  the  position  of  the 
wedge.  If  the  load  suddenly  comes  ofl'  the  engine,  the 
wedge  is  withdrawn,  the  stroke  of  the  pump  becomes 
nothing,  and  then  gradually  settles  down  to  the  fuel  re- 
quirements. 

The  spray  valve  box  and  the  igniter  are  shown  in  Fig. 
2.     In  this  spray  box   are  fitted   two   needle  valves,  one. 


Fifi.   1.   End  Elevation   of    Enuine 


Fig.  2.  Ignitek  and  I'I'kl  Valves 


M,  leading  direct  into  the  cylinder,  the  other,  'N ,  from 
the  side  of  the  spray  chamber  into  the  igniter  which  is 
a  hollow  bulb  of  cast  iron  kept  red  hot  by  the  heat  of  the 
explosions.  The  opening  of  the  main  spray  valve  is  ef- 
fected by  the  lever  B  pressing  against  the  inside  of  the 
spring  collar,  and  the  small  tailpiece  on  the  same  lever 
acts  upon  the  rocking  lever  C ,  causing  it  in  turn  to  press 
at  right  angles  upon  the  collar  of  the  ignition  spray 
valve,  thus  making  them  open  together.  The  lift  of 
these  valves  is  slight,  and  is  regulated  by  set-screws  on 
the  push  rods.  The  ignition  rocker  lever  is  carried  on 
an  eccentric  pin  in  the  cover  of  the  spray  box  and  the 
correct  opening  of  this  valve  is  adjusted  by  turning  the 
eccentric  rod.  This  adjustment  is  the  only  one  neces- 
sary for  any  class  of  fuel  and  must  be  made  with  the 
engine  running. 

The  oil  enters  the  spray  box  through  an  annular  pas- 
sage around  the  stem  of  the  ignition  valve,  overflowing 
to  the  main  spray  chamber.  Thus  the  quantity  entering 
the  igniter  is  fixed  and  independent  of  the  load.  The 
spray  valve  is  so  arranged  that  the  oil  cannot  be  blown 
in  all  at  once  but  is  gradually  sprayed  into  the  cylinder 
meeting  the  jet  of  flame  issuing  from  the  igniter.     The 
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result  is  tliiit  tlic  oil  Ininis  riitlicr  tliiin  i-xplodcs,  llic  max 
iuuiiii    ini'ssuiv   iM'iiij,'   only   iilunil    it^'i)   lli.,   nltli(nif,'li    the 
jin'iiii  ctroclivi'  pressure  is  siiid  lo  lie  )il)oii(  ltd  lli. 

'I'lic  viilxfs  are  toliilly  iiielosed  in  a  iiox  in  ciinliasl  to 
tile  usmil  arran;;eini'nl  of  working;  (lie  sprayin},'  valves 
tliron;,'li  a  parkin;;  ^land.  No  nieciianieal  atomizer  witli 
restricted  ports  is  used,  the  fuel  liein;;  simply  Mown  into 
the  eyiinder  hy  the  air  at  10(1  Ih.  pressure  when  the  spray 
valve  is  opened.  Tlu'  compressor  is  of  the  two-sta^^c,  in- 
tercooled  type  with  solid  pistons  of  two  diameters,  the 
larger  diameti'r  compressing  to  HO  Ih.,  and  liic  >mallcr 
to  lOO  lb. 

In  a  pai)er  read  licfdir  llic  Livcrpdo!  I'lnginecring  So- 
eiety  in  March  last.  W.  A.  Simper  ga\c  some  interesting 
figures  of  I'uel  consumption  of  various  sizes  of  this  en- 
gine. 


These  are  given   in   the  following  table: 

I'l  i;i,  CO.NSI MITIO.N   AT   IJIKKKUKNT   I.OADH 
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Ull 

0  4n 
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(1  ftft 

0  73 

ISU 

iw 

0  \r. 

0    IK 

I)  .vt 

0  T2 

The  engines  are  const iiicted  at  present  in  single  unit- 
with  cylinders  up  to  'iu  in.  in  diameter  and  with  two 
engines  arranged  in  the  twin  tyi>e,  powers  up  to  300  li|). 
ill  moderate  speeds  being  developed.  Owing  to  the  lo\\ 
maximum  pre.ssurc  and  the  continued  slow  burning  of 
the  fuel,  good  speed  regulation  is  claimed  to  In;  had  with- 
out employing  excessively  heavy  iiywlieels. 


►olvimig  tKe  Cmder  Prolbleinni  aft 
Waftersidle-'=IV 


Bv  C'nAiiLKs  11.  Hko.mlky 


FYNOPSTS — Revolving  fan.t  irilh  large  blades  carnjing 
perforated  water  pi  pes  arc  placed  in  the  flues  and  the  base 
of  the  stack  to  take  out  the  cinder  in  the  ga.'ies.  A  cinder 
catcher  on  the  top  of  the  stack  confines  tlie  solids  in  a 
hood  from  irhieh  they  arc  pulled  out  by  vacuum.  Dis- 
covery of  the  successful  cinder  catcher.  Evolving  the  suc- 
cessful apparatus. 

m 

It  was  realized,  after  several  dry-eindcr  catchers  were 
used,  that  ajiparatus  wherein  water  was  introduced  into 
the  path  of  the  gases  ]iroduced  the  best  results. 


**=> 


Fig.  14.  Fax  with  Watet;  Spuay  ix  Flue 

An  interesting  ai)paratus  using  water,  and  one  which 
would  undoiil)te(lly  work  siiccessfnlly  in  some  plants,  con- 
sists essentially  of  large  fans  in  the  flues,  each  fan  being 
driven  by  a  motor  outside  the  flue.  The  fan  blades  carry 
perforated  Avater  pipes  to  throw  numerous  sprays  of  water 
through  the  gase.s  as  the  fan  revolves,  thus  throwing  down 
the  cinder,  which  is  gathered  in  a  trough  and  washed  out 
of  the  flue.  Fig.  14  shows  the  details  of  one  of  the  fans, 
its  gear  drive  and  its  water  connections.  Another  style, 
of  fan  having  the  water  inlet  on  top  and  running  on  a 
roller  or  ball  bearing  was  also  used. 


TitoriiLKs  or  Ai.i,  W'atkh-Sphay  Cinder  Catchers 

One  of  the  ciiief  lroui)les  with  ail  water-spray  cinder 
catchers  in  the  flues  and  the  stack  is  that  the  perforation> 
in  the  water-pipe  plug  with  cinder,  scale,  salt,  etc.,  par- 
ticularly if  the  holes  are  small  to  give  a  fine  jet ;  if  they 
are  large  the  jet  or  spray  is  far  less  efficient.    Where  salt 
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FiG.   15.  Vacitm   Hoods  ox  Top  of  Stacks 

water  is  used  in  such  spraying  apparatus,  the  equipment 
scales  and  becomes  plugged  with  the  salt  which  is  de- 
posited as  the  water  evaporates,  due  to  the  heat  of  the  flue 
gases.  This  deposit  at  the  Waterside  plants  contains 
about  85  per  cent,  of  salt,  the  remaining  content  being 
ash  and  carbon.    The  water  is  taken  from  the  East  River. 
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Vacuum  Hoods  for  Smoke-Stacks 

At  Waterside  No.  1  station,  hoods  were  put  on  top  of 
the  smoke-stacks  to  catch  the  cinder ;  a  hood  consists  of 
a  shell  perforated  all  around  its  circumference.  Inside 
the  shell  were  placed  bars  in  lattice-work  fashion  to  im- 
pede the  progress  of  the  cinder,  which  would  then  drop 
into  the  hopper-like  sides  of  the  hooil  ;ind  be  sucked  away 
by  vacuum  maintained  by  a  punij)  in  the  ])lant.  Fig.  1.5 
shows  the  arrangement. 

Another  method  tried  was  an  electric  cinder  arrester, 
the  intention  being  to  precipitate  tlie  suspended  particles 
by  giving  tliem  an  electric  charge,  so  that  they  would  be 
driven  toward  a  scries  of  collecting  electrodes.  After  ex- 
perimenting with  this  apparatus  for  some  time,  it  was 
given  up.  The  eificiency  shown  was  not  high  enougii, 
serious  difficulties  arose  with  the  insulation  under  the 
high  potentials  employed,  and  the  covering  of  cinder  on 
the  insulators  dissipated  the  charge. 

Evolving  the  Successful  Cindeii  C'atci^eh 

The  first  experimental  all-wet  apparatus  for  cleaning 
the  gases  was  a  curved  baffle-plate  placed  just  beyond  the 
boiler  outlet,  to  deflect  the  gases  in  a  downward  direc- 
tion, with  a  water  tank  below  to  catch  the  cinder.     This 
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Fig.  16.    The  Fiest  Wet-Cindei! 
Catchek  ;  Two  Schemes 

simple  apparatus  having  caught  a  large  amount  of  the 
cinder,  the  next  step  was  to  increase  the  distance  traveled 
by  the  gases  in  the  downward  direction  and  increase  the 
velocity  of  the  gases  to  forcibly  project  them  upon  the 
surface  of  the  water,  thus  trapping  a  larger  percentage  of 
the  cinder.  This  experimental  apparatus  gave  good  re- 
sults.    Fig.   16  shows  two  applications  of  this  plan. 

The  gases  v/ere  conducted  downward  through  a  four- 
sided,  wedge-shaped  duct  tapering  toward  the  outlet,  three 
sides  being  vertical  and  the  other  inclined.  The  water 
level  in  the  tank  was  maintained  at  13  in.  from  the  bot- 
tom of  the  duct. 

While  this  outfit  was  being  develoi)cd,  another  jilan  of 
■wet  cleaning  was  being  tried  out  at  AVaterside  No.  1.  The 
lower-floor  boilers  at  that  station  discharged  their  gases 
downward  into  a  flue  in  the  basement.  An  inclined  baffle 
was  placed  in  the  flue,  and  a  sheet  of  water  was  main- 
tained flowing  over  the  upper  surface  of  the  baffle,  so 
that  the  gases  would  drive  the  suspended  solids  against 
and  into  the  water,  whieh.  with  the  trapped  cinder,  ran 
out  at  the  bottom  of  tlie  Hue.  End  and  side  sectional 
elevations  of  this  catcher  are  shown  in  Fig.  17.  A  con- 
crete mattress  used  in  the  bottom  of  the  flue  in  Water- 
side No.  1  lasted  only  a  few  weeks,  due  to  the  action  of 
the  water,  the  acids  and  the  heal. 

The  next  plan  was  to  combine  the  stationary  baffle  and 
"water  sheet  of  the  last  apparatus  with  the  !)affle  of  the 
first  outfit,  to  increase  the  velocitv  of  the  gases.     The 


results  were  so  satisfying  tiiat  an  apparatus,  simihir  in 
general  but  differing  in  important  details,  was  made  and 
installed  in  Waterside  No.  2  station. 


Fi(i.   17.  Another  Application  of  the  Wi:t  Process 


This  new  and  successful  apparatus,  its  details  and  the 
trouble  encountered  in  its  operation,  will  be  described  in 
an  early  issue. 


The  illustration  shows  a  safety  self-keying  shaft  coup- 
ling, recently  developed  by  the  Thomas  Coupling  Co., 
AVarren,  Penn.,  and  made  in  two  sizes  for  shafts  from  1  j-l 
to  2{|  and  3  to  (J  in.,  respectively. 

It  consists  of  a  round  iron  or  steel  costing,  through 
which  a  hole  is  bored  lengthwise  to  accommodate  the 
ends  of  the  shafts  to  be  coupled.  Lengthwise  through 
the  bore  a  clearance  space  is  milled  which  allows  for 
two  bearing  spaces  the  length  of  the  coupling.  At  the 
side  of  the  coupling  and  transverse  to  the  bore  are  the 
key  holes,  accurately  laid  out  and  drilled,  entering  a  por- 
tion of  the  bore.  In  these  small  side  holes  cupped-end 
tool-steel    pins   ai-e    forced    to   a   drive   tit.      These   ])ins 


Safety  Shaft  Coupling 

are  easily  driven  with  an  ordiiuiry  hammer,  cutting  away 
the  portion  of  the  shaft  which  extends  above  the  bed  of 
the  pin,  thus  locking  the  shaft  both  ways  and  eliminat- 
ing the  necessity  of  keyseating  the  shafting.  It  will  be 
noted  that  this  ty])e  of  coupling  is  devoid  of  ])rojecting 
parts. 


l.arKewt  Peltoii  Wheel  in  Switzerland — The  Swiss  liydraulio 
Iiliint  situated  on  ttie  T^ontscli  River  is  umIiik  wliat  is  claimed 
to  1)6  the  largest  Pelton  wheel  in  Kurope,  the  wheel  being  of 
15,000-hp.  capacity.  In  this  station  there  are  six  Pelton 
wheels  of  6500  hp.,  so  that  this  latest  wheel  bring-s  the  output 
of  the  Lontsch  plant  up  to  54,000  hp.  The  plant  is  one  of  the 
largest  in  Switzerland. 


Ws^ecli  of  CorMss  EsuMinie 
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A  I."i(l-Ii|).  ('(irliss  I'lijfiiU'  at  the  Alln'iis  Uiiik  Co.. 
Alliens,  Oliii),  w  rt'cki'd  itself  recelllly,  duiii;;  edllsideiiiMi' 
(laiii)i;;e  to  llie  liiiildiii^  mid  .1  line  i'esidene(>  aliniil  ^"D 
ft.  distant. 

'I'lie  Id-I'l.  Ilywiieel,  liMvinu  a  l.">-in.  I'.-kc  and  wei^jlnn;; 
al)t>iit  10  tons,  was  cuMiiiletely  denioli.slied  and  tlii-(>\vn 
tliroiifih  a  I '.'-in.  wall,  Invidviny  a  |(i-in.  sleani-exhansl 
line,  throwing  it  and  numy  otiier  oiistacles  in  every  di- 
reetion.  Other  steam  lines  were  lirokcn,  as  was  tlio  safely 
\al\('  on  one  of  tiie  lioilci-s,  allowing::  live  steam  to  (ill 
llie  luiiier  and  engine  rooms.  P'orliinately,  no  lives  wcic 
lost,  tlionjih  0110  man  was  tra|i|ie(l  in  the  engine  room 
at  the  tinio  of  the  accidonl. 

rhotoji:ra|ilis  will  tell  more  than  words  and  still  not 
fnlly  deserilie  the  damage  done.  Fig.  1  shows  a  view 
tlirongh  the  engine  room  from  ihe  hoiler  room,  taken 
through  an  opening  in  the  I'-i-in.  wall  made  hy  the  burst- 
ing wheel.  The  12-in.  shaft  is  seen  to  be  bent  and  the 
hub  of  tiie  wheel  still  mounted  and  keyed  in  position. 
'IMiis.hub  weiglis  nearly  a  ton.  ^I'lie  cap  on  the  main 
bearing  has  been  lifted  and  the  engine  l)ed  beneath  tlie 
main  bearing  broken. 

In  the  distance  is  the  large  driven  pulley  whicli  was  not 
damaged  despite  tlie  flying  missiles.  i\t  the  immediate 
right  can  be  seen  an  opening  in  the  wall  made  by  the 
leather  belt  when  it  broke,  heavily  striking  against  the 
brick,  crowding  tlie  Avail  out  and  breaking  back  about  4 
ft.  into  the  wall  at  the  immediate  right. 

Fig.  2  shows  only  a  small  part  of  the  distortion  of  the 
crank  and  connecting-rod.  Only  one  more  revolution 
would  have  been  sufficient  to  completely  wreck  the  cylin- 
der, which  was  uninjured,  so  far  as  could  be  seen.  This 
and  some  parts  of  the  valve-gear  were  all  that  were  worth 
saving. 

Fig.  3  shows  the  engine  room  on  the  opposite  side  from 
that  shown  in  Fig.  1.  It  shows  also  the  opening  in  the 
12-in.  wall  into  the  boiler  room,  indicating  the  damage 
done  to  the  boiler  setting  and  to  the  roof  of  the  building. 
In  this  view  one  of  the  spokes  of  the  flywheel  is  being 
removed.  Two  of  them  were  found  in  the  boiler  room  in  a 
small    allevwav   where   tlie    lireman  liad   started   throuuh 


to  Ihe  engine  room  when  it  heeame  evident  Jhat  he  could 
not  prevent  an  accident.  Seeing  jiis  dang<-r  and  knowing 
he  could  not  reach  the  engine  in  time,  he  turned  and  had 
Just   made  his  escape  when  the  a<'ciilent  occurred. 

.\  man  emphiyed  lo  wind  coal  intr)  the  boiler  room  wa- 
emptying  a  w  licelliariow  when  ihe  fireman  (who  fell 
lieaillong  into  llie  coal  pile)  scranihled  to  his  feet  and 
shouted.  "Look  out  I"  lie  was  greeted  with  an  uncon- 
cerned   "Hull?*"      The    lireman    had    just    found    shelter 
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Fig.   1.    tiKNEijAi.  A'lEw  or  Engine  Roo.m 


Vic.  2.    CiiACKKD  Pillow  Block  and  Bent  Rod         " 
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litiieath  a  carload  of  coal   when   iron,  bricks  and  cvcrv- 
thing  movalile  came  showering  down.     He  came  out  only 
to  find  his  fellow  em])loyee  unloading  the  wheelbarrow. 
The  real  cause  of  the  accident   is  unknown,  although 


it  is  thought  to  have  been  duo  to  a  slipping  governor  Ixdt 
that  allowed  the  engine  to  exceed  the  critical  speed.  If 
the  belt  had  broken  it  would  have  allowed  the  idler  wheel- 
lever  to  drop  and  so  stoj)  th(>  engine. 


S)'NOPSIS — A  new  Terry  product  of  the  combined 
fi'locity-  and  pressure-stage  type  designed  to  run  con- 
iii  )ising.  The  low-pressure  nozzles  are  mounted  in  de- 
Itiiiiable  segments  on  the  diapliragms.  The  cylindrical 
bearing  housings  and  suspended  casing  are  features  of 
the  design.    Forced-feed  lubrication  is  provided. 

The  "Eeturn-Flow"  Feature 

The  most  common  of  Teri'y  turbines  familiar  to  en- 
gineers is  of  the  velocity-stage  type  using  one  rotor  and 


low"''  Tujirlbninie 

pressure  steam  entered.      It  is  iJiis  feature   wliicli  gives 
the  turbine  its  name  of  "return  flow." 

Steam-Sealed  Shaft-Glaxds 

This  design  admits  of  constructing  a  unit  that  is  not 
only  compact  but  one  in  which  the  glands  are  sealed 
against  air  leakage  without  the  use  of  water  seals  or  a 
pumping  equipment.  The  external  shaft-glands  are 
sealed  against  leakage  by  steam  at  a  pressure  slightly 
above  atmospheric,  as  in  Fig.  3,  the  tinted  area  of  which 
indicates  the  part  subjected  to  vacuum.     It  is  sometimes 


redirecting  buckets,  and  run  noncondensing.  The  latest 
Terry  machine,  Fig.  1,  has  been  designed  to  operate  con- 
densing and,  for  the  present,  at  least,  will  be  made  in 
sizes  up  to  500  kw.  It  is  a  combination  multivelocity- 
and  pressure-stage  machine,  using  one  wlieel  and  re- 
directing buckets  for  the  high-pressure  end,  and  a  series 
of  multipressure-stage  elements  for  the  low-pressure  end, 
as  in  Fig.  3 

As  indicated  by  the  arrows  in  the  sectional  view,  Fig. 
3,  the  steam,  after  being  used  and  expaTided  to  slightly 
above  atmospheric  pressure  in  the  velocity-stage  cham- 
ber, is  conducted  to  the  pressure-stage  lower-pressure  end 
which  is  reversed;  that  is,  the  flow  of  steam  through  it 
is  in  a  direction  opposite  to  that  at  which   the  initial 


Showing  Featukes  of  Design 

difficult  to  tell  if  iiuTcascd  aii'  leakage  into  the  vacuum 
system  and  consecpient  reduction  in  vacuum  is  due  to 
leaks  at  the  shaft-glands  or  elsewhere,  but  with  this 
design  the  leakage  must  be  looked  for  elsewhere. 

Nozzles  Mounted  ox  Detachable  Segments 

The  noz/.les  for  tlic  low-])ressure  eiul  are  of  drawn  ma- 
terial with  hardened  surfaces,  and  are  mounted  on  an- 
nular rings  made  in  segments,  any  of  Avhich  may  be  re- 
moved without  disturbing  the  rest.  This  is  of  decided 
advantage,  because  it  is  possible  to  inspect  or  remove 
any  blades  without  cutting  or  disturbing  those  adja- 
cent. The  blades  are  held  by  riveted,  removable  key- 
pieces  and  are  shrouded. 
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TIio  rtitiir  rcsis  on  pcdcstiil  lic(iriii;rs  siipporti'd  di- 
ri'tlly  from  the  Imsi'plalr.  In  Ki^'.  :i,  note  tliiit  tlio  seats 
for  I  lie  lii'uring  liunsinj;s  art'  <  vlimlrical,  bciiij,'  bored  at 
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the  same  setting  witli  the  easiaji-.  which,  as  shown,  is  not 
supiiorted   hy  I'eOt   resting  on   tiie   baseplate,  but  is  sus- 


pended froiii  till'  beai-iii;;.  TImk  feature  Ih  eoiniiieiidable, 
IS  the  o|)eralor  need  i-xperienee  no  dinieully  in  linin;j 
\\\)  the  nuK'hine  if  lie  should  disnuintli-  it,  for  wlien  tin; 
))earing  housing's  are  pulled  down  on  their  neat  the  rotor 
inuHt  come  concent rie  with  the  euHinf^.  The;  flow  of 
bteani  through  the  turbine  tends  to  equalize  the  tem- 
j)eratures  <d'  the  emis  and  to  avoirl  distortion  due  to  ex- 
])imsion  am!  conlraclion.  To  further  assist  in  tliis  by 
reducing  the  conduction  of  heat  from  the  pedestal  blocks 
to  the  bearings,  the  blocks  an;  hollow,  with  a  hole  in  each 
for  air  eireuhilion,  aiul  tlu!  cylindrical  seats  (^onHist  of 
two  strips  with  an  air  po(;ket  between  them. 

'I'lie  governor,  of  tlu?  direct  type,  operates  the  doul)le- 
sealed  regulating  valve  tiirough  levers  aiul  a  liall-lxmring 
rocker  shaft.  For  altermiting-current  units  either  a 
liand-  or  a  reniote-eont rolled  .synchronizing  deviee  is  fur- 
nished. The  regulating  valve  is,  of  course,  of  the  dou- 
ble-seated balanced  type  aiul  is  provided  with  a  heavy 
cylindrical  screen  whicji  completely  surrounds  the  valve 
seats  and  allows  for  a  large  ainudar  space  between  the 
valve  body  and  the  screen. 

TiinmcATioN 

The  bearings  ari'  water-jackelcil  and  supplied  with 
forced-feed  lul)rication  by  a  screw-type  oil  pump  in  the 
l)aseplate  between  the  turbine  and  the  driven  unit.  King- 
oiling  lubrication  is  al.«o  provided  to  be  used  when  emer- 
gencies demand. 


By  Xokmax  U.  MeadI'; 


SYNOPi^IS — A  simple  explanation  of  the  terms  power 
factor,  wattless  current,  self  induction  and  capacity;  also 
how  they  are  determined. 

m 

Engineers  and  electricians  having  charge  of  circuits 
xith  induction-motor  loads  realize  the  difficulty  of  keep- 
ing up  the  power  factor  of  the  system.  ^STo  matter  how 
much  care  is  taken  to  install  motors  whose  rated  ca- 
pacity is  close  to  the  power  requirements,  tlie  power  fac- 
tor is  still  regarded  by  many  as  a  "skeleton  in  the  power- 
house closet." 

Power  Factor 
In  direct-current  circuits  the  product  of  the  simul- 
taneous readings  of  the  voltmeter  and  ammeter  give  the 
watts  delivered.  With  alternating  current  this  product 
gives  the  apparent  power  only,  which  may  be  greater 
than  the  real  watts  as  indicated  by  a  wattmeter  con- 
nected to  the  circuit.  The  ratio  of  the  wattmeter  reading 
to  the  product  of  the  voltmeter  and  ammeter  readings 
is  called  the  power  factor.  This  is  never  greater  than 
unit}',  and  is  usually  expressed  in  percentage.  If  the 
true  power  is  expressed  in  kilowatts  and  the  apparent 
power  as  the  product  of  kilovolts  (1000  volts)  and 
amperes,  then  the  follo^ving  relations  will  be  found  to 
liold  true : 

real  waffs  l-iJnwatts 


The  power  factor  may  also  be  considered  as  equal  to 
the  cosine  of  the  angle  of  lag  or  lead  of  the  current  be- 
Jiind  or  ahead  of  the  electromotive  force.  In  Fig.  1,  OR 
lepj-esents  the  electromotive  force  and  OC  the  current, 
•15  deg.  behind  the  electromotive  force.  The  relation  of 
electromotive  force  and  current  is  also  illustrated  by  the 
sine  curves  representing  one  complete  cycle.     It  will  be 


Fig.  1. 


Graphical  Representation  of  Ccerent  and 
Voltage  Values 


2)0  wer  factor  = 


apparent  watts       kilovolt-amperes 


seen  that  the  electromotive  force  has  reached  a  value  cor- 
responding to  E'  before  the  current  starts  from  0,  45 
deg.  behind  it. 

The  vertical  line  AE  is  called  the  sine  of  the  angle, 
and  the  horizontal  distance  OA  is  the  cosine.  From 
tables  of  natural  trigonometrical  functions  the  cosine  of 
-15  deg.  is  found  to  be  0.707;  hence  the  power  factor 
is  0.707,  or  approximately  0.71.     ^^Tlen  the  angle  of  lead 
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or  lag  ii*  90  (leg.,  the  oosine  of  the  angle  is  zero  and  the 
true  watts  expended  are  zero;  that  is,  the  current  is  said 
to  be  wattless.  When  the  angle  ijecomes  greater  than  90 
<3eg.,  the  cosine  becomes  negative,  thus  showing  that  the 
machine,  if  a  motor,  is  delivering  energy  to  the  circuit. 
From  the  foregoing,  it  becomes  evident  that  it  is  possil)lc 
to  have  large  alternating  currents  flowing  under  high 
electromotive  forces  and  at  the  same  time  have  but  lit- 
tle energy  expended. 

For  a  given  amount  of  ])o\ver  transmitted,  the  current 
will  be  smaller  if  the  power  factor  is  high  than  if  low. 


Fig.  -i. 


Representing  Connections  of  Power-Factor 

Meter 


i 


Let  it  be  desired  to  transmit  100  kw.  over  a  line  by  means 
of  alternating  current,  the  load  consisting  principally 
of  motors,  and  assume  that  the  current  lags  behind  the 
electromotive  force  by  an  angle  of  2.5  deg.  The  cosine 
of  an  angle  of  25  deg.  equals  0.00  ;  therefore  the  power 
factor  will  be  90  per  cent.,  and 

true  watts  =■■  volts  X  amperes  X  0.90 
Assume  the  line  pressure  to  be  1000  volts.     The  power 
delivered  is  100  kw.,  or  100,000  watts ;  then  the  current 
equals 

100,000  -f-   (1000  X  0.90)    =   111.1  amp. 
instead  of  100  amp.  with  unity  power  factor.     This  il- 
lustrates the  necessity  of  maintaining  as  high  a  power 
factor  as  possible. 

W.VTTLESS    .VXD    PoWlR    COMPONENTS 

Current  in  an  alternating  circuit  to  which  an  inductive 
load  is  connected  can  be  considered,  as  resolved  into  two 
components,  one  at  right  angles  to  the  electromotive 
force  and  one  in  phase  with  it.  The  component  at  right 
angles  is  known  as  the  wattless  component,  and  that  in 
phase  with  the  electromotive  force  as  the  power  com- 
ponent. The  greater  the  angle  of  lag  or  lead  of  the 
current  the  larger  will  be  the  wattless  component  and 
the  smaller  the  part  which  is  really  expending  power 
ill  the  circuit. 

Although  wattless  currents  do  not  represent  any  power 
wasted,  they  are  objectionable,  because  they  load  up  the 
lines  and  the  generators,  and  limit  the  current-carrying 
rapacity.  For  example,  assume  a  generator  supplying 
30  amp.  to  a  system  with  a  low  power  factor.  The  actual 
power  delivered  would  be  small  and  the  prime  mover 
'li'iving  the  generator  would  be  lightly  loaded,  but  the 
current  of  30  amp.  is  cii'culating  through  the  lines  and 
the  armature  of  the  generator,  loading  the  lines  and 
heating  up  the  machine.  As  the  current  output  of  the 
irmature  is  largely  limited  by  heating,  the  useful  current 


whicli  the  generator  could  deliver  is  greatly   reduced  by 
the   wattless  coniponcnl. 

MkASUKEMKXT  ok    I'OW  Kli    Factoi! 

'I'he  power  factor  is  measured  by  a  i)hase-angle  indi- 
cator or  power-factor  meter;  the  connections  for  a  two- 
phase  instrument  of  this  type  are  shown  diagrammatical- 
ly  in  Fig.  2.  The  current  in  the  series  coils  a  and  c 
produce  a  rotating  field,  and  that  in  the  shunt  coil  b 
produces  an  oscillating  field.  The  shunt  coil  is  free  to 
rotate  and  will  take  up  a  position  in  which  its  oscillating 
field  will  be  in  time  phase  with  the  resultant  rotating 
field  in  that  plane.  If  the  electromotive  force  is  in  phase 
with  the  current,  the  coil,  to  which  a  pointer  is  attached, 
will  assume  the  position  shown  by  the  pointer. 

Power-factor  meters  are  always  installed  with  series 
transformers  in  the  series  circuits,  the  current  in  the 
coils  being  limited  to  from  3  to  o  amp.  Frequency  has 
no  effect  upon  the  accuracy  of  the  readings,  but  unbal- 
ancing of  the  phases  may  cause  serious  errors. 

The  connections  can  be  checked  by  disconnecting  the 
voltage  coil  and  noting  the  direction  of  rotation  of  the 
pointer.     If  the  series  coils  arc  not  properly  connected, 

c 


FIG. 5 

Figs.  3,  I  and  5.    Ii^i.tstkating  Seef-Inoitctiox 

the  pointer  will  either  rotate  in  the  lag  direction  or  not 
at  all.  The  mechanism  is  mounted  in  a  case  provided 
with  a  dial  with  the  zero  mark  at  the  center;  lagging 
and  leading  currents  are  scaled  off  right  and  left  from 
zero,  the  divisions  representing  the  percentage  of  power 
factor. 

Self-Ixduction  and  Capacity 

Power  factor  has  been  defined  and  its  effects  illus- 
trated, now  the  causes  for  leading  and  lagging  currents 
will  be  considered.     A  load  consisting  entirely  of  in- 
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caiitlfsi  I'll!  lamps  is  pracliciilly  iiimiiidiK  live,  ImiI  mIutc 
HIT  laiiips  1111(1  iiiiliu'lioii  iiiotiirH  ritriii  tlu!  loail,  or  part 
of  it,  8i'lf-iii<liirli(iii  is  always  prcsciil  iiml  a  laL'^-'inf;  ciir- 
rt'iit    iTSiilts. 

WliciH'Vcr  tlic  iiunil)cr  ol'  ina^'iirlic  lines  of  lorcc  tlircad- 
in<:  tliroii^jli  a  tiniiil  is  rauscd  to  ilianj^c  in  any  way 
an  clfi'troniotivi'  luni'  is  si'l  np  in  tlir  circuit,  and  tin; 
avt'rajic  fli-clromoliM'  i'orcf  so  ffi-niMatcd  depends  np<in 
tlu'  avcrajic  nnnduT  oi"  liiu-s  of  force  ciianficd  per  second. 
For  illustration,  let  ((,  Ki<;.  15,  represent  a  coil  of  wire  or 
solenoid,  h  a  permanent  majjnel  and  c  a  low-readiiif^ 
voltmeter  or  a  f^alvanometer.  Lines  of  force  may  lu; 
made  to  thread  through  the  coil  i)y  inserting  the  perma- 
mMit  magnet  in  its  center  opening  and  then  moving  it 
hackward  and  forward  so  a«  to  cause  the  numlu'r  of 
lines  passing  through  the  eoil  to  vary.  'Phis  will  estah- 
lisii  an  electromotive  force  as  indicated  hv  the  voltineter. 


FIG  7 

Figs.  6  and  7.    Illustuatixg  Capacity 

The  electromotive  force  so  generated  will  be  alternating. 

Xow  consider  Fig.  4,  where  a  and  a'  are  coils  wound 
on  a  core  of  soft  iron  b ;  r  is  a  voltmeter,  d  a  key  with 
contacts  e  and  batteries  /.  When  the  key  is  closed  the 
current  flows  in  coil  a,  nuignetizing  tlie  core  /;.  The  lines 
of  force  rise  from  zero  to  maximum  and  cut  the  turns  of 
wire  in  coil  a',  causing  an  induced  current  to  How  for 
a  fraction  of  a  second,  and  the  voltmeter  c  will  ?liow 
a  deflection.  Upon  opening  the  key  the  current  in  a  will 
cease  and  the  lines  of  force  set  up  in  the  core  will  fall 
from  maximum  to  zero,  during  which  time  current  will 
again  be  induced  in  a',  but  in  a  direction  opposite  to 
that  when  the  key  was  closed. 

Finally  consider  two  coils,  a  and  a',  as  in  Fig.  5,  the 
former  connected  to  a  source  of  alternating  current.  An 
alternating  current  will  be  established  in  n'  and  the 
voltmeter  c  will  show  a  continuous  indication. 

Lines  of  force  may  also  be  made  to  thread  a  coil  by 
sending  a  current  through  the  coil  itself.  If  a  current 
be  sent  through  a  coil,  lines  of  force  will  be  set  up  about 
it.  the  path  being  through  the  core  and  back  through 
tlie  surrounding  air  to  the  opposite  end  of  the  core.  So 
long  as  the  current  remains  steady,  these  lines  will  not 
change,  and  the  current  will  flow  through  the  coil  just 
as  though  it  were  an  ordinary  resistance;  that  is.  the 
current  would  follow  Ohm's  law.     If  there  is  a  variation 


in  ihe  current,  liowever,  there  will  iiIho  lie  a  variation  m 
llie  number  of  lines  of  force  threading  the  coil;  then- 
lore  there  will  lii'  an  electromotive  force  set  up  in  the 
coil.  'I'his  eiei  truiiiolivc  force  of  Helf-inductioii  Iciidd 
to  oppose  any  change  in  the  current.  In  din.-ct-ciii  i' 
ciiciiits  there  are  no  self-induction  eU'ectH  hk  the  ' 
rent  is  steady  and  no  iiidiK'cd  electromotive  forecH  can 
Im'  si'I    up. 

Circuits  containing  resistance  can  Ik!  made  which  have 
practically  no  self-induction  and  ant  known  as  noniii- 
diictive  resiHtances;  such  circuitH  are  govitrned  by  Ohiii'g 
l.iw  and  incandescent  lamps  or  water  resistanccH  an;  good 
examples. 

So  far,  only  lagging  current  lias  been  considered,  hut 
circuits  containing  cajiacity  in  excess  of  self-induction 
cause  the  current  to  lead  tlie  electromotive  force.  Tiie 
property  which  most  circuits  possess  of  holding  charges 
of  electricity  is  known  as  electrostatic  capacity.  In  un- 
derground cables  the  capacity  effect  is  important  as  the 
copper  conductor  and  the  lead  sheathing  act  similar  to  a 
condenser. 

If  it  is  desired  to  introduce  capacity  in  a  circuit,  a  con- 
denser is  generally  emfiloyed.  A  condenser  consists  of 
a  number  of  sheets  of  tinfoil  separated  by  oil  paper,  mica 
or  other  suitable  insulating  material.  Every  alternate 
strip  is  connected  to  a  common  conductor  and  the  re- 
maining sheets  to  another  conductor,  as  in  Figs.  (5  and 
7,  there  being  no  electrical  connection  between  the  two 
sides  of  the  circuit.  If  a  battery  b  is  placed  in  circuit 
with  the  condenser  c,  by  means  of  the  key  d,  current  will 
flow  into  the  condenser  for  a  fraction  of  a  second  and 
then  cease  when  the  condenser  is  said  to  be  charged.  If, 
then,  the  battery  is  disconnected  and  the  condenser  ter- 
minals connected,  the  condenser  will  discharge. 

In  Fig.  7,  the  condenser  c  is  connected  in  circuit  with 
an  alternating-current  generator  and  an  ammeter  a. 
When  the  generator  is  in  operation  the  ammeter  will 
show  a  continuous  reading,  although  there  is  no  elec- 
trical connection  to  estal)lish  a  circuit.  If  direct  current 
were  applied  the  ammeter  would  show  no  reading. 

The  effect  of  capacity  in  a  circuit  is  exactly  opposite 
that  of  self-induction  and  tends  to  give  a  leading  cur- 
rent. \^Tien  capacity  and  self-induction  are  both  pres- 
ent in  a  circuit,  one  tends  to  neutralize  the  other. 

The  unit  of  capacity  of  a  condenser  is  called  the  farad 
and  represents  a  current  of  one  ampere  flowing  for  one 
second,  which  raises  the  pressure  across  the  condensei 
terminals  to  one  volt.  The  farad  is  too  large  a  unit  foi 
convenient  use  and  instead  of  it  the  practical  unit,  th( 
microfarad,  has  lieen  adopted;  this  equals  one  one-mil- 
lionth of  a   farad. 

Ucaiqf^e  JEmaeipgeEacs^  Power  Flaial 

\\'1k'u  a  manufacturing  plant  has  to  replace  an  inade- 
quate battery  of  boilers  with  one  of  greater  capacity,  it 
is  not  a  simple  matter  to  make  the  change  without  in- 
terrupting operation.  This  condition  confronted  Schauir 
&  Uhlinger,  Inc.,  Philadelphia,  Penn.,  makers  of  textih 
machinery  and  centrifugal  hydro-extractors.  Buying  cur- 
rent from  the  local  company  was  too  expensive,  so  th( 
idea  of  utilizing  locomotives  was  considered.  The  loc-atior 
of  the  plant,  on  the  Pennsylvania  main  line,  made  feasible 
the  storage  of  locomotives  on  a  freight  siding. 

It   remained   a  problem,   however,  to  get   locomotive! 
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of  the  i)i'0})er  capacity;  in  lliosc  days  of  lica\y  railroading^ 
small  engines  are  rather  ditlicult  to  obtain. 

Two  "American"  type  locomotives  were  finally  obtained 
from  the  Pennsylvania  at  a  reasonable  rental.  While 
these  were  doing  service,  the  old  battery  of  two  boilers 
was  replaced  with  a  462-hp.  Heine  boiler,  fired  by 
a  Taylor  stoker.  The  furnace  has  an  extension  grate, 
giving  enough  area  to  insure  absolute  combustion  with- 
out necessitating  a  brick  arch.  An  American  blower  is 
used  for  forced  drafts. 

The  jjrocess  of  substitution  was  simple  l)ut  effective. 
The  two  old  locomotives,  whose  connecting-rods  and  valve- 
gears  had  long  been  disconnected,  were  hauled  to  a  con- 
venient point  on  the  siding  after  the  tenders  had  been  un- 
coupled, the  throttle  valves  were  closed,  and  a  connection 
piped  from  the  auxiliary  domes  over  the  fireboxes  to  the 


main  steam  lines  in  the  plant.  Their  positions,  back  to 
back,  with  an  elevated  platform  erected  between  them, 
allowed  sufficient  space  for  two  firemen  and  a  good  coal 
supply  that  could  be  replenished  without  interrupting  the 
service. 

This  means  of  steam  supply  is  hardly  economical 
enough  to  warrant  its  retention  for  a  protracted  period, 
since  the  amount  of  coal  consumed  per  horsepower-hour 
is  far  greater  than  the  average  manufacturing  plant  can 
afford,  but  there  is  no  question  that  money  for  the  ex- 
cess coal  consumption,  in  addition  to  the  moderate  rental 
and  the  labor,  is  well  spent  when  a  continuous  steam  sup- 
ply is  assured  that  keeps  the  plant  in  operation  during  the 
installation  of  the  new  boilers,  and  whose  connection  with 
the  main  steam  supply  can  be  made  in  a  short  time  at 
night  without  stopping  operations. 


Pressure  readings  of  1  in.  or  less  should  be  taken  on 
an  Ellison  diif'erential  draft  gage,  graduated  to  at  least 
hundredths  of  an  inch,  and  calibrated  by  a  hook  gage ; 
over  1  in.,  either  with  an  Ellison  gage  or  with  a  U-tube 
graduated  to  at  least  tenths  of  an  inch.  Great  care  should 
be  exercised  to  have  perfectly  tight  connections,  especially 
on  the  static  side.  A  slight  loss  of  pressure  here  will  cause 
a  corres])ondingly  high  velocity  jiressure  reading,  and 
therefore  indicate  too  great  a  velocity. 

The  reading  should  be  taken  at  a  cross-section  where 
the  pipe  is  straight  and  the  flow  undisturbed,  preferably 
at  least  10  diameters  from  the  fan  outlet,  from  an  el- 
bow, or  from  a  change  in  cross-section  in  the  duct.  This 
condition  is  difficult  of  attainment  in  many  installations 
and  where  it  cannot  be  had  the  average  of  the  maximum 
practicable  number  of  readings  at  the  point  farthest  away 
from  the  outlet  or  obstruction  should  be  takeJi.  Take  the 
readings  over  a  plane  at  right  angles  to,  with  the  tube 
pointed  in  a  direction  parallel  to,  the  dii'cction  of  the  air 
flow. 

Pressure  readings  cannot  be  made  over  the  face  of  an 
outlet  with  a  pitot  tube  as  is  done  with  anemometer,  but 
by  inserting  the  tube  in  the  pipe  at  the  edge  of  the  outlet 
with  the  tip  of  the  tube  pointed  against  the  air  flow, 
under  the  same  conditions  as  in  diagram  A  ;  a  traverse 
of  the  pipe  can  be  made  at  a  point  just  before  it  reaches 
the  outlet. 

The  most  difficult  reading  to  take  accui-ately  in  a  cur- 
rent of  air  is  the  static  pressure.  The  approved  form 
of  static  tip  diagram  B,  is  that  recommended  for  fan-test- 
ing work.  There  should  be  eight  or  more  clean  holes 
0.02  in.  in  diameter,  an  ecpuil  nunil)er  on  each  side  of  a 
14-in.  tube  ^^  in.  thick. 

The  most  approved  form  of  pitot  tube  combines  the 
foregoing  static  tip  with  an  impact  tube,  diagram  C,  by 
means  of  which  total,  static  or  velocity  pressure  may  be 
read. 

In  making  a  traverse  of  a  rectangular  duct  the  cross- 
sectional  area  may  be  divided  into  a  number  of  smaller 
rectangles  and  a  reading  taken  in  the  center  of  each  small 
rectangle. 


A  round  pipe  should  be  divided  into»at  least  three  con- 
centric zones  of  equal  area  per  foot  in  diameter,  and  four 
readings  taken  on  a  circle  drawn  through  the  center  of 
area  of  each  zone  or  ring;  that  is,  readings  should  be 
taken  across  the  horizontal  and  vertical  axis  of  the  pipe, 
diagram  D.  Table  1  gives  the  distances  from  the  center 
of  the  pipe  to  the  points  of  reading,  expressed  in  percent- 
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■'"■"^  METHOD  OF  MAKING  PIPE  TRAVERSE 

Standard  Methods  of  Usixo  the  Pitot  Tuhe 

age  of  the  pipe  diameter.  To  get  exact  results  a  small 
pipe  should  be  divided  into  relatively  more  zones  than  a 
pipe  of  lai-ger  diameter  as  the  ratio  of  frictional  surface 

TABLE  I.     PIPE  traverse  FOR  PITOT  TUBE  READINGS 

Distanrp  from  Center  of  Pipe  to  Point  of  Reading  in  Per  Cent,  of  Pipe  Diameter 
No.  of  Equal 

Areas  in  No.  of  1st        2nd  lircl       4lli       .".tli        Utii        7tli       Stli 

Traverse  Readings       R,         H.,  R,         1{,         R^  R,       R,         K„ 

3  12  20   t     35  ;i  4.->  ,-. 

4  16  17  7     30  .'■>  3!)  4     4fi  fi 

5  20  15..')     27.2  ,35.3     41.7     47    « 

fi  24  14.5     25.0     32.3     38.2     43  3     47.9 

7  28  13  4     23.1     20.9     35.3     40.1     44  3     48.2 

8  32  12  5     21.6     28.0     33.2     37.6     41.5     45.1     48.4 

to  cross-sectional  area  is  greater;  hence  the  more  static 
jjressure  in  proportion  to  the  impact  pressure,  which  cor- 
respondingly reduces  the  velocity  pressure. 
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'I'lii'  i()ni'S|)oii(liM)i  vclocitit's  for  cm  li  of  llicsc  n'iiiliii>;H 
sliiMild  lie  (IctiTiiiiiictl  iiikI  an  iivcranc  found  of  all  of 
tlu'st'  velocities  lo  cominitc  llic  air  <|iiaiitity.  liiaKiiiiicli  as 
the  vcUu'ity  varies  as  llii>  siiiiarc  root  of  the  |ircssurc,  ac- 
curate results  cannot  he  ohtaine<l  hy  avera^'inj,'  the  ])res- 
surc  readings  and  taking  tlic  corresponding  velocity  as 
the  average. 

'i'he  velocity  may  he  deterinincd  frum  tin;  \i'locil\  jircb- 
sure  hy  U8U  of  the  formula 

V  =  10!m;..)     \p 
\  w 

where 

r  ^  Velocity  in   feet  per  minute; 
p^  Pressure  in  incin's  of  water; 
w  ^  Weight  of  air  in   pounds  per  cul)ic   foot  under 
tlio  existing  conditions  of  lemi)erature,  harom- 
cter  and   humidity. 
With  dry  iiir  at  TO  deg.  and  2'.K^.)2  in.  harometcr 
ir   =   ().(»:  1!) 
whenic  llie  roiniuia  iiecomes 


With  baturatcd  uir  at  iD  di'g.  and  2'.K'>'ii  in,  han.nn-ter 
IV   =   O.Ol.i'j 


J.  =  4().|(i  V  j> 

Where  oidy  a|)proxinwite  results  are  desired,  for  circular 
pipe,  luidtipiy  the  velocity  pressure  taken  at  (he  center  of 
the  pipe  by  ().81  or  tin-  velocity  hy  O.itl. 

For  rectangular  pipe,  no  dclinite  factor  can  he  given 
even  approxinnitely  correct  which  will  cover  the  varying 
])r()portions  of  width  to  iieight  of  the  crosH-sectional  area. 

'Cable  2  gives  corresponding  velocities  for  various  veloc- 
ity |»rcssures  of  dry  air. 

Tile  committee  recommended  the  p'lUtt  tube  as  a  simple 
and  convenient  instrument  for  the  measurement  of  air  or 
gases,  which,  when  used  with  the  proper  care  and  ac- 
curacy of  reading,  gives  results  with  an  (MTor  of  less  than 
I'/o  por  cent.,  with  velocity  ))ressurcs  ranging  from  0.1  in. 
upward. 
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By  Warrex  O.  Rogers 


im^lini' 


SYXOPSIS — Some  farts  about  boiler  operation  are  dis- 
cussed by  the  chief  fireman  of  a  large  power  station.  An 
evening  spent  in  his  boiler  room  showed  a  well  organized, 
effident  crew,  contrasting  in  every  way  with  the  men 
and  the  methods  employed  in  most  mine  boiler  plants. 
[■^] 

After  leaving  Hunter  on  the  e\-ening  of  our  last  con- 
versation. T  strolled  out  to  the  large  power  house  of  the 
street-railway  company  to  see  what  boiler-room  practice 
was  in  vogue  there.  The  liead  fireman  was  right  on  the 
job  and  every  move  of  the  men  in  the  watch  was  known 
to  him.  After  a  little  jockeying  for  position,  so  to  speak, 
we  had  a  sociable  and  interesting  talk. 

"How  is  it,"  I  asked,  sidestepping  a  hurrying  fireman, 
"tliat  your  men  are  all  attending  strictly  to  business  in- 
stead of  swapping  stories?    How  do  you  manage  it?" 

"Simplest  thing  in  the  world.  Tn  the  first  place,  they 
are  well  paid,  which  counts  for  a  wliole  lot.  An  under- 
paid fireman,  like  any  other  man.  won't  do  any  more 
than  he  has  to  in  order  to  hold  his  joh.  My  men  know 
that  if  thev  do  not  do  good  work,  there  are  those  who  will, 
and  they  also  know  that  T  have  a  waiting  list  of  good 


men,   any   one  of   whom   would   be   mighty   glad   of  the 
chance  to  step  into  this  plant." 

"Of  course,  having  mechanical  stokers  makes  some 
difference  in  the  way  you  handle  your  hoilers.  much  dif- 
ferent from  what  I  have  seen  at  most  mine  boiler  plants, 
but  you  must  liave  your  troubles  for  all  that." 

"Xo  doubt  about  it,"  was  the  reply,  "but  we  don't 
tell  of  them.  The  management  of  a  boiler  plant  like 
this,"  and  he  waved  his  hand  toward  the  row  of  power- 
ful water-tube  boilers,  Fig.  1,  "is  much  different  from 
what  will  he  found  at  a  colliery.  Here  we  make  a  busi- 
ness of  making  steam  to  use  in  the  form  of  electrical 
energy  to  transport  the  public.  At  a  mine  the  power 
plant  is  considered  a  necessary  evil  that  must  be  endured. 

"I  know  all  about  it.  for  I  have  worked  in  them.  If  I 
were  to  take  charge  of  such  a  plant  today,  I  would  in- 
sist on  the  firemen  exercising  as  mucli  care  and  intelli- 
gence in  firing  as  I  do  in  this  plant.  I  would  not  allow 
such  conditions  as  exist  in  this  boiler  room,"  and  he 
handed  me  a  photograph,  as  shown  in  Fig.  2. 

The  peak  load  for  the  night  was  over  by  this  time,  and 
we  had  gone  into  the  chief  fireman's  office  where  we  could 
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lalk  uninterruptedly  ajid  burn  up  a  few  local-brand  of 
cigars.  After  we  were  comfortably  seated,  I  said:  "Now, 
if  you  were  in  charge  of  a  liand-firing  mine  plant,  how 
would  you  work  the  men  to  obtain  the  best  results?" 
"F  would  insist  upon  the  men  following  a  few  simple 
rules,  such  as  experience  has  determined  to  be  the  best. 
I'irst  of  all,  the  men  would  be  required  to  fire  evenly  and 
a  I  regular  intervals,  firing  approximately  the  same 
amount  of  coal  at  each  charge     If  the  fires  are  kept  in 


Fig.  1.    A  Row  of  Powerful  Boilers 

jiroper  condition,  not  more  than  five  shovelfuls  of  coal 
will  be  required  at  each  firing.  This  kind  of  firing  would 
force  the  men  to  put  the  green  coal  on  the  thin  places 
only. 

"Wliere  most  firemen  intentionally  waste  fuel  is  to  pile 
the  coal  all  over  the  fire,  regardless  of  its  need.  The 
idea  is  to  get  a  resting  spell  between  firings,  economy  be 
1)1  own ! 

"Another  thing  is  to  keep  the  fires  clean  and  bright. 
This  cannot  be  done  if  the  shaking  grates  are  not  op- 
crated.  At  certain  periods  fires  should  be  thoroughly 
cleaned  the  same  as  if  stationary  grates  were  used.  Fur- 
lliermore,  a  fire  cannot  be  kept  even  if  huge  chunks  of 
coal  are  thrown  into  the  furnace  just  because  the  men 
won't  take  the  trouble  to  break  them  up;  they  would 
have  to  do  so,  if  I  were  in  charge." 

"Would  such  firemen  do  their  work  properly  if  they 
received  a  suitable  wage  instead  of  a  boy's  pay?"  I  asked, 
at  the  same  time  noting  the  wide-awake,  alert  actions 
of  the  men  out  in  the  boiler  room. 

"Probably  some  of  them  would,  and  then  there  are  a 
few  who  have  become  so  used  to  the  haphazard  method  of 
stoking  that  it  would  be  most  difficult  to  get  them  to 


adopt  new  methods  witliout  a  struggle,  which  wouldn't  be 
worth  while. 

"It  is  dilTicnlt  1o  make  thcin  understand  that  the  draft 
and  air  supply  must  be  regulated  to  suit  the  working 
conditions  and  so  if  the  demand  for  steam  decreases,  the 
safety  valves  blow  before  much,  if  any,  attention  is  given 
to  the  draft.  Then  the  ashjjit  doors  are  kicked  shut,  if 
the  accumulation  ofi  coal  on  the  floor  will  permit.  TIii.s 
accomplished,  they  sit  down  surrounded  by  dust  and  dirt 
until  the  steam  pressure  has  dropped,  when  the  ashpit 
doors  are  kicked  open,  and  the  fires  are  vigorously  barred 
to  quickly  get  the  boiler  steaming  again.  A  fire  should 
n(>ver  be  barred  unless  it  is  absolutely  necessary. 

"If  such  firemen  would  use  their  heads  they  would 
watch  the  condition  of  the  fires  and  the  steam  pressure, 
because  the  latter  is  dependent  upon  the  former.  If  the 
steiim  pressure  rises  or  falls  it  is  because  a  change  of  tem- 
perature has  occurred  in  the  furnace.  The  steam  should  be 
maintained  at  a  constant  pressure  and  the  feed  water  at 
a  uniform  level,  not  out  of  sight  at  one  time  and  above 
the  third  gage  at  others." 

'T  have  noticed,"  saiS/sJ,  stroking  the  back  of  the  cat 
that  was  industriously  ruRbing  back  and  forth  against  the 
leg  of  my  chair,  "that  in  many  boiler  plants  the  settings 
are  badly  cracked  and  the  furnace  doors  are  cracked  and, 
warped.     In  some  cases,  the  front-tube  doors  have  been 


Fig.  2.    !N"o  Attempt  Had  Beex  Made  to  Keep  the 
Floor  Clear  of  Coal 

corroded  through  the  metal  and  water,  leaking  from  the 
header  caps,  I  suppose,  was  running  down  the  boiler 
front."     (Fig.  3.) 

"Well,  that  goes  to  show  that  llie  men  were  neglecting 
matters.  Boiler  settings,  fronts  and  doors  should  be 
kept  in  order.  If  cracks  exist  in  the  setting,  air  will 
leak  into  the  combustion  chamber  where  it  is  not  wanted. 
It  cools  the  gases,  and  does  no  good." 

"From  what  I  have  seen  and  heard,  I  should  think 
that  it  would  be  a  paying  investment  for  some  of  these 
mine  operators  to  hire  a  first-class  man  to  take  charge 
of  their  boilers — one  who  would  make  it  his  business  to 
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kcrj)  llii'  iiicii  ii|)  III  II  sImikImi'iI  mill  tin-  linilrrs  in  •mi- 
<liti(>ii.  Tlu'ii  tlic  Wilier  in  ni.iny  insliiiiccs  is  Imil,  ho 
lliiil   snilc  and   its  atlt'ndin;.,'   Iiuiililcs   must    lie   met. 

"I  knew  ol'  one  HniH'riiilontlcnt,  a  hii^lit  cliai),  wlio 
used  a  niniplc  means  ol"  keepinj,'  scale  ont  of  liis  lioiler, 
one  (Imt  n\ost  en^jineeis  would  have  conilenined,  hut  lie 
.'lainied  it  worked  all  rif,dil.  ami  I  have  seen  liis  selieiiie 
worked  onl. 

"'I'liis  man  liad  l'..'il()  lip.  in  waler-lul)e  lioilers  and  dis- 
eovered  tlironfjli  an  accident  that  hiack  strap  oil,  such  as 
is  used  to  oil  mine-car  wheels,  would  prevcnl  scale  rroni 
adlicrin<j  to  the  holler  tulies. 

"It    happened   this  way:  One  ol'  the  men,  .illei-  ile;in- 


^■jjjlljj^^H 

Fig.  3.    The  Tube  Dooiis  oe  the  Boilers  Are  Cor- 
roded  AND  THE    HeADEK    CaI'S    LEAKING 

ing  a  boiler,  accidentally  spilled  some  of  this  black  strap 
oil  into  the  tubes.  There  was  no  time  to  remove  it,  and 
the  boiler  was  put  into  service.  When  it  was  again  cut 
out  for  cleaning,  it  was  found  that  the  tubes  were  clean. 
Tliis  caused  the  superintendent  some  surprise,  who,  after 
a  little  speculating,  decided  it  was  due  to  the  oil  that 
had  been  s]ulled  in  the  boiler  at  the  last  cleaning  day." 

•'T  supposed  oil  was  a  dangerous  thing  to  put  into  a 
boiler.  There  have  been  a  good  muny  dollars  spent  in  oil 
separators  just  to  keep  it  out  of  the  exhaust  steam. 

"Yes,  I  know,  but  this  superintendent  has  used  oil 
in  the  boilers  of  every  plant  he  has  had  since  his  dis- 
coxery  and  he  has  found  that  it  did  the  work  in  every 
instance. 

A  10-gal.  tank  Avas  placed  above  the  heater.  The 
tank  was  piped  to  a  lubricator  sight-glass,  the  bottom  out- 
let of  which  was  connected  to  the  suction  pipe  from  the 
heater  to  the  boiler-feed  pump.  The  sight-feed  was  set 
so  that  half  a  pint  of  oil  would  feed  to  the  boilers  in  24 
hr.  He  told  me  that  he  now  cleans  12  water- tube  boil- 
ers in  eight  days,  whereas  if  formerly  required  three  or 
four  days  to  clean  one." 

"Ill  bet  that  man  had  a  well  kept  plant,  for  from  what 
vou  have  told  me  he  is  a  man  who  thinks  and  acts." 

'•Right  vou  are,"  answered  the  fireman,  arising  to  bid 
me  good-night,  as  I  opened  the  office  door:  "he  is  one 
man  who  knows  what  is  going  on." 

As  I  passed  through  the  boiler  room  on  my  way  out. 
I  noticed  that  the  men  were  just  as  alert  and  attending 
as  strictly  to  their  work  as  they  had  been  when  I  entered 


llie  phini,  which  eni|ihasi/ed  the  I'aet,  to  m<-  at  least,  thai 
u  well  organized  boiler-room  force  \h  a  payiuK  in- 
vcHtment.  and  that  a  hoiler  room  left  to  shil't  lor  itself 
and  alteniied  by  men  wlio  care  nothing  ahoiil  its  (economic 
operation  \h  a  losing  proposition,  no  mailer  how  poorly 
Ihe   IIICII    may    he   paid. 


Tlhe  Aftertnniat&i 

111  I"Vbriia,ry.  I!)it."),  Congress  passed  an  act,  granting  to 
the  Keokuk  &  llami!l<Mi  Water  I'ower  Co.  rights  to  con- 
struct and  maint;iin,  lor  the  improvement  of  navigation 
and  the  develo|)ment  of  |)ower,  a  dam  across  the  Mississ- 
ippi i{iver  frtmi  Keokuk,  Iowa,  to  Hamilton,  III.  CongresH 
was  induced  to  accord  this  privilege  by  representations  that 
Ihe  iniilding  of  such  a  dam  would  greatly  aid  in  the  navi- 
gation of  the  river,  tiiatthe  (iovernment  would  save  a  largr 
sum  in  the  annual  cost  of  mainliMuince  and  operalifai  ol 
the  lock  at  the  Des  Moines  Rapids,  and  that  the  develop- 
ment of  waterpower  there  would  be  of  great  benefit,  iiol 
only  to  the  immediate  neighborhood,  but  to  the  commer- 
cial and  manufacturing  interests  of  the  country. 

Xow  Congressman   Raiiiey,  of  Illinois,  propo.ses : 

Whereas  the  authority  or  franchise  mentioned  above 
was  a.'ssigned  to  the  Mississi])pi  River  Power  Co.;  an<l 
whereas  the  Missisip])i  River  Power  Co.  ha.s  now  com- 
pleted the  dam  acrass  the  river;  and  whereas  the  steam- 
boat com])anies  navigating  the  said  river  claim  that  the 
dam  is  a  hindrance  instead  of  a  help  to  navigation,  and 
that  their  boats  have  to  wait  until  the  power  company 
lets  down  enough  water  to  float  them ;  and  whereas  thc 
Mississippi  River  Power  Co.  and  its  subsidiary  companies' 
are  now  engaged  in  buying  up  electric-light  plants  withii 
its  sphere  of  operations  in  the  States  of  Illinois,  Missour' 
and  Iowa,  paying,  therefor,  in  many  cases,  much  more 
than  said  properties  are  worth,  and  thereafter  renderin;^ 
less  efficient  service  than  was  formerly  rendered,  demand- 
ing the  same  or  greater  compensation  therefor;  and 
whereas  it  is  claimed  that  the  development  of  water  power 
at  the  said  dam  has  not  been  of  great  benefit  to  the  im- 
mediate neighborhood,  or  to  the  commercial  and  manu- 
facturing interests  of  the  country  on  account  of  the  poor 
service  rendered  by  the  Mississippi  River  Power  Co.  and 
its  allied  and  subsidiary  companies,  and  on  account  of  the 
excessive  compensation  demanded  by  such  company  and 
its  allied  and  subsidiary  companies;  and  whereas  in  de- 
fiance of  law,  and  without  the  permission  of  the  Con- 
gress, the  said  Mississippi  River  Power  Co.,  or  some  com- 
pany operating  under  its  control,  has  built  a  bridge  across 
the  river,  further  obstructing  navigation ;  and  whereas 
Congress  got  nothing  from  the  company  for  granting  the 
privilege,  other  than  the  promise  of  said  company  to  so 
construct  and  operate  the  dam  and  locks  as  to  greatly  aid 
navigation,  and  as  to  be  of  great  benefit  to  the  immediate 
neighborhood  and  to  the  commercial  and  manufacturing 
interests  of  the  country,  but  reserved  the  right  of  re])eal : 

Be  It  Resolved,  that  the  committee  on  Interstate  and 
Foreign  Commerce  of  the  House  of  Representatives  be. 
and  the  same  hereby  is,  directed  to  inquire  into  the  same, 
send  for  books,  papers  and  documents,  summon  witnesses, 
take  testimony,  with  a  view  to  determining  whether  or 
not  said  act  ought  to  be  repealed,  or  whether  or  not  said 
act  ought  to  be  altered  or  amended  so  as  to  provide  for 
an  adequate  compensation  to  the  Government  for  the 
valuable  privilege  granted. 
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^eyw  Jerse^^'s  Good  Seirase 

New  Jersey  should  rejoice  that  she  is  not  to  be  bur- 
dened with  a  recently  proposed  boiler-inspection  law,  as 
the  bill  failed  to  pass  in  the  legislature.  It  did  not 
provide  for  a  standard  of  design  or  installation ;  it  did 
not  make  it  necessary  to  determine  by  civil-service  ex- 
amination the  qnalifications  of  those  who  might  be  ap- 
pointed inspectors;  it  made  no  exception  of  boilers  under 
insurance  inspection. 

New  Jersey  needs  a  boiler-inspection  law,  but  she  does 
not  need  or  want  a  law  that  does  not  equal  the  best. 
When  New  Jersey  or  any  other  state  seriously  considers 
having  boiler  law.s,  the  bill  should  authorize  the  creation 
of  a  board  of  boiler  rules.  Let  the  latter  adopt  the  Massa- 
chusetts rules,  which  will  have  the  support  of  manu- 
facturers of  boilers,  boiler-insurance  companies,  owners 
and  engineers.  These  rules  have  been  so  changed  and 
revised  that  now  they  meet  all  conditions,  particularly 
those  that  are  common  to  every  state.  Ohio  and  Detroit, 
and  one  or  more  of  the  Canadian  cities,  have  adopted 
these  rules  and  we  understand  that  the  Phillipines  Com- 
mission recommends  them. 

There  is  every  reason  why  holler  laws  shoidd  be  uni- 
form throughout  the  country  and  none  why  they  should 
not. 


SmaoMe  Meaims  "Wsist© 

On  the  text  over  the  cartoon  this  week  we  could  preach 
■quite  a  sermon,  but  we  have  referred  to  it  so  often  edi- 
torially and  the  picture  in  itself  is  so  eloquent  that  it 
scarcely  seems  needful  to  add  more.  There  is  one  phase 
of  the  subject,  however,  and  in  a  measure  it  is  the  key- 
note of  this  week's  illustration,  that  does  deserve  empha- 
sis. This  is  the  fact  that  although  "smoke  means  waste" 
is  well  known  to  so  many,  it  is  usually  those  who  are  most 
concerned  that  fail  to  appreciate  it.  They  are  inclined 
to  think  that  the  only  reason  for  keeping  their  stacks 
from  smoking  is  to  avoid  the  complaints  of  the  neighbors 
that  they  are  maintaining  a  nuisance.  Good  and  sufficient 
as  is  this  reason,  there  is  another  that,  even  in  the  absence 
of  this  one,  would  be  excuse  enough  for  the  exercise  of 
every  endeavor  to  stop  smoke  and  that  is,  reverting  again 
to  the  text,  that  "smoke  means  waste." 

Some  are  indifferent  to  the  black  soot  they  scatter  and 
are  incensed  at  the  ordinances  directed  against  them  be- 
cause they  fancy  that  it  will  cost  them  money  to  prevent 
smoke.  For  all  the  world  like  children  who  cannot  see 
that  the  restrictions  imposed  upon  them  by  their  parents 
are  generally  for  their  own  good,  these  short-sighted  own- 
ers of  smoking  chimneys  think  that  the  measures  taken 
to  have  the  smoke  stopped  are  in  the  interests  of  those 
who  have  smoke-abating  devices  to  sell,  if  not  deliberate 
persecution,  whereas,  if  they  but  knew  it.  their  own  best 
interests  will  be  served  by  cutting  out  this  waste  of  money 
that  is  indicated  wherever  a  stack  is  emitting  black 
smoke. 


Where  is  the  plant  owner  who  would  not  take  innne- 
diate  steps  to  stoj)  it  if  he  learned  that  his  coal  pile  was 
being  robbed?  Would  he  wait  for  the  city  authorities  to 
compel  him  to  put  an  end  to  the  thieving?  Yet  sub- 
stantially he  is  doing  that  very  thing  when  he  continues 
to  operate  a  plant  that  is  discharging  unnecessary  vol- 
umes of  dense  smoke.  The  inexcusable  part  of  it  is  that 
he  himself  is  the  robber  and  hence  has  it  easily  in  his 
power  to  stop  the  theft. 

This  is  not  to  say  that  all  smoke  can  be  prevented. 
No  one  who  has  studied  the  problem  would  even  main- 
tain that  every  bit  of  black  smoke  can  be  avoided,  but 
under  proper  conditions  and  normal  operation  there 
should  be  very  little  of  the  time  when  an  observer  stand- 
ing outside  could  tell  from  the  appearance  of  the  top  of 
a  stack  that  a  plant  is  in  operation. 

For  the  benefit  of  any  who  may  not  see  the  analogy  be- 
tween a  robbed  coal  pile  and  a  smoking  chimney,  it  may 
be  briefly  and  simply  explained.  The  visible  part  in 
smoke  is  nearly  all  carbon,  either  as  soot  or  cinder,  and 
carbon  is  the  principal  combustible  part  of  coal,  i.e.,  the 
useful  part,  the  part  capable  of  yielding  heat.  Carbon 
com])letely  burned  forms  an  invisible  gas,  carbon  dioxide, 
therefore,  whenever  the  gases  from  a  stack  show  black 
they  contain  carbon  which  indicates  that  complete  com- 
bustion has  not  taken  place  in  the  boiler  furnace.  In 
other  words,  all  of  the  available  heat  in  the  coal  has  not 
been  realized.  It  is  the  same  as  though  the  correspond- 
ing part  of  the  coal  fed  into  the  furnace  had  been  thrown 
away,  for,  although  it  has  passed  through  the  furnace,  it 
has  been  thrown  away  up  the  stack  beyond  recovery.  Is 
this,  then,  so  very  different  from  robbing  the  coal  pile? 

The  owner  who,  through  ignorance,  allows  conditions 
to  exist  which  are  not  favorable  to  the  most  economical 
operation  of  his  boiler  furnaces — and  black  smoke  from 
the  chimney  mouth  is  the  unmistakable  index  of  such 
conditions — although  he  is  unwittingly  robbing  himself, 
is  nevertheless  stealing  from  his  own  coal  pile.  When  he 
raves  at  his  coal  bill,  like  the  man  in  the  picture,  he 
should  vent  his  ire  on  himself,  if  he  only  knew  it,  and 
take  kindly  to  the  suggestions  of  the  smoke  inspector 
when  the  latter  calls  to  remind  him  of  his  offending  chim- 
ney. The  inspector  is  a  friend  indeed  if  he  can  show 
him  how  to  save  the  dollars  that  are  escaping  in  the 
snuike. 

It  is  not  the  purpose  herein  to  discuss  the  various 
means  for  reducing  smoke  and  thereby  saving  money. 
The  situation  in  any  individual  plant  calls  for  specific 
treatment.  It  is  the  part  of  the  expert  to  diagnose  the 
trouble  and  prescribe  the  remedies.  Powek  has  shown 
in  the  past,  and  will  continue  to  show,  what  are  the  prin- 
ciples governing  smokeless  combustion  and  what  means 
have  been  successful  in  certain  installations.  How  to  get 
rid  of  the  smoke,  however,  is  not  our  main  concern  at 
present.  What  seems  to  be  the  most  immediate  diffi- 
culty is  to  get  the  owner  properly  aroused  to  the  truth 
that  "smoke  means  waste." 
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Temperature   Variations   in   tHe 
Steam  Plant 

How  iiiaiiy  «'nf,Min't'rs  luivo  over  taki'ii  tlu'  troiil)l('  to 
asicrtiiiii  tlu'  iip|iro\iiiiato  (lilTcrciici'  in  tlif  tiMiipcnitnii- 
of  steam  and  walcr  in  niakiii^f  a  cV*!*'  from  (lie  lioilcr, 
lhrouj;li  tlio  various  powcr-iilanl  imitx  niul  l)a(k  to  tlio 
boiliT?  l*roltal)ly  not  many,  yi't  tlu'  .siihji'it  is  of  interest, 
and  slioidd  be  known  to  every  |u)wer-|ilanl  operator. 

Every  steam  plant  is  dilTerent,  liecause  the  si/c  of 
gonorating  unit.**,  lenjj;tii  oi"  ])il)inu;  and  desi;;n.  and  etli- 
oioney  of  tlic  pi|>o  eoverinj^  will  liave  a  marked  elVecl  on 
tlie  rediietion  of  lieat  in  tlio  steam  in  doiiijr  work  ami 
from  condensation  and  radiation. 

From  the  moment  eond)ustion  of  I'uel  in  tlie  furnace 
takes  j)laee,  transfer  of  heat,  {jiven  up  by  the  coal  to  tlu" 
water  in  the  boiler,  occurs.  Tlie  avera<;fe  temperature  of 
a  boiler  furnace  is  aiiout  twonty-fivc  hundred  <lefirees, 
and  the  temperature  of  the  furnace  s:ases  escapinf^  to  the 
chimney  is  generally  between  four  hundred  and  six  liun- 
dred  degrees.  The  difference  between  furnace  and  chim- 
ney temperatures  represent  the  heal  absorlicil  by  the 
brick  boiler  setting  and  by  the  W'alcr  in  the  boiler.  'IMie 
greatest  drop  in  temjierature  occurs  between  the  furnace 
and  second  pass  of  a  water-tube  boiler;  the  drop  is  much 
less  in  the  following  glasses. 

When  steam  is  admitted  to  a  pipe  system  the  tempera- 
ture and  pressure  drop,  due  to  radiation  ami  pipe  fric- 
tion. The  temperature  of  the  steam  at  KM  H).,  absolute, 
in  the  steam  space  of  the  boiler  is,  say,  three  hundred  and 
sixty-six  degrees.  In  the  average  steam  plant  the  drop 
in  tem]ierature  will  be  at  least  two  degrees.  Entering 
the  high-pressure  cylinder  the  temperature  of  the  steam, 
in  doing  work,  is  reduced  to  approximately  two  hundred 
and  fift3'-six  degrees,  and  exhausts  to  the  low-pressure 
cylinder  at  two  hundred  and  forty-four  degrees,  when  the 
temperature  is  again  reduced,  this  time  to  one  hundred 
and  ninety  degrees.  It  passes  to  the  condenser  at  one 
hundred  and  tw'enty-four  degrees,  a  total  drop  of  two 
hundred  and  fortj'-two  degrees.  A  further  drop  in  tem- 
perature occurs  in  the  condenser,  where  the  steam  is  con- 
densed to  about  one  hundred  degrees  at  which  tempera- 
ture it  passes  to  the  hotwell  in  the  form  of  water. 

At  this  point  of  the  cycle  the  exhaust  steam  of  the  aux- 
iliaries is  used  to  bring  the  hotwell  water  to  a  higher 
temperature  before  returning  it  to  the  boiler  as  feed 
water.  If  the  steam  auxiliaries  use  steam  at  boiler  pres- 
sure its  temperature  will  be  three  hundred  and  sixty- 
four  degrees  and  will  exhaust  to  the  feed-water  heater  at 
about  two  hundred  and  nineteen  degrees,  which  will  raise 
the  hotwell  water  to  about  two  hundred  degrees  in  pass- 
ing through  the  heater.  At  this  temperature  it  is  dis- 
charged back  to  the  boiler  at  one  hundred  and  sixty-six 
degrees  less  than  the  original  temperature  of  the  steam 
supplied  to  the  engine. 

If  feed  water  is  taken  from  the  city  main  or  a  source 
of  supply  other  than  the  hotwell  at,  say,  seventy  degrees, 
the  exhaust  steam  from  the  auxiliaries  will  be  used  to 
raise  the  temperature,  but  the  water  would  go  to  the 
boiler  at  a  lower  temperature  than  if  hotwell  water  'were 
used  with  the  same  amount  of  exhaust  steam. 

The  foregoing  are  approximate  figures  that  would  ob- 
tain in  the  average  steam  plant,  with  water-tube  boil- 
ers and  compound-condensing  engines,   using   saturated 


sliam  at  absolute  pressure.  The  insert  accomj)anying 
ibis  issiK!  of  I'owKK  shows  such  an  instal'>ition  in  section 
with  the  tempenilure  of  the  steam  and  water  designated 
at   dill'erent    puiiii>   iM   till-  pi|)ing  and  steam   iinils. 


Taking  tlhe  Floor 

Scott  and  bis  bia\e  paily  trod  o\er  fro/en  snows  and 
i<y  wastes,  and  died  of  starvation  and  exposure  in  their 
eiforts  to  add  to  the  store  of  human  knowledge.  Daring 
men  have  ascended  to  dizzy  heights  and  fallen  to  their 
deaths  to  gain  the  experience  which  makes  flight  iiy 
heavier-than-air  craft  the  success  it  now  is.  To  add  to 
the  recorded  knowledge  of  botany,  Ilumlioldt  climbed 
mountain  jieaks  until  blood  flowed  from  his  nostrils,  and, 
faint   in   the  rarided  air,  he  was  forced  to  descend. 

Tiiese   men   and   many  others  have;  done  these  things     M 
that  they  might  give  to  the  world  a  iK'ttcr  understanding     \ 
of   the   planet    which   is  our   abode.     Their   reward   was 
iionor,  simply   honor.     There  was  no  salary  attached  to 
the  ell'orts  made. 

How  weak,  how  small,  are  those  who,  feeling  the  need 
for  more  knowledge  of  their  craft,  surrounded  by  every 
means  for  obtaining  that  knowledge,  content  themselves 
to  plod  in  ignorance  for  fear  they  will  expose  themselves 
to  criticism  for  asking  questions  about  that  which  they 
wish  to  know.  These  men  must  blaze  no  new  trails; 
others  have  done  that  for  them.  The  path  is  lighted  by 
recorded  knowledge  and  the  hand  of  Opportunity  beck- 
ons them  on  to  jiartake  of  the  fruits  of  accomplishment. 

In  e\ery  power-plant  engineers'  organization,  there  are 
men  who  want  to  know  more,  but  are  reluctant  to  seek 
from  those  of  their  fellows  who  are  only  too  glad  to 
give.  Enough  of  these  reluctants  in  an  organization  will 
soon  ruin  it.  It  will  die  from  non-use  and  they  them- 
selves are  the  sufferers.  It  is  the  men  who  ask,  who  seek 
to  know,  that  keep  an  organization  alive  by  their  ques- 
tions and  participation  in  discussions.  The  man  who  is 
afraid  to  take  the  floor  to  ask  questions  starves  himself 
of  information    that   his  mental   appetite   craves. 

Let  those  who  realize  their  weakness  in  this  direction 
make  better  use  of  the  opportunities  that  are  presented 
by  every  discussion  on  the  meeting  room  floor.  This 
season  is  but  half  gone  and  many  more  are  to  come. 


The  movement  in  favor  of  ilie  passage  of  uniform 
laws  relating  to  the  construction  and  inspection  of  steam 
boilers  by  the  legislatures  of  the  various  states  is  being 
taken  up  by  the  locomotive  companies,  as  well  as  by  the 
manufacturers  of  boilers  for  stationary  purposes.  It 
has  also  attracted  some  attention  from  the  Association 
for  Uniform  State  Laws,  and  is  likely  to  be  brought  for- 
ward at  the  next  congress  of  the  association.  The  Amer- 
ican Society  of  Mechanical  Engineers  has  a  committee 
upon  uniform  boiler  specifications  which  is  also  inter- 
ested in  this  phase  of  the  subject.  With  such  backing, 
this  legislation  which  Poaver  has  been  urging  for  the 
past  quarter  of  a  century  should  go  rapidly  forward. 


Time's  up,  gentlemen,  i.n  that  test  of  the  Hall  of  Rec- 
ords Building  in  New  York.  What's  the  verdict.  Iso- 
lated or  Edison? 


February  17,  1914 


P  0  W  E  R 
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lit  the  projH'r  pressure  and  leinperalure  the  charge  will 
fire  by  cojiiiiig  in  contact  witii  tlie  hot  cup  which  is  not 
water-jacketed.  The  indicator  diagram,  Fig.  2,  shows  the 
engine  working  under  full  load  with  the  water  flowing 
upon  the  neck  to  keep  the  engine  in  its  normal  condi- 
tion, while  Fig.  3,  shows  the  engine  working  on  a  lighter 


The  illustration.  Fig.  1,  shows  the  manner  of  chang- 
ing the  circulating-water  piping  on  a  crude-oil  en- 
gine of  the  vaporizing  type  so  as  to  prevent  preignition 
caused  by  an  overheated  part.  As  the  interior  cooling  did 
not  extend  to  this  point  a  tee  was  inserted  in  the  dis- 


ITow  THE  Neck  Was  Cooled 

charge  pipes  of  the  outgoing  circulating-water  line  and  a 
small  pipe  inserted,  having  a  small  valve  to  enable 
one  to  regulate  the  amount  of  water  flowing.  This  ]upe 
discharged  the  water  on  the  outside  of  the  small  neck  of 
the  vaporizer,  which  would  become  so  overheated  on  heavy 
loads,  that  at  times  the  casting  would  crack  at  this  point. 
In  this  type  of  engine  the  fuel  is  mjected  on  the  suc- 
tion stroke  and  vaporized  by  heat  and  compression,  and 


Fig.  2.  With  Watkk  Applikd  to  Neck 


Fig.  3.  With  Water  Not  x\i'plii:d  to  Neck 

load,  and  having  the  cooling  water  cut  off  from  the  neck. 
In  this  condition  preignition  occurs  and  forms  the  loop 
in  the  diagram. 

C.  R.  McGahey. 
Baltimore,  M'd. 


Peculiar  Ptflsiffip  Tipoualbll© 

In  a  plant  where  I  was  engineer  there  was  a  pump  of 
the  single-acting  type  for  supplying  cooling  water  to  an 
ammonia  condenser.  This  pump  worked  smoothly  and  I 
did  not  pay  much  attention  to  it  for  the  first  few  days, 
but  finally  my  attention  was  called  to  it  by  the  manner 
in  which  the -water  acted  in  the  jackets  of  an  upright  ice 
machine. 

Every  little  while  those  jackets  received  a  lot  of  air  and 
the  water  would  splash  over  the  machine.  As  this  had 
been  a  common  occurrence,  I  was  told  not  to  bother  about 
it,  but  I  wanted  to  know  where  so  much  air  was  coming 
from,  particularly  as  there  was  no  chance  for  the  water  in 
the  reservoir  to  get  below  the  suction  line.  Final  I  v  I 
discovered  a  i/4-in.  pipe  tapped  into  the  suction  line 
close  to  the  pump  and  ending  in  the  basin-like  frame  ol' 
the  pump.  There  was  a  valve  on  this  line  which  appeared 
to  1)0  leaking  badly.  I  took  the  bonnet  off  and  found 
that  the  end  of  the  stem  had  been  cut  off.  I  put  in  a  new 
valve  and  upon  closing  it  was  surprised  when  the  pump 
began  kicking  and  pounding.  Witli  the  valve  open  again 
the  pump  ran  as  smoothly  as  ever.  I  tried  closing  that 
valve  fully  20  times  during  the  day  and  the  result  was 
always  the  same.  I  was  told  that  air  must  be  admitted  to 
the  suction  to  keep  the  pump  going. 

At  the  first  opportunity  I  examined  the  valves  and 
packing  in  the  water  end.  They  looked  all  right,  but  a 
few  days  afterward  I  put  in  a  new  set  of  valves  and 
s])rings  and  also  new  plunger  packing.  Still  the  trouble 
remained,  and  was  not  located  until  the  pump  was  taken 
apart. 


At  sonic  liiiu'  a  lu'w  hnisH  s1itv«'  IiiuI  Ih'cii  litlt'd  into 
tin-  waU'i  cvliiKU-r  iiiul  llu-  iiiiiii  who  ili<l  Uif  ji)l»  liail 
taken  his  iiit jisiirt'MU'nt  from  (In-  Irnini'-cnd  licail  to  llic 
outsi<l»'  cnil  <if  llif  liani'l  iiislcafi  of  jnst  tin-  Iciifftli  of  IIk' 
Imrrcl.  lie  iliil  nol  \\>i\\rr  liow  the  wntcr  was  to  f^t-l  into 
fill'  franu'  cml  nf  llic  water  rvliiider  from  the  suction 
clianilicr.  There  was  a  small  o|m>iiiii^',  liiil  not  enoii;;h  to 
aiiiiiil  llic  water  fast  ciioiiv:ii.  so  that  air  was  used  to  till 
in.  The  sleeve  was  hadly  worn  and  as  it  would  not  last 
much  lonjrcr  I  took  it  out  and  ran  the  puni])  without  a 
lirass  liniii},'.  'i'o  do  this  two  la  lire  washers  were  ma<lc 
to  increase  the  ))i>toii  diameter  so  tlial  the  packing;  would 
lu)ld.  The  result  was  a  smooth  niiuiin^'  luimji  Ihat  did 
not  Iiave  to  he  lillcd  with  air. 

A.  (i.  Solomon. 

Chica-o,    111. 

Due  Ui  the  siallcrcd  arraiijicmeiit  of  (Uir  ])ower  equip- 
ment and  to  various  duties  of  the  engineer  calling  him 
awav  from  the  engine  room,  it  lu-camo  necessary  to  install 
an  alarm  sy.stcm  of  sonic  kind  wliicli  would  call  the  at- 
tendant to  the  traveling-crane  feeder  jianel  whenever  the 
cireuit-hreaker  was  tripped.  We,  therefore,  devised  the 
arrangement  shown. 


6enerafor 


Diagram  of  Alakm  System 


An  old  :e40-volt  call  bell  which  had  previously  been 
used  as  a  ground  detector  was  repaired  and  mounted  in 
a  convenient  place  where  it  could  be  easily  heard  from 
either  of  the  two  engine  rooms  or  the  fire  room.  It  was 
connected  to  the  generator  side  of  the  oil  switch  through  a 
120-volt  lamp  and  carbon-tipped  contacts  A.  These  con- 
tacts were  made  by  inserting  small  pieces  of  arc-light 
carbon  into  the  brass  terminal  caps  of  an  old  30-arap. 
cartridge  fuse,  leaving  about  Vs  i"-  of  the  carbon  pro- 
jecting. These  caps  were  then  soldered  to  pieces  of  thin 
s])ring  brass  and  mounted  on  the  wall  near  the  oil  switch 
B  so  that  the  carbons  were  about  V2  in.  apart.  A  small 
shunt-trip  coil  C  taken  from  a  discarded  circuit-breaker 
was  mounted,  as  shovv,n,  and  connected  through  a  240- 
volt  lamp  to  the  line  side  of  the  oil  switch.  When  the 
coil  is  energized,  as  when  the  main  circuit  is  closed,  the 
magnet  plunger  is  drawn  down  and  the  spring  of  the 
brass  mounting  of  the  lower  contact  holds  the  contacts 
apart,  thus  breaking  the  bell  circuit.  When  for  any  rea- 
son the  oil  switch  is  tripped,  the  shunt  trip  coil  is  no 


longer  eiiergi/ed  and  the  plunger  is  exjielled  liy  a  s|)riiig, 
forcing  the  carlioii  contacts  together  agaiuHt  tiie  slight 
s|iring  of  the  lower  contact  mounting,  thus  closing  (he 
alarm  circuit  which  lights  the  l2l)-volt  lamp  and  niigs 
Hie    eiill    Im'II. 

M.     Iv     M  1:11111. MAN. 
Hoolltoll,     \.    .1. 

» 

Cost  of  Power   from   Hydro- 

l&Iectric  StatioBUS 

In  Ihc  issue  of  l-'cl).  ID,  piigi'  20  1,  Kalpli  iv  Soiiiers 
says  (hat  llie  cost  of  a  liorKcpower  for  a  year  of  :}f;0()  lir. 
would  be  some  $20.  'I'Imh  would  he  simply  the  charge 
for  current.  As  the  plant  would  have  to  Hupply  its  own 
switchboard,  wiring,  motors,  cfjiitrollers,  belts,  etc.,  upon 
the  cost  of  uliicli  interest,  dejjreciation  and  ta.xes  must 
be  charged,  and  would  be  at  some  expense  for  attendance 
and  supplies,  the  total  cost  per  horsepower-year,  com- 
parable with  that  generated  by  a  steam  plant  at  the  mill, 
would  be  somew'hat  in  excess  of  the  $20  (juoted,  would 
it  not  ? 

S.  H.  Stkhbins. 

Atlanta,  (!a. 

^snoim  Coils 


The  idea  is  good  in  Mr.  Thurston's  article  under  the 
above  title,  in  the  Jan.  (j  issue;  it  puts  me  in  mind  of  a 
brewery  refrigerating  plant  in  which  I  once  worked.  The 
plant  was  large  and  equipped  with  reserve  machinery 
so  that  a  compressor  could  be  started  to  take  the  place 
of  one  out  of  order,  as  continuous  operation  was  neces- 
sary. Now  and  then,  when  the  ice  on  the  coils  became 
so  heavy  that  the  valves  could  not  be  closed,  the  men 
knocked  it  off  with  hammers  and  chisels.  This  was  bad 
practice;  Mr.  Thurston's  hot-gas  line  would  have  been 
better. 

Eventually,  a  different  plan  was  adopted.  The  night 
engineer  was  told  to  close  one  of  the  valves  on  the  liquid 
line  controlling  three  rooms.  The  following  morning 
the  ice  around  the  pipes  was  soft  and  easy  to  knock  off'. 
After  all  the  ice  hacl  been  removed,  the  ammonia  was 
turned  on  again.  The  following  night  another  valve 
controlling  three  other  rooms  was  closed,  and  the  valve 
that  had  been  turned  off  the  night  before  was  again 
closed.  The  light  coating  of  ice  on  the  coils  was  com- 
pletely melted  off  in  two  hours.  By  this  time  the  tem- 
perature in  the  six  rooms  had  not  risen  more  than  1 
deg.  R.  The  ammonia  valve  controlling  the  first  three 
rooms  was  then  opened  and  the  thermometer  read  li/> 
deg.  R.  lower  in  the  morning  in  these  rooms  than  it  did 
when  the  heavy  ice  was  on  the  coils  and  the  ammonia 
on  all  night. 

After  the  heavy  ice  had  been  knocked  off  all  the  coils 
in  succession,  we  shut  down  every  night  until  the  light 
coating  of  ice,  caused  by  about  22  hr.  run,  was  melted 
off.  We  could  even  afford  to  shut  down  in  the  hottest 
weather  and  still  have  the  rooms  1  to  2  deg.  R.  lower  in 
the  morning  than  they  had  been  under  the  old  method  of 
operating.  Some  brine  was  used  for  cooling  beer,  and 
this  went  up  2  to  3  deg.  R.  in  the  two  hours  the  plant 
was  shut  down,  but  by  morning  the  temperature  was  back 
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to  iioniial.  In  storage  houses  requiring  a  constant  tem- 
perature, Mr.  'I'luirston's  iticthod  could  not  be  used  for 
removing  the  ice,  but  woukl  be  convenient  for  jjumpiug 
out  condenser  sections  separately, 

William  Ij.  Kkil. 
Philadelphia,   I'enn. 


Mr.  Tliurstoii's  article  appears  ratiier  impracticable 
to  nie.  It  is  certain  that  ammonia  gas  at  200  deg.  will 
take  the  frost  off  coils  if  it  reaches  them  at  anywhere 
near  this  temperature,  but  will  the  hot  gas  go  into  llic 
coils  hot  enough  to  do  any  good?  I  have  heard  of  tliis 
system  being  used,  but  I  have  never  seen  it  operate  satis- 
factorily. In  my  opinion,  half  a  dozen  laborers,  directed 
by  an  engineer,  will  do  this  work  better  and  in  much 
less  time. 

The  frost  can  be  melted  free  from  the  coils  by  shut- 
ting the  suction  valve  and  leaving  the  expansion  valve 
open,  so  that  the  coil  will  partially  till  with  liquid.  This 
method,  however,  is  not  to  be  recommended.  The  chance 
"f  starting  leaks  in  the  flanges  and  other  places  is  great, 
with  the  resultant  loss  of  ammonia  and  encountering 
other  disagreeable  features.  Care  must  also  be  taken  in 
again  getting  the  liquid  ammonia  out  of  tbe  coil  and 
through  the  compressor  without  doing  damage.  While 
all  this  is  going  on  the  ice  machine  is  doing  little,  if 
any,  good  to  tlie  other  rooms  which  require  cooling. 

Expansion  valves  are  usually  yo  in.  in  diameter  and 
there  is  always  some  i/4-in.  pipe  between  the  expansion 
valve  and  the  coil  of  2-in.  pipe.  The  hot  gas  will  cool 
considerably  while  traveling  from  the  ammonia  condenser 
to  tlie  Yo-in.  expansion  valve.  Then  in  passing  through 
a  few  feet  of  y^-in.  pipe  and  through  a  y^-in.  valve  in 
the  cold  room,  more  heat  will  he  lost.  Then  the  gas  will 
lose  a  large  part  of  its  remaining  heat  when  it  enters  the 
2-in.  coil,  due  to  the  expansion  at  this  point.  The  frost 
on  the  coil  and  the  low  temperature  of  the  room  will 
finish  the  job,  and  the  hot  gas  from  the  condenser  will 
be  cool  liquid  before  any  frost  drops  off. 

I  once  saw  a  coil  cleaned  by  someone  who  accidentally 
shut  the  suction  valve  and  let  the  expansion  valve  stay 
ojien  until  the  coil  was  full  of  liquid  and  must  have  had 
condenser  pressure  on  it.  In  that  case  a  gasket  was 
bloAvn  out  of  a  2-in.  flange  and  a  lot  of  ammonia  was  lost. 
A  gang  of  men  was  driven  out  by  the  fumes  and  the  work 
was  delayed  several  hours. 

In  another  case,  the  heavy  frost  fell  off  of  about  (iO  ft. 
of  2-in.  pipe  in  the  center  of  a  coil  1000  ft.  long.  It  was 
found  that  the  pipe  had  been  blocked  nearly  solid  by  a 
slug  of  solder  which  had  entered  the  pipe  when  the 
flanges  were  sweated  on. 

Both  of  these  jobs  were  accidental,  but  they  are  enovigii 
to  nuike  me  decide  that  it  is  a  poor  way  of  getting  re- 
sults. Clean  the  frosted  coils  with  scrapers,  and  the  com- 
pi'essor  can  be  kept  in  operation  on  some  other  jiarf  of 
the  plant  at  the  same  time. 

A.  G.  Solomon. 

Chicairo.   111. 


Mv.  Solomon's  ci'iticism  is  not  quite  justified,  as  thaw- 
ing off  the  refrigerator  coils  by  means  of  the  hot  vapor 
from  the  ammonia  compressor  can  be  satisfactorily  per- 
formed. It  is  only  necessary  to  shut  off  the  suction  valve 
and  allow  the  hot  vapor  to  enter  the  coils.  By  the  time 
the  pressure   in    the   coils    rises   suffieieiitly    to   cool    and 


lifpicl'y  tile  hot  gases,  much  thawing  can  be  done;  in  fact, 
more  ice  can  be  thawed  off  in  this  way  tlian  with  the 
li(|uid  entering  from  the  expansion  valve. 

In  all  these  thawing-off  systems,  it  is  necessary,  M-hen 
starting  up  the  coil  again,  to  be  careful  to  open  the  suc- 
tion valve  slowly,  so  that  the  refrigerating  machine  will 
not  be  flooded  with  liquid  and  perhaps  be  damaged. 

FUEU   Ol'HULS. 
New  York  Citv. 


The  accompanying  drawing  is  of  a  tool  used  for  re- 
moving condenser-tube  packing  glands.  The  body  is 
bored  to  the  size  of  the  inside  diameter  of  tbe  tube.  A 
])in  is  fitted  in  the  bore  with  the  end  projecting  so  as  to 
enter  the  tube  about  %  in.  A  piece  of  1-in.  extra-iieavy 
pipe  is  bored  out  and  slipped  over  the  tool  and  packing 
gland  to  prevent  the  slot  in  the  latter  from  breaking  out. 


TuBK  FOR  Removing   Condensek-Tube  Glands 


I  made  a  tool  of  this  design  for  taking  out  old  glands, 
and  find  it  better  than  the  common  gland  tool.  If  the 
lugs  break  off  the  tool,  it  is  only  necessary  to  pull  out 
the  pin  and  file  or  saw  new  lugs.  I  case-harden  the 
lugs  to  give  additional  strength. 

F.  1{.  Lewis. 

Peoria,  111. 


On  an  old-style  dynamo  having  no  oil-throwing  device 
inclosed  in  the  bearings,  a  brass  plate  about  ^%  in.  thick 
was  affixed  to  the  end  of  the  commutator  and  insulated 
from  it  by  mica.  The  idea  was  to  throw  off  any  oil 
which  would  creep  along  the  shaft.  Sometimes  the  ma- 
chine sparked  and  sometimes  it  did  not.  However.  I 
decided  to  investigate. 

Upon  removing  this  brass  plate  1  loiind  that  the  oil 
creeping  along  the  shaft  had  also  eiept  between  the  lay- 
ers of  mica  and  spoiled  the  insulation.  At  two  or  three 
])laces  a  small  hole  had  been  burned  through  the  mica, 
which  allowed  a  spark  to  start.  1  |)ut  a  piece  of  thin 
i-uhher  packing  in  the  ])lace  of  the  mica  and  had  no  fur- 
ther troiihl.'. 

If  tiierc  is  a  fairly  large  collar  on  a  high-speed  arma- 
ture shaft  it  is  a  first-class  spraying  device,  and  with 
the  suction  of  the  air  through  the  armature,  the  coil.* 
will  soon  become  soaked  with  oil.  The  easiest  way  to  ob- 
viate this  is  to  put  a  small  sheet-metal  oil  guard  over 
the  collar;  this  will  catch  the  spray  and  allow  it  to  drain 
to  the  bottom  of  the  bearing. 

W.    BURN.S. 

(Jovan.  Scotland. 
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Iimqt^iries  of  Gemeral  Iimileiresil 

iiiiiiiiiiiiiiiiiiiuiiiiiiiiiniiiiiiiuHUiiiiinnniiiiiiiii i i iiiiiiiiiii i iiii iimi iiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiimiiiiiuiiiiiiiiiiauiiiniiiHiiiiitiiiiiinMiitgiiiiuiii^ 


.Shiriliiu  llrimhoH  iif  ii  t;cu<Tnl»r  What  Im  tlx'  irri-it  of 
MhlftliiK  llu-  liiu.tlii'M  of  H  K'-ixTiitDi-   fiiim   (III'   iicutriil   poHltliin? 

('.    H. 

If  shlfttul  tm>  fill-.  spiirkliiK  will  ifsiilt  .iml  the  voltaic 
will    be    rt'dui-i'd. 

Curri-nt  DrOMKy  with  «'nrlion  IlruNhOH — Mow  miu-li  (iirriiii 
iiiuy  safi'ly  be  carried  p<T  .siniai''  liicli  of  briiHh  coiumt  with 
.•ailioii    liniNlu'.s    Oh    a    Hiiiall    llfi-volt    nciK-iatoi? 

J.    K.    H. 

With  the  i-omimilator  tnif  and  Hiiiooth  and  brushes  Kiouiid 
to  u  jrood  lit.  It  Is  consldcri'd  by  many  that  35  amp.  per  sq.ln. 
of  brush  contact  is  all  that  should  be  allowed  for  carbon 
brushes 


Kv 


NcKllUvf    l.lip    nitli    n<illl 

Why    arc    the    steam    valves    of   : 
^ine    Kiven    a    negative    lap? 


'ciitrle    CorliNM    Viilve    «ic'nr — 

doiibh'    eccentric    Corliss    cn- 


P.    C.    H. 


The  ranse  of  cutoff  for  the  Corliss  valve  Rear  is  from 
the  bepinnlnK  of  the  stroke  to  half  stroke  or  less.  When  a 
lonper  cutoff  Is  desired  the  wristplate  must  be  moved  by  an 
eccentric  with  negative  advance  and  the  steam  valves  have  a 
clearance   Instead   of   lap. 


Foot-INiiind  ReniM«nnce  of  Stenm  FittinK^ — In  testing  the 
strength  of  close  nipples  when  inserted  in  a  steam  fitting 
what   is   meant   by   "resistance   in   foot-pounds?" 

W.  R. 

Resistance  in  foot-pounds  refers  to  the  moment  or  lever- 
age resisted  by  the  fitting,  expressed  as  a  product  of  force 
or  test  weight  In  pounds  multiplied  by  Its  lever  arm  or  per- 
pendicular distance  in  feet  of  the  action  line  of  the  force 
from    that    point    of    the    fitting    under    consideration. 


MoiNture  in  Steam — What  percentage  of  moisture  is  con- 
tained   in    steam    discharged    from    boilers    in    ordinary    use? 

H.   L.    R. 

When  horizontal  return-tubular  boilers  of  average  pro- 
portions or  water-tube  boilers  having  drums  that  afford  am- 
ple disengagement  surface  are  fed  with  water  free  from  in- 
gredients which  cause  foaming,  and  the  boilers  are  not  driven 
beyond  their  normal  capacities,  nor  the  water  level  carried 
too  high,  then  the  steam  discharged  will  usually  contain  not 
more    than   about    2    per   cent,    of   moisture. 

Rotary  TrauBformer  and  Motor-Generator — What  is  the 
difference  between  a  rotary  transformer  and  a  motor-gen- 
erator? 

I..  N. 
Both  serve  the  same  purpose — to  convert  direct  into  alter- 
nating current,  or  vice  versa.  A  motor-generator  set  is  a 
motor  and  a  generator  each  complete  in  itself  with  their 
shafts  directly-  coupled,  while  in  a  rotary  transformer,  or 
rotary  converter,  the  alternating  and  direct-current  windings 
are   in    the   same   machine. 

Advantages  ot  Suspended  Boiler — What  are  the  advantages 
of  suspending  horizontal-return  tubular  boilers  as  compared 
with    supporting    them    on    the    side    walls    of    brick    settings? 

C.    D. 

The  setting  of  a  suspended  boiler  can  visually  be  arranged 
to  take  up  less  space;  the  brick  work  and  boiler  shell  may 
expand  and  contract  independently;  brick  work  may  be  re- 
moved and  repaired  without  endangering  the  supports  of  the 
boiler:  the  walls  are  less  likely  to  settle  or  crack;  and  equal- 
izing levers  may  be  emnloyed  for  sustaining  desired  propor- 
tions  of  weight   at   the  different   points  of   suspension. 


Kerosene  in  Boilers — What  are  the  objections  to  the  use 
of   kerosene   in   boilers   for   preventing    boiler    scale? 

.  C.    N. 

The  principal  objections  are  that  it  is  likely  to  cause 
leaking  of  calked  joints,  around  rivets  and  of  the  expanded 
joints  of  tubes.  Leaks  thus  induced  are  difficult  to  stop. 
Further  objections  are  that,  with  some  feed  w-aters.  the  use 
of  kerosene  is  accompanied  by  oily  deposits  which  are  likely 


to   result   In  ovi-rlii-aliMK  or  burning  of  the  material  of  a  bollet 
and    thai    the   volatile  ull   curried   over   with   the   Hteum   cauh' 
leaking    of    Btcum-pipe    joints    and    softening    and    leiikInK    ' 

pacUlngH. 

4'onHuni|itlou  iif  <>UHi>Ilne  What  amount  of  gaHOlInu  would 
be  required  per  hour  to  run  a  2,''i-hp.  engine  liia<led  two-thlrdit 
of  Its  capacity? 

C.  H.  L.. 
It  is  usual  to  consider  the  cimMumptloti  of  a  gasoline  en- 
gine as  one  pint  of  gasoline  per  horsepower-hour  when  the 
engine  Is  in  good  condition  and  running  at  full  load.  Tin 
fuel  consumption  is  slightly  greater  when  running  at  llghtei 
loads.  Assuming,  then,  that  the  gasoline  consumption  at 
two-thirds  load  would  be  1.2  pints  per  horsepower-hour,  the 
total  hourly  consumption  would  be  1.2  X  0.66  y  26  =  20 
pints    piM'    hour. 

Oittalnlng  Shorter  t'utott — How  can  the  cutoff  of  a  Corlls.! 
engine   be   shortened? 

U.    T.    R. 

The  governor  automatically  adjusts  the  cutoff  to  the  mean 
effective  pressure  required  for  maintaining  the  speed,  and  as, 
for  a  glveti  horsepower  developed,  the  mean  effective  pres- 
sure is  inversely  as  the  speed,  the  governor  will  shorten 
the  cutoff  if  the  speed  of  the  engine  is  increased,  but  with 
the  same  load  and  same  speed  the  governor  will  automatically 
adjust  the  valve  gear  to  a  point  of  shorter  cutoff  for  an  in- 
crease of  the  initial  pressure  or  a  decrease  of  the  back  pres- 
sure on  the  piston. 


Large  and  Small  t'nlorl*- — What  is  the  distinction  between 
"large   calorie"   and   "small   calorie"? 

L.    B.    B. 

The  large  calorie  is  the  French  thermal  unit  and  is  that 
quantity  of  heat  required  to  raise  the  temperature  of  one 
kilogram  of  pure  water  from  4  deg.  C.  to  5  deg.  C.  It  is 
the  usual  "calorie"  of  engineering,  being  equal  to  3.968  B.t.u. 
The  small  calorie  is  the  thermal  unit  of  physicists,  being  the 
quantity  of  heat  required  to  raise  the  temperature  of  1  gram 
of  pure  water  from  4  deg.  C.  to  5  deg.  C;  hence  the  small 
calorie  is  the  one-thousandths  part  of  the  calorie  generally 
used    in    engineering    computations. 


Kqual    Vacuum    for    Different    Barometric    Readings — With 

a  barometric  reading  of  27.4  in.,  how  many  inches  of  vacuum 
would  have  to  be  obtained  for  the  same  concenser  pressure 
as   with    26   in.    of   vacuum   at    sea    level? 

H.  B.  F. 
For  the  same  temperature  of  atmosphere  surrounding  the 
mercury  gage  and  barometer  in  each  case  and  assuming  the 
atmosphere  at  sea  level  to  have  a  barometric  pressure  of  30 
in.,  then  a  vacuum  gage  reading  of  26  in.  at  sea  level  would 
be  30  in.  —  26  in.  =  4  in.  of  mercury  column  pressure  for  the 
given  gage  temperature:  hence  for  a  barometric  reading  of 
27.4  in.  the  same  absolute  pressure  would  exist  when  the 
vacuum   gage  showed   27.4  —  4    =    23.4   in.   of  vacuum. 


Wattless  Current — What  is  meant  by  wattless  current? 
How  may  it  be  detected,  and  does  wattless  current  represent 
wasted   energy? 

H.  L.  M. 

In  an  alternating-current  circuit  containing  inductive  re- 
sistance, counter-electromotive  force  is  set  up  which  opposes 
the  flow  of  current.  This  causes  the  maximum  values  of  the 
current  and  voltage  to  occur  at  different  times,  in  other 
words,  the  current  is  said  to  lag  behind  the  voltage.  Tho 
total  current  is  not  effective.  The  ineffective  part  is  called 
wattless  and,  expressed  graphically,  the  component  of  the 
current  at  90  deg.  to  the  electromotive  force  is  wattless,  as  it 
can  do  no  work.  It  may  be  detected  by  a  power-factor  meter 
or  by  noting  the  difference  between  the  wattmeter  reading 
and  the  product  of  the  voltmeter  and  ammeter  readings. 

"^"attless  current  does  not  represent  wasted  energy,  but 
it    leads    the    line    and    limits    the    curient-carrying    capacity. 
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Last  Lesson's  Axsweks 

1.  Set  the  right-hand  "1"  of  the  ('-scale  on  93  of 
P:  under  17  of  C  is  found  158.  By  inspection  it  is 
seen  tliat  0.0093  is  very  close  to  0.01  and  Vioo  of  17,000 
would  be  170,  so  the  answer  will  lia\o  three  whole-num- 
ber places,  or 

17,000  X  0.0093  ==  158 

2.  Set  the  hair  line  of  the  runner  on  316  of  Z>.  Slide 
C  until  273  (the  last  figure,  "3,"  will  be  li/o  of  the 
smallest  divisions)  is  under  the  hair  line.  The  answer 
und;'r  '"l"  of  C  is  1157  (the  last  figure  is  estimated)  on 
P.  By  inspection,  273  into  0.031()  will  require  three 
ciphers  after  the  decimal,  so  the  answer  is 

0.0316 


273 


0.0001151 


3.  I»  problems  of  this  sort  generally  it  is  better  to 
lake  a  division  first  then  miUtiplication  and  so  on  al- 
ternating. It  reduces  the  number  of  resettings  of  the 
slide,  as  will  be  explained  later,  although  it  will  not  in 
this  particular  case.  Set  the  hair  line  on  605  (the  first 
small  division  after  "6")  of  D.  Move  slide  until  437 
(the  "7"  is  estimated  as  f  of  the  second  smallest  division 
after  43)  on  C  is  under  the  hair  line.  Under  "1"  of  C 
is  1382  on  D  which  is  the  quotient  and  must  still  be 
multiplied  by  921.  The  latter  on  C  is  off  the  scale  to 
the  right,  so  the  slide  must  be  shifted  end  for  end  by  first 
placing  the  hair  line  over  the  left-hand  "1"  of  G;  then 
bringing  the  right-hand  "1"  of  C  under  the  hair  line. 
Now  slide  the  hair  line  to  921  on  C  (the  "1"  is  esti- 
mated) and  under  the  line  on  D  is  the  answer  1275  and 
it  is  clear  that  it  is  a  whole  number  and  there  is  no 
decimal  point  to  be  placed. 

4.  '{'he  formula  required  is  the  familiar 


J/p 


PLAN 

33,000 


The  P  is  given  2(i.';   lb.     The  length  of  stroke  is  10  in. 


.r  If  ft.  =  L.     The  area  is  10-  X     i 


10  X   10  X 


0.7854  =  A  and  the  number  of  strokes  per  minute  is 
luice  the  number  of  revolutions  per  minute,  or  34()  X 
'*  =  N.   Then  the  equation  is 

26.7  X  10  X  10  X  10  X  0.7854  X  346  X  2 


///;.  = 


33,000  X  12 


'^lit(■  a  little  canceling  is  possible  as  a  short  cut;  the 
iliree  "lO's"  into  the  "33,000"  the  "2"  into  the  "12" 
and  the  "6"  left  into  0.7854;  so  that  the  equation  be- 
fore using  the  rule  at  all  can  be  simplified  to 


hp.  = 


26.7  X  0.1309  X  346 
33 


Set  the  hair  line  on  26.7   D :  bring  33  of  C  under  tlie 
line;  move  the  line  to   1309  of  (';  bring  Icft-Iiand   "1" 


of  C  under  the  line;  move  the  line  to  346  on  C.  The 
answer  is  now  under  the  line  on  I),  or  3()().  A  10x10- 
in.  engine  must  be  more  than  3  hp.  and  less  than  300 
so  the  answer  is  36.(5  hp. 

5.     If   the  coal   eonsuiiipUon   is    10    lb.    per   sq.ft.   of 
grate  area  per  hour,  it  is  10x27  lb.   per  hour,  and  j)cr 
square  foot  of  heating  surface 
10  X  27 


920 


0.293  Ih. 


The  problem  could  also  be  stated  as  an  inverse  proportion 

920: 27:  :  10: x 
and  solved  as  later  explained  for  proportions. 

It  is  to  be  noticed  that  it  was  not  necessary  to  carry 
the  decimal  point  in  mind  through  any  of  the  prob- 
lems. 

The  Slide  Rule  Continued 

To  solve  117  X  57  -^  45,  one  can  multiply  117  by 
57,  and  make  a  resetting  to  divide  by  45.  It  is,  however, 
much  shorter  to  set  the  hair  line  on  117  of  D  and  brii)g 
45  of  (.'  opposite  it,  then  the  quotient  2.6  is  found  on  I) 
under  the  "1"  of  C.  Without  resetting  the  slide,  move 
the  hair  line  to  57  of  C  and  read  the  final  product  of 
D,  i.e.,  148.2.  It  is  impossible  to  read  the  rule  so  exactly 
as  to  know  that  the  product  is  148.1,  148.2  or  148.3,  but 
the  product  of  two  numbers  ending  in  a  6  and  a  7  re- 
spectively must  end  in  a  2,  so  that  this  determines  the 
fourth  figure.  The  application  of  this  principle  will 
enable  any  product  of  two  2-figure  numbers  to  be  rcuid 
with  absolute  precision  on  the  rule.  Thus  83  X  ■*^^-  •'  i^ 
impossible  to  read  much  closer  than  780  on  the  rule, 
but  mentally  saying  3  X  4  =  12  enables  us  to  give 
all  four  figures  7802.  The  fewer  settings  to  be  made 
by  the  rule,  the  greater  the  accuracy. 

Proportions  are  readily  solved  on  the  slide  rule.  For 
instance,  74  :  67  :  :  8.2  :  .r.  A  simple  rule  is:  "Set  the 
first  on  the  second;  under  the  third  is  found  the  fourth. 
For  example,  set  the  hair  line  on  67  of  D;  bring  74  on 
C  under  the  line;  then  move  the  line  to  8.2  of  C  and 
under  it  on  D  is  7.43,  the  unknown  fourth  term. 

Square  roots  and  squares  on  the  slide  rule  are  matters 
of  a  loo):  only.  The  figure  undei-  the  hair  line  on  I) 
is  the  square  i  )t  of  the  figure  under  the  haii  line  on  .1. 
Here  the  decimal  point  must  be  considered  a  little  more. 
The  figures  on  the  left  half  of  scale  A  rei''"esent  all 
numbers  from  1  to  9,  100  to  999,  10,000  to  99,999,  i."., 
all  numbers  having  an  uneven  number  of  figures.  The 
right  half  of  the  scale  represents  all  numbers  from  10 
to  99,  1000  to  9999,  etc.;  all  numbers  of  an  even  num- 
ber of  figures.  If  one  forgets  the  rule,  try  it  out  with 
4.  Set  the  line  on  the  left-hand  "4"  and  "2"  will  be 
found  under  it.  Set  it  on  the  right-hand  "4"  and  6.325 
(as  nearly  as  can  be  read)  will  be  found  under  it. 

Vlt  =  2 ;    V^OO  =  20 ;    V  40,000  =  200 


V  40  =  6.324-1-  ;    V  4000  =  63.24-|-  etc. 
Squares  are  the  converse.     Set  the  line  on  a  figure  on 


U5 


I'o  w  !•:  i; 


Vol.  :(!»,  \. 


stale  l>,  iind  llic  siiiiiiic  will  lie  JKiind  iilm\i'  on  hcuIi-  .1. 

Ciilii's  an'  ohtaiiii'il  In  repealed  iniiltiplii  ntioii  on  llic 
lower  seale.  'I'o  riilte  ;J.l,  set  llie  hair  line  on  .'{.!  of 
scale  l>.  |nit  the  lel't-haml  "I"  ..I  ('  opposite,  and  read 
!t.(il  on  I)  opposite  '.\.\  on  ('.  Leave  the  hair  lini'  set 
on  ;'.(!!  and  hrin;,'  the  rif^ht-haml  "1"  of  f  opjiosile  it, 
llicii  read  'Jii.lH  on  l>.  A  second  method:  Set  the  hair 
line  on  '.\.\  ol'  scale  /'.  and  read  '.'.til  on  scale  .1  aliove. 
Set  the  *'!'"  (d'  /)'  opposite  ItJii  ol  .1,  and  read  the  cMhr 
on  .1   opposite  .'i.  1  on   //. 

Ohtainin^'  the  culic  root  seems  ((iiiipli(  iiled,  hiil  is  no- 
where nearly  so  iliiru'ull  as  the  same  opcniliiin  \\\\\\  paper 
and  pencil.  First  reverse  the  sIkIc,  si'c  Im^-.  1.  'I'lien 
(•onsidcr  all  iiiinilirrs  liniii  1  In  in  reprcsmlcd  liv  llic 
left-hantl  scale  on  .1.  Il>  lo  Um  i.\  the  I'i^ht-liand  scale 
o\\  .1.  and  ino  to  100(1  li\  ail  'iiMa^iiiiiary  scale  mil  to  llic 
rifiht  (d'  the  ride.  'I'o  f;-ct  liic  ciilie  root  of  !).  sel  lln^  hair 
line  over  "!)"  on  the  lidt-haiid  scale  .1  and  hriiij:  llie 
rijrht-haud  inverted  "1"  oT   the   inverlcd  scale  II  under 


it.  move  the  hair  line  aloiiji-  until  it  covers  the  same  num- 
ber on  scales  B  and  D.  In  this  case  it  can  be  seen 
immediately  that  it  is  near  2,  as  2  on  ii  is  opposite  2.118 
on  D,  and  2.2-4  on  B  is  opposite  2  on  D.  But  2.1  on  B 
is  opposite  2.064  on  D,  showing  this  is  too  much;  2.0.T 
on  B  is  opposite  2.093  on  D,  too  little;  2.075  on  B  is 
opposite  2.082  on  D,  still  too  little;  2.080  seems  to  be 
about  right.     (The  correct  answer  is  2.0802). 

To  get  the  cube  root  of  90,  set  the  hair  line  on  the  "9" 
(or  "90")  of  the  right-hand  scale  A,  and  bring  the 
riglit-hand  inverted  "1""  of  scale  B  under  it,  as  in  Fig. 
2 ;  then,  as  before,  move  the  hair  line  until  the  readings 
on  B  and  D  are  the  same.  The  4  on  i?  lies  opposite 
4.745  on  D,  and  5  on  2?  lies  opposite  4.245.  The  root 
lies  between  4  and  5;  4.5  on  B  is  opposite  4.47  on  I); 
4.475  on  B  is  opposite  4.485  on  B.  This  would  indicate 
an  answer  of  about  4.482.  (The  correct  answer  is 
4.4814). 

To  obtain  the  cube  root  of  900,  set  the  right-hand 
inverted  "1"  of  scale  7?  on  an  imaginary  900  out  to  the 
right  of  the  scale,  wliich  means  set  the  left-hand  inverted 
"1"  on  the  "9"  on  the  left-hand  A-scale,  as  in  Fig.  3. 
The  "9"  on  B  is  opposite  "10"  on  D,  and  "1.0"  on  B 
opposite  9.48  on  D;  9.5  on  B  is  opposite  9.73  on  D;  9.6 
on  B  opposite  9.68  on  D;  9.65  on  B  opposite  9.66  on  B: 
so  9.655  is  about  the  answer.  (The  true  answer  is  9.659, 
which  indicates  a  high  accuracy  for  this  method  of  com- 
putation. 


In   this  last   case  do  not   make  the  mistake  of   I'endi' 
loo  Inr  down  the  ride  and  allem|)lin^  to  Iind  the  an^ 
apiin  helween    t  and  5.     In  this  case  it  ninsl  he  rem<   ^ 
liered  that   (he  "I"  of  the  H-scale  is  the    10.      In  general  i 
this  amliigiiity  must  he  avoideil  hy  roniendx-ring  roughly 
that  the  cnlie  root  of  IHKl  is  near  9,  n"'  near  4.     So,  too. 
the  enhc    root   <d'   9(M)()    would    ronghiy    he   near   20,   not 
miir    |n  or   ."lO,    wjicre   the   II  and    I)  scales  also  give   ijn' 
same    ifading    at    about     I.IHd.      'I'hat     is,    in    cube    and 
.-(piai'c  root,  as  in  finding  the  de(  imal   point   in  ninlti|ili- 
lation,  it   is  necessai'y  to  use  a  little  disci-etion.     So,  loo. 
the  cube  root  of  90,00(1  is  near  10  ami  not  near  20  or  200 
as  might  possibly  be  thought  from  a  too  «piick  look  al  the 
slide     rule. 

Il  was  sliowil  ill  llie  last  les>oii  how,  with  the  slide  ill 
its  normal  position,  laliles  of  miilti|)les  were  given  for 
each  selling  III'  the  rule.  Willi  iIk'  slide  inverted  in  Ihe 
rule,  as  for  eiilie  Idol,  hut  with  the  terminal  "Is"  brought 
opposite,  a  table  of  reciprocals  is  aiVorded,  for  each  num- 
ber on  .1  will  be  above  its  reciprocal  on  B,  or  each 
number  on  ('  will  he  above  its  reciprocal  on  I).  For  in- 
stance. I  on  the  l(d't-hand  scale  .1  is  over  25  on  scale  l> 
(.jij  =!=  0.0  1  or  '/4  =  0.25)  and  "5"  on  scale  C  is  over 
-2  ■  on  scale  /;  (VL-  =  0.5  or  i  =  0.2). 

.\  useful  table  available  at  one  setting  of  the  slide  rule 
is  thai    for  areas  of  circles.      If  the  right-hand  "1"  of  // 

be  set  on     -     (0.7854)   of  .1,  then  if  the  hair  line  be  set 

on  any  number  on  C ,  the  area  of  the  circle  of  that  diam- 
I'ler  can  he  read  directly  on  .1.  (This  sliould  be  tried.) 
for  instance,  opposite  2  on  (',  one  finds  3.1416  on  A, 
the  area  of  a  circle  of  a  diameter  of  2.  On  the  other 
hand,  with  this  setting,  if  tlie  hair  line  is  set  on  the 
area  of  a  circle  on  A,  the  diameter  is  at  once  read  on 
scale  C. 

Since  a  "table"  is  formed  when  the  "1"  of  the  slide 
is  put  opjiosite  a  number,  any  number  of  multiplications 
bv  a  common  factor  can  be  made  at  one  setting  of  the 
rule.  Take  the  common  factor  on  I)  or  A,  set  "1"  of 
('  or  H  opposite  it,  and  read  the  products  successively 
without  resetting  the  slide.  Divisions  usually  take  a 
fresh  setting  for  each  one,  but  if  several  different  num- 
bers are  to  l)e  divided  by  the  same  number,  e.g.,  2.43, 

first  get  the  reciprocal  of  the  divisor  ,  which  is  found 

to  be  0.412.  Then  multiplying  the  different  numbers  by 
this  reciprocal  is  the  same  as  dividing  by  the  original 
divisor,  and  all  of  the  operations  can  be  done  at  one 
setting. 

This  bv  no  moans  exhausts  the  capacity  of  a  slide 
rule,  as  all  sorts  of  trigonometrical  problems  can  also 
be  solved  on  it.  but  multiplication,  division,  raising  to 
powers,  extracting  roots  and  solving  proportions  are  the 
principal   uses. 

Stidy   Qikstioxs 

,      33.4  X  \.-V.) 

6.  At  one  settmg  solve  — „  uyy 

7.  Solve  the  proportion  61 :  408  :  :  32  :  x. 

8.  If  the  mean  effective  pressure  remains  the  same, 
how  much  horsepower  will  an  engine  develop  at  200 
r.p.m.  if  it  develops  45  hp.  at  160  r.p.m.? 

9.  Find   the  square  root   of  42.200, 

10.  Find  tlie  cube  root  of  42.200. 
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A  steel  gear,  probably  the  largest  of  its  kind  ever  inan- 
uraetured,  was  shipped  reeently  by  the  Mesta  Macliine 
Co.,  Pittsburgh,  I'eim.,  to  the  Inland  Steel  Co.,  Chicago, 
and  will  be  used  for  driving  a  sheet  mill.  From  this 
gear  and  pinion  a  single-stage  speed  reduction  is  ob- 
tained from  the  motor  to  the  mill. 

The  gear  is  22  ft.  8  in.  in  diameter,  with  a  38-in. 
face  and  5V^-in.  circular  pitcli;  the  mating  pinion  is 
2  ft.  11  in.  in  diameter;  tliere  arc  1.54  teeth  in  tlic 
geai'  and  20  teeth  in  the  pinion. 


Tkiplio    Staggeked-Tootii    Steel    (tEar 

The  design  \arics  from  ordinary  practice  because  the 
teeth  are  staggered  in  three  sections.  On  account  of  the 
axial  motion  to  which  the  dri\e  is  subjected  it  was  nec- 
essary to  use  a  S])ur  gear.  A  herring-bone  gear  was  not 
considered  because  of  the  unequal  pressures  that  would 
be  exerted  on  the  side  of  the  tooth  face.  It  travels  at  a 
speed  of  2000  ft.  per  min.  and  transmits  KiOO  hp.  To 
meet  the  action  of  this  high  s])eed  the  gear  was  carefully 
cut,  the  teeth  staggered,  and  the  drive  arranged  to  run 
in  an  oil  bath. 

"^he  gear  is  built  up  of  six  parts.  The  center,  includ- 
ing the  arms,  etc.,  carries  the  central  rim  segments  of 
teeth;  the  two  halves  of  the  gear  are  bolted  together, 
and  the  separate  rims  fastened  by  bolts  running  through 
the  side  of  the  central  casting. 


OVEJR  TIME  SFIiILIL^y^AY 

JUST   J  K  S  T  .S,  J  A  H  S.  J  (J  S  n  E  S  A  N  D   JUMBLES 


Lots  of  folks  know  Leonardo  da  Vinci  only  as  the  painter 
of  Mona  Lisa,  who  was  kidnapped  and  recently  returned  to 
her  Kuardians.  Lenny  was  a  big  mechanical  engineer  as  well 
as  painter.  If  you  live  near  Hoboken  (and  some  people  have 
to),  Ko  to  .Stevens  Institute  on  the  eveiiing  of  Feb.  20  and 
hear   John    \V.   Lieb's   lecture   on   Da  Vinci,   M.   E. 


"Peace,  honor,  freedom  and  prosperity"  are  wished  us  in 
President  Wilson's  recent  message.  Makes  a  fine  message. 
Now,  if  he  can  make  it  stick,  we'll  be  "thanking  you  in  ad- 
vance, and  remain  yours  very  truly."  We  can  suggest  lot.s 
of  other  nice  things,  but  we  can't  seemingly  get  away  with 
them. 


A  highly  peeved  party,  hiding  behind  the  signature  ".Sub- 
scriber," calls  us  dishonest  because  we  allowed  an  advertiser 
to  fill  a  vacancy  tefore  the  ad.  appeared.  Come  out  in  the 
open.  Mister,  and  let's  have  your  name  (even  if  it  be  Mudd!) 
.\  common-sense  man  knows  that  when  a  concern  wants  an 
engineer  it  wants  him  quick.  .Suppose  this  afternoon  an  ad. 
was  inserted  for  tomorrow  morning's  paper,  and  the  adver- 
tiser met  Mister  Subscriber  an  hour  after,  and  hired  him. 
Would  this  Mister  howl  dishonesty  and  refuse  the  job?  Not 
on  your  CO2  recorder  he  wouldn't.  Subscriber?  We  don't 
believe   we  have   one   who   even   thinks  we  are   not   square. 


There  s  a  powerful  lot  of  money  put  into  one  of  Uncle  Sam's 
fighting  plants.  Take  the  "Texas,"  for  instance.  She  repre- 
sents $15,000,000!  But  we  must  have  peace,  even  if  we  have 
to  fight  for  it.  And  it's  the  engines  that  keep  this  mass  mov- 
ing— give   it   impetus!      Makes   you   throw   out   your   chest,   eh? 


We  asked  a  friend  of  ours,  a  boiler  inspector,  to  send  us 
some  dope  regarding  a  recent  boiler-rules  meeting.  Here's 
his  answer:  "We  had  the  Board,  something  to  e.Tt,  nothing 
to  drink — and  the  usual  speeches."  The  lucidity  of  this  ac- 
count ought  to  help  the  operating  engineer  mightily.  That's 
the   reason   we   print   it. 

'dl 
When  we  read  that,  a  mite  of  a  baby  had  been  sent 
through  the  mails"  by  the  parcels  post,  rightside  up  and  un- 
harmed, to  (sex  unknown)  its  destination,  we  thought  our 
parcels  post  was  some  punkins!  Now,  we  are  doubtful,  for 
"Indian  Engineering"  says  "The  Postmaster-General  of  Ben- 
gal left  for  Siliquri  on  Monday  by  the  Darjeeling  mail." 

:*: 

WHKREAS,    AND    BE    IT    RESOLVED — 

BY    BILLY    SPILLS 

You've  met  up  with  one  of  those  "whereas"  things  that 
they  hang  a  Congressional  bill  on?  It  starts  off  with  about 
23  hand-picked  and  wrapped  whereas-es,  gathers  impetus  on 
a  200  per  cent,  overload  of  legal  garbage  (or  is  it  verbiage?), 
and  (Jischarges  at  high  velocity  into  the  be-it-resolved  hot- 
well. 

Then,    being   a   layman,    you   say,    "What   ther   "    (fill 

in  to  suit).  And  your  mind  harks  back  to  the  time  brother 
Willie  got  his  panties  on  'hindside  before — you  didn't  know 
if  he  was  going  or  coming. 

Just  you  turn  over  to  page  238  and  under  the  caption 
"The  Aftermath."  you  will  find  an  apt  illustration.  What 
damming  the  Mississippi  would  do  for  the  folks  on  its  sand- 
bagged banks,  according  to  the  tell  of  the  power  company, 
would  make  Henry  Ford  look  like  two  bits.  Then  about  the 
time  the  dam  dammed  its  hardest  the  industrial  folks  woke  up. 
They  started  to  sic  the  Congressional  canine  to  barking  up 
the  whereas  tree,  and  now  he  has  brought  down  a  full-grown 
resolve  that  measures  14  in.  from  the  tip  of  its  "whereas"  to 
the  end  of  its  "resolved,  further." 

It  is  astounding  how  many  good  working  American  words 
can  be  hidden  away  in  an  18-karat  cluster  of  whereas-es  and 
a  solitaire  be-it-resolved.  Now,  Congressman  Rainey  seeks 
to  undo  those  things  which  were  overdone  and  do  over  those 
things  which  were  underdone. 

In  the  meantime,  we  will  save  up  further  comment  for 
a  Rainey  day,  hoping  that  the  Congressional  sun  will  soon 
after  dispel  the  clouds  that  at  present  hang  threat'ning  o'er 
the    Mississippi. 
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Mom^  to  Cu^]l(L;\uillc..vii^j  ttke  Losses  iim  Gas 

-migimies 

I!'*    (ii.()i!(;i,  W  .    Ml  lAcii 

S]  XO/'SlS—Siiiiiilr  i(iliiil(illi)iis  sliDiiintj  how  to  fujurr  almiit  .">  |icr  cciil.     Tlic  llicriiml  cHiciciicv  varies  from   IT) 

//((•  heat   halanre  of  a   (/as  nujiiic   irilli   a  dcijrrc  of  ttr-  l<i  Wli  per  ccnl.  willi  )H)  to  )IU  por  cent.,  ji  fair  uvcraf^c. 

( unit  1/  closr  riioiiiili  for  ordiinirii  /iiirposrs.  'I'lic  f((llo\viii;j  problem  coverH  a  test  of  a  four-Ktroiie- 

■r  (  vcle  erifjine  and  in  order  lo  make  the  calciilationH  eoiii- 

,,  I     I   .          r  .1      1      <  I                                •       ■             »  !''•''''  "'•■  iiK'clianieal   resultH  will   Ik-   (iLMired   aw  well   m-^ 

(  iiJciiliilioii  ol  the  ileal  losses  in  a  ijas  engine  i8  a  mat-  ,      ,          , 

,.,,.,,.,,,.           1    •  1    •                            I  "ir  lii'iil    losses: 
ter  ol    lhi>  simplest    arithmetic  and    it    is  neeessary   only 

to  understand  a    few   principles   rejrardinjr  hciil.      In   the  ,.    .      ,                                  ritoni.i.M 

followiiifj^  calculations  no  attempt    is  made   to  j;o  deepiv  DiumcUT  of  cylinder,  in                                                                      h  r, 

into  the  subject   of  Ileal  or  lutat   transfer;  just  enougii  t^l^l^lt'l^k!^ {l^.i^'^:''^^:'^'":                                              '■'"  IS 

is  given  to  show  liow  various  heat  losses  are  obtained.  kivwK nn'umf<Tcn«^                                                                  "  lij 

The  losses  comprise   the   heat   given  up   to   the  jacket  Tc-«t  data: 

water,  that  carried  oil'  in  Ihe  exhaust  gases,  both  as  sen-  Uopc.bruke  on  thr  ii.v«hcMi  to  i,„id  ih..  .n^in. 

■111.            1           1                I                              1            I'i*                   1  Net  wcittht  on  brake,  ll>.                                                                                                     OH 

su)le  Jieat  and  unburned   gases,  and    radiation  and  eon-      speed,  r.p.m i7r, 

auction.     When  calculating  the  exhaust  losses  gases  are  -^irnTiieSve  p"^^^^^^^                                                                      4^!^ 

dealt  with  and   not   water,   which   somewhat  comi)lieates  ^'j:i;jffoUa7peJ"ciTt\7b.'^^^                                                            o'Vm 

the    problem.  Heat  value  of  the  gas  per  eu.ft..  B.t.u ;i(IO 

,,.,               1  i     •     •           ji              1            J     I                 -i     •                                  J.  One  pound  of  the  air  at  room  temperature  (68  deg.  I'M    =   14.2  eu.ft. 

\\hen  obtaining  the  exhaust  losses  it  is  necessary  to  coding  water  u.sed.  ii,.  per  explosion 013 

know     the     weight    of     a    cubic     foot     of     the     gas,     also     its  CoolinK  water  temperature  chanKC,  deg.  F..                 ■.•••••,.                   «5 

t'                                                                                       .  Temperature  of  exhaust  Rases  above  room  temperature,  deg.  F. ..  .                 fiOf 

specific  heat,  wliieli  is  the  ratio  of  the  heat  required  to  -n    1      1           •      i 

raise  that  substance  one  degree  to  the  quantity  required  '"  7  determined: 

to    raise   an   equal    weight   of   water   one   degree.      The  ^-       n<l'^-'^ted   horsepowr. 

specific  heat  of  air  at  constant  pressure  is  0.2375  and  ^-     ^^"'^^  horse])ower. 

that  of  the  exhaust  gases  may  be  assumed  as  0.2-15.  For  ^-     Mechanical  efficiency. 

accurate  calculations,  the  exact  specific  heat  of  the  mix-  ^-     ^u bic  feet  of  gas  per  hour. 

ture  must  be  ascertained.     The  volume  of  mixture  passed  ■'■     ^-^^''/^  ^^et  of  air  per  hour. 

through  the  exhaust  is  found  bv  multiplying  the  piston  ^-     J^^^^io  of  air  to  gas. 

displacement    by    the    number    of    explosions,  , and    the  '!'•     Heat  supplied  per  hour. 

temperature  in  the  exhaust  pipe  is  measured  as  near  the  8.     Heat  taken  up  by  the  cooling  water  .per  liour. 

engine  cylinder  as  possible.     The  heat  lost  in  the  ex-  •'•     ^eat  in  exhaust  gases.                    .  • 

haust  per  hour  is  found  by  multiplying  the  weight  of  !"•     ^eat  turned  into  mechanical  c-nergy   (i.hp.). 

1  eu.ft.  of  the  mixture,  by  the  cubic"  feet  exhausted  per  !'•      ^^''^^  turned  into  useful  work   (b.hp.). 

h.nir.  l)y  the  specific  heat,  and  by  the  temperature  change.  ^'-     'i^Iiei-m^l  efficiency  oi   the  engine. 

This  can  be  expressed  in  a  formula  as  follows:  l'^-     ^'^^^^<^e  of  the  heat  h.sses. 

B.t.u.  per  hr.  =  WS{)  {T  —  T')  Solution: 

where  1       I  hp    =  ^'^'^^  =  ^^  ^  ^'^  ^  (8. 5),^'X  0-7854  X  1.5 

F  =  Weight  of  1  eu.ft.  of  mixture  at  exhaust  in  lb. ;  ■     '    ^  '      '         33,000                             33,000 

(S  =  Specific  heat  of  the  mixture;  —  •'•''^'• 

Q  =  Cubic  feet  of  mixture  exhausted  per  hr. ;  2.     Brake  horsepower  equals  net   load   on   the  brakp 

T  =  Temperature  of  the  exhaust  gases ;  times  circumference  of  the  flywheel  X  r-P-m.  -f-  33,000  . 

T'  =  Eoom  temperature.  _  93  X  16  X  175  _  ^  j.^                     ' 

The  radiation  loss  plus  the  loss  due  to  incomplete  com-  •  'i  ■  —          3.3,000          —  >•  ' 

bustion  is  found  by  subtracting  the  sum  of  the  cooling-  brake  horsepower 

water  loss,  the  exhaust   loss   and   the  heat  turned  into  3.     ]\I('(hanical  efficiency  =   .    ,.  '      , — ,  ^,.^^^^,, = 

'                            .1      X  i.  1   1      i           1-   1   J-     j^i  indicated    horsepower 

mechanical  energy  Irom  the  total  heat  supplietl  to  the  ^  u(^ 

engine.  q^.,!o  =  85  per  cent. 

One  B.t.u.  is  equivalent  to  778  ft.-lb..  and  since  33,-  ""                                                          „       ,                 , 

^^„   ,.    ,u               ■                     4.     .   1  -t-     ^-^^^  X  80  X  <>0  =  33fa  eu.ft.  of  gas  per  hour. 

000  ft.-lb.  per  mm.  represents  1  hp.  /\         /n                                      t-      i 

,  ,    ,        .  (8.5)2  X  0.7854    , 

i.Iip.  X  33,000  X  60       ,,._        .  ,  :>.     Displacement  ot  the  piston  =^ ^-— -, X 

B.f.n.  2>cr  hr.  =  — ^^ =  254o  X  '■/'/'.  144 

''^  1.5  =  0.593  eu.ft. 

Having  determined  the  methods  for  finding  the  heat  (0.593  —  0.07)   80  X   60  =  2510  eu.ft.  of  air  per  hr. 

losses  as  Veil  as  the  heat  supplied  to  the  engine,  the  next  6.     Ratio  of  air  to  gas  =  2510  -^  336  =  7.46. 

step  is  the  heat  or  thermal  efficiency.     This  is  the  ratio  7.     Heat  supplied  by  the  gas  per  hour  =  336  eu.ft. 

of  the  heat  absorbed  in  work  to  the"  heat  supplied  to  the  X   300  B.t.u.  =  100,800  B.t.u. 

engine  by  the  fuel.  8.     Heat  taken  up  by  cooling  water: 

The  heat  losses   are   about   as   follows:     Jacket  loss.  Quantity  of  water  used  per  hour  ==  0.13  X  80  X  60 

30  to  50  per  cent.,  with  an  average  of  40  per  cent. ;  ex-  =  624  lb. 

haust  loss,  al)out  30  to  35  per  cent.,  and  radiation  loss.  Temperature  change  =  65  deg. 


February  17,  1!)U 


row  E  R 


249 


B.t.u.  given  up  to  cooling  water  per  hour  =  624  X 
65  =   iO,56U  and 

40,560        ^^,,, 
^^^^^=iO.Zi  per  cent. 

9.  2510  cu.ft.  of  air  per  liour  -^  14.2  =  176.7  lb. 
of  air  per  hour. 

336  cu.ft.  of  gas  per  hr.  X  0.084  =  28.22  lb.  of  gas  per  hr. 

176.7  +  28.22  =  204.92  Ih.  of  mixture  per  hr. 

Specific  heat  of  exhaust  =  0.245. 

Change  in  temperature  of  the  gas  =  600  cleg.  F. 

204,92   X   600   X   0.245   =   30,123  B.t.u. 

30,123  -~  100,800  =  29.88  per  cent. 

10.  Heat  turned  into  mechanical  energy  =  2545   X 


i.hp.  =  2545  X  !).27  =  23,592  B.t.u. 

23,592  -f-  100,800  =  23.4  per  cent,  {thermal  efficiency) 

11.  Heat  turned  into  useful  work  =  2545   X   b.lip. 
=  2545  X  '^•88  =  20,054  B.t.u. 

12.  Net  thermal  efficiency  of  the  engine  =  20,054  -f- 
100,800  =  19.89  per  cent.  " 

13.  Cooling  water  loss  =  40,560  B.t.u. 

E.xhaust  loss  =   30,123  B.t.u. 

Heat  turned   into  mech.   work  =   23,593  B.t.u. 
Total  =   94,275  B.t.u. 

Balance  of  heat  losses  =   100,!SOO  —  94,275  =  6525 
B.tu. 

6525  ~  100,800  =  6.47  per  cent. 


Boil 


nnElmK 


By  Edwaud  Ingham 


The  question  of  "wear  and  tear"  of  steam-plant  ap- 
paratus is  of  importance  to  the  steam-power  user,  especial- 
ly where  large  plants  are  concerned.  Certain  parts  of  a 
steam  engine,  constantly  rubbing  against  one  another, 
cause  wear.  An  engine  piston  wears  the  walls  of  the  cyl- 
inder and  the  piston  rings  also  gradually  become  re- 
duced. The  rotation  of  the  crankshaft  wears  the  bear- 
ings; other  parts  wear  in  like  manner.  The  extent  of 
wear  taking  place  depends  largely  on  the  engineer  in 
( iiarge,  the  design  of  the  engine,  and  the  manner  in  which 
the  engine  was  erected. 

Excessive  wear  is  sometimes  caused  by  the  settling  of 
ihe  foundations,  throwing  the  engine  out  of  line.  This 
is  sometimes  caused  by  the  mortar  of  the  foimdations  be- 
coming saturated  with  oil,  which  has  a  destructive  ef- 
fect; it  will  also  affect  concrete  foundations.  They  should, 
therefore,  be  protected  from  oil  by  suitable  drip  oil  pans. 

If  an  engine  is  adjusted  too  tightly,  increa.sed  friction 
and  wear,  hot  bearings,  etc.,  will  result ;  if  too  slack,  the 
engine  may  knock  and  stresses  be  set  up  with  the  risk 
of  incurring  a  breakdown.  The  practice  of  cooling  hot 
bearings  by  pouring  cold  water  over  them  is  risky  and 
may  cause  a  fracture. 

Fatigue  of  Metal 

In  addition  to  the  deteriorating  influence  of  "wear  and 
tear,"  there  is  the  factor  of  fatigue,  which  plays  a  most 
important  part  in  reducing  the  working  life  of  a  steam 
engine,  and  caimot  well  be  avoided.  By  this  is  meant  the 
weakening  which  certain  metals  suffer  when  exposed  to  a 
large  number  of  re])etitions  of  stress. 

Both  the  piston  rod  and  the  connecting-rod  of  a  steam 
engine  are  subjected  to  a  tensile  and  a  compressive  load 
at  each  revolution,  the  effect  of  which  is  to  lead  to  dis- 
integration and  weakening,  particularly  if  the  range  of 
stress  is  high.  Where  only  low  factors  of  safety  are  adopted 
in  the  design,  the  probability  of  failure  and  breakdown 
from,  fatigue  is  much  greater  than  where  the  margin  of 
safety  is  large.  It  would  he  possible  to  almost  entirely 
do  away  with  fatigue,  by  making  the  parts  of  such 
ttrength  that  the  working  stresses  would  be  very  low,  but 
this  would  necessitate  massive  and  costly  parts;  hence  in 
actual  practice  fatigue  is  always  to  be  considered.    To  re- 


duce the  risk  ot  engine  breakdown  resulting  from  weak- 
ened parts  by  fatigue,  it  is  becoming  the  practice  for 
some  insurance  companies  and  experts  to  advise  ownerti 
t(.  renew  the  more  severely  stressed  working  parts,  after 
these  have  been  in  use  a  certain  number  of  years,  whether 
they  show  signs  of  weakness  or  not.  Experience  has  shown 
that  engines  do  break  down  from  fatigue. 

Two  beam  engines  built  from  the  same  patterns,  were 
supplied  for  driving  a  large  textile  mill.  Both  engines 
were  put  to  work  at  the  same  time  and  under  the  same 
conditions.  After  working  for  nearly  20  years,  the  beam 
of  one  engine  broke.  Within  a  short  time  the  beam  of 
the  other  engine  similarly  failed.  During  the  years  these 
engines  had  been  running  each  beam  had  made  about  200,- 
000,000  oscillations. 

Boiler  Deterioration 

The  principal  cause  of  boiler  deterioration  is  the  wast- 
ing away  of  the  plates,  both  internally  and  externally, 
until  they  become  too  weak  to  safely  withstand  the  pres- 
sure to  which  they  are  exposed.  Internal  corrosion  is 
caused  by  impurities  in  the  feed  water,  galvanic  action, 
etc.  This  defect  can  usually  be  prevented  by  adding  suit- 
able chemical  reagents  to  neutralize  the  acid  action  of  the 
water,  or,  in  the  case  of  galvanic  action,  by  placing  ziufl 
blocks  in  the  boiler. 

External  corrosion  is  caused  by  allowing  the  external 
Jilate  surfaces  to  become  damp,  and  can  easily  be  pre- 
vented by  preventing  moisture  coming  in  contact  with  the 
plates.  Its  existence  is  generally  an  indication  of  care- 
lessness and  ignorance  on  the  part  of  those  responsible 
for  the  maintenance  and  upkeep  of  the  boiler.  There 
are,  however,  other  influences  than  corrosion  which  tend 
to  reduce  the  working  life  of  a  boiler.  If  the  feed  water 
deposits  much  scale  and  dirt  in  the  boiler,  trouble  from 
overheating,  straining  and  leakage  will  be  experienced, 
unless  special  care  is  given  to  cleaning  and  washing  out 
the  deposits. 

The  most  that  a  boiler  compound  can  do  is  to  soften 
the  scale  so  that  it  can  be  readily  removed.  Unless  the 
M'ater  is  treated  before  being  fed  into  the  boilers,  frequent 
cleaning  is  quite  as  necessary,  if  not  more  so,  when  re- 
agents are  used  as  when  not.     If  the  plates  be  kept  free 
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of  snilc  nn<l  (l«>p()sit!>  (nnlicaliii;,'  will  imt  occur.  'I'lic 
presence  of  n  veiT  siiiiill  (iimiititv  ol  ;;rca>c  in  a  Imilcr  i.s 
likelv  to  caii.se  serious  troiiltle;  lliis  is  particularly  true 
if  tlie  feed  water  contains  deposits  of  liinc  anil  nni;;- 
ncsia. 

The  life  of  a  hoilcr  is  intiuenccd  liy  the  person  in 
charge.  A  Jireiuan  wiio  allows  the  fire  Imrs  to  lieconio 
luire,  so  liuit  a  lar;;e  volume  of  cold  air  rushes  into  the 
f;Tnaees,  or  wiu)  raises  steam  rapidly  and  then  opens  the 
furnace  doors  to  adn\it  cohl  air  to  prevent  the  safety 
valves  from  hlowinjj,  is  responsible  for  weakness  ami  iW- 
ti-rioration.  Some  firemen  do  not  allow  a  rea.sonahic  time 
in  whicii  to  raise  steam  and,  when  layinfj:  a  boiler  iilf  for 
cleaning,'  or  inspect ini:,  will  blow  olV  under  pressure.  It  is 


iiol  uncommon  for  the  more  i^Miorant  firemen  to  actually 
play  cold  water  over  the  hot  plates  immediately  id'terward. 
'Phis  is  iamnd  to  cause  excessive  strainiiij^  of  the  plates, 
and   would  account    for  seam  trouldes. 

Kven  with  j^ood  workinj^  conditions  serious  defects  will 
anpenr.  if  the  <lesi;.'n  and  const ru<'tion  arc  not  of  the  best, 
or  if  the  iauler  has  been  im|)roperly  set.  Uidess  eontrac- 
tion  and  expansion  strains  are  cared  for,  deterioration  and 
disinlef^ratioii  \»ill  bc^'in  as  soon  as  tla;  boiler  is  pul  in 
iKjrvice. 

An  experienced  inspector  can  icadily  detect  fiigiis  ol 
incipiciil  deterioration  before  any  real  mischief  is  done 
'onj,^  before  nn  ordinary  enffineer  not  skilled  in  tiiis  par- 
'iciilar  dutv   would    dt'tect    Ibeni. 


T]he   Caunse   aimdl   UBue   Remmedy   for 
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Kv  F.   Wkustku 


ISVNOPSIS — The  cliukrr  problem  is  a  slag  problem. 
Wlicii  analysis  of  a  coal  sitoir.s  presence  of  impurities  in 
jiraportions  favorable  lo  formation  of  slag,  the  proportions 
maif  he  changed  and  formation  of  slag  prevented  by  add- 
ing some  of  the  same  substances.  The  usual  chemical 
combinations  in  .^Jag  making  are  explained  with  examples. 
The  objections  lo  the  presence  of  sulphur  w  overesti- 
mated; it  is  sometimes  beneficial. 

;*: 

Most  firemen  have  noted  the  formation  of  clinkers,  and 
have  exercised  nuich  mental  and  physical  effort  to  pre- 
vent and  to  get  rid  of  them.  That  the  burning  of  some 
kinds  of  coal  never  forms  clinkers  is  well  known,  and  it 
is  also  known  that  xvith  other  kinds  of  coal  a  large  pro- 
portion of  the  incandescent  bed  of  fuel  seems  to  fuse  down 
to  a  liquid  which  is  often  so  thin  as  to  trickle  into  the 
ashpit.  In  a  locomotive  firebox  the  liquid  slag  is  often 
so  limpid  that  the  strong  lift  of  the  draft  will  raise  it 
from  the  grates  and  splash  it  over  the  ilue  sheet  and  other 
heating  surfaces,  where  it  hardens  and  becomes  a  foe  to 
boiler  efficiency. 

The  questions  which  naturally  present  themselves  are : 
What  is  the  clinker  which  sometimes  collects  in  large 
masses  over  the  grates?  Why  is  it  formed  by  some  coals 
and  not  by  others?  What  are  the  remedies,  and,  finally, 
can  we  tell  beforehand  whether  or  not  a  given  grade  or 
shipment  of  coal  will  or  will  not  clinker?  For  many 
purposes  it  is  highly  important  that  the  coal  burned  on  a 
boiler  grate  will  not  clinker,  and  lioth  annoyance  and 
expense  may  be  obviated  if  reliable  tests  can  be  applied 
before  the  coal  is  purchased. 

The  clinker  problem  is  a  slag  problem,  and  to  intelli- 
gently cope  with  the  question  of  clinker  in  a  boiler  fur- 
nace "one  should  understand  the  principles  which  underlie 
the  formation  of  .slag. 

A  glass  bottle  is  an  example  of  a  slag  which  has  been 
made  and  formed  to  order.  White  sand  and  "sal-t  cake" 
in  the  correct  proportions  are  heated  together  until  they 
unite  chemically  and  form  a  fluid  which  we  call  glass. 
This  is  colored  to  suit  the  requirements  of  the  trade  by 
addin<^  some  suitable  material  to  the  mixture  before  it  is 


heated.  Thus,  gold  makes  the  ruby-red  gla.es;  arsenic, 
white;  cobalt,  blue;  iron,  greeii  and  black;  magnesium,  a 
violet;  uranium,  a  yellow,  etc.  Tn  glass  making  a  perfect 
slag  is  formed  because  the  proportions  of  the  ingredients 
are  correct  and  exact  treatment  is  given  in  the 
]>ro<-ess. 

In  the  boiler  furnace,  however,  thocoal  furni.shes  the  en- 
tire stock  as  the  heat  necessary  for  fusion  and  slag  comes 
from  such  impurities  in  coal  as  iron,  sand,  clay,  lime,  sul- 
])hur,  magnesia,  etc.  It  is  the  sand  when  heated  with 
the  lime,  iron,  clay,  etc.,  that  forms  the  fluid  mass  like 
the  gla.<s  mentioned  above,  l)ut  one  that  is  irregular  in 
composition  and  varied  in  color  according  to  the  im- 
purities iiresent  in  the  coal.  This  slag  flows  over  the 
ash  and  other  ingredients  that  are  not  melted,  and  when 
cooled,  cements  the  ])articles  together  and  forms  the  hard 
ugly  mass  which  we  call  clinker.  The  cementing  of  the 
ash  by  the  slag  nuiy  be  likened  to  the  making  of  a  pop- 
corn ball  in  which  grains  of  corn  are  stuck  together  by 
a  coating  of  molasses.  The  iron  gives  the  clinker  it- 
reddish  or  l)rownish  color,  which  is  modified  by  the  coloi 
of  the  enveloped  particles  and  other  conditions,  so  that 
the  resulting  color  mav  be  anything  from  a  white  to  a 
black. 

Iron  and  sulphur  when  present  as  impurities  usually 
form  with  coal  a  compound  called  ])yrites,  sometimes  call- 
ed ''fool's  gold,"  owing  to  its  yclow  metallic  appearance. 
The  sulphur  may  also  be  in  combination  with  the  lime, 
forming  a  compound  known  as  gyi)sum.  Speaking  chemi- 
cally, the  sand  is  an  oxide  of  silicon  ;  the  clay  is  an  oxidi 
of  aluminum  ;  likewi.se  the  magnesia  and  the  lime  are  ox- 
ides of  the  metals  magnesium  and  calcium  respectively, 
meaning  that  they  have  united  xvith  oxygen  to  form  th( 
rust  or  ash  of  those  metals. 

In  order  to  make  a  slag,  an  acid  substance  must  be 
heated  with  a  basic  substance.  The  action  will  be  to 
destroy  the  chemical  affinity  xvhich  each  substance  has  in 
holding  its  elements  together  so  that  the  two  substances 
will  unite  with  each  other  and  form  an  entirely  new  com- 
pound. The  acid  substance  is  the  sand,  while  the  basic 
substances  are  the  clay,  lime,  magnesia  and  the  oxidized 
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iron.  As  .sulphur  is  uncertain  it  will  not  be  considered 
For  the  present.  Tl)e  sand,  lime,  clay,  etc.,  when  heated 
alone  will  withstand  very  liigii  temperatures;  in  fact, 
tnuch  higher  than  they  are  ever  suhjected  to  in  boiler 
furnaces.  But  when  mixed  toncilici'  iuul  healed,  they 
will  melt,  easily,  and  in  some  cases  mai<('  a  lliin  and  very 
fluid  slag,  especially  where  the  mixtui-c  is  pi-oportioned 
so  as  to  produce  a  new  chemical  compound.  But  it  is 
important  to  observe  that  when  either  the  sand  or  the 
base  is  greatly  in  excess,  then  a  much  higher  tempera- 
ture is  required  to  do  the  melting;  also  that  sand  when 
mixed  with  two  or  more  bases  will  sometimes  melt  at  a 
lower  temperature  than  where  a  single  base  is  present. 
These  are  very  important  phenomena  in  formation  of 
slag  because  they  give  us  a  means  of  ])reventing  the  forma- 
tion of  clinkers  in  the  boiler  furnace.  Thus,  by  spreading 
some  crushed  limestone  or  oyster  shells  over  the  fire  to 
increase  the  ba.se,  or  if  the  proportion  of  sand  is  abnor- 
mally high,  the  fusing  point  will  be  higher  than  the  tem- 
perature of  the  furnace  and  less  clinker  will  form. 

Slag  formation  is  best  understood  when  we  have  the 
viewpoint  of  the  chemist.  This  is  easily  had  even  by 
the  ordinarj'  reader  who  does  nut  understand  chemistry. 
The  chemist  does  not  recognize  any  chance  work,  for  he 
considers  the  elements  as  acting  upon  each  other  in  per- 
fect harmony,  resulting  in  unity  and  completeness  of 
combination  and  that  nothing  is  lost  in  nature,  but  that 
changes  take  place  and  new  compounds  are  formed,  al- 
ways in  definite  proportions  of  the  elements,  and  the 
sum  of  the  weights  of  the  products  is  exactly  equal  to  the 
weight  the  substances  had  before  the  changes  took  place. 
Hence  in  formation  of  slag  nothing  is  created  and  noth- 
ing originally  present  can  be  annihilated. 

In  chemistry  a  term  called  the  atomic  weight  is  com- 
monly used.  This  term  e.xpresses  the  relative  weights  of 
the  elements  of  the  various  kinds  in  the  ])roportions  tbat 
they  unite  with  each  other  to  form  compounds.  An  ele- 
ment is  a  substance,  such  as  gold,  suli)hur,  oxygen,  hydro- 
gen, etc.,  tbat  has  never  been  separated  into  other  sub- 
stances. As  examples  of  atomic  weights,  that  of  iron  is 
56  and  that  of  oxygen  is  16.  The  combination  of  iron 
and  oxygen,  known  as  ferrous  oxide,  which  we  will  con- 
sider later  when  discussing  its  effect  in  making  clinkers, 
lias  a  molecular  weight  of  56  +  16  =  72 ;  that  is,  the 
molecular  weight  refers  to  the  weight  of  the  compound. 
Finally,  the  chemist  uses  a  kind  of  shorthand  in  writing 
the  names  of  elements  and  their  compounds  so  as  to  show 
all  the  facts  in  one  short  expression ;  thus,  Fe  stands  for 
iron,  0  for  oxygen,  and  Si  for  silicon.     Likewise,   FeO 

TABT^E    T. 


Elements 

Atoniio 

C 

ompounds 

Molecular 

Name 

Symbol 

Weight 

Name 

Symbol 

Weight 

Aluminum. . . 

.       Al 

27 

Lime 

CaO 

.56 

Calcium 

Ca 

40 

Silica  (sand).. 

SiO.. 

()0 

Carbon 

C 

12 

Aluminum 

Hydrosen. . . 

H 

1 

(clay) 

Al.O, 

102 

Iron 

Fe 

56 

Magnesium. . 

.       Mg 

24 

phide 

FcS 

88 

Oxygen 

O 

16 

Iron         disul- 

Silicon 

Si 

28 

phide 

FeS., 

120 

Sodium 

Na 

23 

(Pyrites) 

Sulphur 

S 

32 

Calcium     sul- 

phate   

CaSO. 

136 

(Gypsum) 

Magnesia 

MgO 

40 

Sulphur  diox- 
ide   

SO., 

64 

Water 

H,6 

18 

Calcium 

Monosilicate 

Ca.O^Si 

172 

Ferrous 

Monosilicate. . 

FcjO^Si 

204 

Magnesium. . . 
Monosilicate. . 

Mn,0,Si 

140 

AUO,,Si, 

Monosilicate. . 

Ferrous  oxide. 

FeO 

72 

stands  for  ferrous  oxide,  showing  that  it  is  made  up  of 
equal  parts  of  iron  and  o.xygen ;  FeS,  stands  for  pyrites 
mentioned  above,  which  is  a  comj)ound  having  one  part  of 
iron  to  two  parts  of  sulphur;  SiO,  is  silicon  dioxide,  or 
sand,  which  is  made  u|)  of  one  part  of  silicon  and  two 
l)arts  of  oxygen. 

Tal)le  I*  gives  names,  chemical  symbols,  and  the 
relative  atomic  weights  and  molecular  weights  of 
substances  usually  assigned  to  elements  and  combina- 
tions commonly  met  with  in  fuel,  ash  and  clinker  in 
boiler  practice . 

By  monosilicate  as  noted  in  the  last  four  items  in  the 
table  is  meant  a  compound  made  by  the  silica,  SiOa,  unit- 
:ng  with  any  base  in  such  a  proportion  that  the  amount 
of  oxygen  in  the  base  is  the  same  as  that  in  the  sand, 
lleiice,  it  will  be  seen  that  two  of  lime,  CaO,  or  of  fer- 
rous oxide,  FeO,  etc.,  must  be  used  with  the  one  part  of 
sand,  SiO^,  in  order  to  get  0,  in  the  base.  With  the  clay, 
AL,0.;,  two  parts  must  be  used  for  every  three  of  sand, 
SiO,,  so  as  to  get  the  oxygen  in  the  .silicon  to  balance  tbat 
in  the  clay. 

The  method  of  finding  out  by  means  of  slag  calcula- 
tions whether  or  not  a  given  coal  will  clinker,  and  if  .so 
vi'hy  it  clinkers  and  how  the  clinkering  may  be  prevented, 
will  he  understood  from  the  solutions  of  a  few  examples. 

The  slag  test  is  based  on  the  analysis  of  the  coal  ash. 
Thus,  the  analysis  of  a  certain  coal  ash  is:  Silica,  33.5 
per  cent.;  alumina,  <J4.2  per  cent.;  lime,  19.5  per  cent.; 
ferrous  oxide,  14.3  per  cent.;  magnesia,  5.7  per  cent.; 
and  sulphur,  2.5  per  cent.  As  these  various  bases  will 
unite  with  the  silicon,  the  first  thing  to  do  is  to  find  out 
whether  or  not  there  is  enough  silica  to  fuse  all  of  them, 
and  to  see  which  predominates — the  bases  or  the  silica. 
To  get  these  proportions  we  must  nse  the  molecular 
weights  given  in  the  table,  thus: 


*The  atomic  weiRlits  quoted  by  the  author  are  those  com- 
monly  used  for  practical  computations,  though  not  strictly 
in  accordance  with  the  most  recent  values  employed  in  chem- 
istiy  in  which  the  weights  arc  eferred  to  O  =  "16  and  H  ;^ 
l.OOS.  The  figures  recommended  by  the  Eighth  Congress  of 
Applied  Chemistry  to  be  used  in  all  conimeicial  \i'orii  until 
1915  are  given  below  in  the  table  of  weights,  quoted  from 
"The  Engineering  and  Mining  Journal"  of  .Ian.  18,  1913. — 
Editor. 

INTERNATION.AL  ATOMIC  WEIGHTS 

Element  Symbol 

Aluminum Al 

Antimony Sb 

Argon A 

Arsenic As 

Barium Ba 

Bismutli Bi 

Boron B 

Bromine  Br 

Cadmium Cd 

Caesium        Cs 

Calcium Ca 

Carbon  C 

Cerivim  Ce 

Clilorinc  CI 

Chromium Cr 

Cobalt Co 

Columbium Cb 

Copper Cu 

Dysprosium Dy 

Erbium Er 

Europium Eu 

Fluorine F 

Gadolinium Gd 

Gallium Ga 

Germanium Ge 

Glucinum Gl 

Gold Au 

Helium He 

Holmium Ho 

Hydrogen H 

Indium In 

Iodine I 

Iridium Ir 

Iron Vf 

Krypton Kr 

Lanthanum La 

Lead Pb 

Lithium Li 

Lutecium Lu 

Magnesium Mg 

Manganese Mn 

Mercury Hg 


Weisht 

Element 

Symbol 

Wc/Kht 

27.1 

Molybdenum. . . . 

..      Mo 

96.0 

120,2 

Neod  vmiu-n 

..      Nd 

144.3 

39. 8S 

Neon 

Ne 

74  (16 

Nickel 

..      Ni 

5S .  68 

137  37 

Niton 

..      Nt 

222  4 

20S  11 

Nitrogen 

..      N 

14.01 

11.0 

Osmium 

..      Os 

190  9 

70 .  92 

Oxygen 

..     0 

16  00 

112.40 

Palladium 

..    Pd 

ioe.7 

132.81 

Phosphorus 

.    p 

31  04 

40.07 

Platinum 

..    Pt 

195  2 

12.00 

Potassium 

.       K 

39   10 

140.25 

Praseodymium.. . 

..      Pr 

140  6 

35.46 

Radium 

..      Ra 

226  4 

52.0 

Rhodium 

Rh 

102  9 

.'>S .  07 

Rubidium.       .      . 

Rb 

93 .  .'•> 

Rutheniuni- 

Ru 

101  7 

63 .  57 

Samarium. 

Sa 

150  4 

102  5 

Scandium . 

Sc 

44.1 

167.7 

.Selenium. 

Sc 

79  2 

152.0 

Silicon ... 

Si 

28.3 

19.0 

Silver 

Ag 

107.88 

157.3 

Sodium . 

Na 

23  00 

69  9 

Strontium. .  . 

Sr 

87.63 

72 . 5 

Sulphur 

s 

.32  07 

9   1 

Tantalum 

Ta 

181.5 

197.2 

Tellurium 

Te 

127  5 

3  99 

Terbium 

Tb 

159.2 

1 63  5 

Thallium 

.     Tl 

204.0 

1.008 

..     Th 

232  4 

114  8 

Thulium 

..      Tm 

168.5 

126  92 

Tin 

.  .      Sn 

119.0 

193.1 

Titanium 

Ti 

48.1 

,5.'>.84 

W 

184  0 

82.92 

Uraniiini 

.  .      V 

238.5 

139.0 

Vanadium 

..     V 

51  0 

207.10 

Xenon 

.  .      Xe 

1.30.2 

6.94 

Ytterbium 

.      Yb 

172.0 

174.0 

Yttrium 

Yt 

89.0 

24.32 

Zinc 

Zn 

65  37 

54.93 

Zirconium 

..      Zr 

90.6 

200.6 
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Tlic   nilifii    unites    with    tin-    lime    lo    I'orm    u   niliiiim 

iiiDiiiisiliciitc,  (ir 

Hniifl         IJmo  MiiniMlllcato 

SiO,  +  2Ci»0    -  Ctt.O.Hi 
m    +112      -    172 

Hint   is, 

jYq  =-  !ilu)ii(  0.;]r>  of  (lie  coinitoimd  would  consist  of 
iiiki'wiso.  for  tlic  cliiy  llu-  silicn  rt-tiuiivd  is  louiul 
tlu>  (H|uiitions : 

Sivii.l         Cliiy  Mdi.cmilifiiic 

;iSi(),  +  2A1,0,     -    Al,(l,,Si, 
ISO        +     2(Vl       -   ;«4 

sliowinj^  Ihiil  ^11  —  ;iii<inl  (>.  17  of  tlw  compound 
c«)nsist  of  sand;  and   I'or  llir  magnesia 

Snnd  MiMjiU'Hiik  Motmsiliculc 
SiO,  +  2Mk<)   -    MK,<>,Si 


Silica, 
from 


would 


00    +    w)      -      110, 


-jYj  =  about  0.43 
ami   for  the  iron 

I'Vrroiirt 

Sand     oxiilp  MonoHilipatc 

SiO,  +  2  I'VO  =    Fp,0,Si 

00+144  =    204, 

or 

-jYf  =  about  U.30  of  the  compound. 
Tlx-  iimount  of  silica  taJccn  care  of  by  all  the  bases  found 
in  Iho  ash  will  be  the  sum  of  the  products  obtained  froin 
inul'.iplviiig  the  percentages  of  the  bases  in  the  asli  by  llie 
factors  worked  out  above,  i.e. : 

Per  Cent. 

19  .■>  X  0  3.5  =     6 .  82.-)  per  cent. 

24  2  X  0  47  =  11   ,374  per  cent. 

5.7X0.43=    2  4.51  per  cent. 

14.3X0.30=    4 .  290  per  cent. 


Kv  tin-  TnO  (lime) 
Ky  ilif  .\L,0,  (aluminn) 
Bv  till'  Mk<>  (magnesia) 
By  Uiu  FeO  (ferrous  oxide) 

Siliea  taken  care  of  by  bases  in  the  ash    =    24.940  per  cent,  of  the  ash. 

deferring  to  the  analysis  of  the  ash,  33.5  per  cent,  of 
.silica  was  present,  which  is  enough  to  take  care  of  the 
24.91  per  cent,  required  by  the  bases  and  with  possibly 
enough  left  over  to  affect  the  thinness  of  the  slag  and 
prevent  the  formation  of  clinker. 

Effkct  of  Sulptiuk 

Some  engineers  charge  the  formation  of  clinkers  to  the 


.'•iiipliur  III  till'  iniil.  'I'liis  is  wrong,  for.  an  a  iiiiitlcr  of 
fact,  the  .Miipbwr  will  iircvciit  diiikcr.  The  reason  for 
tliis  is  that  iron  has  a  greater  nllinily  for  sul|iliur  thiin 
it  liaH  for  silicon,  at  least  it  Iiiih  in  a  lioiler  fiirnaee  where 
the  temperature  is  not  high  enough  for  tiieir  union  as  is 
tli(!  ca.se  ill  a  blast  furnace.  .\s  previously  stated,  the  sul- 
phur exists  in  the  coal  as  pyrites,  I'Y'S^,  ami  when  the 
compound  is  heated  to  about  1000  deg.  V.  or  more,  one 
part  tif  the  sul])hur  is  driven  olF.  This  unites  with  two 
parls  of  oxygen  from  the  air  and  forms  suliilitir  dioxide, 
SO^.,  which  is  the  same  as  the  gas  formed  from  burninjf 
a  sul]>hur  match.  The  remaining  comi)oiind,  FeS,  in 
\cry  stable  and  will  not  be  broken  up  so  as  to  leave  the 
iron  free  to  unite  witii  the  silicon  of  the  sand.  Ah  iron 
oxide  and  silica  form  an  easily  fused  and  very  linijiid 
slag,  it  follows  that  the  action  of  the  sulphur  in  keeping 
the  iron  from  the  silicon  jirevents  slag  formation,  at  least 
insofar  as  the  iron  is  concerned.  An  examjih;  of  a  coal 
ash  containing  considerable  sulphur  will  show  this.  Take 
the  analysis  of  an  ash  as  follows: 

Alumina,  14.36  per  cent.;  ferrous  oxide,  14.12  per 
cent.;  magnesia,  19.7,5  per  cent.;  silica,  30.1G  per  cent.; 
siii])hur,  0.4  per  cent. 

From  the  values  in  the  table  quoted  it  is  to  be  seen 
that  the   amount  of   iron  in  the   ferrous  o.xide,  FeO  is 

'.,r  ,    .,;■  =  78  per  cent.    The  iron  in  the  ash  =  11.12 
of)  +  lb  '■ 

])er  cent.  X  0.78  =  about  11  iwr  cent,  in  ferrous  sul- 
phide, FeS,  it  bikes  oG  parts  of  iron  for  every  32  partf; 
of  sulphur;  hence,  for  one  part  of  sulphur  it  takes  5G  -^• 
32  parts  of  iron,  and  for  G.4  ])er  cent.  su]])hur,  as  given  in 
the  ash,  it  will  require  (56  -^  32)  X  6.4  per  cent.  = 
11.2  parts  of  iron  to  take  care  of  the  sulphur.  Referring 
to  the  computation  given  immediately  above,  it  will  be 
seen  that  the  ash  has  11  per  cent,  iron,  which  happens  to 
be  practically  the  same  as  that  required  by  the  sul])hur. 
Therefore,  there  will  be  no  iron  left  to  slag  with  the  sand. 
In  other  words,  the  sulphur  has  killed  the  best  base  in 
the  ash  for  making  clinkers.  In  ca.se  the  silica  is  low, 
there  will  be  little  chance  to  make  clinkers  with  this  coal. 
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SYNOPSIS— The  size  of  the  unit  is  limited  by  the  re- 
strictions of  transportation,  and  by  the  high  cost  of  ex- 
ceptionally large  forgings  and  castings.  The  capacity  de- 
pends iipon  the  amount  of  steam  which  can  he  passed 
through  the  low-pressure  blading  of  this  limited  size  of 
disk  or  drum  without  sacrificing  too  much  to  residual  en- 
ergy to  induce  a  rapid  outflow. 
W. 

In  the  earlier  days  of  power-plant  development,  when 
breakdowns  were  prevalent,  security  was  sought  in  a 
minute  subdivision  of  the  plant  into  relatively  small 
units. 

In  general,  the  cost  of  providing  for  a  given  aggregate 
output  is  the  greater  the  greater  the  number  of  uRits.  For 
this  there  are  several  reasons;  one  important  factor  is  that 
what  mav  be  called  the  "noneffective"  cost  of  a  steam  tur- 
bine is  proportionately  much  greater  the  smaller  the  unit. 


'g\rg 


)fteg\inm 


♦Abstract    from     "Engineering,"    London. 


The  co.st  in  question  comprises  that  of  the  governor  and 
its  gear,  the  valve-gear,  the  oil  pump,  tlie  tachometer,  and 
similar  accessories.  In  the  case  of  a  .500-kw.  unit,  the 
cost  amounts  to  about  45  per  cent,  of  the  total  construc- 
tion, falling,  in  a  1000-kw.  unit,  to  40  per  cent.,  and  in  a 
10.000-kw.  unit  to  30  per  cent.  Hence,  even  if  the  "ef- 
fective fraction"  of  a  complete  turbine  costs  the  same  per 
kilowatt  for  a  small  unit  as  for  a  large  one,  the  total  cost 
would  be  more  with  the  smaller  sizes.  Actually,  this  argu- 
ment understates  the  case  for  the  larger  unit.  In  fact, 
the  same  casing  is  sometimes  used  for  a  5000-kw.  ma- 
chine as  for  a  7000-kw.  unit  and  at  the  same  speed,  so 
that  the  turbine  costs  proper  are  almost  identical.  Some 
saving  results  from  a  .smaller  condenser  being  required 
with  the  smaller  output,  but  the  floor  space  occupied  will 
lie  larger  the  greater  the  number  of  units,  and  the  effi- 
ciency of  small  prime  movers  is  markedly  less  than  that 
of  large  ones. 

To  this  rule  the  internal-combustion  engine  forms  an- 
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exceptioH,  the  efficiency  attained  with  a  60-hp.  engine  be- 
ing about  as  high  as  with  an  engine  ten  or  twenty  times 
its  size. 

;  With  some  forms  of  j^rime  movers  other  than  the  gas 
lengine,  the  limit  of  size  is  less  definitely  circumscril^cd 
by  purely  mechanical  considerations.  Theory  shows  that 
a  limit  must  exist,  since  all  prime  movers  are  ultimately 
subject  to  the  law  that,  while  the  output  increases  as  the 
^square  of  the  dimensions,  the  weights  involved  increa.se 
as  the  cube.  For  tlie  present,  anyhow,  this  consideration 
liardly  affects  the  question  as  to  what  is  the  limiting  size 
af  a  steam-turbine  unit.  The  latter  is  determined  by  diffi- 
ulties  of  transport  and  by  the  high  cost  of  exceptionally 
leavy  castings  and  forgings.  If  a  power  station  is  in- 
:euded  to  furnish  a  three-phase  supply  at  25  cycles,  the 
[urbo-alternator  must  run  at  either  750  or  1500  r.p.m. 
[f  the  former  be  chosen,  the  limit  of  size  is  definitely  fixed 
Dy  the  question  of  transportation,  the  loading  gage  on 
British  railways  restricting  the  diameter  of  a  drum  rotor 
)ver  the  blade  to  about  8  ft.  G  in.  and  the  diameter  of  a 
lisk  to  about  13  ft. 

An  interesting  point  which  then  arises  is  the  maximum 

mtput  possible  with  rotors  of  the  dimension  stated,  and 

lepends  essentially  on  two  factors,  the  centrifugal  stresses 

ind  the  vacuum  obtainable.  Condensing  plants  have  been 

0  much  improved  that  with  a  barometer  of  30  in.  a  vac- 

mm  of  29  in.  should  be  realized  during  most  of  the  year. 

\s  delivered  from  an  efficient  turbine,  the  volume  of  1  lb. 

if  steam  at  a  29-in.  vacuum  is  600  cu.ft.,  making  an  av- 

!rage  allowance  for  the  wetness  of  the  exhaust  steam.     If 

his  steam  is  allowed  to  have  an  axial  velocity  at  discharge 

if  440  ft.  per  sec.  and  the  blade  length  is'limited  to  one- 

ifth  the  mean  diameter  of  the  blading,  the  kilowatt  out- 

ut  of  the  turbine  cannot  exceed  the  square  of  the  mean 

liameter  in  inches  of  the  last  row  of  blades,  assuming  the 

|ow  steam  consumption  of  11.5  lb.  per  kw.-hr.     If  it  is 

ssumed  that  the  last  row  of  blades  is  carried  on  a  disk 

3  ft.  in  diameter  over  blade-tips,  the  maximum  output 

lossible  from  a  single-flow  turbine  operating  with  a  29-in. 

acuum  and  a  "carry-over"*  loss  of  about  4  B.t.u.  would 

e  about 

130^  =  16,900  kw. 

By  admitting  a  carry-over  loss  of  9  B.t.u.,  this  output 

ould  be  increased  to  about  25,000  kw.     If  the  vacuum 

^ere  limited  to  28  in.,  the  possible  output  would  be  33,- 

00  kw.  with  a  carry-over  loss  of  4  B.t.u.,  and  about  28,- 

00  kw.  with  a  carry-over  loss  of  about  nine  heat  units. 

Allowing  for  a  reheat  factor  of,   say,   1.05,  the  heat 

ivailable  with  steam  at  200  lb.  absolute  and  200  deg.  F. 

uperheat,  ex])anded  down  to  28  in.  vacuum,  is  about  391 

;.t.u.  per  pound;  while  if  the  expansion  be  carried  to  29 

I.  vacuum  the  corresponding  figure  is  about  428  B.t.u. 

II  exhaust  loss  of  4  B.t.u.  is  about  1  per  cent,  of  the  total 

icrgy  availalile,  and  one  of  9  B.t.u.  per  pound  about  21/^ 

'!•  cent.    To  get  33,000  kw.  out  of  a  single-flow  turbine 

illi  a  29-in.  vacuum,  would  necessitate  an  axial  volocify 

discharge  of  about  880  ft.  jjer  sec,  and  the  carry-over 

iss  would   amount  to  nearly  16  B.t.u.     An  increase  of 

li  lium  from  28  to  29  in.  would  still  result  in  a  saving  of 

'am  since  the  heat  available  on  expansion  to  the  lower 

iiiit  is  about  37  B.t.u.  more.     An  attempt  to  get  48,000 

■v.  out  of  the  turbine  with  a  29-in.  vacuum,  however, 

r  *The  carry-over  less  is  the  loss  in  energy,  expressed  in 
Sat  units,  represented  by  the  velocity  and  weig-ht  of  steam 
issinp  out  of  the  last  row  of  blade.s  at  the   vacuum  carried. 


would  be  futile,  as  the  carry-over  losses  would  be  so  great- 
ly increased  as  to  cancel  almost  ail  of  tiii;  difference  in 
the  heat  available  with  a  28-iii.  and  a  29-in.  vacuum. 

There  would,  of  course,  be  no  dilliculty  in  running  a 
wheel  of  the  size  proposed  at  750  r.p.m.  In  fact,  experi- 
ence with  a  DeLaval  turbine  shows  that  the  speed  limit 
might  be  raised  to  1100  r.p.m.  without  exceeding  limits 
of  safe  stress  in  practice.  A  300-hp.  DeLaval  wheel  has 
a  mean  diameter  of  30  in.,  the  blade  being  about  1.25  in. 
in  usable  length,  and  the  speed  10,600  r.p.m.  If  every 
part  of  the  wheel  were  increased  in  direct  proportion  to  a 
mean  diameter  of  130  in.,  the  stresses  wouhl  be  as  before, 
provided  the  revolutions  were  reduced  in  the  ratio  of  30 
to  130  (to  about  2440  r.p.m.).  The  blade  length  would 
then  be  5.5  in.  If  the  length  of  these  blades  were  next  in- 
creased to  26  in.,  their  weight  and  the  stresses  in  them 
would  increase  about  4.75  times.     To  reduce  the  stress 


to  its  original  limit  the  speed  must  be  divided  by  V  4.75, 
becoming  1125  r.p.m.  If  the  ratio  of  blade  speed  to 
steam  speed  were  the  same  with  a  26-in.  blade  as  with  the 
5.5-in.  blade,  the  bending  stresses  produced  by  the  steam 
which  drives  them  would  be  the  same  as  before  and  the 
margin  of  security  as  great  as  in  the  original  DeLaval 
wheel.  This  increase  of  blade  length  would  also  involve 
a  diminution  in  the  size  of  the  wheel  disk,  so  that  the 
total  stresses  in  the  latter  would  be  less  than  they  were 
in  the  original  wheel.  By  constructing  the  low-pressure 
portion  of  a  turbine  on  the  double-flow  system  the  limit- 
ing outputs  just  stated  may  be  doubled  and  hence  large 
outputs  are  mechanically  feasible  in  single  units. 

For  the  present,  the  practical  limit  for  a  turbine  run- 
ning at  750  r.p.m.  is  probably  about  25,000  kw.,  and  if 
of  the  drum  type,  questions  of  rail  transport  make  it  nec- 
essary to  construct  a  motor  for  such  an  output  on  the 
double-flow  system.  The  castings  present  less  difficulty, 
as  they  can  be  built  up  in  sections.  The  total  weight  of 
such  a  machine  would  be  between  250  and  300  tons,  that 
of  the  heaviest  part  to  be  lifted  being  between  30  and  40 
tons.  The  sizes  of  the  forgings  required  would  be  up  to 
the  limit  of  what  can  now  be  obtained,  and  the  cost  per 
ton  of  the  large  forgings  and  castings  is  considerably 
more  than  those  of  more  moderate  size.  It  is  open  to 
doubt  whether  units  of  this  size  are,  save  in  exceptional 
cases,  more  advisable  than  those  of  about  one-half  to  two- 
thirds  the  capacity  in  question  ;  running  at  the  alternative 
speed  of  1500  r.p.m.,  the  last  row  of  blades  might  then 
have  a  mean  diameter  of  85  in.  or  a  tip  diameter  of  8  ft. 
6  in.  and  the  output  without  extravagant  losses  to  the  ex- 
haust might  run  up  to  fully  14,000  kw.  In  the  double- 
flow  type  the  highest  economy  could  be  attained  with 
quite  moderate  stresses.  The  limit  is,  of  course,  the  same 
for  impulse  as  for  reaction  turbines.  The  output  per  ton 
is  much  more  at  1500  r.p.m.  than  at  750,  which  is  easih' 
understood  when  it  is  remembered  that  the  efficiency  of  a 
steam  turbine  depends  largely  on  tlu>  "velocity  ratio"  or 
the  ratio  of  blade  to  steam  speed,  which  again  with  given 
steam  conditions,  depends  on  the  "coefficient"  or  the  revo- 
lutions^ X  mean  diameter^  X  number  rows  of  blades. 
For  a  stated  number  of  revolutions,  this  coefficient  is  ob- 
viously proportional  approximately  to  the  volume  of  the 
turbine  casing.  It  is  thus  seen  that  the  volume  of  the 
turbine  casing  and  the  weight  is  only  about  one-quarter 
for  1500  r.p.m.  of  that  required  for  750  r.p.m.  The 
smaller  woiarhts  to  bo  handled  at  the  higher  speed  moans, 
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iiiiui'dM'r,  11  iniicli  li;.'litt'r  iniistniclion  of  tlic  ciijjino 
Imiisi',  smallor  limit's  niiil  less  iiias>i\c  fotiiidnlions. 

Alipiin-nllv.  tlicrc  wtuild  lie  no  iliniciilly  in  i'oiistr\i(|iii>^ 
nil  altfi'iiator  of  lliis  oiilpiit  to  run  tit  tlic  sliced  nanicd. 
Last  year,  tlic  Wcstiii'^liousc  Co.  Iiiiilt  altciiialors  to  inn 
at  this  spord  with  an  output  of  l'(»,(l()(»  k\v.  Siiuc  the  oiit- 
l>ut  of  an  aitt'inalor  varies  nearly  as  tlie  iiivcr.se  .s(iiiarc 
of  the  revolutions,  or  by  the  same  hiw  as  thai  of  tlie  tiir- 
hine,  it  shouM  lie  easily  practicaiiic  to  run  a  unit  develoji- 
in.i,'  Iv'.itdl)  to  1  1,000  k\v.  at    ITiOO  r.p.in. 

In  view  of  the  ea.sc  of  carria^'c,  the  li;,dit  wci^dils  to  lie 
handled  and  the  facility  with  wliirli  (he  turtiiiic  could  !»■ 
dismantled  when  re(piired.  it  would  seem  that  the  smaller 
high-siieod  plaiil  is  n'ally  iihkIi  In  he  lu-clVricd  to  llic 
lari^HT.  and  since  the  wci.ulil  per  kilowatt  is  less,  the  cost 
should  also  he  lower,  pai'l  inilnrly  m  view  of  the  lii^'h  price 
of  large  castings  and  heavy  lori^iii^rs.  In  which  utlciilinii 
has  already  hei'ii  lalled.  Moreover,  with  the  large  sinic- 
ture,  distortions  dnv  to  its  own  weight  and  to  tein])eraluri! 
variation,  are  more  pronounced,  making  it  necessary  to 
adopt  clearances  proportionately  larger  in  the  larger  units, 
so  that  tiie  smaller  machines  might  prove  the  more  eco- 
nomical under  test,  though  data  on  this  point  arc  still 
lacking. 


1>Y   William   A.   Kvaxs 
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Early  experiments  with  powdered  coal  amounted  to  a 
general  education  and  the  discovery  of  the  elementary 
principles  upon  wliich  it  operates.  Failures  were  then 
primarily  due  to  defects  in  pulverizing  apparatus  and 
that  for  feeding  the  powdered  coal  to  the  furnace.  The 
])rinciples  of  operation  have  hecome  well  established  and 
the  apparatus  well  standardized.  The  elements  of  good 
powdered-fuel  combustion  consist  of  finely  ground  coal, 
i)0  per  cent,  through  standard  100-niesh  screen,  thorough 
mi.xture  of  coal  and  air  before  entering  the  furnace,  and 
good  control  of  both  coal  and  air.  With  these  elements 
worked  out  properly,  powdered  fuel  has  shown  marked 
economies  on  many  furnaces  and  the  results  obtained  are 
worth  striving  for  in  the  case  of  boilers. 

To  the  writer's  knowledge,  but  two  types  of  boiler  have 
shown  any  success.  Several  attractive  results  have  been 
obtained  on  horizontal  return-tubular  boilers,  a  battery 
of  six  having  been  operated  for  eight  years  at  one  plant 
and  requiring  but  one  man  to  run  the  entire  plant.  Of 
the  water-tube  type  of  boiler,  none  of  the  standard  makes 
has  shown  any  permanent  results,  although  there  is  a 
boiler  designed  specially  for  powdered  coal  that,  accord- 
ing, to  reports,  is  giving  satisfactory  commercial  results. 
The  return-tubular  and  this  special  boiler  have  combus- 
-tion  space  for  the  amount  of  fuel  burned  much  in  excess 
of  what  is  provided  in  most  water-tube  boilers.  This 
large  space  seems  to  be  the  one  essential. 

The  points  of  furnace  design  which  are  likely  to  bring 
about  the  successful  use  of  this  fuel  under  boilers  are: 
Large  combustion  space,  firebrick  lined  with  no  exposed 
boiler  surface ;  means  for  disposing  of  ash ;  design  of  fur- 
nace, water  cooled,  that  will  insure  a  reasonable  length 
of  life  to  the  firebrick  setting,  and  provision  for  firing 
from  a  cold  boiler  without  the  use  of  auxiliary  power  to 
run  the  pulverizer  and  air  supply. 
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In  most  experiments  with  iioilers  using  powfleicd  coal 
these  four  eKrteiitial  fi'iitiires  of  furnace  design  have  been 
disregarded.  Powdered  (oal  re()uiiert  a  high  temperature 
for  ignition  and  for  maintained  combustion;  at  all  ]mrt« 
of  the  furnace  it  shoiihl  be  at  least  IKOO  deg.  K.  A» 
these  temperatures  cannot  be  maintained  and  the  coiiihuB- 
tioii  completed  in  <'ontact  with  boiler-tube  siirfaceH,  a 
large  space  not  in  contact  with  the  tubes  has  to  be  ])ro- 
vided. 

For  the  complete  burning  of  powdered  coal  a  space  of 
one  cul^ic  foot  for  each  boiler  liorsej)ower  developed  Kliould 
be  provided,  becauKe  of  the  dilliculty  witli  which  high- 
volatile  coal  burns  on  grates.  V'olatih!  gases  escape  from 
the  grates,  and  unless  there  is  a  hot  arch  above  and  jilenty 
of  space,  the  gases  escapt;  to  tlu;  tubes,  where  the  flame 
is  stilled  with  resultant  smoke.  The  volatile  matter  ig 
the  most  didicult  jiart  of  the  coal  to  burn  with  grate  fires, 
but  it  becomes  the  more  easily  burned  in  the  case  of 
powdered-fuel  combustion.  'J'his  is  because  combustion 
of  the  coke  occurs  while  suspended  and  traveling.  In  a 
hot  furnace  the  volatile  matter  burns  promptly  while  the 
coke  burns  as  it  travels  forward,  and  the  time  required 
for  combustion  depends  upon  the  size  of  the  particle.  The 
length  of  travel  of  the  flame  before  it  reaches  the  water 
tubes  of  the  boiler  should  be  such  as  to  insure  complete 
combustion,  both  volatile  and  fixed  carbon,  before  it 
reaches  the  boiler  surface.  I^arge  space  then  (one  cubic 
foot  for  each  boiler  horsepower  (maximum)  is  one  of  the 
first  requirements  of  a  boiler  furnace  using  this  coal. 
This  space  can  be  made  doubly  effective  by  causing  the 
flame  to  make  a  double  travel ;  that  is,  forward  and  back- 
ward, or  up  and  down  within  the  space,  depending  upon 
the  design  and  local  conditions. 

Probably  the  most  troublesome  feature  Oi  powdered- 
fuel  combustion  under  boilers  has  been  the  handling  of 
the  ash.  WTien  combustion  is  perfect,  with  the  boiler 
operating  at  capacities  required  in  present-day  practice, 
heat  is  developed  much  al)ove  the  fusing  point  of  the  ash 
or  the  brick,  and  both  form  a  heavy  slag  hard  to  remove. 
In  metallurgical  furnaces  this  feature  is  taken  care  of  in 
the  slagging  of  other  impurities,  but  fused  ash  in  the 
boiler  furnace  is  not  so  easily  cared  for.  As  it  moves  very 
sluggishly  at  a  temperature  of  2500  deg.  and  will  become 
solid  at  1200  deg.,  it  is,  therefore,  difficult  to  remove,  for 
as  soon  as  any  door  is  open  for  scraping  out,  it  clings 
to  the  brickwork  with  a  tenacity  difficult  to  realize  except 
after  experience.  It  may  be  possible  that  a  flux  can  be 
used  to  make  this  ash  more  fluid  at  low  temperatures 
with  small  boiler  capacities  and  exceptionally  good  coal, 
but  the  writer  questions  its  practicability  on  large  boiler 
capacities  and  on  all  grades  of  coal.  He  further  believes 
tliat  the  ultimate  solution  of  the  use  of  powdered  coal 
in  boiler  furnaces  will  include  a  positive  means  for  con- 
tinuously removing  the  ash. 

In  metallurgical  work  it  is  customary  to  frequently  i^e- 
build  the  furnaces,  say,  every  eight  to  12  weeks.  In 
using  powdered  coal  in  these  furnaces  the  life  of  the 
brickwork  is  somewhat  reduced,  usually  requiring  re- 
building every  six  weeks.  Frequent  rebuilding  of  boiler 
furnaces  is  highly  objectionable,  and  the  high  tempera- 
tures of  powdered  coal  will  certainly  destroy  the  best  set- 
ting unless  some  new  provision  is  made.  It  has  been  sug- 
gested that  temperatures  in  the  furnace  be  reduced  by 
introducing  excess  air,  but  this  is  not  practicable,  as  it 
would  reduce  the  efiiciencv  of  the  boiler.     On  the  Bet- 
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tington  boiler  as  speciall}'  designed  for  powdered  coal, 
the  brickwork  is  maintained  by  the  use  of  water-cooling 
tubes,  the  bricks  being  specially  made  to  lit  around  the 
tubes.  It  would  seem  essential  that  furnaces  be  built 
with  all  the  walls  cooled  by  water  tubes,  the  water  in 
which  is  in  circulation  with  that  in  the  boiler. 

The  matter  of  starting  up  from  a  cold  boiler  without 
auxiliary  apparatus  is,  of  course,  possible  of  several  so- 
lutions, and  does  not  affect  the  primary  success  of  the 
boiler  in  the  burning  of  powdered  coal.  Fuel  oil  or  gas 
might  be  used  for  getting  up  steam,  or  a  grate  could  be 
incorporated  in  the  design  to  permit  of  hand  firing. 

The  features  suggested  necessarily  require  an  elabor- 
ate change  in  boiler  setting.     The  writer  knows  of  but 


The  third  aiiiiu:a  baiuiiii.-l  of  the  JOiiKinircia  ol'  I'ublic 
Schools  of  Greater  New  York,  was  held  in  the  Broadway 
Central    Hotel,    on    Saturday    evening,    Feb.    7. 

Hon.  M.  S.  Stern,  commissioner  of  education,  commended 
the  work  of  the  engineers  and  stated  that  he  was  especially 
pleased  to  report  that  in  over  six  years  only  four  men  in 
nearly  600  were  found  guilty  of  negligence  of  duty.  F.  G. 
McCann,  en'^ineer  for  the  commission,  told  of  the  need  of 
certain  classes  of  equipment  u-ul  expressed  regret  that  those 
needs   were   not   filled   moie   rapidly. 

Charles  H.  Bromley,  associate  editor  of  "Power,"  outlined 
recent  progress  in  the  power-plant  field  and  urged  the  mem- 
bers to  keep  pace  with  It.  They  are  primarily  engineers, 
their  janitor  duties  being  incidental.  Suggestions  were  of- 
fered to  enable  the  men  to  perform  their  pprt  in  the  greatest 
of  school  systems,  a  system  which  has  about  570  schools, 
20,000  teachers.   700,000  pupils  and   over  500  janitor-engineers. 


The  Engineers  of  Public  Schools  op  Gre.a.ter  Xew  Yokk 


one  case  where  any  such  elaborate  change  was  made  and 
that  did  show  very  intense  heat  with  good  combustion, 
but  no  provision  was  made  for  maintaining  the  brick- 
work, so  it  failed.  The  reason  for  the  present-day  lack 
of  success  with  powdered  coal  under  boilers  is  that  each 
attempt  has  been  made  without  any  definite  knowledge 
of  what  had  previously  been  done  or  of  the  failures  of 
others.  Many  attempts  have  been  made  by  innocent  pur- 
chasers of  apparatus  sold  by  ambitious  promoters.  Tn 
these  cases  the  promoter  knew  nothing  but  the  fact  that 
powdered  coal  was  giving  success  in  some  industries  and 
that  it  ought  to  work  to  considerable  advantage  under 
boilers.  Even  if  he  knew  that  the  redesigning  of  the  set- 
ting was  necessary  or  desirable,  he  would  promote  the 
sale  by  suggesting  some  slight  change  in  the  existing 
setting,  hoping  that  enougli  would  be  developed  to  en- 
courage the  purchaser  to  continue  to  the  ultimate  success 
of  the  installation  and  education  of  himself. 

It  is  fair  to  expect  that,  if  a  combination  of  the  best 
elements  of  coal  grinding,  coal  and  air  control,  large 
combustion  space,  means  for  ash  removal  and  brick  main- 
tenance be  made  in  applying  powdered  coal  to  a  boiler, 
there  will  be  some  success,  and  the  economies  already 
proved  will  be  on  the  road  to  a  commercial  reality. 

There  is  a  good  field  for  the  use  of  powdered  coal  and 
we  may  expect  to  see  it  further  developed. 


Samuel  Donnelly,  ex-commissioner  of  education  and  long 
connected  with  the  school  system,  contrasted  the  crude  work 
of  years   ago   with   the   efficient   methods   now   practiced. 

John  E.  O'Brien,  counsellor  for  the  engineers,  in  speaking 
on  the  workingrnan's  compensation  act,  said  that  he  believed 
It  applied  to  the  janitor-engineers.  Coroner  Timothy  J.  Healy 
and  national  president  of  the  Eccentric  Association  of  Fire- 
men commended  the  members  on  their  splendid  organization. 
Other  guests  were  Commissioner  of  Education  Lavelle  and 
J.  B.  Hamlin,  editor  of  "School."  An  enjoyable  entertainment 
was  given  by  Billy  Murray  and  the  Dixie  Quartet  through 
the    courtesy    of    Jenkins    Bros. 

The  steamship  "San  Gregorio,"  largest  oil-tank  vessel 
afloat,  came  into  Quarantine,  N.  Y.,  on  Feb.  5,  with  her  flag 
at  half  mast  and  reported  one  dead  in  the  ship's  company, 
another  dying-  and  two  seriously  injured.  On  the  evening 
of  Feb.  2  a  steam  chest  had  burst,  causing  the  death  of  Wil- 
liam Kemp,  an  assistant  engineer,  and  scalding  nearly  all  the 
men  in  the  engine  room.  Kemp  was  literally  boiled  to  death, 
according  to  Capt.  J.  E.  Grey,  of  the  "San  Gregorio." 

The  "San  Gregorio,"  which  sailed  from  Rotterdam,  Jan.  19, 
had  experienced  heavy  weather  and  was  still  in  a  heavy  gale 
on  the  night  when  the  accident  happened.  With  the  bursting 
of  the  steam  chest,  Kemp,  so  the  men  who  were  with  him 
said,  ran  back  to  shut  off  the  steam.  He  was  met  with  the  full 
force  and  felled  in  his  tracks.  The  other  men  made  a  dash 
for  the  upper  deck.  In  running  over  the  gratings  and  up 
the  iron  stairways  some  of  them  fell  and  were  pulled  along 
by  their  companions.  Capt.  Grey  said  that  there  were  many 
heroic    acts. 

Kemp's    body    was    found    after    the    steam    had    been    shut 
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<ifr.       IIIm    fiu'f"    wnn    liiii'«cnKnlX(ibl(>.  Thoy    liiii'liil    liliii    Ml    h.m 

lit    MiiiirlMu    llii'    fiilldwIiiK    iiiornlnK.  'I'Ik-    IIiki'    Iim<II>     h<iiIiI<'(I 

liii'ii    »>•■'•'    iiIui'imI    111    Mil    liii|ini\  iNi'il  liMM|>|i,i|    mill     \M'|i'    iIh'Ix 
w  Ih'Ii  the  •'Sun  tliTKiiilii"  laiiii'  In. 

'I'lii'  "San  UrcKoi'lo"  In  "WiumI  by  (In'  {•Innh-  oil  TriiiiHijurl 
Co.,  (if  [4i)niloii,  and  ciiiiio  In  lialliiHt.  Shi-  Iuih  a  cupaclly  uf 
lUU.UDU    lianrlH. 


(Mi«<  of  llif  iiiiiMl  N\\  rfpiiiK  iriliul  iiiii.M  In  pnw  cr  r.ili'H  w  lilrli 
has  lieoii  ofTrrlcd  .sliirt'  the  Uallroad  ComiiiUsilon  ujih  <<i- 
Kanlxod  In  C'ulir»riila  han  Just  liocn  made  and  will  k<>  Into 
ofToil    March    1.    lllH. 

The  Southern  California  Kdison  Co.  ha.s  Juwt  filed  with 
tlio  Uallroad  ConiiiiiMHion  a  revised  schedule  reduciiiK  Iho 
rates  for  electrical  power  coveriuK  practically  the  entire 
.southern  part  of  the  state.  This  reduction  Is  the  result  of 
.several  weelts  of  neKOtlatlons  between  representatives  of 
tlie  lOdisoii  company  and  the  Itailroad  Coinnilsslon.  Aljout  n 
year  auro,  after  informal  nenotialions  l>etw<'eii  tlioiii  the  com- 
Iiaiiy  put  into  eHect  throuKhout  tiie  aoutliern  iiart  of  the  state 
i\  maximum  liKlitiiiK:  rate  of  Sc.  per  kw.-hr.  The  rate,  there- 
tofore, had  averng:ed  between  »  and  lOc.  per  kw.-hr.  The 
«-IToct  of  the  reduction  to  So.  amounted  to  a  saving  of  approx- 
imately  $240,000   per  year. 

Kurther  negotiations  have  secured  a  second  reduction  in 
power  rates.  The  new  schedule  Just  filed  provides  for  a 
maximum  liRhtinK  rate  of  7c.  per  kw.-hr.  and  make  an  im- 
mediate saving:  to  the  patrons  of  the  Kdison  company  of  at 
least  $120,000  per  year.  It  is  estimated  that  the  ultimate 
effect  will  be  a  general  saving:  to  patrons  of  electric  energy  of 
at   least  $200,000  i>er  year. 

Investigation  before  the  Public  Utilities  Commission  of 
Idalio  of  the  rates  charged  for  electric  eneigy  served  by  the 
Great  Shoshone  &  Twin  Falls  Water  Power  Co.,  the  Beaver 
Hiver  Power  Co.,  and  the  Idaho  Light  &  Power  Co.,  has  been 
ordered,  commencing  Jan.  26.  This  is  the  result  of  a  com- 
plaint filed  against  the  former  company  by  the  trustees  of 
the  city  of  Wendell,  which  charged  discrimination   in  rates. 

The  Beaver  River  and  the  Idaho  Light  &  Power  Com- 
panies are  given  the  choice  of  participating  in  the  investi- 
gation, either  as  plaintiffs  or  defendants.  These  three  are 
virtually  in  control  of  the  Southern  Idaho  electrical  field  and 
are  bitter  rivals.  The  complaint  of  the  Wendell  trustees 
alleged  that  the  Great  Shoshone  &  Twin  Falls  Co.  was  serving- 
electrical  energy  to  the  towns  and  cities  of  Mountain  Home, 
Glenns  Ferry  and  Gooding  at  a  lower  rate  than  to  consumers 
of  Wendell.  The  Great  Shoshone  Co.  denied  this  and  alleged 
that  the  Idaho  Light  &  Power  Co.  and  the  Beaver  River  Co., 
whicli  are  serving  the  same  cities  and  towns  and  are  its 
rivals,  are  doing  so  at  a  loss.  It  also  charged  the  two  latter 
companies    with    instituting    the    complaint. 


LeceiraU  C 
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Digested  by  A.  L.  H.  STREET 
Reservation  of  Title  by  Seller  of  Macbiuery — Where  a 
stationary  engine  is  sold  to  a  contractor,  the  seller  knowing 
that  it  is  to  be  installed  by  the  contractor  in  a  power  plant, 
is  not  entitled  to  reclaim  the  engine  from  the  owner  of  the 
plant  after  it  has  been  so  firmly  affixed  to  the  plant  that  it 
could  not  be  removed  without  injury  to  the  premises,  al- 
though the  engine  was  sold  under  a  contract  providing  that 
title  should  remain  in  the  seller  until  payment  of  the  price; 
the  owner  of  the  plant  having  paid  the  contractor  90  per 
cent,  of  the  value  of  the  engine,  witliout  knowing  that  the 
seller  had  so  attempted  to  secure  payment  of  the  purchase 
price.  (Iowa  Supreme  Court,  Hooven,  Owens,  Rentschler  Co. 
vs.    City   of   Atlantic,    144    "Northwestern   Reporter"   635.) 


SOCHETY  HOTE^ 


On  Jan.  29  the  American  Institute  of  Boiler  Inspectors  held 
its  meeting  at  the  Engineering  Societies  Building,  New  York 
City,  and  elected  the  following  officers  for  the  ensuing  year: 
President,  James  Gillespie.  Royal  Insurance  Co.,  viqe-presi- 
dent,  Robert  Thomson,  Travelers  Insurance  Co.;  secretary, 
.T.  H.  Pollard,  Fidelity  &  Casualty  Co.;  treasurer,  George 
Turnbull,  Globe  Insurance  Co.  James  H.  Kinkead  was  elec- 
ted chairman  of  the  executive  and  educational  board.  The 
institute  wiP  Kold  its  annual  dinner  on  Feb.  21,  and  every 
effort  is  being  made  to  have  the  occasion  exceed  all  former 
cinners. 


The    tlrnt    iinniinl    convenl  Ion    of    Mh-    .MiMintalii    KtutcH    I 
MiiiiiiriicturorH'     AmhiiiIiiIIiiii     whm    held    "t     th<-     yMbiiny     Hotel, 
lii'iivri-,    Colo.,    Jan.    22-2:i.       Among    the    piipurM    ri-:id    and    dla- 
ciiMMid     wire    'Vairii    N.w    Type    CylliiiUT    CondiiiHerH,"    II.    O. 
Veneiiiann;   "SIdu  LIihm   for   Small   IMiiiitN,"  J.   F.    Vuiidermurk; 
"Haw    \V liter   lie,"   JaiioM   Allan,      On   ThurHday   inornlng,   Jan. 
22,   the   iiieinburH   vlidted    iIh'   plant  of   the  Colorado   lee   *   Ci.!  ' 
HloriiKO    Co.,    and    liiMpectod    the    larKeat    ■torago    room    In    i 
worlil   hohling  inanufucturvd  Ice.     In   the  evrnliiK   there  wiit- 
thiatiT   party.      A    vIhII    wiim   made   on    Friday    to    the   aniiiioiil.i 
workH   of   the    Wi-Mti-rn    Chi'inli-al    Co..    which    l<-iidi-reil    the    vIh- 
Itors  a   liini'heoii.      At   «:.'(0   there   waM  a   bamiui-t  at   the   .\lliaii> 
Hotel. 

The  IliHt  iinnual  meeting  of  thi'  ComprcHHerl  (;aH  .Maiiuf.. 
turers'  AHHoclallon  was  held  on  Thursduy  afternoon.  Jan.  2:>, 
at  25  Madison  Ave.,  New  York.  The  retiring  president  In  a 
brief  address  reviewed  the  activities  of  the  aHHOciatloii  iIut- 
Ing  I«13,  and  reports  from  standing  and  specl.il  comrnitt' 
wt  re  submitted  and  read.  The  following  were  elected  as  i 
executive  bo:ird  for  1911:  J.  B.  Grelner,  J.  C.  Minor,  Jr.,  A.  ... 
Heller,  Justin  G.  Sholes,  Hugo  Lleber,  C.  J.  Llllenthal,  H.  K. 
Sturcke,  W.  A.  Johnston,  G.  Mc.M.  Godley,  Kugen  Becher,  Goo. 
S.  Haydock,  J.  T.  Stewart,  Otto  S.  King,  A.  ('ressy  Morrison, 
Fran-i  Hlr8<-hland.  The  board  subsequently  organized  and 
elected  as  oHlcers  f o  •  1'.I14:  President,  Hugo  Llel.er;  first  vice- 
president,  J.  B.  Grelner:  second  vice-president,  A.  Cressy  Mor- 
rison: secretary  and  treasurer,  John  J.  O'Horke.  The  outgo- 
ing executive  board  entertained  the  members  of  the  associa- 
tion at  an  informal  dinner  at  the  Manhattan  Club,  Twenty- 
sixth  St.  and  Madison  Ave.,  -n  the  evening;  covers  were  laid 
for   60.      Dr.   Hugo   Lleber   presided. 


FERSOHAILS 


L.  B.  Stillwell.  New  York  City,  has  been  named  by  the 
Secretary  of  the  Treasury  as  consulting  engineer  in  the  con- 
struction of  a  government  power  plant  for  Washington,  D.  C, 
to  cost  $1,500,000.  It  will  furnish  light,  heat  and  power  to  all 
government   buildings,    including   the   White   House. 

Walter  E.  Housman  and  Hans  E.  Seidl  have  formed  a  part- 
nership to  operate  under  the  name  of  Seidl  &  Housman,  901 
Swetland  Bldg.,  Cleveland,  Ohio.  The  firm  will  do  a  consult- 
ing engineering  business  along  the  lines  of  public  utility  work 
and  mechanical  and  electrical  engineering.  Mr.  Housman  was 
for  many  years  power  expert  with  the  United  States  Steel 
Corporation  and  Mr.  Seidl  has  been  associated  with  public 
utility  work  as  consulting  engineer  for  a  number  of  years. 

Harold  Almert,  for  the  past  five  years  manager  of  the 
department  of  examinations  and  reports  of  H.  M.  Byllesby  & 
Co.,  has  severed  his  connection  with  that  firm  to  engage  in 
consulting  engineering  practice  on  his  own  account,  with 
offices  in  The  Rookery,  Chicago,  111.  Mr.  Almert  is  Just  com- 
pleting his  twentieth  year  of  work  in  the  organization,  fin- 
ancing, design  construction,  operation  and  management  of 
public  utilities,  and  for  several  years  has  valued  or  passed 
on  investments  for  new  projects,  consolidations,  reorganiza- 
tions or  extensions  to  existing  properties  of  from  one  to  two 
hundred  million  dollars,  annually.  As  assistants  Mr.  Almert 
will  have  a  staff  of  ^vell  seasoned  specialists  in  mechanical, 
electrical,  hydraulic  and  gas  engineering,  appraisals,  rate  in- 
vestigations, accounting  and  efficiency  work  who,  by  their 
training  and   experience,   are   experts. 


COAL  WASHING  IN  ILLINOIS.  By  F.  C.  Lincoln,  of  the  de- 
partment of  mining  engineering,  has  Just  been  issued  as 
Bulletin  No.  69,  by  the  Engineering  Experiment  Station 
of  the  University  of  Illinois. 

A  great  amount  of  data,  gathered  from  experiments  made 
in  the  inining  laboratory  of  the  university,  personal  visits 
to  the  various  coal  washeries  in  the  state,  and  a  thorough 
search  of  the  scattered  literature  on  the  subject,  have  been 
compiled  and  tabulated.  The  bulletin  also  contains  an  article 
by  S.  W.  Parr,  "Moisture  in  Washed  Coals,"  and  is  a  summary 
of  tests  made  at  the  experiment  station  on  carload  lots  of 
various  washed  coals.  Copies  of  Bulletin  No.  69  may  be  ob- 
tained upon  application  to  C.  R.  Richards,  acting  director 
of  the  Engineering  Experiment  Station,  University  of  Illi- 
nois,  Urbana,   111. 
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IS   THIS   BENIGN    OLD    GENTLEMAN    TURNING    INTO   A   SHYLOCK? 
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s^iire  Steam 


S)'.\OI'SIS — Due  to  the  iiistdllnlioii  of  a  mirftl-jinssnrc. 
Iinhiiii'.  one  IJijO-k'ii'.  ciiifiiir-ilrii'rii  (/cneraltn;/  unit  has 
hciii  shut  dotru  uiitl  the  uunihrr  itf  hoilrrs  uiiilrr  slraiii 
ilrcrvnsrd.  'I'hr  lurhiur  ami  one  rrnpriiailiiui  unit  finicr- 
alc  un  rh'clriial  oulput  a/iiiro.rinnih'h/  ci/ikiI  Id  tlntl  of  Ihr 
lira  I J'td-hj).  rvcijirocaliiKj  units. 


If  a  \isi|i)r  lo  tln'  |M)\vt'i-  |)liHil  of  llic 
Ucdlnrd.     Mass.,    should    iiu'iitioii    nii\i 

Uirluilrs   to  'I'llollias  ()|iiMll.  illicf  i'lli;illi'( 


I'.iitlcr  Mill,  i\('\v 
d-pi'ossiirf^    stoam 

'i-.  an  ml  Im^iasl  ic 


>tal('  boiler  linvs,  tlic  hnilf-r  prcHsiiro  wiiB  roducod  to" 
I  10  II).,  wliich  JH  now  cMriicd.  With  tliiH  n-diution  it 
\va.><  iicccHsarv  to  o|)crat('  10  hoilcrs.  'I'lie  f,'rowiiif;  |»ov 
ic(|iiirciiicnts  of  the  mill  made  tin-  loud  so  lioavy  at  |m  , 
loads  liiat  it  was  dillicull  lo  l<cc|)  up  the  di-sircd  sti-ain 
|irissiitc.  and  coiisctiiicnllx .  tin-  spi-cd  of  the  eiigini'S  wag 
occasionally  rwluccd.  This,  for  a  iow  moments,  made 
a  decrease  in  the  output  of  the  mill  prodiicta.  In  addi- 
lioii.  I  he  iiiaiia;:iiniiii  dcsiri'd  inoi'e  power  to  ])ro\ide 
for  increased  load,-  on  llic  [loucr  planl  when  contemplate  <1 
clian'_:c-   were    made. 


Fig.  1.  ExGixE  Eooir.  Siiowixg  the  1250-Kw.  Mixed- Pressi'ri-:  Ttrbixe  axd  the  Two  1250-Hp. 

l^KClPliOCATIXG    I'XITS.   OXE  OF   WlTICH   HaS   BeI:\    ShUT    DoWX 


interest  would  at  once  Ije  nianifi'sted.  And  with  reason, 
because  of  the  satisfactory  results  that  have  been  obtained 
from  such  a  unit  in  this  mill  power  plant. 

The  original  units  in  this  plant  consisted  of  two  21 
and  52  by  42-in.  vertical,  cross-compound  engines,  \\ith 
a  speed  of  133  r.p.m.  Each  unit  is  directly  con- 
nected to  a  1250-kw.,  alternating-current  generator, 
delivering  three-phase,  -lO-cycle  electrical  energy  to  the 
mill  motors.  Ten  vertical  boilers  supplied  steam  to  the 
engines,  at  165  lb.  pressure.  Because  of  the  much 
stricter  structural   requirements  of  the  recently  enacted 


It  was  at  first  planned  to  put  in  additional  boilers,  but 
after  investigation  the  numagement  decided  to  install  a 
1250-kw.  Curtis  mixed-pressure  turl)ine  and  use  the  ex- 
haust steam  from  one  of  the  reciprocating  units.  Fig.  1. 
The  turbine  is  designed  to  operate  condensing  on  steam 
at  from  16  to  165  lb.,  absolute.  The  turbine  exhausts 
to  a  Bulkley  injector  condenser.  Fig.  2,  at  from  28  to 
29  in.  vacuum,  and  is  directly  connected  to  a  1250-kw., 
600-volt,  three-phase,  40-cycle  generator.  Fig.  3.  The 
generator  of  the  turbine  and  that  of  the  reciprocating 
engine  are  operated  in  parallel. 
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'Die  rt'L'iprocating  engines  were  connected  to  baronietiic 
condensers.  One  condenser  was  discarded  witli  the  in- 
stallation of  the  turbine,  but  the  other  engine  and  cdii- 
ilenser,  whicli  are  sluit  down,  can  be  used  if  llic  power 
demand  exceeds  the  capacity  of  the  engine-liirhine  unils. 

Another  alteration  was  that  of  changing  llie  ratio  of 
the  engine  cylinders  from  21  and  52  to  24  and  42  in.,  tlie 
stroke  of  42  in.  remaining  (he  same.  This  was  ihme  by 
putting  on  a  new  li.v^di-prcssiire  and  hushing  the  low-pres- 
sin'e  cylinder. 

The  recijirocaiing  boiler-feea  pumps  were  i'ei)laced 
iiy  a  turbine-driven  centrifugal  pump,  the  water  going 
1(1  the  boilers  at  212  deg.  F.  The  water  for  the  injectoi' 
londeuser  is  delivered  by  a  turbine-driven  centrifugal 
pump.  The  exhaust  steam  from  these  auxiliary  tur- 
bines is  used  for  heating  the  boiler-feed  water,  but,  if 
desired,  the  exhaust  steam  can  be  sent  to  the  turbine.  Salt 
water   from   the  harbor  is  usfd   in   the  condcns-'r.      The 


Fig.  2.  In.ikction  (Jondknsi':r  Used  with  Mixkd- 

PRESSTiriK    TurLlUNK 

condenser  injedion-water  pump  has  a  capacity  of  400(1 
gal.  per  min.  against  a  42-ft.  head  running  at  1150  r.p.m. 

Before  making  theso  changes  it  was  figured  that  by  so 
doing  the  necessity  of  installing  additional  boilers,  an- 
other engine  and  a  generator,  and  the  condensing  e(pu|)- 
ment  would  be  eliminated ;  that  some  of  the  original 
boilers  could  be  cut  out  of  service,  and  these  expectations 
have  been   realized. 

At  the  time  of  the  writer's  visit  to  the  plant,  one  of 
the  engines  was  shut  down.  There  were  eight  boilers 
under  steam,  although  during  the  summer  months  six 
boilers  will  generate  sufficient  steam  for  the  reciin'ocating 


and  turbine  units,  "^riie  two  extra  boilers  are  necessary 
in  heating  the  mill.  In  case  the  reciprocating  engine 
should  break  down,  the  turi)ine  can  i)e  operated  on  high- 
pressure  steam  and  the  idle  engine  can  be  operated  as 
foi-nu'rly. 

The   installation  and  operation   of  the  mixed-pressure 
turl)inc  anil  shutting  doun  (inc  cnjiinc  have  resulted  in 


T"i(;.   ?>.   CoiU'-vcT    12.")n-|\w.    ^1 1  xi-D-l'iiKssruK   TciinixR 

saving  fuel,  especially  during  the  suniiucr  nionllis,  when 
four  of  the  ten  boilers  are  cut  out  of  service.  The  boiler- 
room  labor  and  the  cost  of  lubricating  the  idle  engine  are 
also  decreased.  Tender  the  old  conditions,  it  was  neces- 
sary to  operate  the  boilers  under  induced  draft,  and  then 
ihci'e  was  difficulty  in  keeping  up  steam;  now  they  run 
under- nalu-'l-draft  conditions,  with  a  reduction  in  the 
number  of  boilers  and  at  a  lower  steam  pressui'e. 

The  output  of  the  two  recii)rocating  engines,  with  full 
load,  was  approximately  2500  k\v.,  with  a  normal  load 
of  about  9 '15  kw.  each.  The  load  at  the  switchboard  on 
ilie  one  engine  and  generator  was  975  kw.,  the  day  of  the 
writer's  visit,  and  the  turbine  unit,  using  steam  that  had 
already  developed  this  (-let  t  i-ical  "iitput,  was  generating 
f'25  kw.,  a  load  almost  eipial  to  that  on  the  engine  unit. 

The  success  of  this  turl)ine-and-engine  combination 
will  be  watched  with  interest  by  other  mill  men  of  Xew 
B(Hlford,  as  the  Butler  mill  plant  is  the  first  and  only  one 
in  the  city  in  which  a  low-pressure  turbine  has  been  in- 
stalled. 


V.'luM'c  a  I'oal  clinkers  badly  on  a( count  of  the  sand  and 
the  bases  beiiiL!'  nearly  balanced,  tbc  fusing  |)oint  of  these 
impiirities  can  be  raised  by  adding  some  more  ba.ses. 
Hence,  to  binder  the  clinkci's  forming  or  prevent  it  en- 
tirely, add  some  limestone,  nuignesia  rock  or  oyster  shells, 
to  the  fire.  Numerous  schemes  have  been  tried  by  fire- 
men and  engineers  to  prevent  clinkers  and  considerable 
ini])rovement  has  l)een  made  in  late  ytars  in  burning  coal 
in  !)oiler  furnaces,  especially  in  the  use  of  the  finer  sizes 
and  the  refuse  coals,  or  culms  as  they  are  sometimes 
called.  Engineers  who  are  giving  special  study  to  the 
problem  of  coal  burning  believe  that  further  improve- 
ment is  possible.  Some  of  the  refuse  coals  contain  a  great 
deal  of  sand,  clay  and  iron,  and  clinker  badly  if  burned 
in  the  old  way. 
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Oiif  (if  the  lirsl  tliiikcr  |iicvi'ri(i\rs  tried  oil  lliis  cIii.sh 
o(  Cucl  IS  tlic  sti'iiiii  liluwcr.  'I'liis  was  used  lu'cnnsc  it  was 
oasy  to  npply  mid  "it  dm-s  llic  wiirk."  lis  virtue  lies  in 
its  eoidiii^;  aelioii  on  llie  lire  lied,  for  with  some  coals  llic 
hiirluT  tiie  temperature  of  the  fuel  hed  the  ^'renter  the 
(eadeney  to  clinker.  There  is  also  a  ( limiii  iil  action 
wiu'ii  wator  vapor  passes  o\er  red-htit  carlion.  it  inu.sl  he 
rememhered.  however,  that  water  is  not  a  f\iel,  and  for 
this  reason  many  of  the  enjjineers  who  have  advanced 
ideas  on  I'oal  hurninfj  have  insisted  on  tlic  dcvejopnienl 
of  sonu'  other  method  lioth  for  TnakinLr  driifl  ami  for 
clinker  i)reventi(in.  In  this  tiicy  luive  lircii  (|iiiic  suc- 
cessful hy  usiufT  a  special  method  of  start  in;;  and  <  li'aniu;,' 
the  lires  and  hy  usinjj  a  small  air  space  and  a  hif,di-pres- 
suro  air  hiast.  In  startiiifj:  tiie  (ire,  pl(>idy  of  kindlinsj  is 
used  so  as  to  make  an  evenly  distrilmled  (ire  and  onr  ihul 
is  hroughl  u])  slowly.  \\\  asii  hed  is  formed  and  kc|it 
over  tilt'  entire  grate. 

If  any  olinkors  form,  even  if  very  small  ones,  ilicy 
should  be  removed  when  lirst  clcanii\^  llu'  fire,  as  these 
little  clinkers  shield  small  areas  of  the  fuel  from  the  air 
blast  and  tlie  elinker  will  continue  to  grow.  The  air  dis- 
tribution must  he  uniform.  .\s  to  the  air  space  in  the 
grate,  the  old  theory  was  to  use  a  grate  having  the  ma.xi- 
nuim  air  s])aco  which  would  at  the  same  time  prevent  the 
fuel  from  falling  through.     This  requires  a  relatively  low 


J 


draft   pies.-ure.     The  new  |dan  is  to  reduce  the  air  spit 
as  much  as  .'id  per  cent,  in  some  types  of  furnace,  and  to 

increase  the   blast.     'I'l Meet    where   properly    installed 

and  operated  has  been  remarkable.  'I'lie  high  velocity  of 
the  blast  through  |'n->n.  iioles  with  -i-in.  blast,  and  with 
a  Dutch-oxen  furnace  producer  an  intense  furnace  teni- 
peratiire.  I'lKler  these  conditions  it  is  possible  to  keep 
a  white  heat    in   the  furnace  and  at   the  same  time  have 

the  grates  fr f  clinker,  and  this,   'no,  when  burning  a 

refuse  coal  that  clinkci>.  \cry  badly  il  biiriii'd  in  the  or- 
dinary nianncr.  ' 

'i'lic  .'^i/e  of  the  holes  in  the  grates  has  a  great  deal  to 
do  with  clinker  formation.  This  applies  both  to  the 
sicaiii  jet  and  to  the  air  blast.  A  case  is  <tn  record  whi-re 
four  boilers  of  tln'  loconioii\e  fyjx;  were  fired  by  the 
same  men  and  will:  the  >aiiic  coal,  yet  three  of  the  fur- 
nace-^ clinkercd  badly  and  one  diil  not.  Steam  jetK  wr.. 
used  ill  the  ashpits.  The  did'erence  lay  in  the  gr:i 
The  three  furnaces  had  /'j-in.  holes,  and  the  fourth  ■.,,. 
had  's-iii.  holes.  The  latter,  therefore,  had  been  given 
more  steam  to  obtain  the  desired  rate  of  combustion,  and 
had  an  air  blast  been  used,  it  is  likely  that  the  grates 
having  the  smaller  holes  would  have  proved  the  better  for 
preventing  clinkers,  herau.'^e  a  stronger  blast  could  have 
been  used  than  would  have  been  allowable  with  the  larger 
grate  ojieiiiiigs. 
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syyol'SIS — Sonw  prarliral  poiitls  Ipiuliiif/  toirard  ecoii- 
oiiiij  in  the  burning  of  oil.  liynih  ami  slarh-  rodi  under 
boilers. 

W. 
Oil  Fuel 

With  fuel  oil.  which  is  high  in  carbon  and  quick  to 
burn,  the  requirements  are  plenty  of  air  at  as  near  at- 
nicsiiheric  jiressure  a.s  possible;  a  thorough  atomization, 
using  as  little  steam  as  is  necessary  for  the  purpose,  and 
just  sufficient  draft  to  pull  the  gases  out  through  the 
boiler  at  the  proper  velocity,  never  over  0.10  in.  of  water 
in  the  uptake  and  less  in  the  furnace.  Have  a  large 
combustion  chamber  with  no  bridge-wall  to  retard  the 
gas  flow. 

To  control  the  draft  it  is  necessary  to  use  a  damper 
in  the  uptake.  Consider  first  that  on  full  load  there 
is  a  draft  of  0.10  in.  If  the  load  drops,  then  the  damper 
should  be  closed  accordingly.  The  serious  drawback  to 
the  common  method  of  firing  with  oil  is  that  a  heavy 
draft  is  maintained  on  the  entire  furnace  setting,  caus- 
ing an  infiltration  of  cold  air  which  dilutes  the  ga.ses  and 
reduces  their  temperature.  These  conditions  prevail 
where  the  ashpit  doors  are  used  to  control  the  air  sup- 
ply. These  doors  should  be  taken  off  when  burning  fiicl 
oil. 

When  several  boilers  are  under  steani  at  a  time,  each 
one  should  be  equipped  with  a  draft  gage,  located  in  the 
uptake  just  below  the  damper;  the  dampers  sjiould  be 
manipulated  so  that  each  gage  registers  the  same  draft 
pressure.  This  insures  a  uniform  load  for  each  boiler. 
provided  that  the  furnaces  are  equally  fired. 


♦Abstract  of  paper  read  b/  J.  P.  Greenwood  before  the 
Practical  Refrigerating  Engineers'  Association,  at  DaUas, 
Tex. 


The  approved  ty]ie  of  oil  burner  spreads  the  oil  fuel 
in  a  fan-like  spray  over  the  grates,  which  have  been 
jiaved  with  firebrick  arranged  so  that  openings  of  about 
V2  to  74  in.  arc  left  between  them.  The  edge  of  the 
.spray  should  come  just  to  the  side  walls,  so  as  to  fill  the 
combustion  space  with  a  well  mixed  and  nonstratified 
gas.  Always  use  a  burner  of  sufficient  size  to  fill  the 
full  width  of  the  boiler  setting  and  never  try  to  operate 
one  side  at  a  time;  use  both  or  all  burners,  but  reduce 
the  (a])acity  liy  the  needle  valve  when  full  capacity  is 
not  required.  Leave  a  clear  space  of  1  in.  or  more  be- 
tween tlie  side  walls  and  the  grate  pavement,  thus  per- 
mitting cold  air  to  enter  and  prevent  burning  out  the 
side  walls.     The  u.se  of  target  walls  is  not  advisable. 

The  average  fuel  oil.  as  sold  in  Texas,  has  18,600 
B.t.u.  per  lb.,  the  average  steam  pressure  is  125  lb.  and 
the  feed-water  temperature  208  ik'g.  F.  Under  these 
conditions,  the  evaporating  capacity  of  this  oil  per  pound 
at  100  per  cent,  efficiency  is  18.3  lb.  of  water  from  the 
temperature  given.  With  a  combined  efficiency  of  fur- 
nace and  boiler  of  70  per  cent.,  an  evaporation  of  12.8 
lb.  of  water  per  pound  of  oil  burned  may  be  expected. 
This  efficiency  might  be  maintained  with  a  load  ranging 
from  75  to  135  per  cent,  of  full  load.  For  less  or  great- 
er loads  a  combined  efficiency  of  70  per  cent,  could  not 
be  expected.  At  one-fifth  load  the  efficiency  would  range 
from  55  to  65  per  cent,  and  the  evaporation  from  10  to 
11.9  lb.,  a  reduction  of  22  per  cent,  in  fuel  economy  at 
the  lower  effi.ciency.  This  shows  conclusively  the  impor- 
tance cf  operating  the  boiler  plant  at  as  near  full  load 
as  possible. 

Never  permit  the  fireman  to  work  six  boilers  when 
the  hiad  is  just  sufficient  for  five,  though  he  will  protest 
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against  the  full  load  on  the  five  boilers  because  closer 
attention  is  required. 

Each  boiler  has  certain  peculiarities  and  must  be  stud- 
ied as  an  indivuluaJ  patient.  To  determine  the  proper 
draft  pressure  fur  any.  certain  boiler  at  different  loads, 
it  is  necessary  to  use  a  CO,  instrument  and  regulate  the 
ilarnper  and  burners  for  the  load  so  as  to  secure  the 
most  desirable  percentage  of  COj  in  the  furnace  gases, 
wliich  is  14  per  cent,  when  the  lowest  uptake  tempera- 
ture consistent  with  draft  pressure  is  obtained.  The 
temperature  should  be  taken  just  as  close  to  the  end  of 
the  gas  pass  as  possible. 

When  the  furnace  gases  are  an  orange  color,  never  uii- 
(If,-  any  circumstances  a  dazzling  white,  the  correct  burii- 
(■!■  and  the  proper  air  mixture  have  been  secured.  As 
the  draft  determines  ihe  quantity  of  air  the  importance 
of  the  draft  gage  will  le  appaient. 

Ill  burning  natural  g.iS  only,  the  furnace  construction 
and  burner  equijiment  vill  be  different.  Have  as  high 
gas  pressure  up  to  the  burner  exit  as  possible.  Regulate 
the  burners  to  obtain  the  proper  mixture.  In  handling 
fluctuating  loads,  turn  the  burners  on  or  off,  but  do  not 
•ehange  (he  mixture. 

Texas  Lignite 

This  fuel  exists  in  great  abundance  in  Texas  and  the 
sui)ply  will  undoubtedly  last  for  centuries.  When  the 
price  is  not  prohibitive  it  is  a  desirable  fuel.  It  is  low 
in  heat-value  and  therefore  requires  considerable  hand- 
ling, as  more  of  it  must  be  used  to  carry  the  same  load. 

The  average  lignite  in  Texas  runs  about  7600  B.t.u., 

and   on   Ihe   same   conditions   given   for   oil,   it   has   an 

evaporative  capacity  of  7.5  lb.  at  100  per  cent,  efficiency. 

The   average  furnace   and   boiler   when   burning  lignite 

will  have  a  combined  efficiency  of  about  50  per  cent.,  or 

m\  actual  evaporation  of  3.75  lb.  of  water  per  pound  of 

lignite. 

I        In   firing  lignite   at   the  normal  rated   load  in  hand- 

I    fired  furnaces,  the  author  found  that  the  furnace  doors 

were  open  for  stoking  about   15  per  cent,   of  the  time. 

During  this  period  the  combined  efficiency  of  the  plant 

I    is  not  over  30  per  cent,  at  best,  so  that  it  is  important 

I   to  reduce  the  time  of  firing  as  much  as  possible. 

The   commercial    boiler    settings    and    grates    sold    in 
Texas  are  not  adapted  to  the  economical  use  of  lignite. 
'   This  fuel  contains  from  15  to  40  per  cent,  of  water;  when 
I  the  moisture  is  gone  the  binding  quality  is  removed  and 
]  the  lignite  is  harder  than  ever  to  fire,  because  it  slacks 
j  similar  to  lime  and  becomes  a  powder  which  fills  the  air 
I  channels  through   the  fuel   bed  and   effectually   cuts  otT 
:  the  draft.     Its   volatile  component  forms  20  to   30  per 
cent,  of  the  fuel,  and  being  a  hydrocarbon   it  is  easily 
distilled  when  the  fuel  is  first  admitted  to  the  furnace. 
If  there  is  sufficient  air  and  high  enough  temperature  in 
the  furnace,  this  volatile  matter  will  be  burned;  other- 
wise, it  will  be  deposited  in  the  tubes  as  soot.     The  far- 
ther away  the  furnace  is  from  the  boiler  tubes  or  sheets, 
the  better  are  the  results  obtained.     The  furnace  should 
be  about  6  or  8  ft.  away  from  the  tube  sheet,  say  in  a 
I  dutch  oven,  or  lower  down  than  usual. 

A   half-dutch   oven   setting  for  the   use   of   lignite    is 

1  •■commended.     A  setting  with  a  21^-  or  3-in.  air  space 

left  between  the  inside  and  outside  walls,  which  is  filled 

1  with  equal  parts  of  sand  and  ashes,  is  good  construction. 

ij  When  a  crack  develops  in  the  side  walls  the  sand  and 


ash  mixture  will  tend  to  close  it  and  prevent  the  air 
from  leaking  into  the  furnace.  With  a  steel  casing,  be 
sure  that  plenty  of  nonconducting  material  is  used  be- 
tween the  brick  lining  and  the  casing;  otherwise,  the 
heat  losses  from  radiation  and  conduction  will  exceed 
those  of  air  infiltration  in  the  case  of  a  brick  setting. 

The  bridge-wall  should  be  just  high  enough  to  pre- 
vent the  fuel  from  falling  over  into  the  combustion 
chamber;  it  has  no  other  function.  It  is  a  mistake  to 
build  a  high  bridge-wall  and  curve  it  with  the  boiler,  as 
this  simply  chokes  the  gas  travel  and  causes  the  draft 
pressure  to  pull  too  much  cold  air  through  the  setting. 
Natural  draft  is  the  most  satisfactory. 

W'ith  a  stack  of  sufficient  height  to  produce  a  draft 
of  0.8  in.  of  water  in  the  uptake  and  a  150-hp.  boiler 
with  1500  sq.ft.  of  heating  surface  to  evaporate  4500  lb. 
of  water  into  steam  per  hour  at  50  per  cent,  combined 
efficiency,  and  an  evaporation  of  3.75,  it  is  necessary 
to  fire  1200  lb.  of  lignite  per  luuir.  With  the  average 
grate  area  of  25  sq.ft.,  this  is  burning  48  lb.  of  lignite 
per  square  foot  of  grate  per  hour,  to  maintain  normal 
capacity.  The  draft  pressure  should  be  about  0.5  in.  of 
water,  depending  upon  the  size  of  the  lumps  and  the 
amount  of  slack  in  the  lignite. 

On  the  other  hand,  the  grates  may  be  6  ft.  long,  giv- 
ing a  total  of  30  sq.ft.  of  surface.  In  this  case  only  40 
lb.  of  lignite  per  sq.ft.  of  grate  surface  would  be  burned, 
the  fuel  bed  being  about  12  in.  thick.  Suppose  only 
half  load  was  demanded,  then  20  lb.  of  lignite  per  sq.ft. 
of  grate  must  be  burned  and  the  draft  lowered  to  secure 
the  best  results;  but  unless  the  damper  is  manipulated 
there  will  be  practically  the  same  draft  pressure  at  all 
loads.  The  foregoing  emphasizes  the  necessity  of  a 
properly  installed  draft  gage  and  damper.  It  would  be 
well  to  put  a  draft  gage  on  the  uptake  and  on  the  fur- 
nace. The  furnace  gage  would  indicate  the  resistance 
to  the  air  through  the  fuel  bed,  while  the  one  on  the  u]>- 
take  would  show  the  resistance  through  the  boiler  tubes. 

Lignite  calls  for  a  large  combustion  chamber,  so  that 
the  volatile  matter  will  have  a  chance  to  burn  before 
coming  in  contact  with  a  comparatively  cold  surface. 
A  shaking  grate  with  as  many  small  holes  as  practicable, 
the  percentage  of  air  space  being  not  less  than  20  and 
not  more  than  30  per  cent.,  is  the  most  desirable  type 
for  a  hand-fired  lignite  furnace.  Do  not  make  the  mis- 
take of  getting  a  large  grate  surface  with  30  to  50  p(;i 
cent,  air  opening,  and  have  the  proportion  of  grate  area 
to  heating  surface  1  to  50  or  1  to  60.  If  it  is  a  ques- 
tion of  capacity,  add  to  the  stack  and  use  a  thicker  fuel 
bed.  Lignite  requires  little  slicing  or,  on  a  shaking 
grate,  shaking,  but  an  attendant  should  slightly  move  the 
grates  every  ten  or  fifteen  minutes,  depending  on  the  load 
on  the  boiler. 

The  alternate  methods  of  firing  and  of  cleaning  fires 
is  the  best  system.  When  cleaning,  close  off  the  dam- 
pers on  the  boiler.  With  a  good  practical  shaking 
grate,  lignite  fires  may  not  need  cleaning  oftener  than 
once  in  six  hours  at  full  load.  To  establish  the  proper 
draft  pressure  for  lignite  fires  it  is  necessary  to  use  a  CO., 
instrument,  and  determine  the  ])ressure  when  the  gases 
show  about  14  per  cent.  CO,.  This  will  be  about  one 
minute  after  stoking  the  furnaces,  and  from  this  instant 
until  the  fires  are  again  stoked  the  CO,  will  gradually 
drop  down  to  as  low  as  4  or  5  per  cent.  A  study  of  the 
furnace    conditions    will   determine    the    firing   intervals 


•.M)V' 


I'O  W  I'.  I{ 


\'()l.  :t!i.  No.  R 


for  licsl  ri'.-iilt.".  Till'  CO.j  saiiililf  iiiiiv  Im-  tnkm  omt  u 
IH-riotl  of  t\v»'lv(>  hours  or  more  l>y  \\>>'\Uii  a  sainliliii)? 
tniik.  and  inakiii;;  a  ilaily  analysis  of  pas;  lliis  will  Kivo 
till'  avfiajio  for  tlio  tiino  or  day  of  saniplinfr.  When  tlio 
liijriu'st  averaK*'  luis  lu'cn  oslalilislicd  and  llic  drnfl  ^'ap*' 
iiotod.  then  it  is  n  question  of  watcliin;,'  llif  diiil't  ^'a^^c 
and   rc'fjiilating  tin*  furnace  aecor(linf,'ly. 

In  Iniyinj;  a  new  hoiler  always  use  an  IS-ft.  inln',  or 
longer,  and  in  water-tulu>  iioilers  altove  :!()((  lip.  n  ilnuliii' 
pass  for  the  gases  is  preferaMe. 

Slack  Coai. 

'Po  burn  this  fuel  eeononiically  a  furiiaco  siniiliir  to 
one  for  lignite  is  desirable,  the  same  general  eoiidil  loiis 
will  applv.  An  nutoniatie  type  of  ilue  blower  would  bo 
advantageous,  as  blowing  the  tubes  when  using  slack 
coal  is  beneficial.  Slack  coal  should  be  lircd  in  small 
quaaitity  and  evenly  spread  over  I  be  grale  surface,  and 
not  over  5  to  8  in.  thick.  If  ibc  slack  lias  a  tendency 
to  cake,  it  must  be  sliccvl  rr('(|uciilly  to  secure  the  best  re- 
sults; ilo  lint  lii-cak  up  tlic  fuel  ziiiic.  ,-iniply  i'liii  ibc 
slicebar    under    llic    I'ucl    bnl    on    (iip    uf    llic   grates   and 


gi\f   il    a   slight    twisl    and   siile   nioM'nicnl    -o   as   to  opm 
up  air  bole-j. 

A  shaking  grale  with  l'»  per  iml.  air  space  will  he 
Htttisfactory  imd  a  tall  slack  and  a  strong  draft  are  de- 
sirable. \  shaking  grale  should  be  oscillated  every  10 
or  1')  niin.,  or  whenever  the  ash|»it  grows  dark  and  no 
reflection  of  light    from  the  grates  is  seen. 

Ne\cr  ro(  k  a  grale  violently,  as  it  drx'H  more  harm 
than  good.  Never  use  a  long  grate  bar,  as  the  aver;!  "■ 
fireman  will  not  kei-p  the  back  of  il  covered,  and  t'\ 
air  leaking  through  and  diluting  the  furnace;  ga.se8  i.-  .t 
serious  mailer.  It  may  be  considered  nec(;ssary  to  have 
a  long  l);ir  in  order  lo  get  fhe  desired  ca])acity,  but  it  is 
liclt(  r  to  ;idd  more  lo  the  stack  at  any  cost,  and  .save  fuel 
Iheieby  in  having  a  stronger  draft,  a  deeper  fuel  bed  and 
less  loss.  It  is  the  draft  jiressurc  that  is  largely  re- 
sponsiide  for  the  idtinnite  economy. 

A  water-tube  boiler  is  slightly  more  cflicicMit  than  the 
horizontal  return-tubular  type  in  e<pnd  capacities  when 
iiurning  lignite  or  slack  coal,  but  there  is  jiractically  no 
ilifTcicnce  when  n>ing  oil  or  gas  fuel.  With  a  horixon- 
lal  watcr-t  iilie  Ixjilrr  a  liorizontal  baflle  is  preferable  and 
nunc  ]ii-a'tiral   than   tlie   unreliable  vertical   liafllc. 
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A  unique  use  to  wliic-li  the  "Lea"  \'-notcb  recortling 
meter  has  been  j)ut  is  in  ihi'  nu'asurcnu'nt  of  the  blowotl' 
discharge  at  the  Waterside  station  of  the  New  York  I']di- 
son  Co.     The  arrangement  is  shown  by  Fig.  1. 

Continuous  measurement,  showing  operating  condi- 
tions of  the  different  factors  of  the  power  plant,  is  be- 
coming more  universal  in  American  power  plants.  It  has 
been  tlie  practice  for  some  time  to  measure  boiler-feed 
water  continuously  so  that  the  evaporative  value  of  the 
coal  and  the  efficiency  of  the  boilers  can  be  determined. 
In  many  plants  continuous  records  of  condensate  from 
individual  units  are  made  by  which  the  steam  consump- 
tion per  kilowatt  can  be  compared  with  previous  records. 
As  far  as  known,  however,  this  is  the  first  case  where 
continuous  record  is  being  made  of  the  intermittent 
boiler  blowoff  discharge  as  well  as  of  the  blowoflf  leakage. 

Such  a  record  enables  the  engineer  To  determine  the 
amount  of  water  evaporated  per  pound  of  coal  or  per 
kilowatt,  because  by  measuring  the  makeup  water  con- 
tinuously and  subtracting  from  this  quantity  the  blowoff 
discharge,  an  exact  quantity  is  left  which  represents  the 
amount  of  water  evaporated.  The  total  boiler  feed  in 
some  plants  is  determined  by  measuring  the  makeup 
water  to  the  heaters,  to  which  is  added  the  condensate 
from  each  of  the  turbine  units,  equipped  with  surface 
condensers,  and  from  this  total  is  deducted  the  heater 
overflow  and  the  blowoff  discharge. 

In  the  measurement  of  blowoff  discharge  there  are 
peculiar  conditions,  but  the  recording  meter  is  adapted 
to  meet  them  because  it  is  accurate  at  low  ratfes  of  flow- 
as  well  as  high.  Blowoff  discharge  from  a  given  plant 
is  a  fliictiiating  quantity  because  the  boiler -staff  may 
blow  down  a  series  of  boilers  in  the  morning  and  then 
do  no  further  blowing  down  for  12  or  perhap  24  hr. 
In  the  interim,  the  only  water  flowing  through  the  blow- 


oil  discharge  is  the  leakage  from  defective  blowoff  valves. 
This  latter  quantity  is  snuill  in  a  well   run  plant,  yel  it 

is  imjKirtant    lor  flic  engineer  lo  Inne  a  chart  record  of 
this  small   (pianiiiy. 


Fig. 


1.    V-NOTCH    EECOIilJKK     lOl;    .M  lOASl  lilXG    13oiLi:B 

Blowoff  Discharge 
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The  system  as  installed  consists  of  a  heavy  steel  \'- 
noich  tank  with  a  sealed  cover  vented  to  the  atmospheric 
exhaust  line,  Fig.  2.  The  tank  is  provided  with  a  parti- 
tion which  contains  the  weirs.  To  one  side  of  the  tank 
is  placed  the  float  chaml)er,  connected  to  tlie  central  sec- 
tion of  the  tank,  by  means  of  a  2^{,-i\\.  pipe  with  a  valve 
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for  throttlinii'  ])iirposes.  The  recording  instrument  is 
supported  on  a  steel  frame  over  the  float  chamber.  The 
top  of  the  float  chamber  is  vented  over  to  the  top  of  the 
weir  tank.  The  float  spindle  passes  through  an  aiti- 
vapor  gland  in  the  float-chamber  cover,  thence  up  through 
the  instrument  base  where  another  anti-vapor  gland  is 
provided  to  prevent  steam  rising  into  the  instrument. 
Here  the  float  I'od  connects  with  tbc  iiisii-umont  rack  and 


accumulation,   a   large   (i-in.   vent  relieves   it.     The  dis- 
charge from  the  blowoff  tank  goes  to  the  sewer. 

To  increase  the  range  of  the  recorder  two  weir  plates 
are  used,  one  of  which  is  a  standard  one-quarter  i)0-deg. 
V-notcli  (i.e.,  having  one-fourth  the  capacity  of  a  90-deg. 
V-notcii).   wbilc  the  other   is  a  rectangular  weir   whose 
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•zero  line  is  elevated  (I  in.  above  the  zero  line  of  the  \'- 
notch.  Water  will,  therefore,  pass  through  the  \'-notch 
until  a  6-in.  head  is  passing  when  the  water  will  begin 
to  flow  through  the  rectangular  weir  and  as  the  flow 
inci-eases  both  weirs  will  take  care  of  the  discharge. 

The  recording  instrument  is  provided  Avith  a  cam 
drum,  Fig.  3,  cut  for  the  flow  through  the  one-quarter 
90-deg.  Y-notch.  In  other  words,  it  is  a  V2  curve.  By 
consulting  the  accompanying  chart,  Fig.  4,  there  will  be 
noted  a  second  datum  line  which  represents  the  zero  line 
of  the  rectangular  weir.  To  determine  the  quantity  of 
water-  which  has  passed  through  the  weirs  it  is  necessary 
to  planimeter  first  the  area  within  the  curve  and  then 
multiply  this  by  the  value  of  1  sq.in.  of  the  chart,  which 
is  the  constant  of  the  chart.  Then  planimeter  the  area 
of  the  peaks  of  the  curve  above  the  datum  line  corre- 
sponding to  the  zero  level  of  the  rectangular  weir  and 
multiply  this  area  by  a  constant,  which  has  been  prede- 
termined by  the  flow  over  the  rectangular  weir.  These 
two  quantities  are  added  togclhcr  and  represent  the  total 
blowoff  discharge. 

Although  the  curve  of  flow  of  the  rectangular  weir  is  a 

■  ' ^_  curve  and  the  curve  of  the  flow  over  the  V-notch  is  a 

■  / .,  curve,  when  comparing  at  and  above  the  datum   line 

Ttiis  Area  represents 
6,000  Pounds 


Fr(i. 


('HA1!T    FROM    V-XoTCII     IxITOHDKH 


operates  the  rcconling  druiii  on  wbiib   is  gradualed   tbc 
rate  of  flow.     The  slider  bar  of  tlu'  iiislriniiml  iransmith 
to  the  ])en  the  instantaneous   rate  of  How  and   the  cloc 
drum  revolving  draws  a  curve  wbich  is  ibc  curve  of  flow 
of  the  water  passing  through  tbc  weirs. 

The  inlet  entei-s  one  end  of  the  steel  tank  from  a  con- 
nection to  the  blowoff  tanks  of  the  i)lant,  and  the  blowofl" 

itanks   are  vented   so   that   there   is    practicallv   no   pressure       Manama  National  K.xposition,   have  been  awarded.     The  build- 
i,.„^, i,i_; •  ,    ii        \^        i.  1,    J       ■  r.-   j^i    '        •  1  ins-s   are   to    be   completed    by    October    1,    1914.      The    two    to- 

accumulation  in  the  V-notch  tauK.      It   there  is  such  an      ^-ether  will  contain  over  8000  electric  lights. 


above   the   rectangular    weir,    ibcy   clo.-icly   resemble   each 
other:  hence   the  small   error   introduced  by  the  V-  cam 
I   the  clock       of   tbc   I'ccordcr  is  ncirligiblc. 


f'oiitnu-t  for  Panama  I?x|ioHition  niiililinKS — Contract  for 
the  construction  of  the  Palace  of  Arts  and  the  Palace  of  Gov- 
ernment,    two    of    the    reinforced     concrete    building-s    for    the 
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SVXOl'SlS — Soiiw  iiilrri'sliiK;  nisrs  illitslniliiit/  tin-  dif- 
finilti/  of  (rauxiiorlimi  hravij  nitKliiiicri/  irhcrc  lite  needed 
futililie.s  are  lackiiuj  or  nrr  rendered  useless. 

y. 

l*ii',>iciit  tondoiu'ics  of  di'.-iij^iiiii^  contnil  .stations  for 
siipplyiiifj  power  to  lar^rc  districts  and  of  conciMitratinf,' 
tlu'ir  output  in  a  few  niainniotli  generating  units,  liave 
given  rise  to  trajisport  ])rol)lenis,  not  always  sudiciently 
nppreeiated.  Some  striking  instances,  for  which  tiie  writer 
is  indelited  to  an  engineer  of  Sulzer  l^rothers,  of  Winler- 
tluir,  SMitzerland,  are  given    in   the   following: 

In  large  cities,  wliere  transjjortation  is  greatly  facili- 
tated by  rail  or  by  waterways,  the  erection  troubles  en- 
countered arc  ri'Iatively  easy  to  overcome.  Where  condi- 
tions are  dillerent,  transportation  may  prove  so  difficult 


<ic|>.  .\>»aii  iMiMipIc,  liii;,'c  boilers,  and  even  gas  tanks, 
have,  like  slii|)  hulls,  been  lloated  by  tiieir  own  buoyancy 
on  rivers  or  at  the  Kcacoast  from  one  jdaee  to  the  otiier. 
'I'bis  course  must  l)e  adopted  in  tiie  absence  of  transport 
\ chicles  of  suHicient  size,  or  when  they  cannot  come  close 
to  the  unloading  station.  Such  remarkable  sea  trii)s  liave 
been  made  by  stmie  Sulzer  fire-tube  bniler«  infitalled  at  flio 
lead  and  silver  mines  of  Almagrera,  Spain,  near  the 
Mediterranean  coast.  Since  the  transport  of  such  big 
pieces  from  the  nearest  railway  station  to  the  mines 
would  have  entailed  extraordinary  didiculties,  the  water- 
way was  chosen  in  spite  of  the  absence  of  any  harbor  ac- 
coinmodation  or  even  a  landing  bridge.  Since  the  boil- 
•ers,  on  account  of  their  mecluuiical  strength,  could  pass 
the  breakers  without  any  danger,  they  were  readilv  hauled 
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Fig.  2.  Transportation  on  the 
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Flue  Boiler 


i 

f^2^w 

IpHPImQ 

•itift  •■m,^-' 

'"^jn^^^ 

*••; 

^^^ 

■•■j»  ^ 

-.■'*s       -^a^ 

#b«i»^0 

H^A-"  ^4M 

WB 

-  •  -                 S r<-^h..>^Kn^HL 

kf^ 

Q^HHk^i^^^^^H^H 

•*»^ 

'**«*i.  % 

^"^^L:-. 

.-Sk  • 

ViMH 

PpWER 

s 

-^ 

- — -^k 

Kx^LOsi^ 

iTlt' 

JaHHH 

Hl^^^^^E^^H 

Fig.  4.  Oxen  as  the  Motive  Force 


and  expensive  as  to  stand  in  the  way  of  the  realization 
of  the  whole  scheme.  In  connection  with  an  installation 
in  the  Argentinian  Cordilleras,  the  cost  of  transport  rose 
to  enormous  figures.  Even  the  masonry  walls  entailed 
ten  times  the  usual  price.  In  such  cases  the  bricks  have 
frequently  to  be  conveyed  great  distances  by  mules,  or  by 
camels,  as  in  Eg}-pt  (Fig.  1). 

The  absence  of  cranes,  winches,  trucks  of  sufficient  ca- 
pacity, etc.,  may  compel  the  engineer  to  invent  new  meth- 


to  the  coast  from  the  transatlantic  steamer  anchored  at 
the  roadstead.  In  a  similar  case  it  was  possible  to  drag 
the  floating  Sulzer  boilers  up  on  an  emergency  runway 
made  of  planks  and  rollers  by  means  of  a  shunting  loco- 
motive, as  the  rails  reached  fairly  close  to  the  coast.  Figs. 
2  and  3  show  boiler  transportation  in  Egypt,  on  the  ba:iks 
of  the  Nile. 

Interesting  conditions  are  frequently  met  with  in  coun- 
tries of  small  jjopulation,  considerable  distances  and  lack 
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5.   Hauling  an  Engine  Cylinder  in  Russia 
Fig.  6.  On  a  Swiss  Mountain  Road 


Fig.  8.  Moving  an  Engine  Cylinder  on  Trestles 
along  the  Thames 

if  railways  and  waterways.  Such  countries  may  not  be- 
r>me  industrial  districts,  though  industries  may  develop 
II  account  of  the  necessity  of  exploiting  some  treasures 
i  the  soil.     As  mines,  spinning  mills,  corn  mills,  etc., 


Fig.  7.  Transporting  a  Turbine  Casting  in  a  Suburb 
OF  Paris 

are  found  in  the  most  out-of-the-way  countries,  it  is  often 
necessary  to  convey  machinery  of  considerable  dimensions 
and  weights  on  trucks  over  country  roads. 

Such  a  transport  is  illustrated  in  Fig.  4.  This  mine 
was  not  of  sufficient  size  and  output  to  warrant  the  in- 
stallation of  railway  lines.  The  roads  in  these  countries- 
generally  leave  much  to  be  desired ;  the  trucks  often  sink 
to  the  axle,  and  the  bridges  over  the  rivers  are  usually  not 
strong  enough  to  support  heavy  objects.  In  transporting 
a  heavy  Sulzer  steam  engine  destined  for  a  spinning  mill 
in  the  interior  of  Russia,  bridges  had  to  be  constructed 
specially  for  the  purpose. 

Such  transport  work  is  frequently  made  even  more  diffi- 
cult by  the  lack  of  unskilled  workmen,  although  this  de- 
ficiency may  be  made  up  by  numbers.  Fig.  5  shows  a 
Sulzer  steam  engine  being  conveyed  from  a  Russian  cus- 
tom house  to  the  site  of  the  power  house. 

Unexpected  difficulties  may  occur  in  the  winter  wlien 
the  rivers  are  frozen.  A  disagreeable  surprise  was  experi- 
enced in  connection  with  a  large  steam  engine  to  be  con- 
veyed upstream  from  the  mouth  of  the  Dnieper.  Since 
the  river  was  not  free  from  ice  and  no  delay  wa.«  per- 
missible in  fitting  up  the  engine,  it  had  to  be  taken  to 
pieces,  the  parts  being  transported  over  the  country'  road 
to  the  spot,  which,  of  course,  took  many  days. 

Such  untoward  difficulties  may  sometimes  occur  in  the 
largest  cities.  Fig.  7  represents  operations  in  Paris  dur- 
ing the  transport  of  heavy  pieces  belonging  to  two  large 
10,000-hp.  Sulzer  steam  turbines  and  the  electrical  gen- 
erators.    Since  the  central  station  had  no  siding  and  at 
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tlif  Imiiks  of  llic  river,  on  wliicli  llic  puwrr  liousf  ih  siIii-  took  (P/m  lir.     Scvcnil  ol'  llic  litaMci^l  picccH  wcifjiicd  Inun 

iilfil.  no  iiaiif  of  sulliiicnt  iii|in(itv   was  availattlc  to  al-  77,(I(M»  lo  HH,(»(KI   II). 

low  the  walcrwav  lo  Ix'  used,  tin-  <'nj;iiif  parls  liail  lo  In-  l''iff.  H   illiislratcs  the  (ilHiciiltics  of  IraiiKporl    in    i/m 

Iransjiorh'tl   on   Innks   from  onr  of   tlic   railway   stalions  don.     'I'lit' cylinder  .'iliown  lidoiif^s  lo  a  (iOOO-hp,  ^wtcaiii  en 

tliroii;;li  tlie  streets  of  tiie  city,  and  a  special   permit  oli-  ijine.     'I'licre    JM'in^'    no   oilier    avenue   of    approach,    llie 

lained   for  passini;  I  lie  streets  and   the  hrid^es  across  the  parts  had   to  lie  taken   lo  llic  site  of  I  he   power  house  on 

ri\cr.     Suiuhn    iiioiiiinu'  wasiilloucd   fur  the  wiuk,  which  trestles   iilon^'side    llic   'i'lifiiiic.-. 
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^)  .VO/'.s/N-  -This  (irticlr.  llic  fiflh  anil  la.<l  ilrscriiniuj 
the  cinder  ahatement  at  llic  Watrrttide  slali()n,'<  of  Ike  jXcw 
York-  Edison  Co.,  Ircats  of  the  successful  cinder  catcher, 
which  has  been  perfected  onhj  after  i/ears  of  e.rperinien- 
tation.  The  t/ases  at  hicjh  relocitij  inijiiniie  first  upon 
a  film  of  irater  runnimj  nrrr  a  unirnblc  hiiffle  in  Hie 
main  flue,  at  nearly  riijlil  lUKjIrs  irilli  llir  ItuiliT  up- 
takes, and  then  are  projected  al  a  velocilij  of  JO  ft.  per 
see.  into  water  in  the  bolloni  of  the  flue.  .About  05  per 
cent,  of  the  solid  matter  is  reniored.  The  iralcr  in  the 
fine  is  used  over  and  over,  and  after  a  .2J,-hr.  run  con- 
tains 0.025  per  cent,  sulphurous  and  sulphuric  acids. 
Copper  proves  Hie  best  material  for  the  baffles. 

m 
TiiK  Ni:\v  \Vi:t-1'i!(>('i:ss  Cixokk  Catcher 

At  Waterside  Xo.  ".'  sun  ion  six  lioiicrs  and  the  50x90- 
It.  flue  were  cut   out  of  service  U)  permit  instnllin 
new  wet-pr<iccss    cinder    catcher,    an 
end   sectional    elevation    of    which    is 
shown   with   the   flue   and  the  boiler 
in  Fig.  IS. 

To  one  of  these  main  Hues  six  boil- 
ers, standing  back  to  back,  three  in  a 
row,  are  connected.  In  the  ilhistra- 
tion,  A  ancl  -l  are  the  smoke  connec- 
tions from  the  lioilers  to  the  flue  B, 
Miiich  has  a  combined  baffle  and 
trongh  C  extending  the  entire  length 
of  the  fine.  Fitting  closely  to  this 
baffle  is  a  large  movable  damper  D, 
S.xSO  ft,  extending  the  length  of  the 
flue  and  poised  at  such  an  angle  that 
it  comes  ordinarily  within  3  to  6  in. 
of  tonohiug  the  side  of  the  flue  at  E, 
and  within  tlie  same  distance  from 
the  surface  of  the  water  m  the  bot- 
tom of  the  flue,  the  depth  of  water 
being  about  18  in. 

This  large  damper  is  counterbalanced  l)y  weights 
through  the  chain  and  wheel  J<\  the  bottom  of  the 
damper  being  held  near  the  flue  liy  the  link  G.  In  the 
trough  is  an  S-in.  water  pipe  H,  extending  the  length  of 
the  flue  and  having  1-in.  holes  spaced  at  4-in.  centers  in 
the  bottom. 

^Yater  is  taken  from  the  tank  by  a  centrifugal  pump. 

•The  cinder  catcher  described  in  this  article  has  been  pat- 
ented jointly  by  Thomas  K.  Murray  and  C.  B.  Grady,  of  the 
New   York    Edison    Co. 


l-'ig.  I'.i,  oil  llic  lioilcr-rooni  lluor  ;iiid  raised  to  the  pipe 
//,  from  which  it  runs  inio  the  trough,  overflowing  the 
latter  and  running  in  a  shcei  down  over  tlie  surface  of 
the  baffle  I),  and  dropjiing  <»ll'  (in  a  sheet)  into  the  tank. 
.\bout  7')  gal.  of  water  jier  iiiin.  per  boiler  is  circulated, 
and  alioiit  S  gal.  per  iiiiii.  |ier  boiler  is  added  lo  make 
up  for  ihal  lost  by  evaporation  and  sjiray  carried  away 
by   the  gases. 

As  the  damper  D  is  movable  and  counterbalanced  it 
may  be  raised  or  lowered  by  turning  the  handwheel  J : 
thus  when  raised,  the  link  (1  will  force  it  away  from 
the  side  of  the  flue  a  distance  proportional  to  that  which 
it  has  moved  above  the  surface  of  the  water.  The  funda- 
mental reason  for  the  damper  is  to  increase  the  velocity 
ol'  the  gases,  and  the  reason  for  moving  it  is  to  allow 
increased  draft  due  to  increased  load  on  the 
boilers. 


Fig.  18.    Skctiox  of  Boilki;  axii  Cixdei:  (atcuicu 


Action-  of  Gases  axd  Cixder  ix  the  Catcher 
Formerly,  the  gases  passed  from  the  boiler  through  .-1 
and  into  the  open  flue  B.  Xow  they  come  through  X 
as  before,  are  deflected  downward  liy  the  baffle  C ,  im- 
pinge on  the  sheet  of  water  on  the  baffle  T),  and  then 
pass  down  through  the  wedge-shaped  duct  formed  by 
this  baffle  and  the  side  of  the  flue.  The  gases  thus  at- 
tain a  high  velocity  as  they  rush  through  the  opening  at 
the  bottom  nf  the  damper.  From  10  to  14  per  cent,  of  the 
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ciiKkT  is  taken  out  hy  the  sheet  of  water  on  the  damper, 
and  from  80  to  85  per  cent,  is  removed  when  it  is  pro- 
jected onto  the  surface  of  the  water  witli  the  high  veloc- 
ity  attained.     This   velocity   is   actjuircd    partly   by   the 


Fig.  19.  The  Circulating  Pump 


increased  velocity  of  the  gas  current  and  partly  l)y  grav- 
ity. This  is  an  important  feature,  for  the  inertia  of  the 
solid  particles  varies  in  proportion  to  the  square  of  the 
velocity,  and  the  resistance  of  the  projected  particles  to 
any  force  tending  to  change  their  direction  of  travel 
varies  as  the  inertia.  It  is  estimated  that  the  cinder  is 
projected  toward  the  surface  of  the  water  at  an  approxi- 
mate velocity  of  50  ft.  per  sec. 

Effect  of  Cinder  Catcher  on  the  Draft  and 
Boiler  Capacity 

The  cinder  catcher  does  not  seriously  reduce  the  boiler 
capacity.  With  a  draft  at  the  stack  base  of  from  0.9  to 
1.2  in.  of  water  a  load  of  1500  hp.  can  be  carried  on 
each  G50-hp.  boiler  with  only  a  slight  decrease  in  tlie 
efficiency  of  the  cinder  catcher.  'J'he  position  of  the  balHe 
is  always  maintained,  so  that  the  velocity  of  the  gases 
leaving  the  baffle  is  the  highest  possible  with  the  stack 
draft  obtainable,  tluis  under  normal  draft  conditions, 
with  boilers  operating  at  110  and  150  per  cent,  rating, 
the  baffle  opening  would  be  from  3  to  G  in.  and  increased 
to  14  in.  at  325  per  cent,  rating. 

Effect  op  Acid  Water  on  Baffles 

The  gases  at  the  Waterside  stations  contain  about  0.06 
per  cent,  sulphur  dioxide  gases  which  have  a  great  af- 
finity for  water.  A  certain  amount  of  sulphurous  acid 
and  sulphuric  acid  is  formed  by  the  gases  coming  in 
contact  with  the  water. 

As  they  leave  the  cinder  catcher,  the  gases  carry  away 
some  water  in  the  form  of  spray,  and  the  water  in  the 
tank,  after  a  24-hr.  run,  contains  about  0.025  per  cent, 
of  sulphurous  and  sulphuric  acid.  A  small  amount  of 
hydrochloric  acid  is  also  formed  by  the  combination  of 
sulphuric  acid  and  the  salt  in  the  water. 


I*"ici.  '^o.    I)ami'i:i;  and   Flush    I'ipes 


Fig.  21.  Showing  Weights  and  Water  Main 
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'I'lu'Sf  ii('i(U  liavc  ^'iviii  miiili  Iroiilili',  iis  llu-v  iirr  hu 
foriosivc  thai  il  was  cxccfilin^'ly  iH-rplcNiii^'  to  I'md  .1 
material  lor  llif  Italllc  that  would  rrsisl  the  artioii  of  tin' 
acids.  A  slicct-iroii  lialilc  was  catcii  awav  in  two  weeks. 
Th«ii  enameled  sheet  iron,  made  in  Cnrnaees  pspeciaiiy 
eoMstnieted  to  suit  the  si/.«  of  tlie  sheets,  was  used;  these 
sheets  failed  <|niekly,  as  the  enamel  cracked  olT  when 
suhjected  to  the  lieat  of  the  Hue  ami  tiic  e\|)ansion  of  the 
metal. 

.\sLestos  hoard  was  next  tried;  it  resisted  the  acids, 
hut  hecame  soft  on  the  surface  heeanse  of  the  water,  and 
it  soon  deteriorated.  l-lNperiment  was  nnulc  with  a  halUe 
of  wire  f^lass.  hut  it  liroke  almost  as  .soon  as  installi'(l. 
(ila.ss  would  lie  an  cxccllcnl  iiialcrial.  as  it  will  wilh- 
stand  the  moislurc  and  arids.  luil  ulicn  a  h:\vd  or  IlinI 
filass  is  eniiiloved  it  will  ii"t-  w  il  iislanil  tlic  iiilcnial 
strains  to  which  a  halllc  is  sulijcdcil.  If  made  of  a  lii.uli- 
ly  alkaline  ^jlass.  and  therefore  \ciy  soft,  the  heat  of  the 
sxa.ses  so  softens  the  Itatlle  that   it   wari>s. 

.\  inati'iial  \cry  liif,di  in  silicon  was  tried,  hut  it  too 
was  so  hrittic  that  il  cracked  after  a  few  hours'  service. 
Up  to  the  present,  dampers  nnule  of  No.  8  gage  copper, 
flanged  and  fastened  with  %-in.  copper  bolts,  the  ends 
being  reinforced  with  ^lo-in.  copper  bar,  have  given 
the  best  results.  The  inside  face  of  the  baffle  over  which 
tlie  water  runs  shows  no  deterioration  after  several  weeks' 
service,  but  the  outer  surface  has  been  attacked  slightly. 
Numerous  acid-])r()of  and  heat-resisting  jjaints  have  also 
])roved   failures. 

FnKS  1\vixti:d  and  Lead  Lixed 

The  flues  at  Waterside  are  of  ^-in.  steel  plate,  rein- 
forced with  angle  irons,  and  are  ))ainted  inside  and  out 


Willi  linseed  oil  and  red  lead.  The  lead  lining,  placed 
ill  tile  hottom  of  the  line  forming  the  water  tank,  i~ 
ahoiil  y^^  in.  thick,  and  is  laid  on  a  concrete  mattrc'- 
about  1 '/o  in.  thick,  as  shown  at  h' ,  Fig.  18.  A  coppi  1 
apron  or  Hashing  //  is  all  that  is  needed  to  protect  th< 
lead  lining  that  extends  above  the  tsiirface  of  the  water. 

Tests  liaVe  shown  that   this  cinder  catcher  has  an  etb- 
ciency  of  about   !iri  |)er  cent.,  wiiicli   is  erjuivalent   to  ii 
diicing  the  solid  <'ontent  of  the  gases  to  O.U'i  graiTi   p'  1 
cu.ft.,  which  (•omi)ares  favorably  witli  tlie  Kcriihhers  ami 
washers  used   for  cleaning  blast-furnace  gas 

l"'ig.  ^0  shows  the  damper  and  the  sup[)ly  lines  to  tli' 
Hush  pipes  in  the  bottom  of  the  Hue.     These  Hush  ])ipi 
arc  of    I    ill.   diameter  each,  spaced   8   ft.  apart,  of  ca 
iron,  and   have  holes  in   the   bottom  spaced  at  l-in  cci 
tcrs   and    pointing   at   an  angle  of   00   deg.   toward   tl 
bottom    of   the   Hues,   so   as   to   drive   the   cinder,   win  1 
Hushing,  to  a  hopper  at  one  end  of  the  flue,  as  in  Fig. 
18.      Fig.  2\   is  a  view  of  the  top  of  the  damper  and  the 
water  trough. 

Cinder  catchers  constructed  on  the  princijjle  of  the  one 
just  described  are   applicable  to   blast   furnaces,  cement 
mills,  various  metallurgical   furnaces,  and,  according  to 
the  inventors,  to  locomotives,  tlie  sparks  from  which  ai 
often  so  damaging  to  property. 

ARnivSTERS   IX    OtIIEI!   liAIiGE    PLANTS 

The  boilers  in  the  (iold  St.  station  of  the  Brooklyn  Edi- 
son Illuminating  Co.,  and  tlio.<e  in  the  201st  St.  station  '  ' 
the  United  Electric  Light  and  Power  Co.,  have  cind' 
arresters  of  the  same  general  design  as  the  one  described 
in  this  issue.  All  arre.sters  were  made  by  the  Metropolitan 
Engineering  Co.,  Atlantic  Ave.,  Brooklyn,  N.  Y. 


SYNOPSIS — ^ome  prnctiral  points  relating  to  safcti/  in 
the  operation  of  steam  boilers. 

The  Safety  Valve 

There  is  no  more  certain  way  of  blowing  up  a  boiler 
than  by  blocking  the  safety  valve.  The  popular  idea  that 
a  boiler  will  explode  with  great  damage  by  allowing  the 
water  to  get  low  and  ])uniping  in  cold  water  is  not  alto- 
gether correct.  There  might  be  an  explosion  but  cer- 
tainly not  one  of  any  magnitude.  When  much  property 
dair.age  is  reported  it  can  be  safely  concluded  that  there 
must  have  been  considerable  water  in  the  boiler  at  the 
time  of  the  e.xplosion. 

At  100  lb.  steam  pressure,  the  water  in  a  boiler  is  at  a 
temperature  of  33S  deg.  F.,  and  if  a  rupture  occurs,  its 
temperature  immediately  falls  to  312  deg.,  this  loss  of 
heat  being  taken  up  by  the  water  .so  that  about  13 
per  cent,  of  the  weight  breaks  into  steam.  A  hori- 
zontal return-tubular  boiler,  72  in.  by  18  ft.,  contains 
about  20,000  lb.  of  water  at  the  normal  water  level. 
Imagine  the  effect  of  2600  lb.  of  this  water  breaking  into 
steam  instantaneously.  Before  it  comes  to  equilibrium 
with  the  atmo.sphere  it  must  expand  to  1600  times  its 

•Abstract  of  paper  by  R.  T.  Burwell,  read  before  the  Prac- 
tical  Refrigerating   Engineers'    Association,    Dallas,   Texas. 


volume,  while  dry  steam  at  100  lb.  gage  pressure  would 
expand  only  seven  times  its  volume.  The.«e  are  only  ap- 
proximate figures,  intended  to  emphasize  the  great  amount 
of  energy  stored  in  the  xvater  and  the  importance  of 
guarding  against  any  condition  that  may  set  this  energy 
free. 

It  is  surprising  to  learn  of  the  number  of  cases  where 
a  stop  valve  is  placed  between  the  boiler  and  its  safety 
valve.  Then  there  is  the  fellow  who  hangs  an  extra  weight 
on  his  safety-valve  lever  to  stop  it  simmering.  The  en- 
gineer in  charge  of  the  large,  well  equipped  plant,  who 
would  be  insulted  to  find  himself  classed  with  the  other 
two,  frequently  removes  the  try  lever  from  his  pop  valve 
and  allows  some  of  these  valves  to  become  "frozen"  by 
rust  and  corrosion  from  nonuse.  He  is  not  very  far  re- 
moved from  the  man  who  put  the  .«top  valve  between  the 
boiler  and  the  safety  valve. 

With  lever  safety  valves  many  instances  are  knoxvii 
where  the  stem  has  become  "frozen"  to  the  bonnet.  Proper 
care  is  not  always  exerci.<;ed  to  see  that  the  lever  is  at  right 
angles  to  the  stem  and  that  there  is  a  proper  knife-edge 
contact  betxveen  the  stem  and  lever.  A  flat  top  to  the 
stem  makes  a  material  difference  in  the  distance  from  the 
fulcrum,  and  such  a  valve  may  start  simmering  rather 
low  and  not  blow  strong  until  the  pressure  is  considerably 
in  excess  of  the  supposed  load. 
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Water  Gages  and  Cocks 

The  best  practice  requires  that  each  boiler  shall  have  a 
glass-gage  and  three  gage-cocks.  Where  water  columns 
are  used,  they  should  be  of  ample  size  aud  be  connected 
to  the  boiler  by  liberal-sized  connections,  the  usual  stand- 
ard being  li/4-in.  pipe.  These  connections  should  be  as 
direct  as  possible,  and  wherever  elbows  are  necessary  it  is 
best  to  have  tees  or  crosses  with  plugs  to  permit  a  thor- 
ough cleaning  of  the  pipes.  The  drain  or  blowoff  to  the 
water  column,  frequently  too  small  to  properly  flush  and 
test  the  column,  should  be  of  1-  or  li/4-in.  pipe  and  led 
to  the  ashpit  or  out  of  doors.  Such  a  pipe  ending  in 
the  boiler  room  is  not  only  a  menace  to  those  in  the  plant, 
but  it  is  an  indication  of  carelessness. 

One  of  the  most  frequent  criticisms  an  inspector  has  to 
mnke  is  that  the  gage-cocks  are  out  of  order,  either  stuck 
or  without  handles  for  operating.  The  man  in  charge 
invariably  takes  offense  and  thinks  the  inspector  is  un- 
II  asonal)le  and  impractical,  since  the  glass  water  gage 
I-  de])ended  on  to  show  the  water  level,  but  suppose  the 
glass  breaks  and  anotlier  cannot  be  put  in  promptly.  It 
is  generally  too  late  then  to  get  them  in  operating  condi- 
tion. Besides,  the  management  loses  sight  of  the  im])ort- 
ant  fact  that  defective  gage-cocks  are  sometimes  trouble- 
some and  costly  witnesses  in  case  of  a  boiler  explosion. 

The  Steam  Gage 

Whenever  a  boiler  is  cut  into  a  header  already  under 
steam  from  other  boilers,  it  is  extremely  important  that 
this  boiler  be  at  the  same  pressure  as  the  header,  and  this 
can  only  be  insured  by  providing  each  boiler  with  a  pres- 
sur*^  gage.  The  gage  should  be  so  connected  that  its 
spring  will  be  properly  insulated  from  a  hot  flue  or  stack ; 
otherwise  it  is  apt  to  read  incorrectly  and  its  spring  may 
become  impaired.  In  selecting  a  steam  gage,  choose  one 
having  a  back-lash  spring,  as  the  gage  without  this  in- 
variably reads  incorrectly  by  a  few  pounds,  due  to  the 
back  lash  in  its  gearing. 

Steam  Pipixg  and  Fittings 

Due  thought  should  be  given  to  the  pressure  carried 
and  the  pipe  and  fittings  selected  accordingly.  The  de- 
sign should  be  simple,  with  a  proper  allowance  for  expan- 
sion, and  it  is  preferable  to  make  connections  from  boil- 
ers as  uniform  as  possible.  All  screwed  joints  should  be 
made  with  great  care  as  so  many  serious  accidents  have 
resulted  from  the  failure  to  enter  the  pipe  sufficiently  in- 
to the  fitting.  One  of  the  most  important  points  in  con- 
nection with  steam  piping  is  to  see  that  all  pockets  are 
provided  with  drains;  better  still,  arrange  the  piping  so 
as  to  avoid  pockets  as  far  as  possible.  The  stop  valve, 
for  instance,  should  be  in  the  horizontal  portion  of  the 
pipe  connecting  the  boiler  to  the  header. 

The  Blowoff  Pipe 

That  the  blowoff  pipe  is  the  most  generally  neglected 
attachment  about  the  boiler  accounts  for  the  many  acci- 
dents resulting  from  the  failure  of  such  pipes.  In  the 
case  of  the  horizontal  tubular  or  flue  boiler,  the  blowoff 
should  be  located  on  the  bottom  of  the  shell,  as  near  the 
rear  head  as  possible  to  prevent  any  accumulation  or  de- 
posit back  of  the  opening.  A  suitable  pad  should  be  pro- 
vided, as  the  thickness  of  the  shell  alone  does  not  provide 
sufficient  depth  of  thread,  and  the  greatest  care  should 


be  exercised  in  selecting  the  jiipe  and  iittings  to  see  that 
all  joints  are  properly  made  up.  Even  for  low  pressures, 
a  blowoff'  valve  of  heavy  design  should  be  selected  and 
special  attention  given  to  the  strength  of  the  bonnet. 

Where  cocks  are  used,  the  ordinary  plug  is  to  be  dis- 
couraged since  there  is  too  much  chance  of  the  plug  jump- 
ing out  in  case  the  attendant  knocks  it  up  in  his  effort 
to  open  the  cock.  A  cock  held  down  by  a  bonnet  is  prefer- 
able, and  it  should  always  be  remembered  that  a  cock  or 
quick-opening  valve  should  be  operated  slowly;  otherwi.'^e 
serious  results  may  ensue  from  water-hammer. 

The  size  of  pipe  is  also  a  material  factor  in  the  effects 
of  water-hammer,  and  for  that  reason  2V2-i'i-  pipc  ii' 
generally  adopted  as  the  safe  limit.  The  blowoff'  pipe 
should  be  protected  from  the  direct  action  of  the  fire,  and 
whenever  the  feed  water  leaves  any  deposit,  the  blowoff' 
valve  should  be  opened  at  frequent  intervals. 

It  is  surprising  how  clean  a  boiler  can  be  kept  liy  using 
a  little  solvent  whenever  necessary  and  opening  the  blow- 
off  valve  about  every  two  or  three  hours.  In  doing  this 
better  results  are  olitaiiied  if  the  boiler  is  not  pum]jed  up, 
since  this  disturbs  the  deposit.  By  frequent  blowing  it  is 
necessary  to  blow  out  only  a  little  water  at  a  time.  This 
applies  to  feed  water  in  which  the  solids  in  solution  are 
precipitated  by  heat  without  materially  increasing  the 
density  of  the  water.  Where  a  large  portion  of  the  solids 
remain  in  solution  until  the  density  is  increased  to  a 
certain  point,  such  as  in  sea  water,  it  is  necessary  to  pump 
up  and  blow  down. 

In  most  cases  the  blowoff  valve  is  in  a  dark,  narrow 
passage  between  the  rear  of  the  setting  and  the  building 
wall,  where  there  is  practically  no  chance  for  the  attend- 
ant to  escape  in  case  of  the  failure  of  this  pipe  or  its  fit- 
tings. Where  the  building  wall  is  close  enough,  an  open- 
ing should  be  made  opposite  the  valve  so  that  the  attend- 
ant can  stand  outside  of  the  building  while  operating  it 
and,  if  this  is  not  possible,  an  extension  handle  could  be 
attached  to  the  valve  so  that  it  can  be  operated  from  the 
side  of  the  setting.  When  the  frequency  of  accidents  is 
considered  and  that  they  generally  result  in  serious  per- 
sonal injury  or  death,  the  importance  of  adopting  every 
safeguard  to  protect  those  in  charge  of  the  boiler  can  be 
realized.  The  failure  of  a  blowoff  pipe  inside  the  setting 
is  a  serious  menace  to  the  fireman  in  front  of  the  boiler, 
and  this  might  be  lessened  by  arranging  the  rear  clean- 
ing door  so  that  it  will  offer  the  least  resistance  to  the 
steam  and  water,  and  by  the  adoption  of  firedoors  that 
will  act  as  a  check. 

Feed  Pii'e 

The  blowoff'  cannot  perform  its  ))roper  function  if  the 
boiler  is  fed  through  it.  Feeding  through  the  blowoff  not 
only  disturbs  the  deposit  and  prevents  it  from  being 
properly  removed,  but  as  the  pipe  is  at  a  much  lower 
temperature  than  the  fire  sheets,  it  produces  strains  in 
the  material  which  sooner  or  later  will  become  manifest 
in  leaky  seams  and  cracked  plates.  In  addition,  it  gen- 
erally results  in  the  regulating  valve  being  inconveniently 
located  for  the  fireman,  and  if  the  blowoff  pipe  fails  it  is 
impossible  to  keep  the  pump  on  the  boiler  until  it  is  suffi- 
ciently cooled  down.  Feeding  below  the  tubes  in  fire-tube 
boilers  is  also  open  to  the  ol)jcction  that  it  produces  ex- 
cessive strains  in  the  shell  plates.  The  better  plan  is  to 
let  the  feed  discharge  just  below  the  water  level.     Care 


I'O  W  !•:  K 


Vol.  MK  \<).  s 


hIuhiIiI  1)0  tnkon  to  kt<('|i  thr  ilisclmr;;!'  rml  of  llic  fccil  pi|i(' 
clt'iir,  as  it  has  a  tcmlt'iicv  lo  Iii'c(miic  (il)sti'iiclc<l  where 
there  is  niiv  sealc'-l'oriniii>(  inaller  in  the  water.  IMaee 
the  feed  main  and  the  re>,'iihitin)i  valves  at  the  froiil  of 
till'  lioiler  in  easy  anil  eonvei.ient  control  of  the  lireninn. 

I'"rsiiii.i  I'm  (is 
'I'liese  plug's  are  not  alway.-  reliable  iinij  in  (ctIiiih 
t\'|ies  of  hoiler  it  is  doiilitful  wlietlicr  lliey  du  any  ^'o<id  ; 
hilt  their  failure  to  work  is  fre(|iu'ntly  due  to  iiii|)roi)er 
installation  or  to  allowinj;  the  (illing  to  heeoinc  decoin- 
po.sed  or  covered  with  dejiosit  from  long  ncfjiect.  If  a 
fusihlo  plujr  jjives  a  correct  alarm  once  in  a  hundred  times 
it  has  done  a  •;;reat  service  ami  its  jtreseiicc  is  apt  to  prove 
a  friendly  witness  after  an  e.xplixsion. 


In  addition  to  the  ordimiry  fuHihIc  plug  there  is  one 
whhli  melts  under  the  action  of  steam  at  ahoiit  ^10  (leg. 
It  is  placed  on  the  end  of  a  pipe  ahoiit  v  ft.  ahove  the  t(>|> 
of  the  hoiler  and  the  pipe  extends  into  the  shell  to  thu 
low-wiitcr  line.  As  soon  as  the  water  falls  to  the  hottoni 
III'  till'  pipe,  steam  enters,  melts  the  plug  and  l)lo^^ 
whisllc.  .\  valve  which  can  ln'  locked  open  to  |)re\' 
tampering  makes  it  possihie  to  shut  olT  the  pi|)e  and  in- 
.sert  a  new  plug  without  closing  down  the  hoiler.  Highly 
satisfactory  results  iiavc  heen  ohtaiiicd  from  this  device 
and  it  is  especially  valuahle  for  water-tuhe  hollers  in 
wliicii  the  ordinary  plug  must  he  placeil  at  points  where 
the  gases  are  not  always  of  siillicient  temperature  to  melt 
it  and  it  is  therefore  an  uncertain  protection. 
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F'ixed  Charges 


One  keeps  an  account  l)craiis(>  he  wants  to  know  some- 
thing, 'riie  account  must,  tlierefore,  be  kept  so  that  it 
will  tell  him  what  he  wants  to  know.  The  items  which 
go  into  it  and  the  method  of  keejiing  it  will  depend  alto- 
gether upon  what  u.se  is  to  he  made  of  it;  upon  what  it  is 
su])posed  to  show,  and  the  first  thing  to  do  is  to  get  this 
purpose  of  the  account  clearly  in  mind. 

If  the  purpose  of  the  account  is  simply  to  show  the 
proprietor  or  manager  of  a  business  what  it  costs  to  run 
liis  })ower  dei)artment.  the  account  will  consist  of  the 
summation  of  the  items  ciiargeable  to  that  account. 
Tliese  items  may  be  divided  into  two  groups: 

.•Vttciitlanec 

Fuel 

Water 

Hcpaira 

Boiler  compound 

Oil 

Wast.. 

Packing 

Tools 

Misc. 

Interest 

Depreciation 

Taxes 

Insurance 

Those  of  the  first  group  ought  to  be  available  from 
the  running  accounts  of  the  concern. 

Attkxdaxck 

The  books  ought  to  show  how  much  has  been  paid  in 
wages  to  power-jjlant  attendants.  When  the  time  of  a 
man  i«  divided  between  the  power  plant  and  other  depart- 
ments, as  a  master  meclianic  who  has  charge  of  all  the 
machinery  of  a  mill  and  really  devotes  some  time  and  en- 
erg>-  to  the  power  plant,  or  a  laborer  who  wheels  ashes 
and  does  laborer's  work  around  the  power  plant  a  part  of 
the  time,  their  salaries  or  wages  should  be  charged  to  the 
power  plant  in  proportion,  as  nearly  as  may  be,  to  the 
time  which  is  spent  upon  the  power-plant  work  to  the  ex- 
clusion of  their  activities  in  other  directions. 

It  is  always  a  question  where  to  stop  in  this  direction. 
Some  accountants  want  to  charge  to  the  power  plant  a 
proportion  of  the  president's  salary,  of  the  expenses  of  the 
bookkeeping  department  and  of  the  stipend  of  the  office 
boy.  There  it  is  still  a  question  of  what  is  the  purpose 
of  the  account.  The  president  of  a  manufacturing  con- 
cern of  which  the  power  account  is  a  small  factor,  who 
knows  that  his  salary  is  no  more  because  he  has  a  power 
plant  and  would  be  no  less  if  he  bought  his  power  ready 
made,  will  probably  not  charge  the  powder  account  with 


any  of  iiis  salary.  In  an  electric  company,  where  the 
power  is  the  whole  product,  the  administration  has  a  dif- 
ferent relation  to  the  power  account,  and  salaries  of  offi- 
cers not  directly  occupied  with  tiie  jilant  would  go  into  the 
costs  of  the  administration  of  the  whole  business.  The 
item  "attendance"  in  the  first  group  is  intended  to  cover 
the  money  paid  for  labor  and  attendance,  as  of  engineers, 
firemen,  coal  and  ash  handlers,  boiler  cleaners,  etc. 

FlJKL 

The  books  of  tiie  company  ought  to  show  the  amount 
paid  for  fuel.  So  far  it  is  a  question  of  the  money  paid 
for  fuel,  not  how  niucli  fuel  has  been  gotten  for  it.  The 
books  may  not,  however,  show  how  much  was  paid  for  fuel 
for  the  power  plant  as  distinct  from  fuel  for  other  pur- 
poses, as  heating  and  manufacturing  processes.  Ob- 
viously, unless  there  is  some  way  of  determining  this  prin- 
cipal item  there  can  be  no  account  kept  which  will  amount 
to  anything.  When  fuel  is  u.sed  for  lioth  power  and  heat- 
ing, as  where  the  same  boilers  furnish  the  steam  for  both, 
or  where  the  heating  is  done  with  exhaust  steam,  the 
question  of  charges  and  credits  to  each  of  the.se  depart- 
ments becomes  very  much  involved,  and  it  may  be  prac- 
tically im])o.«sib]e  to  differentiate  them  entirely,  but  it  is 
usuallv  possii)le  to  keep  an  account  so  as  to  get  a  satis- 
factory answer  to  some  particular  question,  if  that  ques- 
tion is  definitely  stated.  Whether  one  credits  his  power 
plant  with  what  the  heating  would  have  cost  if  it  had 
been  done  otherwise,  or  charges  his  heating  with  onlv 
extra  fuel  burned  in  the  power  plant  by  reason  of  the 
demand  for  steam  (live  or  exhaust)  used  for  heating, 
will  depend  upon  whether  he  wants  to  know  how  valuable 
his  plant  is  to  him  in  its  coml)ined  capacity  as  a  source 
of  power  and  heat,  or  how  much  his  power  would  have 
co.'it  him  if  there  had  been  no  heating  to  do. 
Wat  Pit 

With  the  water,  as  Avith  the  fuel,  it  may  be  difficult 
to  apportion  to  the  power  plant  its  share.  Even  when 
the  water  supply  comes  from  the  city  or  a  water  com- 
pany, and  the  books  show  the  amount  of  the  water  bills, 
it  is  impossible  to  tell  how  much  of  this  should  be  charged 
to  the  power  plant  unless  separate  meters  are  used.  Re- 
liable meters  are  now  available  at  moderate  prices.  If 
the  advantage  of  knowing  what  one  is  doing,  how  he 
is  doing  it,  and  why  he  is  not  doing  better  is  worth  the 
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cost  of  such  appliances,  they  should  be  provided.     If  they 

are  not,  there  is  no  use  of  talking  about  accounts.    When 

the  water  is  available,  as  from  a  pond  or  river,  it  is  not 

1  necessary  to  make  a  separate  charge  for  it,  as  the  items 

I  which  go  to  make  up  the  cost  of  handling  it  will  come  in 

I  with  the  other  charges.     When  a  water-treating  plant  is 

used,  the  power  plant  should  bear  its  proportion  of  the 

(■\|)ense  of  running  it. 

Oil,  Waste,  Etc. 

Here,  again,  there  must  be  some  way  to  charge  to  the 

[lower  plant  only  that  which  it  uses.     In  a  factory   or 

I  machine  shop  the  books  will  show  the  cost  of  oil  and  waste 

for  the  whole  concern,  but  some  system  must  be  followed 

\\  hereby  it  may  be  known  how  much  of  it  goes  into  the  en- 

:gnie  room. 

Interest 

If  a  man  has  to  borrow  the  money  to  buy  his  steam 
plant  he  will  have  to  pay  interest  upon  it. 

If  he  has  the  money  and  does  not  put  it  into  the  steam 
plant,  he  can  lend  it  and  get  interest  upon  it,  which  he 
sacrifices  if  he  spends  it  for  a  power  plant. 

In  any  case,  therefore,  the  interest  upon  its  cost  should 
be  included  as  one  of  the  standing  charges  against  a  plant, 
remembering,  however,  that  any  profit  which  the  plant 
shows  over  other  means  of  getting  the  power  is  over  and 
above  the  profit  which  could  have  been  had  by  investing 
the  money  otherwise  at  the  assumed  rate. 

Depreciation 

t  Suppose  an  engine  costs  $4000  and  will  last  20  years, 
'hen  every  year  the  plant  uses  up  not  only  so  much  coal 
nd  water  and  oil,  but  $200  worth  of  engine.  This  is  true 
jf  all  of  the  components  of  the  plant,  including  tiie  chim- 
ney and  the  power  house.  Some  of  them  will  be  used  up 
Easter  than  others.  It  is  usual  to  charge  off  about  5  per 
ent.  per  year  of  the  total  cost  of  the  plant  to  this  ac- 
ount. 

If  one  set  aside  each  year  5  per  cent,  of  the  cost  of  his 
plant  he  would,  at  the  end  of  20  years,  have  back  the  capi- 
;al  which  he  had  invested,  and  be  able  to  replace  the  plant, 

t'hich  it  is  assumed  would  have  worn  out  in  that  time.  In 
ther  words,  he  is  collecting  back  from  the  plant  in  in- 
itallments  the  money  which  he  borrowed  or  appropriated 
vith  M'hich  to  buy  it. 

Should  the  plant  continue  to  pay  interest  on  that  part 
vhich  it  has  already  paid? 

I  If  interest  were  really  being  paid,  as  upon  notes  or 
)onds,  the  yearly  collection  for  depreciation  could  be  ap- 
i)lied  to  paying  that  amount  of  the  notes  or  to  refixing 
[hat  amount  of  the  bonds,  so  that  the  interest  for  the 
■econd  year  would  be  upon  the  original  investment  less 
he  dei)reciation  charged  off  the  first  year,  the  investment 
nd  interest  charge  being  decreased  each  year  until  the 
lebt  was  paid  and  the  interest  ceased.  The  same  rea- 
loning  should  apply  to  the  general  case. 

If  the  object  really  were  to  have  enough  on  hand  to 
eplace  the  plant  at  the  end  of  its  assumed  life,  and  the 
acney  were  really  set  aside  each  year  as  it  is  charged  to 
jhe  power  account,  and  invested  at  the  rate  of  interest 
l''hich  it  was  assumed  that  one  could  get  when  the  inter- 
=t  account  was  established,  it  would  be  found  that,  on 
iiunt  of  the  compound  interest,  the  total  amount  would 
ave  accumulated  long  before  the  time  was  up.     It  would 


take  an  annuity  of  less  than  3  per  cent,  to  redeem  an 
investment  in  20  years  at  6  per  cent.  This  sinking- 
fund  phase  of  depreciation  is  to  be  considered  in  accounts 
kept  for  some  purposes.  The  method  of  treatment  will 
depend  upon  what  the  man  who  keeps  the  account  wants 
it  to  tell.  It  will  not  make  any  dilfereuce  in  the  amount 
of  money  which  he  spends  on  his  plant,  but  it  may  affect 
the  apparent  cost  of  running  it. 

Upon  what  is  depreciation  to  be  charged?  One  would 
charge  it  upon  an  e.xciter  unit  or  a  steam  ])ump,  but  not 
upon  a  monkey  wrench. 

The  distinction  is  this.  If  the  money  paid  for  it  is  not 
charged  directly  to  the  power  account,  it  may  be  charged 
to  the  investment  account  and  its  cost  collected  within 
its  term  of  usefulness  by  cliarging  depreciation  upon  it. 
If  it  is  not  so  treated  it  should  be  charged  in  its  entirety 
as  miscellaneous  supplies.  A  belt,  for  instance,  would  be 
charged  all  at  once,  and  while  it  would  make  the  power 
cost  high  for  that  month  or  year,  it  would  average  up  in 
the  long  run.  When  the  capital  invested  has  been  all 
collected  through  depreciation,  this  item  should  be  taken 
out  of  the  depreciation  account  and  the  collection  of  de- 
l)reciation  upon  it  stopped. 

Taxes  and  Insurance 

These  items  should,  be  available  from  the  bookkeeper. 
It  will  still  be  a  question  of  apportionment,  but  as  both 
of  these  items  are  based  more  or  less  directly  upon  valu(3, 
they  may  be  taken  as  a  percentage  of  the  cost  of  the  plant. 
The  charge  should  really  be  the  amount  which  is  paid  for 
ta.Kes  and  insurance  over  and  above  what  would  be  i^aid  if 
the  power  plant  were  not  there. 
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Water  power  is  unlike  most  other  natural  resources 
in  that  it  is  not  diminished  by  use,  nor  is  it  conserved 
by  nonuse.  Coal  which  is  not  used  today  remains  to  be 
used  hereafter,  but  the  energy  of  water  which  is  allowed 
to  flow  by  unused  neither  increases  nor  diminishes  the 
future  supply,  but  it  is  irretrievably  lost.  Our  supply 
of  coal — the  principal  source  of  energy — while  vast,  is 
not  unlimited.  The  utilization  of  water  power  results  ir* 
the  saving  of  coal  for  future  use.  In  other  M-ords,  th(i 
real  waste  of  water  power  is  its  nonuse,  while  its  de^ 
vclopnient  effects  a  conservation,  not  only  of  water  power 
but  of  our  fuel  supply  as  well. 

The  importance  of  effectively  utilizing  the  water 
powers  of  the  country  is,  therefore,  obvious.  The  power 
now  (February,  1912,)  required  to  operate  the  industrial 
enterprises  and  public-service  utiiities  of  the  country 
(excluding  steam  railroads  and  vessels)  can  be  safely 
estimated  at  not  less  than  30,000,000  hp.  Approximate- 
ly 0,000,000  hp.  is  now  generated  by  water;  the  rest  is 
generated  from  fuel,  mainly  coal.  'I'hc  quantity  of  coal 
required  to  produce  a  horsepower-hour  in  steam  varies 
according  to  the  quality  of  the  coal  and  the  size  and 
efficiency  of  the  engines.  It  is  claimed  that  under  the 
most  favorable  conditions  a  pound  of  coal  can  be  made 
to  produce  one  horsepower-liour.  From  this  minimum 
the  estimated  quantity  ranges  as  high  as  even  6  or  7  lb. 
Assuming,  however,  that  on  the  average  a  horsepower- 

••■Wat.-r  Power  Development  in  the  United  States."  by  Her- 
bert  Knox  !<inith. 
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luiur  ill  strain  ciiii  In-  pniilini'd  l)y  11  lit.  of  coal  (ami  this       heroic  a  (|uaiitity  «'i|iial  to  even  the  "iiiiniiiiiiiii  potential" 


t|uantity  piohahly  iiiiilerslaleH  the  avL'nij»e  (|iiantit.v  of 
eoal  reiiniifil  and  tin-  eoriespomlinn  savinfj  by  the  Huh- 
stitiition  of  water  power),  the  power  now  produced  hy 
water  Haves  at  least  ;{:i.(t()(t,(K)0  tons  of  coal  per  year. 
Tills  is  based  on  a  U'-lir.  day. 

Mv    reason  of  distance   Iroin    markets,  cost   (i\    (lc\cl()p- 
niciil   and   (itlicr  causes,    it    \vill    diiiilillcss   lie   iiiiiny    \carK 


water  power  of  the  country,  ;{5i,()K;j,(MM)  hp.,  can  i>e  ad- 
vantaj,'eoiiHly  developed.  It  Ih  certain,  however,  that 
under  favoraiile  (onditions  several  additional  MiillionH  of 
horsepower  can  now  prolitably  he  <levelo|)ed  from  water, 
lliiis  elVectiiifi  a  still  further  conservation  of  our  fuel. 
The  iiiilliuiis  of  wat<;r  power  economically  uvuilahle,  but 
iiiidr\(|(i|i((l,   i(|(re.scnt  absolute  waste. 
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SYNOPSIS — Kxpldiiutioii  (if  llic  Ifi-iiix  iinliiitiiiKr.  rr- 
aciainr  and  impedaiKc,  ami  their  cffccl  in  caUululiiuj  al- 
icrnatiity-current  circuits. 

W  hen  luakiiifj  taKuhitioiis  lor  alternating-current  cir- 
cuits, ill  addition  to  resistance  one  must  consider  three 
other  factors,  iiuluelance,  reactance  and  impedance.  In- 
ductance is  the  coefficient  of  self-induction  and  equals 
the  ])roduct  of  the  total  number'  of  lines  of  force  X 
tliri'ading  a  coil,  when  the  current  is  one  ampere,  and 
till'  number  of  turns  1\  in  the  coil,  divided  by  10*,  or 
100,000,000.  This  coefficient  is  usually  denoted  by  the 
letter  Z,  which  is  the  practical  unit  of  self-induction 
expressed  in  heurys. 

\       XX  T 
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if   it   is   known   that    the   iuuuIkt   uf    lines   set   up   in- 
fo 
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FIG. II 


Figs.  8  and  9  Represent  GraphicaUy  the  Relation  between 
Resistance,  Inductive  Reactance  and  Impedance.  Figs.  10  and 
11  Represent  Relation  between  Resistance.  Condensive  Re- 
actance and   Impedance. 

creases  directly  with  the  current,  the  above  formula  may 

be  changed  to  read : 

maanefic  fliix  X  turns  . 

L  =  — ^-; Twz heni-ys 

current  X  10»  ^ 

Por  illustration,  assume  an  electromagnet  of  large 
proportions  to  have  the  following  data: 


Total    magrnetic   flux    = 
Number  of  turns  of  wire   — 
Amperes    = 

Substituting   in   the    formula 
30,000  X  1000 


30,000  lines 
1,000 
1    . 
100,000.000 


=  0.3     henrv 


1  X  100,000,000 
Inductive  reactance  resulting  from  the  counter  electro- 


motive force  of  seif-induction  "quals  2  ir  times  the  fre- 
quency times  the  inductance  in  henrys  or  2  w  m  L  in 
which, 

TT  =  3.141.5; 
II  =  Frequency; 
L  =  Henrys. 
Like  '.-esistance,  inductive  reactance  is  measured  in  ohms. 

Considering  the  same  problem  as  before,  assume  the 
electromagnet  to  be  connected  to  an  alternating-current 
supply  having  a  frequency  of  25  cycles.  Then  the  in- 
ductive reactance  would  be 

2   X   3.1416   X   25   X   0.3  =  47.12  ohms 
or  roughly  47  ohms. 

The  self-induced  or  counter-electromotive  force  is 
greatest  when  the  rate  of  change  of  the  current  strength  is 
greatest ;  this  occurs  when  the  current  is  passing  froiT' 
a  positive  to  a  negative  value;  that  is,  through  zero. 
ITeiice,  the  maximum  values  of  the  counter-electromotiva 
force  and  that  part  of  the  impressed  electromotive  force 
required  to  overcome  straight  resistance  are  displaced  90 
electrical  degrees. 

This  is  shown  graphically  by  Fig.  9  in  which  oc  repre- 
sents the  component  of  the  impressed  electromotive  force 
required  to  overcome  resistance  and  oa  that  necessary 
to  overcome  reactance.  The  resultant  is  ob.  This  com- 
bined effect  of  reactance  and  resistance  is  called  im- 
])edaiice  or  the  "a])j:)arcnt"  resistance  of  the  circuit — i.e., 
the  quantity  which  when  multiplied  by  the  current  will 
give  the  total  impressed  electromotive  force. 

Bearing  in  mind  the  relation  in  Fig.  9,  the  value 
of  the  impedance  may  be  found  by  treating  the  prob- 
lem as  a  parallelogram  of  forces  and  solving  the  right 
triangle,  Fig.  8.  The  base  represents  the  resistance,  the 
altitude  inductive  reactance  and  the  hypotenuse  the  im- 
pedance. Employing  the  theorem  that  the  hypotenuse 
of  a  right  triangle  equals  the  sum  of  the  squares  of 
the  two  sides, 

impedance  =  V  R'^  +  {2nnL)^ 

Let, 

7  =  Current  in  amperes  ; 
R  =  Kesi stance  in  ohms ; 
E  =  Electromotive  force  in  volts ; 
Z  =  Impedance. 
Then  the  following  relations  hold  true  between  Ohm's 
law  for  circuits  containing  resistance  only,  and  the  de- 
rived formulas  for  alternating-current  circuits  contaia- 
ing  impedance. 
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Hehistaxce  Only 

/..  =  -■ 

E  =  I  xR; 


With  Impidance 
E  =  I  XZ. 


Now,  assuming  the  electromagnet  to  Iuinc  an  ohmic 
resistance  of  150  ohms,  the  impochmce  of  tlic  magnet 
oquals 


V  1502  ^  472  =  ^  -22,500  +  220!)  =  V  24,709 
=  157  o/niis  =  Z 
If    the   electroinagiiel    rc(|iiire8    a    eun-ciil    (if    10    amp. 


^.C.   GENERATOR 


Fig^.    12.      Illustrating    Circuit    Containing:    Resistance.    Induc- 
tive  Reactance   and    Condensive    Reactance 

■for  its  operation,  the  iini)rcssecT  electromotive  force  nec- 
essary to  cause  sucli  a  \ahie  of  current  to  flo\\-  through 
I  lie  coil  is 

£•  =  /  X  ^  =  10  X  15''  =  1570  'w;//,s 
In  tlie  foregoing  jjrqblems  the  current  is  lagging  be- 
hind the  electromotive  force. 

PuoBLEJM — An  alternator  with  a  rated  electromotive 
force  of  1000  volts  at  a  frequency  of  60  cycles  per  sec- 
ond supplies  current  to  a  system  of  which  the  resistance 
is  100  ohms  and  the  inductance  0.3  henry.  P^ind  the 
value  of  the  current,  angle  of  lag,  jiower  factor,  apparent 
watts  and  true  watts. 


/  = 


E 


1000 


V  1002  +  (2  X  3.1416  X  60  X  0.3)2 


1000 

150.8  ' 


teaclance  =  2 
tainient  nf  anfjlp 


■  n  L  - 
R 


11:5.04  ohmfi 
113.04 


100 


=  1.13 


Prom  a  table  of  trigonometrical  functions  it  is  found 
tbat  the  angle  corresponding  to  a  tangent  of  1.13  =  48 
I  leg.  30  mill.  T'ower  factor  =  tlie  cosine  of  the  angle  = 
cosine  of  48  deg.   30  niin.   =  ().()62. 

apparent  waifs  =  E  X  I  =  1000  X  6.63  =  6630 

real  watts  =  E  X  f  X  poi'-er  factor  =  1000  X  6-63 

X   0.662   =  438!)   watts 


Condensive    reactMiice,    or    capacity,     is    expres.sed    by 
I 

in    whicii    ;/    is    the   same   as    Ijol'orc   and   ./    is   in 


2  -nj 

farads.  The  expression  is  analogous  to  tliat  for  react- 
ance, 2  TT  n  L  in  circuits  where  self-induction  is  present. 
The   impedance  in  a  circuit  containing   both    resistance 


and   capacity   is,    thereiore,  xj  R^  +  ( — ^,V.    Tiiis   is 

\  \5i  TtnJ J 

illustrated   graphically   by   Figs.    10   and    11,   where   'he 
conditions  are  the  reverse  of  those  shown  by  Figs.  8  and 

Let  resistance  =  100  ohms; 
J  =  50  micro-farads  =  (i. 00(105   farad; 
?i  =  25. 
The  impedance  = 


V^'-'-'  +  Coni 


1 


.)■ 


3.1416  X  25  X  O.OOOOfi 
=  V  100-^  +  127-^  =  V"  10,000 -f  16,129  =  yj^'^'m 

=  Z  =  161  oAwiy 
Circuits  fi-equeutly  contain  resistance,  inductive  react- 
ance and  condensive  reactance  (capacity).  This  can  be 
illustrated  by  incandescent  lamps,  induction  motors  and 
lead-covered  cables,  as  shown  graphically  in  Fig.  12.  To 
illustrate  the  fact  that  condensive  reactance,  causing  a 
leading  current,  may  moi-e  than  correct  a  lagging  current 
due  to  inductive  reactance,  refer  to  Fig.  13,  in  which  on 
represents  condensive  I'eactance  and  oa'  inductive  react- 
ance; oc  =  resistance  and  the  resultant  diagonal  ob  = 
impedance.  Fig.  14  shows  tlie  com|)onents  arranged  in 
the  form  of  a  right  trinngle.     Let 

2  TT  II   />  =  50  (ilniis 

1 

=  150  (linns 


2  -nJ 

R  =  200  u/,iii6 


Then 


^=^A-  +  (2..i:_^)^  =  V2002  +  (_ 


100) « 


=  V  40,000  +  10,000  =  V  50,000  =  223  0/1  ins 
There    will    now    be    a    Icadiu''    current.    Svucbi'u 


Fi( 


It 


Grnpliic     i;i'i)iesc-ntation     of     Ue.sistanco,     Ino.  'icti' 

anii    Condensive    Reactancf    in    the    Same    <^..^uii.. 

luotoi's  with  an  overexcited  lield  possess  the  same  cija'-- 
acteristics  in  effect  as  condensers  and  are  used  to  co  • 
rcct  tlie  pow(M-  factor  of  lines  conuectt'd  to  inductioi; 
nioloi-s,  as  will  be  explained  in  a  later  article.  In  th;- 
last  problem,  if  the  inductive  reactance  and  condensive 
reactance  had  had  the  same  value,  one  would  have 
counteracti'd  the  other  and  unity  power  factor  would 
have    resulted. 
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SYXOl'SIS — .1  change  to  crnlral-staliuii  current  tlitl  not 
iniij.  'I'he  difference  between  power  costs  as  fujiired  tnj  a 
cenlr(tl-.-<t(ilion  solicitor  ami  a  consnltin;/  en(/inerr. 

Wlirii  II  iiiaiuil'iiitiiri'r  asks  a  makiT  of  ])o\vcr-|)laiit  a|i- 
paratus  to  adviso  him  as  lo  tlu-  In'st  iiiacliiiu'  to  install  in 
his  plant,  lu-  ivalizes,  however  f,Mvat  his  eonlidcncc  in  the 
ileaier,  that  such  adviir  may  not  be  entirely  disinterested. 
This  beinji  the  ease,  why  should  a  manufacturer  rely 
upon  iiil'orniatiou  given  by  a  central-station  solicitor  as  to 
the  cost  of  power  in  his  ])lant  when  considerinj,'  any 
changes  to  improve  the  ojierating  economy? 

He  is  likely  to  get  advice  which  is  frankly  and  en- 
tirely in  favor  of  the  central  station.  The  solicitor  is  en- 
gaged to  intluenir  plant  owners  to  install  central-station 
power,  and  naturally  uses  every  means  at  his  dis|)()sal  to 
install  this  power. 

To  one  i)lant  a  central-station  solicitor  submitted  the 
following  figures  as  to  the  cost  of  power  under  j)reseiit 
conditions : 

Insurance,  taxes  and  interest 

Depreciation 

Maintenance  and  repairs 

Coal :■ 

Water 

Oil 

Removal  of  ashes 

Labor 


$200 
200 
175 

24  .W 
170 
100 
6.1 

loas 

S4395 


He  found  that  the  total  power  required  to  operate  the 
plant  was  approximately  T.J.U  hp.  The  plant  supplied  a 
number  of  separate  manufacturing  establishments,  each 
paying  so  much  for  floor  space,  including  power.  It  was 
comparatively  old  and  operated  entirely  by  belts,  and  as 
each  of  the  floors  was  controlled  by  the  tenants,  the  shaft- 
ing was  neglected,  so  that  the  friction  loss  was  excessive. 
The  conditions  were  such  that  the  power  plant  was  very 
nearly  to  the  limit  of  its  capacity. 

The  cost  of  motors  required  for  the  electrification  of 
this  plant  was  $2254,  and  the  wiring  was  $600,  these 
figures  being  given  by  the  solicitor.  He  also  gave  the 
following  estimate  of  the  cost  of  power  under  these 
conditions : 


Coal  for  heating 

Removal  of  ashes,  etc 

Labor — fireman,  etc 

Alaintenance  and  repairs.  .  .  . 
Interest,  taxes  and  insurance 

Depreciation 

Power 


-54.50 
25 


125 

110 

2575 


These  figures  show  a  saving  of  approximately  $540.  He 
also  said  that  it  would  be  better  to  sell  the  power  to  each 
of  the  tenants  by  meters,  which  could  l)e  charged  to  them 
at  a  rate  of  iy^c.  per  kw.-hr.,  thus  making  an  additional 
profit  to  the  owner  of  $1250  and  a  total  net  gain  by  elec- 
trification of  $1790. 

These  figures  were  so  attractive  that  the  owner  ac- 
cepted them,  installed  motor  drives,  dismantled  his  .plant 
to  a  great  extent,  and  purchased  power  from  the  central 
station. 

After  operating  the  plant  for  something  over  a  year 
he  was  disagreeably  surprised  to  find  that  the  amount  of 
coal  burned  for  heating  was  considerably  in  excess  of  that 


estimated  i)y  the  solicitor.  He  was  alno  Hurprised  to  find 
that  the  labor  cost  was  considerably  in  e.vcess  of  the  cHti- 
matc.  'I'his  labor  was  not  for  firing  or  for  general  work 
iiiiout  the  plant,  but  was  for  work  in  connection  with  the 
motors.  He  was  constantly  calling  in  either  a  man  from 
I  lie  (cnlral  station  or  from  the  local  electrical  contractor 
lo  install  brushes  on  his  motors,  clean  u))  commiitatorH, 
.ind  III  (jil  and  generally  ovcr.sce  the  motors.  So  that  his 
total  labor  exjiense  on  this  item  amounted  to  ajipro.xi- 
mately  $(500  ])er  year,  in  addition  to  the  supplies  which 
he  had  to  buy.  He  also  found  that  the  oil  recpiired  for 
kee|)ing  the  motor  bearings  in  good  operating  condition, 
as  well  as  the  waste  and  other  material  necessary  for  clean- 
ing them,  amounted  to  between  $fiO  and  $75  a  year.  These 
items  reduced  the  gain  to  less  than  $l(i(i(t,  and  lliis  w, 
largely  paper  jirofit. 

A  consulting  engineer  to  whom  the  matter  was  sub- 
mitted for  an  unbia.sed  report,  gave  figures  which  wen 
decidedly  at  variance  with  those  of  the  ceiitral-.statioi 
agent.  He  called  the  attention  of  the  manufacturer  t( 
the  fact  that  the  fixed  charges  on  his  original  plant  ai 
given  in  the  report  were  at  the  rate  of  24  per  cent,  pel 
year,  whereas  the  fixed  charges  on  the  plant  as  electrified 
were  taken  at  a  rate  of  about  10  per  cent.  It  was  also 
found  that  the  fixed  charges  under  the  condition  of  elec- 
trification were  taken  only  upon  the  new  equipment,  no 
attention  whatever  being  paid  to  that  portion  of  the  old 
plant  which  was  still  in  service,  nor  was  the  interest 
taken  into  account  on  that  portion  of  the  machinery 
vhich  had  been  dismantled  and  held  for  sale. 

This  is  an  item  which  is  frequently  lost  sight  of  when 
considering  making  changes  in  a  plant.  Tf,  for  instance, 
a  plant  has  a  certain  value,  and  for  certain  rea.sons  it  be- 
comes necessary  to  displace  it,  the  difference  between  the 
value  it  has  in  place  and  the  value  at  which  it  is  sold 
must  be  taken  care  of  in  the  new  plant,  as  it  is  still  sub- 
ject to  interest,  unless  this  machinery  has  been  subject 
to  such  depreciation  charges  that  it  represents  merely  its 
sale  value  at  the  time  it  is  discarded. 

In  the  ca.se  under  consideration  the  engines,  boilers, 
etc.,  were  subject  to  interest,  maintenance,  depreciation, 
etc.,  and  surely  if  such  was  the  case  they  were  in  pretty 
fair  condition,  and  as  the  engine  and  part  of  the  shafting 
were  for  sale,  the  interest  charges  on  these  must  certainly 
go  on  at  full  value  until  they  are  sold,  and  thereafter  at 
that  value  minus  the  price  at  which  they  were  sold. 

In  this  in.«tance  the  original  plant  value  had  been  a.«- 
sumed  at  $2400 ;  the  engine,  etc.,  held  for  sale  at  $400 ; 
and  the  cost  of  the  electrical  equipment  was  $2854.  There- 
fore, the  total  plant  subject  to  interest  was  $4854.  and 
.subject  to  depreciation,  maintenance,  insurance  and  taxes, 
$;3854.     Tabulating  these  gives: 


I 


Interest  at  6  per  cent,  on  S48.")4 

Depreciation  at  5  per  cent,  on  $3854 

Mnintenance  at  five  per  cent,  on  $3854 

Taxes  and  insurance  at  2J  per  cent,  on  S3854. 


S291  24 
192  70 
192 .  70 
96  35 

$772.09 


As   a   matter  fif   comparison   of   interest   to  the   plant 
owner  he  was  shown  that  if  the  fixed  charges  on  this  ma- 
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chiiiery  were  taken  at  the  same  rate  as  on  the  okl  plant 
it  would  give  $10()6.;5'3. 

For  operation,  the  engineer  gave  estimates  as  follows: 


(Joiil  for  heating .  . 

Labor 

Oil,  etc 

Water 

Remova'.  of  ashes 
Cost  of  power   . 


$6U0 

1120 

60 


This,  taken  in  connection  with  the  engineer's  fixed 
charges,  made  a  total  cost  of  ^Sli);],  or  $5426  when  taJien 
in  connection  with  the  fixed  charges  at  the  rate  charged 
by  the  solicitor  on  the  original  plant.  As  the  plant  origi- 
nally operated  at  a  total  cost  of  $4395,  the  installation 
Of  electric  motors  and  the  purchase  of  power  increased, 
i.itlier  than  decreased,  the  cost. 

The  engineer  suggested  that  so  long  as  the  electric 
equipment  was  installed  it  might  be  worth  while  to  install 
a  generator  utilizing  the  old  engine  to  drive  it,  and  also 
to  install  a  small  direct-connected  unit  for  lighting  pur- 
poses.   He  submitted  the  following  figures: 

Cost  of  equipment  of  old  plant $2400 

Electric  motors  and  wiring 2854 

New  generators  and  switchboard 2070 


Interest  at  6  per  cent.,  maintenance  and  depreciation 
each  at  5  per  cent.,  taxes  and  insurance  at  21/^  per  cent., 
would  make  the  total  fixed  charges  $1355. 

The  average  load  on  the  plant  was  approximately  40 
hp.,  making  due  allowance  for  efficiency  of  generator  and 
transmission  between  it  and  the  engine. 


With  the  engine  put  in  good  working  condition  the 
coal  would  amount  to  approximately  5  lb.  per  hp.-hr.  The 
total  operating  cost  for  power  and  heat  would  then  be: 

Coal. J1289 

Labor  at  S18  a  week 930 

Water '  100 

Oil,  waste,  etc 100 

Ash  removal 50 

13830 

This  total  also  covers  the  interest,  maintenance  and  de- 
preciation on  the  lighting  unit. 

The  coal  cost  for  lighting  on  the  basis  of  24,000  kw.-hr. 
for  the  year  would  amount  to  about  $270,  making  a  total 
operating  cost  of  $4100,  showing  a  saving  over  the  origi- 
nal operation  by  belting  and  supplying  light  in  addition. 

The  engineer  further  intimated  that  it  had  been  de- 
cidedly unwise  to  take  out  the  old  shafting  and  rearrange 
the  plant,  as  it  probably  would  have  been  possible,  by 
thoroughly  revamping  the  plant,  to  have  made  a  reduc- 
tion in  the  original  coal  bill  of  about  $1300,  this  being 
secured  by  proper  lining  up  of  the  shafting,  overhauling 
of  the  belting,  and  generally  reducing  the  friction  loss. 
With  this  done,  the  lighting  unit  could  have  been  in- 
stalled as  the  boiler  capacity  would  have  been  sufficient 
to  handle  it,  and  the  installation  of  this  unit  would  have 
allowed  the  owner  to  obtain  the  additional  income  from 
this  source,  which  would  have  resulted  in  a  saving  ap- 
proximately the  same  as  that  resulting  from  the  installa- 
tion of  the  electrical  apparatus  without  having  to  go  to 
the  same  first  cost. 

Listen  to  the  solicitor  but  consult  your  engineer. 


^tliiiniE'  Iini« 


By  Harry  C.  Spillman 


For  industrial  plants  sufficient  radiating  surface  is 
usually  installed  to  heat  the  buildings  to  65  deg.  F.  in 
zero  weather.  The  steam  pressure  carried  on  the  mains 
varies  from  3  to  10  lb.,  depending  upon  the  design  of  the 
system  and  the  amount  of  steam  required.  The  following 
table  gives  the  number  of  British  thermal  units  per  square 
foot  of  heating  surface  at  different  steam  pressures: 


Ti  Press. 

Lb.                  B.t.u.  per  Sq.Ft.  per  Hr.  for  W.I.Coils* 

0 

117 

8 

107 

10 

185 

12 

199 

14 

213 

16 

226 

20 

248 

25 

274 

30 

295 

35 

317 

40 

338 

50 

377 

radiator 

s  reduce  the  B.t.u.  10  per  cent. 

Tests  made  on  a  large  scale  have  shown  for  each  month 
the  following  percentages  of  total  steam  used  during  the 
heating  season : 


Per  Cent. 
5 

h 

December 1 .1 

30 

pel 

cent. 

25 

February' 

March 

April 

It  has  been  found  safe  to  deduct 

20 
20 
10 

ino 
from  the 

number  of  days  in  the  season  to  allow  for  mild  weather 
and  figure  the  balance  for  zero  requirements. 

Take  a  concrete  example  of  a  vacuum  system  having 
20,000  sq.ft.  of  wrought-iron  heating  coils.  Steam  is  sup- 
plied at  an  average  pressure  of  5  lb.  gage  or  approxi- 
mately 20  lb.  ahs.  The  vacuum  is  about  %  in.  at  the 
coils  and  10  in.  at  the  pump.  The  condensed  steam  from 
the  coils  is  returned  to  the  boiler  at  150  deg.  F. 

From  the  first  table  it  is  evident  that  each  square  foot 
of  heating  surface  will  transmit  248  B.t.u.  per  hr.  The 
heating  system  will  deliver 

20,000  X  248  =  4,960,000  B.t.u.  per  hr. 
The  heating  season  has  210  days,  and  deducting  30  per 
cent,  for  mild  weather  leaves  147  days  on  whicli  heat  is 
-■■  luired.  This  is  a  safe  assumption,  as  most  of  the  mild 
days  will  require  a  small  amount  of  heat  and  the  majority 
of  cold  days  will  demand  heat  from  every  coil.  Then 
during 

147  X  24  =  3528  ///•. 
heat  will  be  required.  The  heating  system  consumed 
4,960,000  B.t.u.  per  hr.  and  each  pound  of  steam  at  5 
lb.  pressure  contains  1156  B.t.u.  above  32  deg.  The  tem- 
perature of  the  condensation  will  be  about  212  deg.,  and 
the  heat  per  pound  of  water  180  B.t.u.  Each  pound  of 
steam  will  therefore  give  up 
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I'd  w  !•:  i; 


\'(.l.  :ii»,  No.  H 


=  rtuH'i  III. 


=  lS,S7-MM:i  Ih. 


I  l.-.c.     -  ISO    -  iCd  /.'././/. 
'I'lii'ii  ill)'  lii'iilmu;  coils  will  ili'innntl 
■I, '.Mid, ()()() 

(if  slcam  |U'r  lumr.  Tlu'  licatiii;^  svslcin  is  ()|icriiliiiff  '.\7\"iH 
111-.,  so  thai  the  coils  will  use 

:MH-i  X  ■*■"'-■'<  =  ii.!I'v".».:;'!m;  II). 

of  sicMiii  (liniiij;  the  season.     The  steam  mains  wliicli  .sii|i- 
|il\     llle    llealinji-    eoils    will    lOMilense    .")    per    cent,    of    the 
Ste;ini,  Mud    to  (leli\e|-    I  1  .:e.'|l,V!l(l   II..  of  slcMni    to   the  coils 
it  will  lie  necessary  lo  transmil 
17,!i2!t,"-i'.ii; 

(I. '.!."> 

of  steam.  .Vs  staled,  llie  \;iciinni  |)uni|)  reiurns  the  water 
to  tlie  boiler  at  1")0  tlef.^.  ai\(l  as  it  is  (omlenseil  in  the 
heating  eoils  at  21^  tiej;:..  thei'e  is  a  loss  ol' 

'iVi  —  l.V)  =  62  deg. 
or  ()2  \\.\..\\.  ])er  Ih.     This  cause  a  loss  of 

17.i»2!>.2!t(;  X  <'2  =   l,lll,(il(i,;5.")2  ll.l.ii. 
w  Inch   is  ei|iii\iilent   to 

1,11  l.(ll(i,;i.")-i 

of  steam.  The  total  steam  to  heal  the  hiiihlinii;  will  then 
anioniit    to 

1S,,S12,;M;!    +    1,138,<)51   =  2(),()ll,8!li   //;. 
A  jmnnd  of  coal  should  evaporate  7  lb.  of  water,  so 
thit    there  sliould  be   retjuircd 
20,011,804 
7  X  2000 

of  coal  for  the  season.  Bv  referring  to  the  first  table  it 
will  be  easy  to  figure  out  the  monthlv  consumption. 

The  following  results  of  tests  made  on  modern  rein- 
forced-eoncrete  buildings  having  about  i)0  per  cent,  of 
window  area,  show  the  pounds  of  steam  recjuired  per  cubic 
foot  of  volume: 

Lb.  Steam 

October 0.185 

November 0.309 

neeember .' 0.960 

January 1  •  708 

February 1  ■  390 

March 1.276 

.April 0.094 


=    l,i;58, !).")!    11). 


=  142(1.4  tuiis 


Toeil 


5.922 


Wlierever  "red  tape"  is  frequently  a  hindi'ance  to  the 
doing  of  things  that  the  exigencies  of  the  moment  re- 
quire, it  is  usually  so  complex  as  to  defeat  the  very  pur- 
pose for  which  it  was  instituted.  When  the  object  of 
such  measures  is  the  safety  of  employees,  the  public  or 
of  property,  an  occasional  delay,  with  slight  incon- 
veniences, is  better  than  one  serious  accident  or  real 
catastro]ihe. 

Several  plants,  where  high-tension  current  circuits  are 
controlled  from  one  central-control  board,  have  a  system 
of  tagging  the  switch  in  a  line  on  which  work  is  being 
done.  The  lineman  or  electrician  who  is  to.  work  on 
the  circuit  is  given  a  coupon  from  the  tag  tied  to  tlie 
switch,  and  the  switchboard  operator  must  not  close  the 
circuit  nntil  the  electrician  returns  it  to  him,  the  return 
of  the  coupon  being  an  indication  tliat  the  jol}  on  the  line 
is  completed. 


if  the  valve  eonlrolliiig  a  brunch  main  on  an  aiiloniali( 
Hprinkler  system  hlimild  be  elosecl,  thai  part  of  the  sys 
tern  would  he  useicHs,  and  seriouH  renultH  might  follow  ai 
ollierwise  little  bla/.e.  In  one  factory  all  tli(!  K|)rinl<li; 
\alves  are  numhered  and  tagged.  '|"|ie  tags  stale  that  \v 
one  shall  close  any  valve  in  the  system  willioul  a  sign(!( 
permit  to  do  ho,  except,  of  <'oiirrte,  in  e.vtremc!  emergenciej 

\\  hen  a  vahi-  is  closed  a  red  tag  is  hung  over  a  whit 
one  alreaily  rm  the  valve,  and  a  eon|ion  from  the  red  can 
liniig  nil  a  hook  coi'responding  to  the  valve  number,  tlii 
hooks  being  scicwimI  on  a  board.  If  a  vahc  must  be  clostN 
in  an  enu.'igency,  the  white  card,  bearing  the  dale  of  cIkh 
nre  ami  the  name  of  the  pei-son  by  whom  closed,  is  hiinj 
on  the  board  and  when  the  person  in  charge  of  the  boan 
notices  the  while  card,  he  immedialely  hangs  the  red  can 
nil  ihc  \;il\('  and  the  red  coii|ion  over  the  white  card. 

Spiiiildcr  systems  are  usually  in  charge  of  the  enginee 
and  he  might  do  well  lo  adopt  the  above  system  in  hi 
plant. 

Stleel  Vl^<s  Uiranoira 

The  Kockwood  union,  illustrated  in  section  herewith 
is  made  of  ])re.s.sed  steel  with  ground  bronze  seats  » 
firmly  clinched  into  place  that  they  are  ])ractically  welile( 

to   the   steel    liahcs.      The   broiixe   hall    joint    is   deiisified 


Pow  =  « 


Showing  Desigx  oi'  ri;Es.si;D-8TEEL  Uxiox 

which  is  an  extra  protection  against  corrosion.  In  addi 
tion,  every  union  is  sherardized  after  threading  and  pre 
vious  to  grinding,  thus  protecting  the  steel  surfaces  froii 
oxidation. 

The  nut  of  tlie  union  is  so  ribbed  that  in  places  when 
it  might  be  impossible  to  use  a  wrench,  any  flat  instru 
ment  and  a  hammer  will  be  sufficient  to  tigliten  or  looser 
the  nut. 

As  it  is  often  necessary  to  take  a  union  apart  after  it  hai 
been  in  service,  the  nut  is  made  witli  slots  across  tin 
face  of  the  internal  threads.  By  a])plying  a  few  drop: 
of  kerosene,  the  thread  surfaces  may  be  reached  by  thi 
oil,  when  the  nut  is  easily  loosened. 

The  union  is  made  in  sizes  from  1/4  to  3  in.  Th( 
manufacturer,  the  Eockwood  Sprinkler  Co.,  38  Harlo« 
St.,  Worcester,  Mass.,  guarantees  all  sizes  of  unions  to  be 
tight  and  of  sufficient  strength,  under  any  pressure  ol 
steam,  gas  or  water  less  than  500  lb.  per  sq.in. 
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Is  an  cngineor  jiLstiiied  in  cxiiccting  an  incTeasc  in 
salaiT  if,  in  the  performance  of  Jiis  duties,  a  saving  in 
the  cost  of  power-plant  operation  has  resulted?  Fur- 
thermore, can  he  exjiect  the  same  treatment  from  his  em- 
ployers if  he  goes  about  his  work  clad  in  a  faded-out  suit 
of  overalls  and  ]um])er? 

To  the  first  question  we  say  "Yes,"  because  ability 
should  be  recognized  more  substantially  than  by  a  pleas- 
ant "Good  morning"  and  the  same  flat  pay  envelope  each 
Saturday. 

To  the  second  question  we  say  "No."  Although  "clothes 
do  not  make  the  man,"  they  have  much  to  do  with  the 
way  he  is  treated  by  those  with  whom  he  comes  in  eon- 
tact. 

The  two  questions  were  suggested  by  two  experiences 
that  came  to  our  attention. 

An  engineer  assumed  charge  of  a  steam  plant  of  un- 
certain age  and  condition.  After  familiarizing  himself 
with  the  apparatus  he  made  numerous  changes  which  re- 
sulted in  dispensing  with  one  boiler,  several  pumps,  five 
steam  engines  and  numerous  steam  traps.  The  saving 
made  per  annum  was  between  three  and  four  thousand 
dollars  in  the  operating  expenses  of  a  comparatively  small 
steam  plant. 

An  engineer  effecting  such  a  saving  would  be  con- 
sidered by  most  people  as  having  made  good.  But  his 
employers  evidently  did  not  think  so,  or  if  they  did,  they 
failed  to  show  it  in  any  substantial  way.  After  waiting 
a  reasonable  time  for  an  increase  in  salary,  the  engineer 
sent  a  letter  to  the  office  asking  for  it.  This  occurred 
weeks  ago,  but  so  far  no  reply  has  been  received. 

Doubtless,  the  engineer  made  a  mistake  in  writing  his 
request,  instead  of  stating  his  case  in  person.  Facts  can 
be  more  forcibly  presented  verbally  than  in  writing  and 
arguments  can  be  made  to  offset  any  unfavorable  attitude 
taken  by  the  employer. 

This  engineer  is  accustomed  to  dress  while  on  duty  in 
the  regulation  engineers'  overalls  and  jumper.  His  ap- 
pearance about  the  works  is  that  of  any  ordinary  work- 
man, and  his  superiors  doubtless  treat  him  as  one.  He  is 
wondering  if  it  is  because  he  is  judged  by  his  clothing 
and  appearance  instead  of  his  engineering  ability. 

Appearance  does  count.  Another  engineer  noticed  that 
when  he  went  to  the  office  he  was  treated  with  but  little 
consideration.  The  clerks  and  others  acted  as  if  they 
were  afraid  the  office  furnishing  would  be  soiled  from 
contact  with  his  engine-room  clothes.  It  was,  "Here,  you, 
there  is  that  valve  you  want  over  there,"  or  "Say,  you, 
what  is  the  matter  with  the  steam  heat  this  morning?" 

This  engineer  decided  to  change  this  attitude  of  liis 
fellow  workers.  He  proceeded  to  wear  a  fairly  good  suit 
of  clothes  about  the  works,  and  a  few  "frills,"  such  as  a 
clean  collar  and  tie.  He  began  to  assign  repair  work 
and  such  to  his  assistants  and  assumed  the  position  of 
a  chief  engineer.  Result :  he  is  no  longer  greeted  with  a 
"Here,  you,"  but  with  "Good  morning,  Mr.  Blank."     If 


his  presence  is  required  in  the  office  the  message  is  "Will 
Mr.  Blank  kindly  step  into  the  office  when  convenient," 
instead  of  a  summons  by  the  ringing  of  a  bell. 

Now,  this  engineer  was  just  as  good  a  man  when  he 
wore  his  working  clothes  as  he  is  now,  but  his  appearance 
belied  his  ability,  and  judgment  was  based  on  what  he 
wore  instead  of  what  he  did  and  could  do. 

This  kind  of  snap-judgment  treatment  may  not  obtain 
in  all  cases,  but  it  is  more  general  than  is  realized.  It  is 
a  natural  attitude,  and  the  fault  is  witli  the  engineer.  Em- 
ployers like  to  see  a  clean  engine  and  boiler  i-oom,  and  a 
neat-appearing  engineer  is  also  appreciated. 

For  the  tliouglitful  there  is  mucii  to  ponder  over  in  the 
forthcoming  third  annual  report  of  Joseph  A.  Holmes, 
director  of  the  Bureau  of  Mines.  In  the  past  year  the 
bureau  has  done  a  notable  work  in  reducing  the  wastes 
of  the  mineral  resources  now  estimated  to  amount  to  not 
less  than  a  million  dollars  a  day.  What  it  has  done  in 
one  year  in  stopping  some  of  the  waste  of  natural  gas 
alone  has  effected  a  saving  of  ten  millions,  or  more  than 
six  times  the  total  cost  of  the  bureau's  investigations  t6 
date.  Had  it  better  facilities  and  more  funds  it  could 
accomplish  more. 

The  present  methods  of  producing  oil  are  wastefu 
and  it  is  necessary  to  show  the  individual  operators  thai 
considerable  can  be  saved  without  stopping  the  drilling 
for  oil.  It  is  the  practice  to  waste  the  gas  to  get  the  oil 
In  the  Oklahoma  gas  and  oil  fields  natural  gas  is  stiL 
being  wasted  to  the  extent  of  some  fifteen  or  twenty  mil- 
lion dollars  worth  annually,  and  in  all  the  fields  of  the 
country,  over  fifty  million.  Of  this,  eighty  per  cent,  is 
believed  to  be  easily  preventable  and  the  rest  capable  of 
yielding  gasoline  by  extraction,  or  of  being  burned  for 
useful  purposes. 

If  the  researches  and  investigations  of  the  bureai, 
limited  as  they  have  been  by  lack  of  funds,  have  enable  i 
the  saving  mentioned,  certainly  the  appeal  for  an  in  • 
creased  appropriation  should  be  heeded  k)  put  addeci 
facilities  at  the  bureau's  disposal. 

Besides  the  waste  of  natural  gas,  there  is  a  large  loss 
of  the  lighter  oils  produced  from  petroleum  in  pumping 
and  handling.  Also,  through  the  flooding  of  oil  and  gas 
strata  by  underground  water,  heavy  losses  are  sustained 
that  might  be  reduced  if  the  conditions  could  be  studied 
and  remedies  af)[)lied. 

Another  .serious  fuel  waste  occurs  in  loal  mining;  ap- 
parently 250  million  tons  is  lost  annually  ni  mining  anj 
handling.  A  thorough  underground  survey  and  examina- 
tion at  selected  areas  in  each  of  the  principal  coal  fields, 
in  the  belief  of  Director  Hohnes,  woidd  indicate  wayi5 
to  adopt  less  wasteful  methods.  'I'his,  it  is  estimated, 
could  be  done  at  the  relatively  (rifling  expense  of  fifty 
thousand  dollars  per  annum  foi-  fliree  or  four  years  and 
probably  effect  the  saving  of  a  lliousand  dollars  for  each 
dollar  expended. 
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With  such  o|)|ii)iiiiiiitics  lict'orc  i(  for  vnltialili'  service 
ti)  tin-  (■oiintrv,  wlicii  ihc  Imicau  Ih  j)ro|)cily  ('(luippi'd,  it 
pics  witlioiit  saving  lluil  the  dirci'tor'tt  rccomiiiciKhitioiis 
shoiihl  not  fail  to  receive  attention.  Here  are  delinite 
proposals  for  real  conservation,  '['he  country  is  awaking 
to  the  lu'cd  of  it,  but  Congress  in  nnicli  occupied  with  the 
many  perplexing  (piestions  of  foreign  policy,  tarilT,  rate 
rcfjulations,  interstate  cinniiicrce,  control  of  monopolies. 
watcr-|)ower  rif^hts  ami  so  on  ml  in/initiim.  It  is  to  lie 
ho|)ed.  however,  that  in  the  crowd  of  jill  llic  othci-  ur;:cnl 
and  worthy  sul)jecls  for  lonsidcriilion,  ( 'ouffress  will  iiol 
overlook  this  opportune  lime  to  fuithcr  the  deserving 
work  of  the  Bureau  of  Mini's. 

■*: 
Ho    Woiadler! 

An  explusuui  (ni  urrcd  :il  Arlington,  Mass.,  causing  a 
jiroperly  Kiss  of  ii|i\\ai(l  of  twenty-five  hundred  dollars. 
While  not  a  boiler  of  the  variety  most  dealt  with  by  en- 
gineers, no  doul)t  it  was  a  sleani  l)oiler  before  it  became 
a  projectile.  It  was  a  twenty-gallon  copper  tank  fitted 
with  a  hand-regulated  gas  burner  (which  was  left  burn- 
ing), to  heat  water  for  domestic  use.  The  press  reports 
have  it  that  the  cause  of  the  explosion  is  "declared  a 
mystery,"  and  advance  some  fine-spun  theories,  but  the 
mystery  vanishes  promptly,  Avhen  it  is  known  that  the 
water-supply  pipe  was  fitted  with  a  check  valve,  which 
prevented  the  water  from  backing  up  and  that  there  was 
no  relief  valve  attached. 

About  as  mysterious  as  the  loss  of  the  horse's  head 
to  the  rider  (sober?)  who  had  mounted  facing  back- 
ward and  could  find  only  a  strip  of  the  mane — neither 
investigator  looked  in  the  right  place. 

Think  of  the  energy  stored  in  that  tank  in  the  form 
of  heat  aiid  pressure  ready  to  convert  the  water  into 
steam  as  soon  as  it  was  released. 

Another  explosion  occurred  within  a  few  hours  in  an 
apartment  house  in  Brookline,  Mass.  Fourteen  are  re- 
ported injured  and  there  is  a  property  loss  of  thirty 
thousand  dollars.  The  reports  are  so  similar  that  they 
appear  to  have  had  the  same  "mysterious"  cause.  In 
this  case  "the  copper  tank  was  actually  turned  inside 
out"  and  "probably  accumulated  a  pressure  of  two  hun- 
dred and  fifty  pounds." 

Sounds  like  a  check  valve  in  the  supply  pipe,  and  no 
relief  valve  again.  The  mystery  is  why  men  connect  up 
tanks  or  boilers  in  such  a  way. 

■*; 

Although  electrical  energy  has  become  so  common- 
place that  its  use  is  regarded  as  an  incident,  it  is  within 
the  memory  of  the  most  of  us  when  its  simplest  appli- 
cations were  all  curiosities.  The  engineer  of  the  elec- 
tric-lighting plant,  modern  thirty  years  ago,  if  he  en- 
tered the  power  plant  of  today,  would  find  it  difficult  to 
understand  the  use  and  operation  of  the  numerous  elec- 
trical devices  found  therein. 

The  strides  that  have  been  made  in  this  branch  of  en- 
gineering have  surpassed  the  wildest  dreams  of  thirty 
years  ago.  On  one  occasion  a  professor  of  electricity, 
soleinnly  stated  to  his  class  that  the  trolley  car  would 
always  require  a  trolley  wire  as  a  means  of  electrical 
transmission.     Today   street  cars   are  successfully  oper- 


ated by  menus  of  storage  batteries.      'J'he  jirofessor  hjioI  <• 
aciording  to  the  light  (jf  his  time  and  could   not  see  i 
(Icvelopnu'iitH  destined   for  the  future. 

One  of  the  greatest  overhead  <hargeK  againnt  the  elec- 
tric lighting  plant  is  the  cost  and  nniintenunee  of  thu 
transmission  lines.  Although,  doubtless  much  thought 
has  been  devoted  to  the  question  of  transmisKion-line 
elimination  the  problem  has  renniined  unsolved.  I'os- 
silily  the  invention  of  wireless  telegrajthy  has  given  iiiven- 
iiirs  the  key  which  will  emible  them  to  |)erfect  a  method 
of  wireless  electrical  tranHniission. 

The  advance  along  this  line  is  promising,  for,  acconl 
ing  to  reports,  apjiaratus  has  been  devised  whereby  ele 
trie  lamps  have  been  lighted  at  a  distance  from  the  gcn- 
frating  apparatus  without   the  aid  of  transmission  lines. 

What  the  success  of  this  invention  will  mean  is  im- 
possible to  ])redict.  With  the  first  step  taken  in  wire- 
less tiaiismission  of  electrical  energy,  it  would  seem 
])laiisil)le  to  jiredict  that  not  only  will  our  buildings  be 
lighted  by  wireless  electrical  energy,  but  that  they  will 
be  heated  as  well.  In  the  same  manner,  commercial 
electrical  energy  could  he  transmitted  for  motor  service. 

It  may  be  early  to  forecast  what  the  forthcoming  re- 
sults of  this  new  invention  will  be,  but  who  would  care 
to  disj)ute  that  energy  will  soon  be  transmitted  from  the 
point  to  point  without  the  aid  of  transmission  lines? 
I*! 

(Questions,  accompanied  by  insufficient  data,  are  fre- 
quently submitted  to  us  by  correspondents.  While  it  is 
appreciated  that,  out  of  consideration  for  our  time  and 
patience,  correspondents  may  hesitate  to  explain  some 
facts  and  conditions  for  fear  they  are  irrelevant,  it 
is  better  to  do  so  than  to  leave  us  to  conjecture  as  to  de- 
tails which  prove  necessary  to  the  solution  of  their  prob- 
lems. We  are  always  glad  to  overlook  such  misconcep- 
tion of  essentials,  but  it  will  contribute  more  to  the  pur- 
pose to  have  surplus  data  than  to  omit  reference  to  a 
single  detail  of  conditions  that  may  be  pertinent  to  the 
inquiry.  We  wish  to  make  our  answers  to  inquiries  sent 
by  correspondents  as  valuable  to  them  as  possible  and  to 
do  so,  we  must  have  complete  and  accurate  statements 
of   the  conditions  affecting  the  questions. 

m 

It  is  incumbent  on  engineers  to  become  versatile,  cul- 
tivated men.  If  we  cheapen  ourselves  by  avoiding  or 
slurring  those  subjects  which  educate  us  as  men,  because 
we  cannot  see  that  they  aid  us  as  bread-winners,  our  pro- 
fession is  but  little  more  than  a  trade.  We  will  receive 
lower  money  returns  than  law'yers  and  surgeons,  and  our 
opportunity  for  high  service  will  be  lessened. — Shenehon. 

When  we  receive  a  contribution  accompanied  by  a  re- 
quest such  as  this,  "Kindly  do  not  print  my  name  in 

connection   with   this   article   as   the   Co. 

does  not  approve  of  its  emploj^ees  writing  for  maga- 
zines," we  get  a  pretty  strong  sidelight  on  the  company. 
While  entirely  willing  to  withhold  the  contributor's  name, 
w^e  would  like  to  print  the  company's  name  so  that  it 
might  get  the  reputation  it  deserves. 
'^. 

Mr.  Demorest's  opinion  that  an  over-lean  mixture  will 
cause  backfiring  in  the  intake  pipe,  as  expressed  on  page 
281,  seems  a  departure  from  the  generally  accepted  theory 
and  should  form  a  basis  for  profitable  discu.ssion. 
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111  addition  to  the  objections  to  emery  around  a  dyna- 
mo, as  stated  in  the  Jan.  6  issue,  under  "Inquiries 
ol  General  Interest,"  it  is  important  to  observe  that  if 
I'uiery  cloth  is  used  for  smoothing  down  a  commutator 
or  fitting  brushes,  loosened  particles  of  emery  are  likely 
to  lodge  between  the  commutator  segments. 

As  emery  is  a  good  conductor  of  electricity,  this  will 
cause  short-circuits  between  the  bars.  For  the  same  rea- 
son, emery  cloth  should  not  be  used  for  truing  up  the 
brushes  as  particles  of  emery  or  of  copper  dropping  from 
the  brushes  cause  sparking  and  burning.  For  these  rea- 
sons, as  well  as  to  guard  against  cutting  of  journals, 
emery  or  emery  cloth  should  not  be  used  on  a  dynamo  for 
any  purpose. 

Fraxk  Gartmanx. 

Milwaukee,  Wis. 
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The  article  in  the  Jan.  13  issue,  by  James  F.  Hobart, 
seems  to  be  lacking  in  many  details  and  some  of  the  es- 
sentials. Steam-boiler  inspection  is  not  only  for  detecting 
defects,  but  to  make  reasonably  sure  that  a  boiler  can 
safely  carry  the  pressure  allowed,  and  to  note  its  condi- 
tion as  to  scale,  oil,  etc. 

From  the  second  paragraph  one  might  infer  that  small 
vertical  boilers  were  the  only  ones  which  did  not  permit 
of  an  internal  inspection  from  the  inside,  whereas  many 
small  return-tubular  boilers  do  not  permit  of  such  an 
inspection. 

When  cooling  a  boiler  the  author  could  have  told  how 
to  adjust  the  furnace  doors  and  damper  so  that  the  air 
may  be  made  to  circulate  through  and  around  the  boiler 
after  the  doors  in  front  of  the  tubes  have  been  opened. 
Usually,  when  the  boiler  attendant  wants  a  circulation 
■of  air  through  and  around  the  boiler,  he  opens  the 
'bunper  and  furnace  doors  and  keeps  the  doors  in  front 
cf  the  tubes  closed. 

Inspectors  in  this  district  usually  wear  a  complete 
(histproof  suit,  consisting  of  hood,  jacket  and  trousers,  all 
in  one  garment,  and  not  with  a  separate  hood  as  stated  : 
long-legged  boots  of  light  weight  are  worn  in  preference 
to  shoes.  One  of  the  most  important  accessories  in  an 
inspector's  kit  is  an  acetylene  lamp,  or  a  candle  holder 
and  candles,  to  provide  light  during  the  inspection. 

In  stating  what  to  look  for  when  noting  the  condition 
of  the  setting,  Mr.  Hobart  might  have  gone  further,  stat- 
ing that  the  brickwork  should  be  examined  for  loose  and 
I)ulged  walls,  for  settling  of  the  walls  and  Inirned  lower 
furnace  walls. 

Evidently  an  error  has  crept  into  the  article  where  it 
is  stated  that  if  the  front  brickwork  burns  out  or  falls 
down,  the  dry  sheet  will  burn.  The  paragraph  concludes 
with  the  statement  that  this  cannot  happen  with  a  full 


flush-front  boiler.  Evidently  a  full  extension  or  over- 
hang front  is  meant,  as  such  a  front  overcomes  the 
trouble  as  the  dry  sheet  is  outside  of  the  furnace  front. 

Regarding  leakage  at  the  seams,  it  would  have  been 
well  to  mention  that  more  than  overheating  of  seams  is 
a  cause  of  distress;  such  as  leaks  caused  by  strained 
plates,  due  to  poor  construction  and  the  use  of  the  drift 
pin,  cracks  due  to  inferior  quality  of  metal,  or  because 
of  long  service  and  by  allowing  cold  air  to  strike  the 
seams. 

Not  only  will  dirt  or  scale  cause  bulging  and  bag- 
ging, but  the  probable  cause  will  be  from  oil  getting  into 
the  boiler  and  mixing  with  the  dirt  and  sediment  and 
becoming  deposited  on  the  fire  sheets.  In  inspecting  a 
bag  on  a  boiler  it  is  important  to  ascertain  how  much 
the  plate  in  the  bag  has  been  burned.  The  hammer  test 
will  tell  this  to  the  experienced  inspector.  Even  small 
bulges  when  they  are  deep  are  usually  forced  back  to 
place,  and  when  the  plate  is  cut  out  at  the  bag,  the 
patch  is  always  riveted  to  the  inside  of  the  boiler,  where 
possible,  so  that  a  pocket  will  not  be  formed. 

Mr.  Hobart  says  that  all  longitudinal  seams  should  be 
looked  after  to  ascertain  if  they  leak  and  he  also  tells 
what  may  be  seen  along  each  of  the  outside  straps.  Gen- 
erally these  joints  are  concealed  by  a  covering  or  by  brick- 
work that  would  have  to  be  broken  away  before  the  joint 
could  be  seen;  that  this  is  seldom  done  unless  signs 
of  leakage  give  warning  that  the  joint  needs  attention. 

The  last  paragraph  states  that  girth  seams  of  boilers 
give  little  trouble.  This  should  be  true  of  all  return- 
tul)ular  boiler  seams,  but  we  find  the  seam  that  gives  the 
most  trouble  to  be  the  front  girth  seam  over  the  fire. 
It  is  difficult  in  a  great  many  boilers  to  keep  this  seam 
tight,  owing  to  stresses  created  through  the  mode  of 
firing. 

Thomas  A.  Ray. 
Boston,   Mass. 


Th(>re  seems  to  be  some  doubt  in  the  minds  of  those 
who  have  investigated  this  accident  as  to  its  cause.  While 
it  appears  to  have  been  found  that  the  lower  bumped  head 
of  the  mud  drum  was  slightly  weakened  by  corrosion  and 
possibly  the  metal  of  the  head  at  the  turn  of  the  flangs 
damaged  by  a  breathing  action,  there  was  apparently  suf- 
ficient metal  left  (assuming  its  strength  was  not  seri- 
ously impaired)  to  have  successfully  held  the  head  un- 
less it  had  been  subjected  to  a  shock. 

'I'hc  theory  has  been  advanced  that  the  braces  attached 
lo  this  lower  head  may  have  been  broken,  due  to  over- 
load or  to  defects  in  the  brace  nuiterial,  and  in  breaking 
have  thrown  a  sudden  load  on  the  head  which  it  was  not 
able  to  withstand.  This  is  a  plausible  explanation,  and 
one  that  appeals  to  the  writer  as  possibly  being  the  best 
to  exi)lain  ihc  accident. 

♦See  "T'ower,"  Nov.   4.  and  Dec.   30,  1913. 
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'riii'iT  is,  however,  niKillier  rejismiiililr  cxiiliinnl  ion.  Tlie 
l)oiler.  Iieiiip  of  I  he  veitieiil  type,  was  pioliahly  siilijecl  to 
vilinitioii  due  to  pul.siilioiis  in  the  steiiiii  line,  which  niny 
have  weakened  the  eonneetion  to  the  steam  main  or  have 
caused  the  I'ailiire  of  some  |ii|)e  litliiifi:  near  tlie  connec- 
tiiiii  Id  the  liiiilcr.  ir  a  hreak  at  the  main  sicam  c(iiini'<'- 
lion  liail  caiiseil  an  openiii};  (d"  ('ll^^id(•^allll'  size  In  lie  sud- 
denly rormcd  in  or  near  the  tup  dniiii,  Ihc  i-esult  would 
donlttless  have  lieen  a  sndden  lise  ol  ualcr  level  (lillinj; 
the  steam  drum)  and  this  would  have  jtrodiiced  a  waler- 
iiaminer  elVect  in  the  mud  drum,  with  the  force  oxertod 
in  a  direction  li'ndinjx  to  knock  out  the  holtoni  head,  it  is 
fairly  common  to  find  the  plate  material  in  tlie  vicinity 
of  stoan\-pipe  connect  inns  on  lioilers  damajjcd  hy  vihra- 
tions  of  the  slcani  line;  and  often  such  vihrations  cause 
injury  or  weakness  in  oilier  parts  of  the  hciiler. 

J.  [•].  'ri;i!MA.\. 

Hartford,  Conn. 

■if. 

S^eeE    Cos^Il    Bnnas 

About  hvc  years  ajx"  the  writer  designed  a  steel  coal 
bin  for  overhead  storage  that  certainly  has  one  thing  to 


Brick  Wall 


///// 
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Met  J  [CD  OF  Supportixc;  Bix.s 

recommend  it — cheapness.  At  the  time,  there  was  some 
opposition  to  the  design,  but  it  has  given  satisfaction. 
As  sliown  in  the  drawing  the  bins  are  13  ft.  in  diam- 
eter with  sides  11  ft.  liigh  and  a  5-ft.  hopper  bottom. 
They  were  erected  in  pairs,  supported  on  three  columns 
and  tied  at  the  top  to  the  boiler-house  wall  with  steel 
angles.  Ten  of  these  bins  were  erected,  one  for  each 
boiler,  and  the  total  cost,  including  concrete,  footings, 
columns,  gates  and  spouts  was  S6000,  the  work  being 
done  by  contract.  The  capacity  of  one  bin  is  50  tons 
of  bituminous  coal.  The  plates  m  the  sides  and  bottom 
are  %  in.  thick.  As  erected,  the  columns  had  no  bracing, 
the  intention  being  to  brace  the  columns  after  the  gates 


and  spouts  had  been  satisfactorily  locatetl,  hut  so  far  ii> 
the  writer  knows,  the  columns  have  never  been  braced.  01 
course,  should  anyone  remove  the  brick  wall  at  the  poiiil 
of    lateral    support    the    result    woiihl    be    bad. 

('.  0.  S.WDsl  uo\i. 
Kansas   City.    Mo.  J 

Engine  Stopped  Wlheini  Speeded 


Nome  time  ago  I  was  sent  for  hy  the  owner  of  a  I5i-lip, 
|K)rtable  gasoline  engine  employed  in  driving  a  hay  bailer, 
The  engine,  of  horizontal  type  and  ('(juipped  with  a  '^. 
line  pump  and  mixing  valve,  appeared  U)  work  all  i 
when  running  at  low  sjx-ed,  but  when  speedcKl  up  ii 
wuiilil  slow  down  and  stoj)  after  a  few  revolutions.  The 
usual  routine  of  scraping  all  electrical  connectirniK,  polish- 
ing contacts,  etc.,  was  resorted  to,  only  to  have  the  en- 
gine repeat  its  performance. 

Looking  over  the  gasoline  pump,  1  found  evt-rythinj 
apparently  as  it  had  left  the  factory;  liowever,  there  wat 
considerable  vibration  as  the  engine  began  to  increase  itt 
speed.  After  it  liad  stopped,  the  puzzling  part  was  tin 
abundance  of  gasoline  in  the  mixing  chamber,  indicating 
that  the  ])ump  was  doing  its  work. 

Then  I  decided  to  run  the  engine  with  the  cover  of  tht 
mixing  valve  removed  and,  as  the  engine  started  to  speed 
up,  all  the  gasoline  vanished;  as  it  slowed  down  again, 
about  the  last  two  revolutions,  the  valve  refilled.  I  next 
cut  a  small  piece  of  steel  wire  from  a  fish  line  and  made 
two  spiral  springs,  placed  them  on  top  of  the  ball  valve* 
in  the  suction  and  discharge,  the  engine  was  started,  and 
evei'ything  was  all  riglit. 

The  cause  was  that  ujion  speeding  up  the  engine  th( 
rapid  oscillation  of  the  ])ump  piston  lifted  the  balls  ofl 
their  seats  and  the  vibration  kept  them  rolling  aroimd 
the  edge  of  the  seats,  making  the  pump  lose  what  gaso- 
line it  had  raised,  but  as  the  engine  came  to  a  stop  the 
balls  would  roll  back  just  in  time  to  retain  some  ga.solim 
in  the  mixing  valve. 

Frank  Hudson. 

Ager.  Calif. 

An  article  in  the  -Jan.  li  issue  shows  how  the  engineen 
and  firemen  are  regarded  by  some  big  manufacturing 
companies.  Mr.  Hickstein  says:  "There  was  no  mone} 
to  establish  a  bonus  system,"  to  stimulate  the  firemen  tc 
better  work.  Concluding,  he  says  that  the  recorders,  bj 
means  of  posting  each  man's  record,  have  saved  the  com- 
pany an  average  amount  on  the  daily  coal  bill  sufficient 
to  pay  the  firemen's  wages. 

Xow  this  amoimt,  it  might  be  said,  represents  cleai 
profit  to  the  manufacturers  and  instead  of  dividing  even- 
ly, by  means  of  a  bonus  system,  with  the  men  who  arc 
making  this  profit  possible,  they  want  it  all. 

Mr.  Hickstein  says  these  firemen  are  nearly  all  "illiter- 
rat€  foreigners  with  no  hope  of  advancement."  Is  this 
same  company,  that  is  big  enough  to  have  an  annual  coal 
bill  of  $250,000,  spending  anything  to  develop  these 
foreigners  by  furnishing  reading  and  study  coiirses.  etc., 
so  they  may  gain  some  hope  for  advancement  ? 

H.  TJ.  Cooper. 

Kasson,  Minn. 
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A  contracting  concern  ])urcli<isc(l  a  2()-lip.  gasoline  en- 
niic  from  a  nianvifacturer  located  in  western  Pennsyl- 
'ania.  When  the  engine  arrived  it  was  set  up  and  started. 
The  purchaser  got  the  idea  that  the  spark  plug  furnished 
vas  inferior  as  compared  with  another  which  he  had  been 
ising  and  he  accordingly  bought  one  and  trsed  it  in  the 
'ngine,  or  rather  tried  to  use  it,  in  place  of  the  one  fur- 
lished.  The  owners  fooled  with  the  engine  for  two  days 
iiid  then  telegraphed  to  the  manufacturer  that  the  en- 
:iiu'  would  not  run  and  to  send  a  man  to  fix  it. 

This  man  found  that  when  the  compression  relief  cock 
ivas  open  for  starting,  the  charge  in  the  cylinder  would 
explode,  but  when  the  engine  approached  anything  like 
i'ull  speed,  it  would  suddenly  stop.  He  removed  the  spark 
jjlug,  found  the  terminals  about  3%  in.  apart,  and,  having 
jbent  them  together  until  they  were  separated  about 
j^  in.,  he  replaced  the  plug.  The  engine  was  then  started 
md  ran  all  right.  This  man  traveled  over  30  hr.  con- 
inuously  to  reach  the  customer,  and  all  for  about  10 
nin.  work.    He  was  absent  from  the  shop  for  five  days. 

Another  case  of  trouble  encountered  by  this  man  on  the 
lame  size  and  type  of  engine  occurred  in  Montreal,  in 
December.  He  started  up  and  found  that  half  load  would 
low  the  engine  down  to  about  half  its  rated  speed  and 
hat  three-quarter  load  would  stall  it.  As  the  compres- 
ion  and  ignition  were  all  right,  obviously  the  only  trouble 
eft  to  look  for  was  in  the  mixture.  He  finally  discovered 
hat  the  piston  was  upside  down,  the  engine  being  hori- 
;ontal.  As  the  engine  operated  on  the  two-stroke-cycle 
)rinciple,  this  brought  the  deflector  on  the  bottom  and 
)ver  the  exhaust  ports,  preventing  complete  expulsion  of 
he  exhaust  gases  and  proper  scavenging  of  the  cylinder. 
The  piston  was  turned  right  side  up,  the  cylinder  head 
eplaced  and  the  engine  carried  its  full  load  at  its  rated 
peed. 

Philips  Mihleder. 

Brooklvn,  N.  y. 


dl^cttfloua  M( 


In  a  test  recently  made  upon  a  centrifugal  pump  di- 
,cct  connected  to  a  three-phase  induction  motor  it  was 
liecessary  to  measure  the  input  into  the  motor.  The 
lUotor  is  normally  rated  at  15  hp.,  at  220  volts  and  35.5 
imp.  aiid  is  started  with  a  compensator  connected  as  shown 
|n  the  illustration.  The  motor  should  have  drawn  about 
lO  amp.  running  light  and  about  16  amp.  when  connected 
fo  the  pump,  the  pump  being  unpnmed,  at  a  balanced 
:7oltago  of  220  between  any  two  lines.  On  the  test,  how- 
wer,  the  following  results  were  obtained :  Line  voltages 
B20,  200  and  176,  and  line  current  (measured  in  one 
phase  only)  35  amp. 

I  The  first  conclusion  was  that  tlie  motor  was  running 
single  phase,  but  it  started  all  right  and  therefore  three- 
phase  current  was  being  used.  Next  it  was  thought  that 
I  poor  contact  in  the  compensator  was  the  cause,  but  the 
;ontacts  were  all  cool.  A  voltmeter  was  used  to  trace  out 
:he  troulile.  Voltages  at  A  and  B  were  taken  and  found 
:o  be  all  right ;  also,  voltages  at  C  were  found  to  be  bal- 


anced and  all  equal  to  220.    With  the  motor  running,  the 
ju'evious  unbalancing  was  again  found  at  D. 

The  motor  was  then  stopped  and  the  fuses  removed. 
They  were  examined  and  the  telltales  were  found  un- 
burned.  Then  the  fuses  were  put  in  one  at  a  time  and 
the  voltage  measured  from  the  line  side  of  one  to  the 
motor  side  of  the  tested  fuse.  Tt  was  then  found  that 
one  of  them  IkhI  Inirncd  out,  leaving  the  telltale  intact. 
The  compensator,  as  is  usual,  starts  the  motor  from  the 
line  side  of  these  fuses  so  that  the  starting  was  from 
the   three-phase   line,   but   on   the   running   position   the 


m  A  -250  V    Fuses, 


220  Volt 

i' Phase:  „ 


Compensator 


Motor-Startixg  Connections 

blown  fuse  caused  single-phase  operation.  Once  started 
and  up  to  speed  any  polyjjhase  induction  motor  will  run 
single-phase  but  at  about  double  the  three-phase  current. 
It  happened  in  this  case  that  the  ammeter  was  inserted  in 
a  live  line. 

F.    G.    SWITZER. 

Ithaca,  N.  Y. 

Carlbtias'etoip  Tipotuilblles 

In  his  article  on  "Carburetor  Troubles  and  Symptoms," 
in  the  Dec.  30,  1913,  issue,  A.  L.  Brennan  stated  that, 
"An  over-lean  mixture  will  often  cause  backfiring  in  the 
intake  pipe  or  carburetor."  This  statement  is  correct 
but  not  complete.  A  backfire  is  caused  by  the  introduc- 
tion into  the  engine  of  a  very  slow-burning  mixture,  in 
which  combustion  occurs  during  the  working  stroke,  the 
exhaust  stroke  and  part  of  the  admission  stroke.  Thus 
when  the  inlet  valve  opens  and  admission  of  fresh  mix- 
ture occurs,  it  meets  in  the  clearance  space  gases  in  which 
combustion  is  still  going  on,  instead  of  products  of  com- 
plete combustion.  These  burning  gases  will,  of  course, 
ignite  the  incoming  charge  and  cause  a  backfire. 

Mr.  Brennan  seems  to  neglect  the  fact  that  over-rich, 
as  well  as  over-lean,  mixtures  are  slow  burning,  and  aro^ 
therefore  just  as  likely  to  cause  a  backfire.  It  is  a  com- 
mon mistake  to  attempt  to  distinguish  between  over- rich 
and  over-lean  mixtures,  with  regard  to  their  effect  on 
the  proper  running  of  a  gas  engine,  but  there  is  really 
little,  if  any,  difference  between  them,  from  that  point  of 
view,  excej)t  that  an  over-rich  mixture  causes  a  greater 
waste  of  fuel.  Any  gas  present  in  the  mixture,  and  not 
entering  into  the  combustion,  retards  the  velocity  of 
propagation  of  the  flame. 

AVlLLIAM   J.  DeJIOREST. 

New  York  Citv. 
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Iimqf^iries  of  Greimers^Il  Iimteresit 
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Apprnxlmntp  Kiilr  for  Kniiinr  llomrpower — What  Is  n  short 
rulp  for  I'.HtlniatliiK  the  horncpowcr  of  n  HlnKli'-<'ylln(lfr  cn- 
K'ik  ' 

J.  O.  I. 

S<iiinrc  thi-  illiiin«t<r  (if  tln'  rylliHli-r  In  Inchi-s  iiiul  divide 
by  2.  The  ruU'  will  he  appiDXlniatfly  ((iricct  for  35  lb.  m.c.p.. 
aiul  a  piston  aprcd  of  BOO  ft.  per  niln.,  or  whi^ncviT  the  produet 
of  the  iiu-an  fffi'Otlve  jiri'ssiirc  and  piston  upt-cd  Is  approxl- 
niatily  fqiial   to   21.(ia(> 

Volumetric  Klllolfiicy  mill  ConiprcMMloii  Itntio  In  C^iih  Kn- 
KlneM — What  Is  the  difference,  between  volumotric  elTlclency 
and    I'onipresslon    ratio   as   applied   to    the   gas   enprlne? 

C.    P.    R. 

Volumetric  eflflclency  Is  the  ratio  of  the  volume  at  atmos- 
pheric pressure  corresponding  to  the  actual  welpht  of  mix- 
ture drawn  In,  to  the  volume  equivalent  to  the  piston  dis- 
placement. It  is  dependent  upon  the  density  of  the  charge 
and  the  friction  through  the  Intake.  The  compression  ratio, 
on  the  other  hand.  Is  the  volume  before  compression  divided 
by  the  volume  after  compression.  It  is  dependent  wholly 
upon   the   cylinder   dimensions   and   clearance. 


Stopplnic  Craokn  In  Holler  SettlnKH — How  can  the  cracks  of 
boiler   settings   be    stopped    up   to    prevent    infiltration    of   air? 

N.    C.    E. 

To  be  permanently  effective  the  material  used  for  filling' 
the  cracks  should  be  of  such  nature  that  it  will  adjust  itself 
to  subsequent  expansion  and  contraction  of  the  walls  of  thi' 
setting.  For  the  purpose  a  semiplastic  material  such  as  loam 
and  molasses,  or  tar  with  infusorial  earth,  or  pulverized  fill- 
ings of  clay  and  infusorial  earth  confined  Ijy  asbestos  wool  have 
been  used.  A  method  which  has  proved  effective  for  closing 
small  cracks  from  the  outside  of  the  walls  is  to  cover  thv 
cracks  with  strips  -of  muslin  fastened  with  broad-headed 
nails  and  spread  with  a  coating  of  thin  plaster.  Any  filling 
or  covering  of  the  crevices  should  be  done  when  the  walls  are 
cold. 


Xonfreezlns  Compound — What  is  a  good  nonfreezing  com- 
pound for  water  kept  in  Ijarrels  or  buckets  for  use  in  case 
of   fire   and   how   can    the   water   be    kept   sweet? 

W.   D.   G. 

Adding  to  the  wattr  2  il).  of  common  salt,  or  of  commercial 
chloride  of  calcium  to  each  gallon  of  water  will  prevent  freez- 
ing at  temperatures  down  to  about  15  deg.  F.,  or  lower,  ac- 
cording to  the  strength  of  the  solution.  To  prevent  un- 
pleasant odors  arising  from  keeping  the  water  a  long  time, 
the  containing  vessels  should  be  perfectly  clean  before  being 
filled,  and  when  wooden  barrels  or  buckets  are  used  their 
interior  should  be  charred.  Use  fresh,  clean  water,  as  free 
as  possible  of  organic  matter,  and  when  the  vessels  are  filled, 
sprinkle  the  surface  of  the  w-ater  with  crushed  charcoal  and 
protect  the  water  from  contamination. 


Saving  by  Use  of  Feed-AVater  Heater — What  saving  of 
heat  is  obtained  by  using  exhaust  steam  to  heat  feed  water 
from  55  deg.  F.  to  204  deg.  F.,  the  boiler  pressure  being  100 
lb.    per   sq.in.  ? 

A.   W. 
The  gain   per  pound    of  feed   water   would   be   204  —  55    = 
149  B.t.u.     The  heat  required  per  pound  of  steam  raised  from 
32   deg.   F.   to   100   lb.   gage  pressure    (shown   by  steam   tables) 
is   1188.8,   hence   with   feed   water   at  55   deg.   F.,   i.e.. 
55   —   32    =    23   deg.    F.   above   32   deg.    F.. 
each    pound    of    water,    for    conversion    into    steam    at    100    lb. 
boiler    pressure,    would    require    1188.8    —    23     =     1165.8    B.t.u.. 
therefore     the    saving     by      use      of     the      feed-water     heater 
would    be 

149 

X    100    =    12.78   per   cent. 

116.T.S 


One  Safety  Valve  DIscharsinjj;  through   .\nother-;-When  two 

safety  valves  are  each  set  to  blow  off  for  200  lb.  per  sq.in. 
gage  pressure,  the  first  valve  discharging  through  the  second 
valve,  why  is  it  that  a  pressure  of  400  lb.  per  sq.in.  gage 
pressure  would  be  required  on  the  underside  of  the  first  valve 
for  discharge  to  take   place  through  the  second  valve? 

W.  J.  K. 


For   either   valve    to   dlHcharge,    the    preHHure    on    Its    unde: 
Bide  would  have  to  be  200  lb.  per  Hq.ln.  Kn-ater  than  the  pro» 
sure    Into    which    It    dlH<'harKeH,    and    aH    for    dincharKc    to    • 
place    through    the   h<-coii(I    valvi-,    the    prcHHure    connectlin 
(IlHcharge    Hide    of    the    llr»t    valve    with    the    underHlde    <.i 
second   valve   would   have   to  be   200   lb.   per  H(i,ln.   above  ai 
pheric   preHHure.    then    for    both    valves    to   opi-rute    at   thi- 
time,    the   pressure   on    Ihi-   underside   of   the   first   valve    u 
have  to  be  200  lb.  per  sq.in.   -f    200  lb.  per  sq.in.  above  alinu* 
pheric  pressure.   I.e.,   400  lb.   above   atmospheric   pressure. 


Delivery  of  Pump — At  40  r.p.m.  and  allowing  7  per  cent 
slippage,  how  many  gallons  of  water  would  be  delivered  pe; 
minute  by  a  duplex  pump  having  water  pistons  8  In.  In  dlam 
eter   by   10-in.   stroke  and   piston    rods  1%    In.   In  diameter? 

The  area  of  an  8-ln.  diameter  piston  being  50.2B5  sqin 
and  the  cross-sectional  area  of  a  1%-ln.  diameter  piston  ro< 
being  2.405  sq.in.,  then,  for  each  revolution  of  the  pumj 
there  would  be  tw.T  piston  displacements  due  to  the  full  arei 
of  the   piston   with    10-in.   stroke,   or, 

2    X    50.265    X    10    -     1005.3  cu.ln.   of  piston  displacement 
j.nd    also    two    piston    displacements   due   to    the    area   of    thi 
piston,  minus  the  cross-sectional  area  of  the  piston  rod,  witi 
10-in.    stroke    or 

2    X     (50.255   —   2.405)     X    10    =    957.2   cu.in. 
of  piston   displacement. 

Therefore  the  total  piston  displacement  per  revolutioi 
would    be: 

1005.3     +     957.2    ~    1962.5    cu.in. 
and    for    40    r.p.m.    and     7    per    cent,     slippage     the     deliver; 
would    be 

1962.5  X  40 

93  per  cent,  of =  316  gal.  per  min. 
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Horsepower  of  Vertical  Boiler — What  would  be  the  horse 
power  size  of  a  vertical  boiler  containing  forty  1%-in.  tube 
4%  ft.  long  and  having  a  firebox  28  in.  in  diameter  by  22  In 
high? 

E.  B. 
The  horsepower  size  of  a  boiler  is  based  upon  the  numbe: 
of  square  feet  of  heating  surface.  In  a  vertical  boiler  thli 
consists  of  the  heating  surface  in  the  sides  and  tube  sheet  o: 
the  firebox,  plus  that  in  the  tubes.  The  firebox  being  28  in.  ll 
diameter    its    circumference    would    be 

28    X    3.1416    =    87.965    in. 
and  being  22  in.  high,  then  the  area  of  the  sides  of  the  firebo: 
would  be 

87.965    X    22   =   1935.23  sq.in. 
The  gross  area  of  the  firebox  tube  sheet  would  be 

28   X    28   X   0.7854   =   615.75  sq.in. 
For  each  lV4-in.  tube   (the  external  diameter  of  a  1%-in.  tubi 
being  1 V4    in.),  the  area  would  be 

1%    X    1%    X   0.7854   =   1.767  sq.in., 
and   there  being  40  tubes,  the  total  cros-sectional  area  of  th' 
tubes   would   be 

1.767    X    40    =    70.68   sq.in.; 
therefore,  the  net  heating  surface  of  the  tube  sheet  would  b< 

615.75  —  70.68  =   545.07  sq.in. 
The  internal  diameter  of  each  tube  being  1.31   in.,   its  circum 
ference  would  be 

1.31    X    3.1416    =    4.115   in., 
and  the  length  of  the  tubes  being  4%  ft.,  or  54  in.,  the  area  01 
each  tube   would  be 

4.115    X    54   =    222.21   sq.in. 
and  the  area  of  the  40  tubes  would  be 

222.21    X    40    =    8888.4    sq.in. 
Hence   as 

The  area  of  the  sides  of  the  firebox   =      1,935.23   sq.in. 
The  net  area  of  the  tube  sheet  —         545.07  sq.in. 

The  areas  of  all  the  tubes  =      8.888.4     sq.in. 


Total   area  =    11,368.7     sq.in. 

Reduced  to  square   feet,   this   would  be 

11,368.7    ^    144    =    78.9    sq.ft. 
and  allowing   10   sq.ft.   per  horsepower  the   horsepower  of  the 
boiler  would  be 

■k    of    78.9    =    7.89    hp. 
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Last  Lksson's  Answ-kus 

6.  The  problem  as  given  cannot  be  solved  at  one  set- 
ting. If  tlie  first  term  in  the  numerator  and  the  de- 
nominator are  interchanged,  making  the  problem 

0.493  X  1.29 
33~4 

it  can  be  solved  at  one  setting  as  follows : 

Remembering  that  the  decimal  points  are  not  to  con- 
cern us  until  the  end  of  the  problem,  set  the  hair  line 
over  492  on  the  D-scale.  Do  this  by  first  moving  the 
runner  to  4.  The  number  shows  that  we  are  to  go  f*^  of 
the  distance  to  5,  so  keep  on  moving  the  line,  passing  over 
the  main  divisions  41,  42,  43,  44,  the  longest  line  shown 
at  45,  then  on  over  46,  47,  48  and,  finally,  stop  at  49, 
within  one  more  large  space  of  5.  Now,  to  get  yo 
of  the  remaining  distance  to  5,  notice  that  there  are 
only  two  small  divisions,  so  each  must  represent  fV' 
hence  x%  will  be  V-,  of  o"e  of  the  smallest  spaces  at  this 
part  of  the  rule  and  must  be  guessed  at.  Leaving  the 
runner  at  this  point,  move  the  slide  until  334  on  the  C- 
scale  comes  under  the  hair  line.  First  move  the  slide  un- 
til 3  is  imder  the  hair  line.  Then  counting  the  bigger 
divisions  move  the  slide  to  the  left  until  x\  of  the  dis- 
tance to  4  is  covered,  that  is,  passing  31,  32  and  stop 
ping  at  33.  The  slide  must  go  still  further  to  the  left, 
but  not  so  far  that  34  will  be  under  the  hair  line.  It 
is  to  go  only  i\  of  tl^e  distance  between  33  and  34. 
As  this  distance  is  divided  into  five  spaces,  each  space  rep- 
resents j\,  and  the  slide  is  to  be  moved  still  farther  until 
[the  second  short  line  on  the  C-scale  after  33  is  under  the 
jhair  line.  This  is  the  only  setting  of  the  slide.  The 
janswer  will  be  found  under  129  on  the  C-scale.  Move 
ithe  hair  line  first  to  the  second  marked  or  numbered  di- 
Ivision  on  the  C-scale  from  the  left-hand  "1."  This  will 
Ibe  12.  (On  some  rules  it  is  marked  "1.2";  on  others 
simply  "2.")  'I'here  are  ten  divisions  between  12  and  13, 
po  that  nine  of  them  are  to  be  passed  over  in  setting  the 
ha'r  line  at  129.  In  the  proper  position  the  hair  line 
will  be  just  one  of  the  smallest  spaces  to  the  left  of  13  on 
the  C-scale. 

The  answer  on  the  D-scale  is  closely  19,  as  near  as  it 
jean  be  read  and  well  within  the  limit  of  the  accuracy 
pi  the  rule.  Now  to  locate  the  decimal  point.  Inspec- 
tion of  the  numerator  shows  it  to'  be  approximately  0.5 
and  33  will  not  go  into  it  until  it  is  multiplied  by  100  or 
the  decimal  point  moved  two  places  to  the  right.  The 
first  figure  in  the  answer  will,  therefore,  come  in  the  sec- 
ond place  after  the  decimal  point,  or  0.019  is  the  answer. 

7.  Following  the  rule  "set  the  first  on  the  second  under 
the  third  find  the  fourth";  first  place  the  hair  line  over 
408  on  the  D-scale.  Slide  it  at  once  to  4.  It  must  not 
*o  one  of  the  larger  divisions  farther,  as  that  would  be  41, 
land  408  is  -/o  of  the  distance  between  4  (or  40)  and  41. 
The  smaller  divisions  are  -jV  of  the  next  larger,  so  the 
hair  line  is  to  be  moved  one  whole  small  division  to  the 


right  from  4  and  then  over  Vn  of  the  next  space  to  esti- 
mate 408.  Leaving  the  runner  here,  move  the  slide  until 
61  on  the  C-scale  is  under  the  line  (61  is  one  of  the  larger, 
or  two  of  the  smallest  spaces  to  the  right  of  6).  Xow, 
leaving  the  slide  set,  move  the  runner  to  32  on  the  C-scale 
(32  is  two  of  the  larger,  or  ten  of  the  smallest  spaces 
to  the  right  of  3).  Under  the  hair  line  on  the  D-scale 
is  the  answer  which  is  seen  to  be  something  between  2 
and  3,  and  as  it  comes  in  the  second  large  division,  is  be- 
tween 21  and  22.  It  is  practically  on  the  line  between 
the  second  and  third  smallest  divisions.  As  each  of  these 
smallest  divisions  represents  x%j  the  answer  is  ^^  more 
than  21,  or  214,  and  it  can  plainly  be  seen  that  it  is  a. 
whole  number,  the  decimal  going  after  the  4. 

8.  Let  us  examine  the  ohl  familiar  horsepower  for- 
mula : 

,       ^  PLAN 
^^''  "    33,000 

Evidently  increasing  the  mean  effective  pressure,  or  the 
length  of  stroke  or  the  area  of  the  cylinder  or  the  number 
of  strokes  per  minute  would  increase  the  value  of  the 
fraction  and  make  the  horsepower  larger.  It  is  stated 
that  the  pressure  remains  the  same;  the  length  of  the 
stroke  and  area  of  the  cylinder  must  also.  The  only 
quantity  that  changes  is  the  strokes  per  minute,  and  just 
as  this  changes  the  horsepower  changes,  so  the  problem 
may  be  solved  as  a  simple  proportion,  thus, 
160:45:  :  200  :  .r 
Set  the  hair  line  on  45  on  scale  D  (midway  between 
"4"  and  "5").  Move  the  slide  to  the  right  until  16  on 
scale  C  is  under  the  line  (16  is  the  end  of  the  sixth  large 
division  between  "1"  and  "2").  The  answer  is  on  D 
under  "2"  on  C.  It  is  found  to  be  between  "5"  and  "6" 
and  between  56  and  57  and  about  1/2  of  the  smallest  di- 
vision after  56.  Each  of  these  smallest  divisions  being 
/o,  the  answer  is  1/4  more  than  56,  or  5625,  and  the  deci- 
mal point,  as  may  be  seen  by  inspection,  belongs  after  the 
6,  making  the  answer  56.25  hp. 

9.  The  number  42,200  has  an  odd  number  of  integers, 
therefore  the  left-hand  A-scale  is  to  be  used.  Set  the 
hair  line  on  422  on  the  A-scale.  (First  set  the  line  on 
"4."  Then  move  it  two  large  or  four  of  the  smallest 
divisions  to  the  right.  This  is  42.  Then  as  each  of  these 
smallest  divisions  is  {^,  the  line  is  to  be  moved  ^/g  of 
one  of  these  divisions  farther  to  the  right.  This  dis- 
tance must  be  estimated.)  Under  the  hair  line  on  scale 
1)  is  the  square  root,  which  is  more  than  2  and  less  than 
21 ;  it  is  a  little  over  205  (each  of  the  smallest  divi- 
sions being  ^^).  Evidently  the  hair  line  divides  the 
smallest  division  within  which  it  falls  into  about  -^  and 
-/jT,  and  as  the  division  represents  2,  x<\j  of  2  =  ^Vio  of  1. 
Hence,  as  close  as  can  be  estimated,  the  answer  is  2052 
and,  pointing  off  the  original  number  by  "twos"  of  places 
as  4'22'00,  there  will  be  three  whole-number  places  in 
the  square  root,  making  it  205.2.  (More  exactly  the 
answer  is  205.4264.) 

10.  Invert  the  slide  in  the  rule  so  that  the  numl)prs  on 
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till'  slide  iiif  ii|isi(lf  ilnwii  witli  ii'spccl  to  those  on  llie 
rule.  I'oiiit  the  iiuinher  olT  in  units  of  three  plaeeK.  iih 
4'2'\i(t(l.  The  answer  is  to  have  two  wliole-nimiluT  phieeo 
anil  tlk-  lirst  li^rure  is  to  he  tlie  eniie  root  of  the  lai^'est 
luiinher  loss  than  \'i.  lOvideiitly  then  it  will  lie  :i.  Tor 
l\  X  :'  X  'i  =  -'?.  wliilc  I  X  1  X  4  =  (i  I.  This  shows 
around  what  ])oint  oi\  the  rule  the  answer  is  to  lie  looked 
for,  so  that  there  need  lie  nu  (hniL'er  of  the  confusion 
mentioned  in  the  last  lesson.  Set  \'i'i  on  the  ri;rlil-hand 
A-seale  just  as  it  was  set  in  the  last  prohlein  on  the  left- 
hand  .\-scale.  (On  some  rules  the  "I"  is  lUMikcd  "l(t" 
on  the  ri^tht-hand  scale.)  Brinj;  tlir  iiulit  IihihI  "I"  of 
the  ('-scale  to  this  point.  \mv  nunc  the  inniin-  until 
the  hair  line  covers  Ww  saiuc  iiuhiIht  on  tln'  |)-M;ilr  and 
the  upside  down  H-sculc.  W'licn  tlic  line  is  omm'  ihc  ■':'>"' 
of  tile  B-scale,  it  is  over  ii^Vol'  Ihc  D-sciilc.  so  it  -lioiild 
,yo  furl  her  to  the  left.  \\  ;i  1  lui  H,  iUi'.l  is  covered  on 
)>.  \\  ;!•.'  on  //.  :!.■):  on  l>.  M  U  on  B,  353  on  l>. 
At  345  on  B,  35  on  P.  Kvidently  3485  is  as  dose  as  the 
cube  root  can  be  estimated,  and  it  will  have  only  two 
places;  therefore,  34.85  is  the  cube  root  of  43,200.  (More 
exactly  the  cube  root  is  34.8154.) 

Thk  Slide  Rule  Continued 

Another  useful  a])plication  of  the  rule  with  the  slide 
inverted  is  in  the  dividing  of  a  given  number  by  any  num- 
ber at  one  setting.  This  is  evident  from  the  fact  that  the 
inverted  slide  gives  reciprocals,  for,  in  Ihe  normal  use 
of  the  rule,  the  product  of  a  given  number  and  any  other 
number  is  obtained  at  a  single  setting.  Suppo.se,  as  in  the 
compiling  of  a  table,  it  is  desired  to  divide  a  certain  num- 
ber by  each  number  in  a  column  of  numbers. 

For  instance,  a  tank  holds  12,000  gal.,  and  it  is  desired 
to  know  how  many  minutes  it  will  take  to  discharge  it  at 
various  rates  of  discharge. 

Set  the  left-hand  '"l"  of  the  inverted  C-scale  on  12 
of  the  I)-scale.  Then  under  any  number  on  the  ('-scale 
(inverted)  will  be  found  on  the  D-scale  the  quotient  of 
12,000  divided  by  the  C-scale  number. 

For  instance,  if  the  rate  of  discharge  is  40  gal.  a  mm., 
the  time  to  discharge  12,000  is  300  min.,  and  so  a  table 
could  be  constructed  with  one  setting  of  the  slide  by  sim- 
ply moving  the  runner. 


i;:il.  per  Min 

40 

80 
120 
160 
200 
240 
280 
320 


Dischiiigin«  Timt 

in  llin. 

300 

150 

100 

75 

60 

50 

42.8 

37.5 


Often  it  is  hard  to  make  an  exact  setting  on  the  rule 
wliere  much  of  the  number  has  to  be  estimated.  If  a  fac- 
tor of  that  kind  is  to  be  used  frequently,  so  as  to  war- 
rant it,  an  equivalent  ratio  may  be  found  that  is  more 
readily  set.  The  number  tt  (3.14159)  is  so  often  used 
that  some  rules  have  a  line  for  that  number,  but  if  they 
have  not,  if  226  of  the  C-scale  is  set  on  710  of  the  D-scale. 
under  the  left-hand  "1"  of  the  C-scale  will  be  tt 
(3.14159)  on  the  D-scale.  At  this  setting  of  the  rule 
the  circumference  of  a  circle  of  any  given  diameter  may 
be  found  on  the  D-scale  under  the  corresponding  diameter 
on  the  C-scale. 

A  number  of  these  equivalent  ratios  for  conversion  fac- 
tors, such  as  are  usually  given  on  the  backs  of  slide  rules, 
are  herewith  tabulated.  Remembering  the  proportion 
rule,  "On  the  first  set  the  second,  &c.,"  any  of  these  con- 
version ratios  mav  be  used. 


22'i  (liiniirlir  of  rirrlii 

71(J      cirniiiij'rrfiire  of  circle 

40  _  circum/crtmcc  of  circle 

ii        Hide  of  iiisrrihctl  Mf/iiure 

3JJ  _  circumference  of  circle 

11  aide  oj  eijnttl  Kifuare 

70  _      Hide  of  sf/unre 

911       di(ii/(iii(il  of'  sfjuare 

1  I    _    .^1/ lift  re  i  IK  lien 

14       circular  inchea 
300  _  iiren  of  circle 

191       urea  of  inscrided  m/uare 

5    _       iurhcs 
127      milliinelerii 
292  ^    feci 
89        meters 

35  _  yards 

32       meters 
87   _       miles 
14u       kilometers 
31    _       sfinare  inches 
200       square  centimeters 
140  _     square  feet 
13        sqtiare  meteri' 

(51  _  square  yards 

.51  ^ 
30^ 
590 
LOG  ^ 

3        ctibic  meters 
t)700  _  ci(I)ic  inches 
"29"  "  U.S.  fjallons 
234   _     culic  feel 
1750       U.S.  gallons 

3   _  cubic  feet 

85  liters 

280  _     pounds 
127      hilofjrams 
62  tons 


\ 


square  meters 
cubic  incites 
cubic  centii.ieters 
cubic  feci 


kilograms 

pounds  per  square  inch 
kilograms  per  square  centimeter 
pounds  per  square  inch 


atmospheres 
pounds  per  sqtiare  foot 
kilograms  per  square  meter 
cubic  feet  of  water 
pounds  of  water 
cubic  feel  of  water 
kilograms  of  water 
foot-pounds 


63,000 
128 

9 

KJ  _^ 

30  feet  of  water 

970  _  pounds  per  square  inch 

~m  ~ 

174^ 

850  ~ 

17  _ 
lOGO  ~ 

51  _ 
1440  ~ 

340^ 

47 


kilogram -meters 
The   manuals   that   deal   with   the    slide   rule   UEually 
give  still  more  of  these  factors  and  the  reader  can  readily 
figure  out  his  own  for  any  special  problem  he  may  have. 
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The  second  of  the  informal  dinner  discussions  of  the  Chi- 
cago Section  of  tlie  American  Society  of  Mechanical  Engi- 
neers was  held  in  the  Crystal  Room  of  the  Hotel  Sherman, 
Chicago,  111.,  on  the  evening  of  Jan.  28.  The  meeting  was 
attended  by  140  members  and  guests  and  was  opened  by  the 
chairman  of  the  local  committee,  Paul  P.  Bird.  The  paper 
of  the  evening,  by  Bryant  Bannister,  dealt  with  a  series  of 
boiler  tests  with  Illinois  coal  and  was  in  substance  as  fol- 
lows: 

In  April  of  11113  a  new  boiler  house  was  completed  at  the 
works  of  National  Tulie  Co.,  at  Kewanee,  111.,  and  a  series 
of  tests,  ranging  in  length  from  4  to  24  hr.,  and  with  loads 
varying  from  TFi.fi  to  205.2  per  cent,  of  rating,  were  con- 
ducted. 

In  order  to  eliminate  error  in  estimating  the  amount  of 
coal  on  the  grate  it  was  thought  best  to  conduct  a  test  of 
much  longer  duiation.  The  data  obtained  from  the  first 
eleven  tests,  therefore,  are  given  out  at  this  time  only  as 
corroboiated  by  the  results  ol)tained  in  a  72-hr.  test  com- 
pleted   Oct.    30. 

The  complete  boiler  plant  consists  of  four  Edge  Moor 
water-tube  boilei-s,  each  set  as  a  unit,  having  20-ft.  tulles, 
and  baffles  arranged  to  give  four  passes  for  the  gases,  with 
the  stack  outlet  at  the  bottom  of  the  fourth  pass.  Each 
lias  6132  sq.ft.  of  heating  surface  and  1200  sq.ft.  of  super- 
heating surface,  Foster  superheaters  being  installed.  Each 
boiler  is  set  with  the  bottom  of  the  front  header  8.67  ft. 
above  the  level  of  the  dumping  plate  of  the  stoker,  thus 
piving  the  large  combustion  chamber  so  essential  to  the 
tiiorough  combustion  of  highly  volatile  coals.  The  firing 
is  done  by  a  seven-retort  Taylor  stolier  equipped  with  an  air 
extension  grate.     Each  stoker  has  its  own  fan  and  engine.    " 

Much  was  done  to  make  each  boiler  setting  tight  and  as 
free  from  radiation  losses  as  possible.  The  setting  was  first 
coated  with  a  thick  asbestos  paint,  and  then  covered  with 
1 '/4  in.  of  85  per  cent  magnesia,  and  finally  with  muslin  and 
again  painted  to  insure  against  air  leakage.  The  headers 
were  also  covered,  where  exposed,  with  this  same  magnesia 
compound,  and  the  whole  setting  top  was  covered  with  a 
three-inch  layer  of  firebrick  and  cement,  and  then  with  the 
magnesia  covering.  At  no  time  during  the  tests  was  the 
setting   more    than   warm,   even   at   the   highest   loads. 

Gland  leakage  on  the  feed  pump  was  weighed  and  ac- 
counted for  and  no  blow-downs  were  made  during  any  of 
the    tests.      The    safety    valves    on    the    test    boiler    were    set 
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several  pounds  above  those  on  the  remaining  boilers,  but 
at  the  higher  rates  of  evaporation  pop-offs  were  unayoidable; 
these  were   carefully   timed   and   accounted   for. 

Flue  gases  were  drawn  from  the  bottom  of  the  fourth 
pass  and  analyzed  by  an  Orsat  apparatus.  Since  eacli  boiler 
unit  has  its  own  stack  it  was  further  possiVjle  to  properly 
regulate  the  air  supply  to  the  stoker  by  observing  the  smoke 
condition.  As  shown  by  the  data,  the  furnace  draft  was 
maintained    as   low   as   possible. 

Referring  to  the  first  eleven  tests,  made  earlier  in  the 
year,  the  apparent  disparity  between  efllciencies  at  similar 
loads  is  noticeable.  There  was  considerable  range  in  the 
moisture  content  of  the  coal  samples,  which  was  due  largely 
to  rainfall  after  the  first  three  tests,  much  of  the  coal  be- 
ing exposed.  Also,  neither  the  quality  of  the  flue  gases  nor 
the   percentage   of  combustible    in   the   ash    forms  any   definite 


curve  wluMi  plotted  against  the  load.  The  heat  balance  gave 
little  information  other  than  that  the  tests  were  too  short 
to  be  reliable  if  taken  individually.  Therefore,  a  second 
heat  balance  was  created,  based  upon  the  average  of  those 
factors  not  influenced  by  the  rate  of  firing,  such  as  moisture. 
CO  in  the  flue  gas,  and  combustible  in  the  ash.  The  dry 
flue  gas  loss  was  changed  to  correspond  to  the  gas  tem- 
peiatures  obtained  from  Fig.  2;  and  the  whole  was  bal- 
anced with  the  radiation  loss  obtained  from  Fig.  1.  The 
curve  in  Fig.  1  was  assumed  after  careful  comparison  of 
file  Kewanee  boiler  settings  with  tliose  of  the  large  units  in 
the  Detroit  Edison  plant.  The  setting  comparisons  were 
made  upon  a  basis  of  exposed  ai  eas,  temperature  of  ex- 
posed areas  above  boiler  room,  and  character  of  setting  wall, 
together   with   the   relative   rated   capacities    of  the   units.      ID 
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effect  it  is  thought  that  this  created  curve  lepresents  ap- 
proximately what  would  be  accomplished,  by  tests  of  indefi- 
nite length,  with  coal  of  the  average  moisture,  hydrogen, 
etc.,  as  obtained  during  these  tests,  and  with  the  same  com- 
bustion as  shown  by  the  average  of  the  gas  and  ash  analyses 
for    these    tests. 

Referring    to    the    actual    heat    balance    for    test    number 
twelve,    the    72-hr.    test,    it   will   be   observed    that    the    residue 

TABLE  I.     HEAT  BALANCE,  EVAPORATIVE  TEST  \0    12 


B  t.u. 
8980 
231 


4  46 
7.71 
0.31 
2.01 
2.49 


Heat  absorbed  by  boiler 

Loss  due  to  evaporation  of  moisture  in  coal 

Loss  due  to  heat  carried  away  by  steam  formed  by  burning 

of  hydrogen 494 

Loss  due  to  heat  carried  away  in  dry  flue  gases 855 

Loss  due  to  carbon  monoxide 35 

Loss  due  to  combustible  in  ash  and  refuse 22: 

Loss  due  to  radiation  and  unaccounted  for 276 

Calorific  value  of  1  lb.  of  dry  coal 1]  ,094 

Total ;...■;  '  ■              100  00 

for    radiation    and   miscellaneous    losses    falls    upon    the   curve 
in    Fig.    1. 

DISCUSSION 

li.  P.  BRYDON  thought  that  the  Kewanee  V\'orks  had 
shown  courage  in  installing  a  type  of  stoker  which  had 
made  its  chief  success  with  the  higher  grade  coals  of  the 
East,  and  expressed  curiosity  as  to  what  part  the  stoker 
played    in    attaining    the    high    efficiencies. 

He  also  thought  that  the  steam  consumed  by  the  stoker 
engines  and  by  the  soot  blowers  should  be  deducted  from  the 
total,  and  further  expressed  the  opinion  that  the  four-pass 
design  and  the  heavy  lagging  were  largely  instiumental  in 
attaining  the  high  efficiency. 

R.    H.    KITSS    submitted    the    following    written    discussion: 

Even  without  correction  or  adjustment  the  efliciencv  re- 
sults are  exceedingly  good.  Certain  critical  items  of  the 
series  of  tests  can  be  picked  out  to  advantage.  One  of  these 
is  the  low  gas  exit  temperatures  which  indicates  high  heat 
absorption.  This  is  particularly  accounted  for  by  the  baf- 
fling. 

During  the  72-hr.  test  (No.  12)  temperature  readings  were 
taken  regularly  at  points  above  and  below  the  fourth  pass. 
The  averages  of  the  calibrated  readings  showed  a  temper- 
ature difference  of  67.4  deg.  F.,  which  indicates  a  heat  ab- 
sorption of  a  little  above  2  per  cent,  of  the  heat  value  of 
the  fuel. 
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ir      II      IH      rOIK'OllKll       thai       III)'      lllHl       IHIHH      Ih      l'l<H|><>nHl  Ii1i<       for 

tlilH  amount  of  liciit  hmvIiik.  an  a|i|ii  rclalilx  ainoiiiil  aliovo 
that  UHiially  I'lii'oiiiitrriMl  with  Mtaiiilanl  thi'i-r-cioHH  piiHn 
hollfiM  iM  Hllll  t»  he  atriiiiiitoil  foi.  Th«  i'oiU'IuhIoii  Ih  Iii- 
cvltablo  that  thi<  l>alllliiK  »(  tht-  IliHt  thi'iM<  jiuhhch  coii- 
ti'lliutoH  ill  no  Niiiall  ili'KK'o  to  tho  K<>nc<ral  hluh  (■IMrlfiicy 
lo.MultH,  or  11  tcni|ii<i'ature  an  low  iim  -170  iU<k.  K.  would  not 
have  hocti  uncountorvd  nt  thu  ond  oT  the  third  |)aH8,  ovon 
>ri>dltlnK  thu  HcttliiK  with  Hperlnl  provlHlonH  iiRnlnHt  rndln- 
tlon  anil  nir  IcaknKC  H  Ih  clear  that  Tor  koikI  ahnorptlon 
I'OHultM,  IS-ft.  tulicH  nro  not  nocoHHaiy  for  threc-iniBB  hollurn, 
piovldcd  the  liatlllnK  Is  Hurh  nH  to  tunploy  the  hentliiK  Hur- 
faco    to   advantaKC 

'  It.  Ih  olivloUH  that  the  tube  iiroportlons  could  not  have 
been  duplicated  \vithout  the  ln<-llned  llrnt  flanu'  plate,  and  tlilH 
test  series,  coniblne<l  with  the  cIoho  scrutiny  of  many  other 
four-pnss  Instullations.  leads  to  the  conclusion  that  it  i.s  not 
piksslble  to  create  a  successful  four-imss  setting  with  all  of 
the  halllin^  at  riKht  aiiKles  to  the  tubes,  even  when  usiiiK 
-u-fl.  tubes,  unless  the  settinf?  Is  to  sacrifice  a  larj^e  part  of 
its  elasticity  in  capacity  possibilities.  If  this  conclusion  is 
coriect,  then  security  must  be  had  atjainst  baffle  leakaK<- 
and  j;eneral  bailie  deterioration.  The  use  of  tile  restinj^ 
against  metal  supports  in  an  inclined  position  is  not  suc- 
cessful in  the  construction  of  the  Inclined  llame  plates.  Re- 
course is  best  taken  to  building  the  first  flame  plate  by  the 
older,  more  costly  and  perhaps  less  attractive,  method  of 
"errouting:"  in  position  baffles  made  up  of  plastic  refractory 
material  reinforced  with  metal  as  was  done  at  Kewanee. 
That  this  method  made  possible  the  location  and  protection 
of  soot  blower  pipes  is  worthy  of  note,  although  the  main 
reason  for  the  selection  of  this  construction  came  from  a 
desire    to   create   a    tlRht    baffle    in   an    inclined    position. 

Aside     from    the    greater     economy     in     the    absorption    of 
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heat  due  to  four  passes  in  place  of  three  passes,  several 
other  important  advantages  may  be  mentioned;  these  are: 
1.  The  breeching:  is  below  the  boiler;  consequently  the 
boiler-room  roof  may  be  lower  than  for  a  three-pass  set- 
ting.    The  breeching   is  out  of  the  way  of  piping,  and  heated 


tliin    liiMMcH    of    thcHf    wnllH    can     lii<    liirK<-iy    clone    away     with 

by    conHrruclInK    th«    br -hluK     Imiiieillatfly     behind     the     fur- 

niico  lirtilKewall.  My  the  Haiiio  di-HlKii  tlu-re  Ih  created  n 
boiler-room  lloor  level  beliind  and  between  thi-  HeltlriKH,  from 
which  Hoot  blowliiK,  waHhIiiK.  blowliiK-dowii,  etc.,  can  bo  ac- 
conipliHlieil  without  the  use  of  platformH  or  lailderH.  Tho 
diHadvantaKe  of  two  elevalioiiH  dlnappearH  If  the  eiiKlne-room 
lloor  Ih  of  ii  hlKhor  elevation  than  the  boiler  room,  and  pro- 
viilod  that  tho  euKlno  room  In  located  behind  tho  boiler 
room.  The  HeltiiiK  <'oMt  plUH  the  breechliiK  coHt  Ih  Ichh  than 
for  a   normal   thiec-paHH   HettliiK   plUH  u   breechliiK. 

A.  HIOMIONT  winhed  to  know  whether  tho  total  or  tin 
availiible  hydroKeii  contained  In  tho  coal  waH  conHldcre'l 
when    c'lIculatInK    the    Iohh   duo    to    tho    water   formed    by    thiH 
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constituent  in  the  products  of  production.  He  also  asked 
how  the  flres  were  cleaned  and  how  often,  and  commented 
on  the  tendency  to  get  low  heat  measurements  with  low 
capacities  and  high  measurements  with  high  capacities,  due 
to  the  changing  of  the  center  of  gas  travel  with  different 
velocities  and  volumes.  He  believed  the  present  tendency 
favored  the  four-pass  arrangement  and  stated  that  he  had 
even  gone  to  the  extent  of  designing  a  five-pass  boiler  with 
18-ft.  tubes,  although  perhaps  in  such  a  design  a  20-ft.  tube 
would   be   more  desirable. 

JOSFJPH  HARRINGTON  submitted  a  written  discussion  in 
part   as    follows: 

A  perfect  furnace  would  completely  liurn  all  the  com- 
bustible in  the  coal  fired  with  just  the  theoretical  amount  of 
air.  With  no  losses  due  to  combustiljle  In  the  ash,  CO  in  the 
furnace  gases  or  excess  air,  the  furnace  efficiency  would  be 
100  per  cent.  A  perfect  furnace  and  a  perfect  boiler  would 
not,  however,  give  100  per  cent,  combined  efficiency;  first,  be- 
cause coal  is  not  a  perfect  fuel,  and  second  because  the 
gases  must  escape  at  a  temperature  at  least  equal  to  the 
steam  temperature,  which  is  always  higher  than  the  sur- 
rounding air. 

The  magnitude  of  these  necessary  losses  depends  upon 
the  amount  of  moisture  and  hydrogen  in  the  fuel,  the  boiler 
pressure,  and  the  temperature  of  the  air  in  the  boiler  room 
and  until   they  are   known,   and   a  proper  allowance   for   their 


TABLE  2.     TESTS  OF  EDGE  MOOR  WATER-TUBE,  FOUR-PASS  BOILER 

Test         Test         Test  Test         Test         Test         Test         Test         Test         Test         Test         Test 

No.  1       No.  2       No.  3  No.  4       No.  5       No.  6       No.  7       No.  8       No.  9      No.  10     No.  11     No.  12 

Duration,  hr 8                8                8  8              24                8                8                8                8                4                8             72 

Steam  pressure,  lb 112.1        115.1        112.3  118.5       116.0       113.7       116  0       111.9       115.8       122.9       112.4       m A 

Temperature  of  feed  water,  deg.  F 193.6        189  6       189.4  185.3        183.9       187.3       187.1        189  4       189  9       184.0       192.1        194  9 

Temperature  of  gases  leaving  boiler 404       434.3       428  2  479.2       450.1       421.2       418  8       359  0       459  1       510.3       376  1       412.0 

Draft  in  furnace 0.042       0.043       0.023  0.027       0.014       0  028       0  025       0.031       0.029       0  056       0  012       0.011 

Blast  pressure  under  grate 1.69         2  07          186  2  48          1.80          1.17          145         0.60         1.96         3.31         0  63          1.95 

Deg.  of  superheat 60.5         82.5         83.5  80  8         91.2         82.3         77.7         61.1          84.7       105  3         .59  2         77.9 

Moisture  in  coal  per  cent 12.81        11.63       11.41  13.10       14.08       13.86       15  63       15  51        13.63       15.76       15  77       16  15 

Percentage  of  ash  and  refuse  in  dry  coal 24.90       24.57       24.38  22  29       24.48       22.36       22.12       2149       23.85       19  26       2146       20  98 

Dry  coal  consumed  per  sq.ft.  of  grate  surface  per  hr...  30.2  37.4  34.6  44.6  32.5  24.2  28.7  17.3  39.3  56  6  18  8  28  5 
Equivalent  evaporation  per  hr.  from  and  at  212°  per 

sq.ft.  of  water  lieating  surface 3  37         4.05         3.88  4.64          3.69         2.81         3.46         2.19         4.35         5.92         2  18         3  28 

Horsepower  developed 715  3       860.8       824.6  984  4       784.1        596.8       734.9       466.2       922.2     1258.4       463.8       695  6 

Per  cent,  of  rated  capacity  developed 116.7        140.4       134.5  160  5       127  9         97  3       119.8         76.0       150  4       205  2         75  6       113  4 

Water  fed  per  lb.  of  coal  fired 7,13         6  94            7.2  6.51          7  00         7  21          7.35         7  84         6.91          6  27         7   19       7  022 

Equivalent  evaporation  per  lb.  of  dry  coal 8  97         8.73         9.04  8  37         9   15         9  33         9.70       10  21          8.90         8  42         9  36       9  2.54 

Equivalentevaporationperlb.  of  combustible  burned.  .        12   19       1182       12  19  10  97        12   11        12  02       12  45       13  01        1169       10  43        1192     11711 

Calorific  value  of  1  ib.  of  dry  coal.  B.t.u 11,325      11,318      11,211  11.290      11,048      11,282      11,335      11.488      11,303      11,844      11, .598      11,094 

Calorific  value  of  1  lb.  of  combustible,  B.t.u 14,4.54      14,398      14,325  14,032      14,123      14,175      14,088      14,227      14.209      14,296      14,331       13,773 

Efficiency  of  boiler  furnace  and  grate 76.87       74.92       78  27  71.98       80.38       80  27       83.05       86  32       76.47       69.02       78.36       80.95 

air  surrounding  the  breeching  due  to  radiation  can  be  car-  effect  is  made,  a  test  cannot  be  scientifically  analyzed  or 
ried  direct  to  the  furnace  beneath  the  boiler-room  floor,  mak-  two  tests  compared.  For  instance,  a  test  at  78  per  cent,  com- 
ing the  boiler-room   cooler.                                                             •  bined    efficiency    may    be    a    better    performance    of    both    the 

2.  The  cleaning  of  soot  from  the  tubes  may  be  done  more  boiler   and    furnace    than    another    at    SO    per   cent,    under    dif- 
effectively  because   the  gas  passages  are  less  in  width.  ferent  conditions,  because  the  necessary  losses  might  be  more 

3.  Where    the    plant   arrangement    permits,    the    space    be-  than   enough   to   account    for   this   difference. 

tween  the  normal  boiler-room  floor  and  the  rear  boiler  header  After    deducting    the    necessary    losses    per    pound    of   coal 

can   be    used    for    breeching   construction.      Almost    the    entire  as    fired    from    the    B.t.u.    as    fired,    there    remains    an    amount 

setting   behind   the   furnace  bridgewall   is  of  little   use  in   the  of    heat    all    of    which    a    perfect    boiler    and    furnace    could 

three-pass  setting;   the  brick  cost,   air  infiltration  and   radia-  utilize.     The  ratio  of  the  amount  of  heat  theoretically  avail- 
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able  to  that  contained  in  a  pound  of  coal  as  fired  is  the 
"ideal  efficiency"  and  should  form  the  basis  for  all  analyses 
of   results. 

The  ideal  efficiency  for  the  Kewanee  test  is  about  89  per 
cent.  The  combined  efficiency  of  80. aT)  per  cent,  is,  there- 
fore, about  91  per  cent,  of  that  theoretically  possible  and  91 
per  cent,  is,  therefore,  the  real  measure  of  the  performance 
or  actual  efficiency  of  the  unit.  Fig-.  1  has  been  assumed 
from  a  comparison  of  the  Kewanee  setting  with  the  Detroit 
Edison  installation,  but  in  this  compaiison  the  most  import- 
ant feature  has  been  overloolted,  namely,  tlie  relative  size 
of  the  combustion  chambers,  the  Detroit  l^oilers  having  fur- 
naces of  much  larger  volume  per  pound  of  combustible 
burned. 

A  definite  time  is  required  for  the  complete  mixing-  of 
the  oxygen  with  the  combustible  and  if  the  rate  of  combus- 
tion is  too  high,  the  mixing  and  burning  are  not  completed 
before  the  gases  reach  the  cooling  surface  of  the  boiler  and 
are  cooled  below  the  ignition  point.  A  loss  then  results 
which  cannot  be  accounted  for  and  is  not  necessarily  de- 
tected in  the  gas  analysis.  In  reality  this  is  a  furnace  loss, 
but  in  the  absence  df  an  accurate  means  of  determination, 
it   is   of  necessity   included    in   the   miscellaneous   losses. 

Volume  alone  is  not  the  controlling  factor  in  the  value  of 
a  furnace.  Its  cross-section  proportions  are  of  primary  im- 
portance, as  a  sufficient  distance  from  the  fuel  bed  to  the 
tube  line  is  essential  for  proper  combustion.  As  long  as  the 
furnace  efficiency  remains  constant,  the  principal  factor 
tending  to  reduce  the  combined  efficiency  is  the  flue  gas  tem- 
perature, and  the  capacity-efficiency  curve  will  approximate 
a  straight  line  with  a  slight  downward  slope  in  the  direction 
of    increasing    capacity. 
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Fig.  5.  Speed  of  Fan  vs.  Load  on  Boiler 

The  Kewanee  tests  differ  from  the  Detroit  tests  in  that  at 
Kewanee  the  most  efficient  furnace  capacity  was  exceeded 
above  120  per  cent,  of  rating,  whereas  at  Detroit  the  limit 
of  efficient  furnace  capacity  was  not  reached  at  200  per  cent. 
The  most  noticeable  point  of  excellence  at  Detroit  was  the 
large  combustion  chamber,  whereas  at  Kewanee  it  was  the 
low   flue-gas   temperature. 

The  first  eleven  tests  were  of  too  short  duration  to  insure 
accurate  results.  Mr.  Bannister  recognized  tliis  and  ran  test 
No.  12  for  72  hr.  to  eliminate  the  errors  due  to  starting  and 
stopping.  This  test  checks  very  closely  with  the  average 
of    the   shorter    tests. 

The  number  of  boilers  in  service  should  be  such  that  each 
operates  at  or  near  its  point  of  maximum  efficiency,  if  the 
load  on  the  entire  station  is  practically  constant;  but  as  this 
is  seldom  the  case,  a  certain  range  of  unit  capacity  is  neces- 
sary. When  the  point  is  reached  where  further  decrease  in 
unit  capacity  causes  a  decrease  in  efficiency,  which  will  more 
than  offset  the  loss  of  banking  one  boiler  over  the  period 
of  low  load,  banking  should  begin.  With  increasing  load, 
additional  boilers  should  be  put  on  as  soon  as  the  load  be- 
comes large  enough  to  permit  their  efficient  operation.  This 
altords  protection  against  an  unexpected  or  early  increase  in 
load  and  also  has  every  boiler  thoroughly  warmed  up  and 
all  fires  in  good  condition  before  the  peak  load  comes  on 
For  short  peaks  it  will  usually  be  found  most  economical 
to  drive  boilers  to  their  maximum  capacity,  even  if  this  is 
above  the  limit   of  efficient  operation. 

A  high  efficiency  test  like  the  one  under  discussion,  does 
not  guarantee  low  steam  cost  in  yearly  operation.  Of 
greater  importance  is  the  maintenance  of  those  conditions 
that  contributed  to  the  high  efficiency.  The  apparatus  here 
described  could  be  so  operated  as  to  offset  its  inherent  effi- 
ciency, so  that  the  annual  steam  cost  is  really  a  factor,  not 
only  of  the  apparatus  efficiency,  but  of  the  efficiency  of  the 
boiler    room    organization. 


F.  C.  GASCHE  believed  the  success  of  Mr.  Bannister,  in 
using  a  coal  containing  approximately  2()  per  cent,  ash  and 
l.")  per  cent,  moisture  with  a  boiler  and  furnace  efficiency  ex- 
ceeding 80  per  cent,  to  be  without  precedent  in  steam  engi- 
neering in  this  region.  He  mentioned  that  if  the  accu- 
mulating deliveries  of  fuel  and  water  are  recorded  graphi- 
cally with  possibly  hourly  corrections  for  water  levels,  etc., 
there  can  be  shown  two  curves  for  which  an  average  in- 
clination can  be  assigned.  About  ten  yeais  ago  he  had  suc- 
ceeded in  obtaining  78  per  cent,  overall  efficiency  with  dust 
fuel  and  a  special  type  of  furnace  in  connection  with  a  wa- 
ter-tube boiler.  Owing  to  difficulties  in  maintaining  the  fur- 
nace construction  the  process  did  not,  at  that  time,  develop 
into  a  commercial  success  but  the  investigation  indicated 
that  under  proper  furnace  conditions,  it  was  possible  to  burn 
Illinois  coal  with  its  encumbrance  of  18  per  cent,  ash  and 
about  14  per  cent,  moisture  with  an  excess  air  supply  scarce- 
ly   exceeding    12    pei-    cent,    of    the    theoretical    requirements. 

J.  C.  BANNISTER,  manager  of  the  Kewanee  Works,  stated 
that  the  problem  was  to  use  a  cheap  available  coal  of  poo:- 
quality  without  too  much  hand  labor.  The  load  conditions 
at  the  plant  are  favorable  and  a  maximum  load  of  150  per 
cent,  of  rating  is  all  that  is  required.  He  gave  the  follow- 
ing operating  figures  for  the  months  of  October,  November 
and  December,  where  conditions  were  unfavorable  in  that  the 
plant  was  working  iriegularly.  The  average  coal  consumed 
per  boiler  horsepower-hour  was  for  October,  4.53  lb.,  No- 
vember, 4.70  lb.  and  December,  4.49  lb.  The  overall  efficiency 
as  calculated  from  the  coal  weights  and  water  fed  were  for 
October,  77.7  per  cent.,  November,  76.3  per  cent.,  December, 
78.5  per  cent.  The  average  load  per  boiler  was  for  October, 
721.8  hp.,  November,  565.4  hp.,  December,  656.8  hp. 

In  closing  Mr.  Bryant  Bannister  stated  that  the  capacity 
test  had  not  extended  beyond  four  hours  because  the  fan 
engine  was  not  in  good  condition  and  it  was  deemed  danger- 
ous to  operate  it  at  the  high  speed  (over  400  r.p.m.)  for  a 
much  longer  period.  He  stated  that  no  fui-nace  trouble  was 
had  during  the  high  rate  of  driving.  The  clinkering  took  the 
form  of  a  slagging  process  and  the  ash  and  refuse  seemed  to 
flow  to  the  pit  when  the  dumping  plates  were  lowered.  He 
did  not  know  what  the  steam  consumption  of  the  soot  blow- 
ers was,  but  did  not  believe  it  amounted  to  much.  In  answer 
to  Mr.  Bement  he  stated  that  the  total  hydrogen  content  was 
employed  in  calculating  the  losses  due  to  the  formation  of 
water   in    the   flue   gases. 


THE    MECHANICAL,    WORLD    POCKET    DIARY    AND    YEAR 
BOOK    FOR    1914.      Three    hundred    and    eighty-eight    4x6- 
in.  pages;  82  illustrations;   indexed.     Price,   25  cents.    Nor- 
man  Remington  &   Co.,   Baltimore,   Md. 
The    1914    edition    of    this    well    known    pocket    book    is    in 
keeping    with    the    excellence    and    low    cost    of    those    of   the 
years    before.      The    matter    has    been    increased    by    rewriting 
the   section    on   steam   turbines,   adding  a   new   section   on  the 
use    of    the    miller    and    gear    cutter,    and    fresh    material    on 
grinding.      New    tables    include    the    dimensions    of    keys,    hy- 
draulic    packing,     copper     expansion     joint.s,     the     weight     of 
octagonal   iron  and   steel,   weights  of  finished   nuts,   setscrews, 
and   the  like. 

HANDBOOK  OP  ELECTRICAL  METHODS.  Published  by 
McGraw-Hill  Book  Co.,  New  York.  Size  6x9  in.;  285 
pages,    illustrated.      Price,   $3   net. 

Realizing  that  much  useful  material  in  a  technical  paper 
is  discarded  through  failure  of  the  reader  to  keep  files  or 
clippings,  the  publishers  have  selected  a  large  number  of 
short  practical  items  from  the  issues  of  the  "Electrical 
World"  for  the  past  three  or  four  years.  These  have  been 
classified  under  headings  such  as  line  construction,  meters, 
operation  of  circuits,  switchboards,  lighting,  signal  bells, 
transformers,  motors,  generators,  etc.,  and  compiled  in  book 
form.  The  great  variety  of  subjects  presented  and  the  con- 
cise treatment  make  the  book  interesting  as  well  as  useful 
to  the  operating  man. 

The  Eflfeetft  of  Ice  on  Stream  Plow — The  design,  installa- 
tion, and  operation  of  any  plant  that  depends  for  its  suc- 
cess upon  flowing  water  demands  a  knowledge  of  the  total 
flow  of  the  stream  and  its  variation  throughout  the  year. 
The  United  States  Geological  Survey  has  been  compiling  for 
years  stream-flow  records  for  many  streams  in  the  United 
States  and  the  methods  of  collecting  such  records  for  open 
water  periods  have  been  standardized,  but  during  the  winter 
the  presence  of  ice  affects  the  flow  so  much  that  the  laws 
of  How  pertaining  to  open  channels  are  not  entirely  ap- 
plicable,  and   no   standard    methods   for   collecting   and    inter- 
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liiiMliiK    lht<    iliitii    III    Ihiit    in<iii«oii    hiivc    liiu'ii    r«»M>«iilx<Ml.       In 
iiiiiiiy    l(i<-iill(U<H    lc«<   ixM'HiHtH   III    th«   Nli'i'iiiiiH   for    |ii-i'IoiIm    rnuK 
liiK    ri'oiii    a    ft'W    ilit.vH    to    HfVKi'ul    iniiiidiH,    iiml    allhnuKli    Ihi' 
ooiiilltliinn   ■'(•nullliiK    frcun    l>-<<  an'   iihihI    pniiiDiincfil    In    norili 
«'iii    ri'KloiiH   tlii'.v   ail"   piovaliMil   iivi-r   wide    aii-iiM,   i-HiH-i-lally    at 
hiKli  nltltuiluM. 

Uocfiil  Mtudlcn  iiiailo  liy  tli«  Ci-olnKlral  Siirvoy  liiivo  adili-il 
imii'h  Inroriiiatloii  In  h-kiihI  Ii>  Hit'  fiirloiH  liiMuiMirliiK  Hlii'ani 
tliiw  wlu'ii  Ic-i"  Im  |>ii<m>iit.  anil  with  a  vli>w  to  Mlanilarill/.liin, 
so  far  iiH  prartlcalili'.  tlu"  iiifthixlH  for  aMciMtalnliiK  winter 
lloxy.  \Vat>M-Siipply  I'lipor  SS".  i-ntltl.<l  "Thp  KfT-itH  of  I.- 
oil  StrtMiin  Klow,"  l>y  William  (iUmiii  lloyU  hiiM  ln-cii  jml) 
ll.sluMi  anil  Is  avallal>h>  for  fri'n  (llntrll)Utloii.  This  papor  ills- 
01ISS08  tlu<  factors  tliat  Inllufiifi!  the  run-off  iliirinK  tlii'  pn- 
rloils  of  low  temperature,  the  varieties  of  U-e  ami  their  effeol 
on  the  appllcahllity  of  the  laws  of  opoii-ohanncl  How,  ami 
the   oollei'tloii    ami    Interpretation    of    necessary    data. 

A   cojiy   of  the   report   may   he  olitalned    free  on  application 
to   the    lUrector   of   the   GeoloKlcal   Survey,    Washington.    I).   <". 


The  annual  hamiuot  of  the  ]';nKinccrs'  Society  of  Western 
Pennsylvania  was  held  at  the  Hotel  Schcnlcy,  Pittsburgh, 
Penii.,  the  nisht  of  Feb.  6,  with  725  at  the  tables.  John  Mapes 
Dodge,  editor  of  "St.  Nicholas  Magazine,"  acted  as  loastmaster. 
Major-General  Leonard  S.  Wood,  chief  of  staff,  United  States 
Army,  was  to  have  been  the  principal  speaker,  but  was  kept 
in  Washington  by  important  army  measures  coming  up  in 
Congress.  Hear-.Vdmiral  S.  A.  Staunton,  U.  S.  N. ;  President  Al- 
fred H.  Smith,  of  the  New  York  Central  R.R.,  and  Dr.  S.  A.  Rollc'S, 
president  of  Haverford  College,  were  among  the  speakers. 
Admiral  Staunton  devoted  his  talk  exclusively  to  the  develop- 
ment of  the  navy  from  the  days  of  the  old  wooden  type  up 
to  the  contemporary  mass  of  great  scientific  machinery. 
President  Smith  paid  tribute  to  the  members  of  the  society, 
praising  their  w'orli  in  the  development  of  the  railroads  of  the 
woild  and  of  their  activities  in  all  branches  of  industrial 
progress.  He  deprecated  the  criticism  of  all  railroads  because 
of  the  sins  of  the  few  and  said  that  next  to  agriculture  the 
railroad  had  done  more  for  the  development  of  the  nation 
than  any  other  single  factor.  He  inveighed  against  govern- 
mi  nt  ownership  of  utilities  and  said  the  experience  of  France 
in  this  respect  should  teach  a  lesson.  Dr.  Bolles  compared 
the  new-  currency  law  with  the  original  national  bank  enact- 
ment. He  was  doubtful  if  the  several  regional  banks  would 
be  able  to  obtain  as  much  gold  as  may  be  needed  to  afford 
relief  when  desired.  The  act,  he  said,  was  a  distinct  improve- 
ment over  the  Aldrich  system.  The  ideal  banking  system  he 
declared  would  exist  only  after  the  Federal  Government  took 
complete  control  of  the  central  bank.  Among  those  at  the 
speakers'  table  were:  Alva  C.  Dinkey,  president  of  the  Car- 
negie Steel  Co.:  Congressman  James  Francis  Burke:  E.  M. 
Herr,  general  manager  of  the  Westinghouse  Machine  Co.; 
J  M.  Dodge,  Philadelphia;  A.  R.  Raymer,  president,  the  En- 
gineers' Society:  Colonel  J.  M.  Schoonmaker,  vice-president, 
the   Pittsburgh   &   Lake   Erie   R.R. 


KICA.N'KLIN    I'lllLMI'H 

.vri<  I     II    l>il<f    llliM'KH,    Kninkllii    I'hIlllpH.    prcNlili-nl    of    ili 
Mewi'H  Sc   i'hllllpH   Iron   WorkH,  died  Huddenly  of  pneiimonlu 
IiIh   reMlileni-e,   Newark,   N.   J.,   on    Keli.   I».      He   In  Hurvlveil    by 
widow,    a    daughter    and    a    Hon.      Mr.     PhllllpN    wiih    born    i.. 
Newark    In    the    year    isr>7,   anil    wan   a   Hon   of    the    lute   ,|ohM    ,M 
I'hilliiiH.  foiiniler  of  the  Ilewen  Sc.  PlilllipH  Iron   WorkH,  mechiiii 
leal     eiiglneerH     and     biilldeiH     of     the     well     known     Hi-wen     & 
PhllllpH   ("orllHH   eiiglneH.      HIh   ediie.itloii    waH   received    In    the 
HchoolH   of    Newark,    the    Sti-vt-iiH    IiiHlltute    of   Technology,    ami 
llnally  Cornell   UiilverHlly,   where   he  graduated   an  a   mi-ehaiii 
eal   engineer   with    thi'   claHH   of    lls78.      From    tlilH    time    he    v.., 
active    in    the    IlewiH    &    Phillips    Iron    Works    and    for    mai 
yi-ars   was  preBideiit  and   general   managi  r. 

Mr.    Phillips  -was    jiresldent    of    the    New    JerMcy    Foundi  ■ 
men's   Assoclallon,   and   a   member   of   the   American    Society   (if 
.Ml  chanlcal   Kngineers.      He   had  a  broad  reputation  aw  a  Hteam 
and    hydraulic   engineer   and    was    frequently    called    Into   cou- 
.siiltation   by   eminent   engineers   In   relation   to   large   engine,  i 
irig    projects.      In    addition    to    his    business    InterestH    he    v 
actively   interested   in   all   civic   movements   that   had   for   th' 
object    the    prosperity    and    upbuilding    of    his    city    and    Hlai 
having  been  a  mc  mber  of  the  Newark  Hoard  of  Trade,  a  men 
ber   of    the    Essex    Club,   and    at   the    tinu;    of    his    death    he    w.i.s 
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iiiiiililiiiiiiiiiiiiihriiiiiitiiiiiiiiitiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriniilllilirillliuliiiiiiiiiiiiiiiiiiiiiiutiiiitiilllllli; 

Jolin  S.  Leese,  engineer,  has  resigned  his  position  with  the 
British  Westinghouse  Co.,  Manchester.  England,  and  joined 
the  Osborne-Peacock  Co.,  one  of  the  leading  firms  of  adver- 
tisers' agents  in  that  country.  Mr.  Leese  will  develop  and 
manage  a  technical  and  engineering  department,  with  head- 
quarters   in    Manchester. 

Ernest  S.  Suffern  is  president  of  the  Suffern  Engineerin.-j 
Corporation  which  has  taken  over  the  business  heretofore 
conducted  by  Suffern  &  Son,  Singer  Building,  New  York  City. 
The  corporation's  practice  will  cover  services  in  connection 
with  organization  and  management,  design,  construction  and 
equipment  of  plants,  valuation  of  properties,  and  the  ef- 
fective operation  of  companies. 

Prof.  A.  R.  Acheson,  head  of  the  department  of  mechani- 
cal engineering  at  Syracuse  University,  has  been  appointed 
consulting  engineer  for  the  bureau  of  gas  and  electricity. 
Syracuse,  N.  Y.  He  will  not  sever  his  connection  with  the 
university.  Prof.  Acheson  was  selected  because  of  his  per- 
sonal qualifications  as  an  expert  on  matters  handled  by  the 
bureau. 


quartermaster  sergeant  of  the  Essex  Cavalry  Troop,  and  had 
been  major  and  inspector  of  small  arms  of  the  New  Jersey 
Second  Regiment  of  infantry. 

The  funeral  services,  largely  attended  by  friends,  acquaint- 
ances and  business  associates  of  the  deceased,  were  held  at  the 
Phillips  homestead,  New-ark,  on  Feb.  12. 

HENRY  BRINTON 
Henry  Brinton,  president  of  the  H.  Brinton  Co.,  Philadel- 
phia, died  Jan.  30  at  his  home  at  Bala  after  a  brief  illness. 
He  was  born  in  1848  at  Christiana,  Lancaster  County,  Penn.. 
of  a  long  line  of  Quaker  ancestry  descended  from  William 
Brinton  who  came  to  America  in  1684.  He  received  a  thor- 
ough training  as  a  machinist  in  the  shops  of  I.  Broomell  & 
Sons,  now  the  Christiana  Machine  Co.  Later  he  spent  about 
two  and  one-half  years  with  Bement,  Miles  &  Co.  Colt's 
Armory  drew-  Mr.  Brinton  to  Hartford,  Conn.,  w-here  he 
worked  for  a  time  on  the  Baxter  engine.  His  next  work  was 
on  the  Branson  knitting  machine  at  Bellefonte,  Penn.  The 
Branson  Co.  failed  and  Mr.  Brinton  went  to  the  Lancaster 
Watch  Co.  at  Lancaster,  Penn..  where  he  obtained  experi- 
ence in  fine  manufacturing  methods.  In  1888.  Mr.  Brinton 
started  manufacturing  knitting  machines  in  the  partnership 
of  Brinton,  Denney  &  Co.  Five  years  later  Mr.  Denny  sold 
his  interests  and  the  firm  name  became  H.  Brinton  &  Co.  Mr. 
Brinton's  wife,   a   daughter  and   two   sons   survive   him. 
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Suppose  the  crane  and  tackle  holding  this  great 
turbine  should  break.  Those  under  it  would  be 
killed,  those  about  it  perhaps  seriously  injured.  They 
feel  sure  it  won't  fall.  They  have  confidence  in  the 
I  designer  of  the  crane  and  tackle  and  trust  the  man 
who  operates  them. 

More  than  this.  They  know  the  owners  of  the 
crane  and  equipment  take  every  precaution  to  pre- 
vent such  accidents  by  being  critical  in  the  selection 
of  men  and  material. 

The  average  citizen  has  only  a  vague  conception 
of  the  potential  danger  in  a  boiler  under  high  pressure. 
He  has  confidence  in  the  skill  and  judgment  of  the 
attendant.     In  states  and  cities  where  boiler  laws  pre- 


vail this  confidence  is  based  on  the  knowledge  that 
there  is  a  systematic  effort  to  be  critical  in  the  selec- 
tion of  men  and  material,  just  as  with  the  handling  of 
the  turbine.  In  states  where  no  such  systematic 
eflforts  obtain,  confidence  is  based  on  noching  more 
substantial  than  chance. 

It  is  gratifying  to  know  that  each  year,  more  com- 
munities act  to  eliminate  the  element  of  chance  by 
creating  laws  that  establish  systematic  inspection  and 
promote  safety. 

The  need  for  such  laws  is  well  known.  Let  every 
engineer  unite  with  every  other  to  make  these  laws 
uniform  everywhere  and  promote  universal  confidence 
in  themselves. 
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S]'y()l'SIS — Hrii'jhi  rvvicws  tin'  (Irri'loiiiiniil  nf  niniiiir  received  willi   InMir-  jis  a  iiiciin.-  of  Kliip  iiropiilnioii.     l'"iir- 

turhiiiis  III/  Ihv  hiiiliicrs  of  the,  "  Iiiipfialor"  ami  "  I'nlrr-  ihcr  t;\  idciiio  of  lliis  wiis  jillonlcil  \ty  tliif  nipid  iiilvaiicc  in 

laml."     Vulcan  hirhiiics  air  a  riiiiiliinatioii  of  llir  Ciirlls-  llic  coiiHtnutioii  of  tlii'  A.   K.  (l.  liirliiiicH  lor  tin;  cnnHLT 

.1.   A'.   (1.  h/iics  ami  usiialh/  ilrirv  tlirtin(jli   lii/ilranlic  re-  "Mainz"  of  Ilic  ({(irinaii  navy,  wliidi  vccwl,  l>uilt   in  tlie 

ilurtioii  j/rars.     A    total  of  S'lO.OOO  hji.  is  iioir  in-  course  X'lilcan   slii|»yar<lH,  exceeded,   in    licr'   trials,   |)(;rforniance» 

of  constniitidn.  .Sl.iiiX)  lip.  Iirinr/  llif  liir<jf<t   unit.  si ipulalcd  liy  conl racts. 

>:  It  was  at  tiiis  linM-  thai,  the  nninaf^cnicnt.  of  llic  NiiKaii 

The    N'ultan   Works  at  Sicltin   ha\i!  iiad  a   iparaniount  Works  rosolvcd  to  un/^af^e  in  llio  construction  of  marine 

siiaie  ill  llic  dc\clo|tnu'nt  of  inaiini'  tnrltiiic.-.     In  Decern-  tiiriiines  on  a  largo  scale;.     To  obtain  a  safe  i>eginning  for 

l>er.     IllU";;.    they    undertook    to    Imild    the    >niall    cruiser  this  now  line  of  work,  they  corieluded  an  agreoinent  on  a 

*'Liihoek,"  the  lirsl   lurhine-drneii  criiiMT  oi   the  (iernian  royally     basis     with     the     Allgonieine     Eloktrizitiits-Ge- 


FiG.  1.    Thk  "lirPEKATOR's"  32,non-Hoi!.sEPOWER.  Low-Pr?;ssui?e  Turbixe 


navy ;  the  vessel  was  equipped  with  Parsons  turbines.  In 
the  summer  of  l!)i)l.  the  Vulcan  works  were  awarded 
orders  for  the  construction  of  the  turbine  steamer 
"Kaiser,"  of  the  Hamburg-American  Line;  this  vessel 
was  equipped  with  A.  E.  G.  turbines.  The  construction  of 
the  "Stettin/'  the  second  turbine  cruiser  of  the  German 
navy,  which  was  also  equipped  with  Parsons  turbines,  was 
likewise  entrusted  to  the  Vulcan  shipyards.  These  three 
vessels,  with  the  exception  of  a  small  torpedo  boat,  were 
the  first  German  turbine  vessels.  They  proved  most  suc- 
cessful and  the  experience  derived  from  their  operation 
convinced   the  builders  that  steam   turbines  were  to  be 


sellschaft,  who  had  all  the  experience  of  the  American 
Curtis  concern  at  their  disposal.  Cooperation  on  this 
basis  has  after  some  years  developed  what  is  now  known 
as  the  Curtis-A.  E.  G.-A^ulcan  turbine  .system.  At  the 
Stettin  and  the  Hamburg  works  of  the  Vulcan  Works 
8.50,000  hp.  in  turbines  is  n6w  in  course  of  construction, 
tlie  maximum  individual  output  being  30,000  hp. 

Fig.  1  shows  the  22,000-hp.,  low-pressure  turbine  of 
the  "Imperator."  Xote  the  motor-driven  arrangement 
for  raising  the  casing.  Fig.  2  shows  the  low-pressure  rotor 
for  a  turbine  to  be  used  aboard  a  large  mercantile  steamer. 
ISTote  the  blade  lengths  on  the  rotor.  Fig.  2. 
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Fig.  2.    EoTOR  of  Low-Pbessuke  Turisini.:  f()[{  Large  Lineb;  Note  Blade  Lencv 


TH8 


Fig.  .3.  Testing  Turbine  and  Hydraulic  Speed-Reduction  Gear 


To  »uiilirm   calciilatioiiH,   \nrnc   uiiitH   were   freiiufiitly  |in'hwiire  IiIiuIoh.    Tluf  liirj^cKt  iiri;  reuclion  bliulcH,  mnl  the 

HntTilifoil    for    cxiicriini'iital    imriMiHcH.      Turltiiu-    |mitH.  HiimlN-r  hcIm  are  action  or  iininilw!  IdadcH. 
8U1I1  as  casinns.  some  of  very  lar;;*'  (iiiiu'iisioiin,  arc  |nil  in  'I'lic  liirbincn  wlicrnaticaliy  represented  in  KigH.  5  to  7 

tt   iivdraulic   press  and    the   pressure    increased    until    tlie  are   especnilly    adapled    lor    the    drivinj,'   of   sliip    screws 

steel  casting's  crush,  an  en^^ineer  meanwhile  ohserves.  with  ll'rou),'h  liydraidic  reduction  j,'ears,  such  as  the  K(itlin/,'er.; 

tlie  aid  of  inslrunienls.  Ihe  dcllcction  of  the  caslinjjs.  Fij,'.  <»  shows  four  low-prcs«ure  Curtis  stages  mounted  on] 


'I'horoujih   care   is  exercised    in  choosinjr  material.      A 
laru'c  casl-steel   turhinc  casini;  was  (lefornicd   hy   Messrs. 


a  common  rotor.  I'"i>,'.  7  shows  separatx'd  nozzlr;  systems 
lor  small  anil  ^'reat  outputs,  respect ively.  instead  of  cruis- 
in;i  sialics  inserted  into  the  turliinc. 

Sc\cral  of  the  turhinc  dcsifjns  as  shown  may,  of  con 
lir  runncctrd   ii|i  in  |iiiriillc|  or  series,  as  is  especially  uc- 
Mialik  III  I  lie  ijisc  (il   vciv  larj^e  units,  wiiich  cannot  well 
Im'  Mrian;ic(l  in  a  siii^^lc  casiiifi,  or  willi  liirliiiic  c()iiipniciit 
lur  niiiltiplc-screw  ship. 

'riiniiLili    llic   maiuiL'cnicnl    of   I  lie    \'iil(aii    works   is  of 


Fk;.    1. 


HiADixc  ()i-   LAiKii:   !.[Ni:i!,  Small  Lixki;  and 
ToiU'EDO   Boat 


Hanicl  &  Lueg  under  a  hydraulic  press,  to  demon- 
strate the  quality  of  the  steel  supplied  for  turbine  ca.*ings. 

The  material  intended  for  the  blading  is  supplied  in 
])rofile  rods  and  is  tested  with  special  care,  as  slight  de- 
fects in  blade  material  may  cause  the  most  serious  break- 
downs at  sea,  when  there  are  not  adequate  facilities  for 
making  proper  repairs.  Tests  consist  in  gaging  the  form 
of  cross-sections  by  means  of  the  original  patterns,  hav- 
ing the  profiled  rods  ins])ected  by  specially  skilled  work- 
men, ascertaining  the  breaking  strength,  tension,  flexibil- 
ity, surface   hardness,  etc. 

Fig.  3  shows  a  10,000-bp.  tnrl)inc  on  the  Hamburg 
■work's  test  bed  testing  a  Fiittinger  hydraulic  speed-re- 
ducing gear. 


Fig.  8.   Tyi'Ical  Toim-kdo  Boat  TriiHiXE 

the  opinion  that  the  use  of  turbines  driving  independent- 
ly the  various  propeller  shafts  is  the  most  rational  means 
of  ship  propulsion,  they  will  apply  the  Parsons  series- 
connection  principle,  or,  in  fact,  any  other  arrangement, 
to  their  own  turbines  when  requested. 


ratjfr 


Fig.  5  Fig.  6 

Schematic  Arr.\xgement  of  Tcrbixe  Wheels  and  Nozzles 


Fig.  7 


The  Vulcan  ship  turbines  are  designed  on  what  is  called  The  turbine  shown  in  Fig.  8  is  repre.sentative  of  those 

a  mixed  system,  that  is  to  say,  they  are  made  up  of  one  used  on  torpedo  boats.    The  Eussian  "catcher"  "Xovick" 

or  more  wheels  bladed  according  to  the  action  or  reaction  is  driven  by  Vulcan  turbines  and  is  capable  of  making 

principle,  or  both.     Fig.  4  shows  some  samples  of  low-  37.6  knots  per  hour.  She  is  the  fastest  vessel  of  her  kind. 


f 
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uji^dlooip  S^Ibs^aUioim; 


Commenting  on  outiloor  substations,  in  a  paper  pre- 
sented at  the  midwinter  convention  of  the  American  In- 
stitute of  Electrical  Engineers,  Alexander  Macomber  says: 

"The  success  attained  during  the  past  few  years  justi- 
fies the  expectation  that  out-door  substations  will  occupy 
an  important  part  in  the  de\eiopment  of  transmission 
work.  Complete  outdoor  installations  up  to  a  few  hun- 
dred kilovolt-amperes  have  enabled  service  to  be  given  to 
isolated  customers  and  small  communities  which  otherwise 
could  not  be  served  profital)ly  directly  off  the  main  trans- 
mission lines.  The  simplicity  of  design  and  construction 
has  meant  a  small  investment  and  a  minimum  of  operat- 
ing troubles.  The  high-tension  switching  is  usually  lim- 
ited to  air-break  types,  instead  of  the  costly  oil  switches, 
while  lightning  protection  is  afforded  cither  by  the  elec- 
trolytic lightning  arrester  or  the  cruder  horn  type.  Most 
such  installations  have  been  free  from  elaborate  secondary 
control,  that  provided  being,  if  any,  of  the  simplest  type, 
placed  in  weatherproof  housings. 

"The  application  of  the  outdoor  substation  to  large 
capacity  installations,  particularly  where  the  secondary 
control  is  split  up  into  various  circuits  with  more  or  less 
auxiliary  apparatus  involves  larger  problems.  With  sub- 
stations of  this  character,  involving  attendance,  it  is  neces- 
sary to  provide  a  suitable  building  designed  for  at  least 
part  of  the  installation.  What  part  of  the  high-tension 
apparatus  may  properly  be  installed  out  of  doors  depends 
largely  on  the  saving  thereby  effected.  The  actual  outdoor 
apparatus  must  be  provided  for  separately,  and  a  combina- 
tion of  the  indoor  and  outdoor  substation  will  in  many 
cases  prove  most  advantageous.  In  some  cases  it  is  feas- 
ible to  place  the  whole  outfit  out  of  doors,  including  the 
low-tension  control  equipment,  provided  the  latter  is  not 
•extensive,  but  in  most  cases  it  is  questionable  whether  the 
operating  features  will  permit  this  extreme.  In  cases 
where  attendance  is  required  it  is  certainly  advisable  to  in- 
■stall  the  secondary  equipment  indoors. 

Protective  Equipment 

"The  most  important  protective  apparatus  affected  by 
•outdi.or  installation  is  the  electrolytic  lightning  arrester. 
Heretofore,  this  equipment  has  been  protected  by  housing, 
but  the  development  of  low-temperature  electrolyte,  and 
otlier  details  of  design,  makes  it  possible  to  place  the 
apparatus  out  of  doors,  even  under  the  most  severe 
climatic  conditions.  The  winter  season,  when  the  severest 
temperatures  are  encountered,  is,  as  a  rule,  free  from 
lightning  disturbances,  although  it  is  important  to  secure 
continuous  service  of  such  protective  devices  on  account 
of  surges  occurring  on  the  lines.  It  is  as  much  the  func- 
tion of  the  arrester  to  absorb  these  disturbances  as  to  avert 
the  direct  effects  of  lightning. 

Transformkds 

"The  principal  difficulty  met  with  in  connection  with 
tlie  transformers  is  the  climatic  changes.  In  general  the 
outdoor  transformer  is  similar  to  the  indoor  type,  except 
tliat  the  cover  and  leads  are  designed  to  sbed  moisture  and 
provide  the  necessary  high  factors  of  safety. 

"Both  self-cooled  and  water-cooled  transformers  are 
applicable  to  this  service.  With  the  former,  grades  of  oil 
suited  to  the  conditions  are  necessary.     Usually  the  elec- 


trical load  will  keep  the  oil  sutliciently  warm,  but  precau- 
tions must  be  taken  to  prevent  condensation  of  moisture. 
Sometimes  this  is  accomplished  by  installing  small  heating 
coils  in  the  upper  part  of  the  transformers.  Freezing  of 
the  oil  itself  may  be  guarded  against  in  idle  units  or  under 
severe  conditions,  by  external  heating  devices  under  the 
casings.  Little  trouble  is  experienced,  however,  as  ordin- 
ary oil  will  not  freeze  at  a  temperature  above  — 15 
deg.  C. 

"The  use  of  water-cooled  transformers  involves  similar 
precautions  against  moisture,  with  the  addition  of  protec- 
tion to  the  water-circulating  system,  although  the  water 
due  to  its  circulation  proljably  would  not  freeze  except 
under  very  severe  conditions,  provided  the  external  con- 
nections are  properly  i)rotected. 

"There  has  been  little  experience  with  air-cooled  trans- 
formers out  of  doors.  It  would  seem  that  there  might 
be  a  field  for  them  as  they  do  not  offer  the  difficulties  in 
providing  climatic  protection  tluit  are  encountered  with 
other  types,  provided  moisture  is  kept  out. 
Control  Api'ahatus 

"Control  apparatus,  such  as  switches,  circuit-breakers, 
etc.,  have  met  the  severe  conditions  imposed  and  out- 
door switches  of  high  voltage  are  operating  satisfactorily 
in  severe  sleet  and  snow  storms." 

ima^na)ini8i.Il   lEssposatlncDjm 

Since  the  nations  of  the  worl<l  will  assemble  war  craft  at 
Hampton  Roads  to  proceed  in  a  giand  national  pageant  to 
the  Panama-Pacific  International  Exposition  in  1915,  it  is 
easy  to  understand  the  interest  that  is  being'  taken  in  the 
display  in  the  Palace  of  Liberal  Arts,  of  the  methods,  proc- 
esses and  other  phenomena  of  military  and  civil  engineer- 
ing, which  is  sclieduled  under  groui)  40  in  the  department  of 
liberal  arts,  the  chief  of  which   is  Theodoie  Hardee. 

Methods  used  in  earthworl<K,  in  tlie  construction  of  canals, 
railroads,  levees  and  embanltments  will  be  prominent  feat- 
uies  of  the  exhibit  in  this  connection,  and  municipal  author- 
ities, who  promise  to  attend  the  exposition  in  great  num- 
bers, will  be  interested  in  the  display  of  equipments  for 
city  sanitation.  Methods  employed  in  storing  and  distributing 
water  will  be  given  adequate  representation,  and  for  the 
miUtary  expert  there  will  lie  provided  full  exhibits  of  va- 
rious methods  of  defensive  constiuction  and  engineering  ma- 
terial employed  in  the  operation  of  an  army. 

The  contractor,  builder,  property  owner  and  scientist  will 
be  Interested  in  the  exhibit  of  the  methods  employed  in  the 
testing  of  structural  materials,  the  equipments  and  methods 
for  the  construction  and  maintenance  of  city,  suburban  and 
country  roads.  The  methods  and  equipment  for  preparing 
foundations,  including  piles,  pile-drivers,  screw  piles,  cais- 
sons,   wire   trams,   etc.,    will   be  shown   in    great  variety. 

Roadmaking  is  scheduled  in  group  41  of  the  exposition's 
classification  of  industries,  and  is  embiaced  with  the  dis- 
plays of  inland  navigation,  the  improvement  of  rivers,  con- 
struction of  canals,  ship  railways,  reservoirs,  pile  sinkers, 
dredgers,  sea  port  improvements,  piers,  docks,  bridges,  via- 
ducts, maritime  canals,  protection  against  flooding  by  rivers 
or  by  the  sea.  elevated  railways,  tunnels  and  statistics,  maps 
and  other  publications  relative  to  public  works  and  engi- 
neering   societies. 

:^ 

Western  Canada  Power  Co.  to  Inoren.se  Pliint — The  'U'est- 
ern  Canada  Power  Co.,  Vancouver,  intends  to  add  two  13.000- 
hp.  hydro-electric  generating  units  to  its  present  plant.  One 
of  the  new  turbines  will  be  installed  next  spring  and  the 
other  early  in  1915.  The  present  plant  of  two  units  is  capable 
of  generating  more  than  25,000  hp.  The  additional  plant  and 
equipment  of  the  new  unit,  including  installation,  will  involve 
an    expendit.ire    of   $500,000. 
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Ain()M<;  till'  iinporttinl  rciiiiirciiicMis  of  ;i  iirodiiciT  ^iih 
for  })()\vi'r  |)Hi|)i)st'K  aii'  tliiil  diiKt.  m><)(,  and  lurry  matter 
1)1'  reiiiovod,  and  tliat  tlu-  tcnipcralnn'  Im;  loworod  iM'Ton' 
tlu'  fjas  is  dt'livcrcd  In  tlic  i'nj,nii('.  'I'lic  advantaf,M'  of 
lowi'rinjj  tli(>  tciiipcralnrc  is  llial  the  density  of  Uie  ;;aH 
is  iniTeascHJ,  so  tliat  a  jjiven  \nliiinc  cmii  (ie\cl(i|)  more 
j)o\v('r  iHH'Uiise  it  contains  more  heiii   units. 

Instai.i.a  rioN 

In  settinjj  nj)  tlic  producer  care  slionid  la'  taken  to 
facilitate  tlie  ])i'o|)er  liandlinf^  i)y  raisinji  il  to  sncli  a  level 
as  will  aid  in  cleaning;  and  removing  ashes  and  clinkers. 
If  tiio  producer  is  j)laced  too  close  to  the  side  walls,  tlie 
operator  will  he  hampered.  Moreover,  it  must  he  in 
proper  alignment  and  placed  so  as  to  avoid  the  use  of 
unnecessary  piping  and  littings.  Provision  should  he  made 
for  proper  drainage  from  the  scruhher,  as  the  cleaning 
water  is  likely  to  gather  oonsiderahle  sulphur  and  tarry 
matter,  which  sometimes  gives  trouble  in  clogging  and 
causes  deterioration  of  the  piping.  After  the  producer 
has  been  set  rip  on  its  fouiulation  and  aligned,  the  grates 
are  ])ut  in  place,  and  llicii  the  shell  is  lined  with  a  good 
grade  of   firebiic'k. 

The  firebrick  are  risually  of  sjH'cial  sha])e.  according 
to  the  construction  of  the  prodacer.  They  should  be  care- 
fully selected  and  any  broken  or  cracked  bricks  discarded. 
It  is  well  to  order  a  few  extra  bricks,  as  more  or  less  are 
broken  in  transit.  Refore  placing  the  lining  in  the  shell 
a  template,  as  illustrated,  should  be  made  and  laid  out 
on  the  floor.  In  making  this  teiii|iliite  allowance  is  made 
for  an  annular  opening  of  at  least  1  in.  between  the  out- 
side of  the  lining  and  the  inside  of  the  shell;  this  space 
is  for  insulation  purposes.  In  fitting  the  brick  to  the 
template  it  is  important  that  they  fit  each  other  closely, 
so  as  to  not  leave  any  openings  or  crevices  between  the 
brick  greater  than  Vs  in- 
After  the  brick  have  been  fitted  to  conform  to  the  tem- 
plate, the  laying  of  the  lining  may  proceed.  The  mor- 
tar is  made  of  a  good  grade  of  fireclay  and  water  thor- 
oughly mixed  to  the  consistency  of  cement  mortar.  In 
placing  the  lining  care  must  be  exercised  to  make  the 
joints  smooth,  as  any  irregularities  or  projections  cause 
clinkers  to  adhere.  .\s  the  operator  uses  the  brick  wall 
as  a  guide  for  the  poking  bar  in  scraping  down  the  fine 
ash  and  clinker,  the  bar  is  a])t  to  catch  on  projections 
and  damage  the  lining. 

After  the  fifth  or  sixth  course  of  l)rick  has  been  laid, 
the  space  between  the  lining  and  the  shell  should  be 
filled  in  with  a  cement  of  asbestos  and  fireclay.  This 
serves  as  a  bottom  for  the  insulation  material,  which 
usually  consists  of  ordinary  sand,  although  in  some  cases 
asbestos  is  used.  The  cement  should  be  thoroughly  tamped 
in  to  a  depth  of  12  or  14  in. ;  this  prevents  the  sand  from 
running  out  at  the  bottom.  Further  courses  of  firebrick 
are  then  laid,  more  sand  is  poured  in  and  lightly  tamped 
until  within  3  or  4  in.  from  the  top  of  the  lining,  the  re- 
maining space  being  filled  in  with  asbestos  and  fireclay 
mortar. 

If  the  producer  is  equipped  with  sight  holes,  corre- 
sponding openings  in  the  brickwork  roust  be  provided. 


I'ieces  of  iron  pipe  should  lie  iuhcrted  through  the  sight 
holes,  and  (he  space  around  the  pipe  nhouid  he  j)a(ki(i 
wilii  asbestos  and  (ireclay  cement  to  prevent  tin;  Hiiiid 
from  running  out. 

'IMie  lining  having  been  coniphled,  it  slioiild  he  looked 
over  for  cracks,  and  when  louiul  tiiey  should  hif  tilled  ia 
with  a  cement  of  asbestos  and  fireclay  nii.\ed  to  the  con- 
sistency of  putty.  H  the  ordinary  mixture  of  fireclay 
and  water  is  used  it  will  eruinhle  and  fall  awav  on  coming 
in  contact  with  the  fire. 

The  producer  should  now  be  cleaned  out,  after  which 
it  is  ready  for  the  cover  to  be  bolted  or  riveted  on.  Ne.xt, 
the  charging  hop])er  and  poke-hole  covers  are  connected. 
Some  jji-oducers  have  a  bell-shaped  casting  U)  collect  the 
gas  from  the  center  of  the  fuel  bed  wliich,  of  course,  must 
be  connected  before  jjlacing  the  hopper  in  position.  Where 
a  mechani(;ally  ojjerated  poking  bar  is  attached  to  a 
stationary  connection  inside  the  producer  it  must  also 
be  connected   before  putting  the  hopper  in,  place. 

Some  ])roducers  have  water  jackets  or  superimposed 
vaporizers  to  sup])ly  the  incoming  air  with  vapor  on  it» 
way  to  the  fuel  bed.  Others  use  a  small  boiler  between 
the  producer  and  the  scrubber ;  where  boilers  are  already 
installed  steam  may  be  supplied  from  them.  Also,  in 
several  installations  heaters  are  connected  in  the  exhaust 
pipe  of  the  gas  engine,  the  jacket  water  passing  through 
to  the  vaporizer.  The  steam  supply  is  controlled  by  the 
amount  of  water  allowed  to  feed  to  the  vaporizer. 

Again,  some  installations  use  the  exhaust  gases  from 
the  engine  for  controlling  the  temperature  of  the  fire 
in  the  producer. 

Cle.vxixg  .VXD  CooLixG  (Ias 

There  are  many  types  of  scrubbers  for  cleaning  and 
cooling  the  gas  before  it  is  delivered  to  the  engine.  Some 
consist  of  east-iron  shells  sealed  at  the  bottom  and  filled 
with  wood  slats,  l>roken  brick,  charcoal,  coke,  or  special 
cast-iron  baffles.  At  the  top  of  these  scrubbers  is  attached 
a  comiection  for  cold  water  which  flows  down  in  a  spray 
through  the  shell  and  comes  in  contact  w^ith  the  outgoing 
gases,  thereby  cleaning  and  cooling  them.  The  water 
passes  down  into  the  water  seal,  then  to  the  sewer  or  other 
outlet.  The  amount  of  w'ater  is  so  controlled  as  to  allow 
enough  to  cool  the  gas  to  as  nearly  the  surrounding  tem- 
perature as  possible.  There  are  also  mechanically  op- 
erated scrubbers  built  to  impart  a  centrifugal  motion  to 
the  gases  and  at  the  same  time  inject  cold  water. 

Some  producers  have  a  w^et  and  a  dry  scrubber,  the 
latter  for  further  removing  any  tarry  matter  or  dust  that 
the  wet  scrubber  fails  to  remove,  but  the  principal  reason 
for  the  dry  scrubber  is  to  separate  any  undue  moisture 
that  may  be  in  the  gas  after  leaving  the  wet  scrubber. 
The  many  designs  of  dry  scrubber  gansist  essentially  of  a 
cylindrical  shell  filled  wath  wood  slats  or  excelsior  and 
set  in  a  water  seal.  Instead  of  a  dry  scrubber  some 
installations  employ  a  cylinder  attached  to  the  gas  line 
between  the  wet  scrubber  and  the  engine;  this  is  called 
a  separator.  The  outlet  from  the  gas  line  has  a  nm- 
ning  nipple  about  one-third  the  length  of  the  separator 
connected  at  the  top  and  the  gas  outlet  is  also  so  con- 
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nected.  11'  the  gases  contain  any  moisture,  it  will  settle 
to  the  bottom  of  the  separator  and  then  ])ass  out  througli 
a  water  seaL 

Producers  are  generally  provided  with  a  purge  pipe 
leading  to  the  atmosphere.  'IMiis  pipe  is  to  be  opened 
when  the  apparatus  is  shut  down,  and  closed  when  it  is 
running.  Some  installations  have  fan  blowers  to  create 
a  draft  when  starting  the  producer;  others  employ 
natural  draft  through  the  purge  pipe,  while  still  others 
use  a  steam  blower  for  this  purpose.  The  latter  method 
is  possible  where  boilers  are  at  hand.  Still  another  ar- 
rangement consists  of  a  special  blower  working  on  an  ai/ 
blast  from   the  engine's  starting  tanks. 

[n  connecting  up  the  pi])ing,  fittings  and  varioiis 
;ni\iliaries,  precautions  should  be  taken  to  see  that  they 
;uc  thoroughlv  clean  and   free  from  scale  on  the  inside. 


..deJjBHIlt^LSt 


Template  for    Pkoducei;   Li\]n<; 

When  connecting  the  scrubbers  to  the  producer  a  very 
high  heat-resisting  packing  should  be  used.  All  bolts, 
nuts  and  screwed  pipe  fittings  should  be  coated  with 
graphite  and  a  good  grade  of  oil,  to  facilitate  taking  them 
apart  readily  when  repairs  are  necessary. 

Operation^ 

The  producer  and  its  auxiliaries  having  been  installed 

and  connected,  the  installation  is  made  ready  for  service. 

I  All   places   where   water   seals   are   necessary   should   be 

I  filled  with  water ;  the  gas  valve  leading  to  the  engine 

I  should  be  closed  and  the  valve  on  the  purge  pipe  open. 

See  that  all  the  cleaning  and  ashpit  doors  are  open ;  in 

I  some  types  the  air  inlet  to  the  producer  is  closed  and  a 

blower   is    attached.      Before    building    the    fire,    spread 

enough   loose   ashes   over   the   grate  and   bottom   of  the 

producer  to  cover  all  metal  work,  then  start  a  wood  or 

soft-coal    fire    which    will    produce    smoke    and    observe 

whether   the   joints   are   tight.      If   no   leaks   are  noted, 

charge  the  producer  with  a  small  amount  of  coal   and 

keep  up  a  slow  fire  for  several  days  to  dry  out  the  lining 

thoroughly ;  otherwise  cracks  are  likely  to  occur.   After 

,  the  producer  has  been  dried  out  it  may  be  charged  with 

r;coal   to   the   required    depth. 


It  is  important  that  the  fire  burn  evenly  before  filling 
the  producer;  then  watch  for  any  (load  sj)ot8,  as  they 
form  air  holes  and  give  trouble  by  permitting  the  air  to 
pass  through  the  fuel  uncombined  and  thus  dilute  the 
gas.  A  try-cock  or  pilot  light  is  usually  connected  to 
the  outlet  of  tlie  producer  for  ascertaining  the  quality 
of  the  gas.  The  trycock  should  be  covered  with  a  piece 
of  wire  gau/.e  to  prevent  the  flame  from  flashing 
back.  A  second  purge  pipe  is  connected  to  the  gas 
line  near  the  engine  for  freeing  the  line  of  air,  as  all 
the  air  should  be  expelled  from  the  system  before  any 
flame  comes  near  the  outlet,  otherwise  an  explosion  may 
result.  As  soon  as  the  gas  burns  freely  at  the  pilot,  the 
producer  is  ready  for  service. 

The  vent  pipe  at  the  engine  should  be  closed,  the  air 
inlet  at  the  bottom  of  the  vaporizer  opened,  as  well  as 
that  to  the  producer,  and  the  purge  pipe  of  the  producer 
closed.  Then  turn  on  the  water  to  the  scrubber  and  the 
vaporizer,  and  as  soon  as  the  engine  is  started  close  tlie 
ashpit  and  cleaning  doors. 

The  operator  must  not  become  discouraged  if  the 
producer  does  not  at  first  respond  according  to  his  ex- 
pectations ;  it  may  take  several  days  before  the  proper 
adjustments  are  made  to  meet  the  conditions.  One  must 
become  familiar  Avith  the  required  mixture  of  gas  and 
air  at  the  entrance,  but  this  can  only  be  determined 
by  experience  as  different  engines  require  different  mix- 
tures. Assuming  that  the  engine  is  in  good  condition 
and  properly  adjusted,  all  that  it  needs  is  good  gas ;  then 
the  operator  must  turn  his  attention  to  the  producer. 
He  must  watch  the  vaporizer  and  adjust  it  according  to 
the  instructions  of  the  builder.  The  scrubber  must  also 
be  watched  to  see  if  the  gas  is  being  delivered  cold;  if 
not,  sufficient  cold  water  should  be  turned  in  to  cool  the 
gas. 

While  the  instructions  may  recommend  poking  the  fire 
at  certain  intervals,  it  may  be  necessary  to  do  this 
oftener,  which  will  indicate  tliat  the  producer  is  too 
small  to  carry  the  load.  Some  instructions  say  to  clean 
the  grate  every  24  hr.  and  the  ashpit  once  every  other 
day,  yet  the  writer  knows  of  cases  where  the  grate  must 
be  cleaned  two  or  three  times  and  the  ashpit  once  or 
twice  during  the  24-hr.  period. 

Conditions  in  many  plants  cause  a  variance  of  opera- 
tion a.s  regards  poking  and  cleaning;  but  conditions  must 
be  ascertained    aJid    judged   by    the    operator   himself. 

It  is  essential  to  poke  down  the  fine  ash  which  ac- 
cumulates on  the  walls ;  it  is  likely  to  fuse  and  form 
clinkers.  When  these  form,  the  efficiency  of  the  ])roducer 
is  greatly  impaired  as  some  of  the  incoming  air  will 
get  by  the  clinker  and  materially  weaken  the  gas;  also, 
the  poking  down  is  hampered.  Before  poking  down,  the 
operator  should  remove  the  ashes  from  the  edge  of  the 
grate  so  as  to  make  room  for  those  that  are  to  be  poked 
down  from  the  walls  of  the  lining.  In  cleaning  the 
ashpit  the  door  should  not  be  open  too  long,  as  it  may 
allow  too  much  air  to  be  drawn  through  the  fuel  bed. 
In  taking  out  the  ashes,  remove  just  as  much  as  will  not 
disturb  the  clean  portion  of  the  fuel  bed.  This  operation 
being  dis})osed  of,  it  is  well  to  wait  a  few  minutes  l)e- 
fore  poking.  Some  producers  are  equipped  with  shak- 
ing grates. 

In  poking,  a  straight  bar  is  used.  The  operator  opens 
one  poke  hole  at  a  time  and  bars  down  close  to  the  wall 
of  the  producer,  in  a  scraping  fashion,  to  remove  all 
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Hill'  ii.sli  I'loiii  till'  liiiiii;^.  kcciiiii;;  llic  poking'  hiir  us  clom- 
Id  till'  limii;r  as  possililc  so  as  to  sd'ajn-  it  clean,  lie  will 
soon  !)('  able  l)V  IVclin^'  to  ilislin;,Miisli  tin-  ililVcicmr  Im-- 
Iwi'cn  the  soft  asii  and  tin-  hard  walls  ol'  llic  lining'.  I'ok- 
in>,'  must  Ik*  doiu'  (luickly  in  sonic  ly|»s  of  |)r(idiiccrs,  as 
air  is  apt.  to  lie  drawn  in  and  weaken  llie  ;,ms.  Al'lei-  Ihe 
pokinjj  l)ar  is  reiiio\ecl  the  poke  holes  should  he  iiii- 
nu'diatfly  elosed  and  the  operator  proceed  to  the  next 
one.  Wlien  this  is  conipleted  the  {urates  may  he  cleaned 
af^ain;  that  is.  the  cdfje  of  the  n^iate.  Of  course,  tiic 
second  eleanin<f  deiu-nds  upon  liu  eoridilion  of  Ihe  tiro. 
In  cleaninj:  the  jirale.  he  careru!  mil  lo  woi'k  liie  lire 
down  too  low  as  Ininiing  ami  «ai|iin;:'  of  (he  j;i'ale  and 
the  metal  work  around  it  may  result.  'IMio  operator  will 
learn  hy  oxperionce  how  often  it  will  ho  necessary  to  fhish 
the  lire. 

When  seckinp-  the  de|)th  of  tin'  fuel  hed  throuffli  the 
sight  holes,  ])recaution  shouhl  he  taken  not  to  place  the 
eye  too  neai-  tlie  liole  as  a  Hash  of  flame  may  cause  a 
scNcrc  Inirn  ;  a  piece  of  ijlass  or  sheet  mica  against  the 
hole  will  prevent  this.  In  sliulling  down  the  phint,  as- 
suming the  engine  to  he  already  shut  down,  open  an 
asli])it  door  slightly,  shut  off  the  air  inlets  to  the  pro- 
ducer, the  main  valve  on  tlie  gas  line  to  the  scrubber 
and  the  water  sup])ly  to  the  scrubber;  then  open  the 
purge  valve  just  enough  to  maintain  a  proper  draft 
during  the  standby  jjoriod,  while  (he  producer  is  shut 
down.  It  is  well  to  remove  whatever  lliermometers  that 
may  be  attached. 

After  the  producer  has  been  in  operation  some  mouths 
trouble  may  be  had  in  getting  good  gas.     In  such  a  case, 


see  if  llie  water-  is  of  Ihe  proper  lieiglil  in  all  water  seals; 
look  for  clinkers,  and  if  any  are  found  regulate  tlio 
vapoii/.er.  If  tlie  producer  is  eipiipped  with  a  Ihernio- 
stal  this  may  lie  found  corroded  or  [lerhaps  the  liaflleA 
or  lilling  of  the  scriihber  may  need  cleaning  or  renewing. 
Moreover,  there  may  he  leaks  between  Ihe  Hcrnbher  and 
llie  producer  or  leaks  in  tlie  gas  line;  itself,  or  possibly 
air  holes  in  the  fuel  bed.  If  IIk  producer  is  cfpiippi-d 
with  a  tubular  boiler,  and  the  temperature  of  Ihe  water 
cannot  be  raised,  the  tubes  may  be  covered  with  sealcH. 
If  gas  is  not  being  delivered  cohl,  tlio  spray  pijx's  and 
Ihe  sernbber  may  be  corroded,  or  broken  or  Hplit,  thus 
(a using  llie  water  to  (low  down  tlie  side  of  the  shell,  or 
llie  liiiiiig  may  need  cleaning  <ir  renewing,  [f  a  centrifu- 
gal seiiibber  is  employed,  tin'  vanes  should  be  e.vamined 
foi'  deposits  of  tarry  matter. 

If  the  producer  has  been  heavily  ta\e(|,  the  brick  lin- 
ing may  become  burned.  .\ll  burned  brick  should  be 
lliiown  away.  Those  not  entirely  burned  out  may  be 
used  for  tln'  upper  courses  and  new  brick  supplied  for 
the  lower  ones,  but  it  is  cheaper  eventually  to  put  in  an 
entirely  new  lining. 

The  writer  knows  of  several  producer-gas  plants  now 
out  of  service,  owing  to  abuse  and  overloading,  brought 
about  by  employing  inexperienced  operators.  In  most  of 
these  cases  the  apparatus  has  been  condemned  and  given 
up  through  no  fault  of  its  own.  In  many  plants  it  is 
diflicult  to  obtain  skilled  labor,  and  foreign  labor  is  em- 
ployed. If  so,  it  is  well  to  have  a  set  of  instructions  got 
out  in  the  language  of  the  laborers  and  placed  con- 
spicuously in  the  producer  room. 


|e  f©ir  InlEgIh--P©tleiniiliaI'' 


By  H.  M.  Nichols 


Tlie  usual  practice  wlien  making  high-potential  tests 
is  to  have  a  spark  gap  in  multiple  with  the  testing  circuit. 
The  spark  gap  is  usually  set  for  a  voltage  10  per  cent, 
greater  than  the  test  voltage,  and  the  voltmeter  readings 
are  depended  upon  for  determining  when  the  full  voltage 
is  obtained,  the  spark  gap  simply  serving  as  an  auxiliary 
])rotection.  If  greater  accuracy  is  desired,  the  spark  gap 
is  first  set  for  the  exact  test  voltage  and  then  the  po- 
tential is  gradually  raised  until  the  gap  breaks  dovm, 
notice  being  taken  of  the  voltmeter  readings  just  before 
this  happens. 

New  needle  points  are  next  inserted  and  the  gap  is  set 
for  a  10  per  cent,  increase  in  voltage.  The  test  is  then 
made,  the  voltage  being  determined  by  setting  the  volt- 
meter to  the  same  reading  as  was  obtained  just  before  the 
gap  broke  on  the  check  test. 

The  usual  way  of  setting  the  spark  gap  is  to  look  up 
the  number  of  inches,  con-esponding  to  the  desired  volt- 
age, in  a  table  on  sparking  distances,  and  then  measure 
the  distance  between  the  two  points.  '^Tiere  a  large  num- 
ber of  settings  are  made,  as  is  the  case  in  the  com- 
mercial testing  departments  of  large  manufacturing  con- 
cerns, the  operation  consumes  considerable  time.  To  save 
time  and  to  insure  greater  accuracy,  the  gage  shown  in 
the  sketch  was  devised. 


While  this  gage  was  intended  primarily  for  use  in  fac- 
tory testing,  it  should  prove  of  value, to  anyone  who  has 
much  outside  testing  to  do,  as.  for  instance,  the  repair 
department  of  a  large  central  station.  An  advantage  of 
the  device,  other  than  the  labor-saving  feature,  is  that 
there  is  little  chance  for  error  in  setting  the  gap,  and 
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conscHiiu'iitly    liltlo  dangci-   of   (lainagc   to    the  aj)paratus 
IVoiii  apjtlviiig  excessive  voltage. 


1 

PABLE  OF  E 

IMENSIONS 

FOR  SI'AKK-G 

AP  GAGE 

Front 

Back 

Voltage 

A,  In. 

B,  In. 

Voltaic  +  10% 

C,  In. 

D,  In. 

2,500 

0   10 

0   112 

2,500 

0.22 

0   124 

5,000 

0  3'J 

0  225 

5.000 

0.43 

0  25 

7,500 

0.01 

0  35 

7,. 500 

0.06 

0.38 

10,000 

0.81 

0  47 

10,000 

0.88 

0  51 

12,500 

1.04 

0  00 

12,500 

1.14 

0  66 

15,000 

1   25 

0  72 

15,000 

1.40 

0.81 

17,500 

1   49 

0  80 

17.500 

1.65 

0  95 

20,000 

1   73 

1   00 

20,000 

1  92 

1    11 

22,500 

1  98 

1    14 

22, .500 

2  24 

1   29 

25,000 

2  25 

1  30 

25,000 

2.53 

1  46 

27,500 

2.52 

1.40 

27,.500 

2.84 

1.64 

30,000 

2  81 

1   62 

30,000 

3.18 

1.84 

32,500 

3  14 

1.81 

32,. 500 

3. 58 

2.07 

35,000 

3  40 

2  00 

35,000 

4  01 

2.32 

37,500 

3.85 

2.22 

37,500 

4.45 

2.57 

40,000 

4 ,  25 

2.45 

40,000 

4.94 

2.85 

42,500 

4 .  ()7 

2.70 

42,.500 

5.47 

3.16 

45,000 

5.11 

2  95 

45,000 

6.03 

3.49 

47,.500 

5.04 

3  25 

47,500 

6.58 

3.80 

50,000 

6.15 

3  55 

50,000 

7.10 

4.10 

The  gage  is  made  from  a  piece  of  flat  steel,  about  Vs 


in.  tjiick,  ground  to  the  dimensions  sliown,  care  being 
taken  to  have  the  edges  straight  and  true,  and  the  angle 
exactly  30  deg.  One  side  of  the  gage  is  laid  off  for  even 
voltages,  and  the  opposite  side  for  voltages  10  per  cent, 
in  excess  of  these  voltages.  The  table  gives  the  dimen- 
sions A  to  be  used  in  laying  oif  the  lines  on  the  gage 
corresponding  to  the  various  voltages.  The  dimensions  C 
arc  used  for  laying  off  the  back  of  the  gage;  while  the 
dimensions  7?  and  D  can  be  used  to  check  the  work  of 
laying  off  the  lines  and  to  determine  the  accuracy  of  the 
gage. 

The  lines  sliould  be  strai^ibt  and  true  and  cut  deeply 
into  the  steel,  so  as  to  be  easily  seen.  The  figures  should 
be  stamped  plainly  and  especially  the  10  per  cent,  part 
in  order  to  avoid  the  danger  of  some  careless  tester  using 
the  divisions  on  the  back  of  the  gage  for  those  on  its  face. 


Prior  to  the  introduction  of  the  gas  engine,  it  was 
the  general  blowing-engine  practice  to  limit  the  piston 
speed  to  600  ft.  per  min.,  although  cases  were  known 
where  speeds  of  800  ft.  were  employed. 

To  furnish  the  requisite  amount  of  air  for  the  blast 
furnace  at  such  speeds  as  this  required  a  ponderous  and 
costly  engine,  and  it  was  found  desirable  to  increase  the 
piston  speed  to  800  or  1000  ft.  per  min.  to  keep  down  the 
size  of  the  engine.  As  a  consequence,  it  was  necessary 
to  adopt  some  new  design  of  blowing  tub  with  much 
larger  valve  openings  than  formerly,  so  that  the  cylinder 
at  the  increased  speed  would  be  properly  filled  with  air. 
To  meet  these  requirements  a  new  type  of  blowing  en- 
gine has  been  designed  by  R.  C.  Holman.  Its  construc- 
tion is  shown  in  the  accompanying  illustrations. 


Inlet  X'alve-Ckah  Side,  Horizontal  Blowing 
Cylinder 

It  is  claimed  by  tlie  designer  that  a  blowing  engine  of 
the  type  shown  can  be  built  having  inlet  ports  35  per 
cent,  of  the  area  of  the  cylinder,  and  outlet  ports  15  per 
cent,  of  the  area  of  the  cylinder,  with  a  volumetric  clear- 
ance of  not  over  1  per  cent. 

To  remove  both  inlet  and  outlet  valves  from  the  cvlin- 


der  it  is  necessary  to  take  oif  the  bonnet  and  withdraw  the 
valve  exactly  as  any  Corliss  valve  is  taken  out.  This 
valve  contains  all  of  the  inaccessible  parts  of  the  air- 
distributing  mechanism  and  will  fit  in  any  of  the  valve 


Fig.  2.    Outlet  Yalve-Oear  Side  of  Cylinder 

ports  in  tlie  cylinder,  provided  that  the  ports  are  all 
bored  alike.  One  complete  valve  in  reserve  then  will 
provide  a  full  set  of  re])airs  for  all  of  the  valves. 

In  the  past,  the  u.-^c  of  flat  gridiron  and  Corliss  valves 
for  compressors  and  blowing  engines  has  not  been  at- 
tended with  the  best  results,  on  account  of  the  difficulty 
in  properly  lubricating  the  inlet  valves.  There  is  al- 
ways enough  oil  pumped  into  the  cylinder  to  properly 
lubricate  the  outlet  valve,  as  the  air  leaving  the  cylinder 
is  laden  with  oil.  In  the  Holman  machine  the  oil  is 
pumped  directly  on  the  surface  of  tlie  inlet  valve  at  tbo 
edge  of  the  port. 

Fig.  1  shows  the  inlet  valve-gear  side  of  a  horizontal 
blowing  cylinder,  and  Fig.  2  the  outlet  valve-gear  side. 
Fig.  3  is  a  section  on  the  vertical  center  line  through  the 
cylinder  and  shows  the  valves  in  their  proper  relative 
position  for  the  piston  as  shown.  Fig.  4  is  a  section 
through  the  center  of  the  valve  and  shows  the  outlet  grid- 


iron  \\\\\v  lit  till'  Ixuk  uf  I  In-  iiilct  ('i)rlisH  vnlvf.  I'l^'. 
5  is  II  sidi'  view  of  a  Htcnin  ilii\tii  lilowiiig  i'iij,'im'  witli 
tlio  iiir  < ylimli'is  lu-liiiid  the  stciiiii  cvlindiT. 

As  will  lie  iii>|)ari'iit.  llu-  ruts  show  a  stfiim-iiriMii 
unit.  'I'lif  powtT  is  taken  tlircftly  from  Hit-  (ranlxshal'l 
and  pin.  wliik-  with  a  >ras  i-n^^ini'  the  valves  are  driven 
by  eeeontries  nmuiited  on  a  layshaft,  similar  to  the  man- 
uer  in  which  the  inlet  and  outlet  valves  on  the  <,'as  ey- 
liiuU'r  ari'  tliiveii. 


eliiiM'd  III  this  point  to  lorm  a  seat,  for  the  gridiron  \ai\c 
/'.  the  openings  throuj{h  which  correspond  to  the  ^{rid- 
iron  openings  in  the  valvi  //.  Ifcelan^ular  jiorts  A'  are 
I  ast  in  the  <'ylinder  head  and  ad  as  inlet,  ports  to  the 
lylinder  when  the  valves  are  in  the  position  shown  at 
the  left  of  Fiji.  ;{,  and  as  outlet  ports  from  llu'  eyiiiuler 
when  the  valves  are  in  the  position  shown  at  tiie  ri^'lit  of 
Fijj.  ;{.  At  the  center  of  the  cylinder  /''  is  a  passage 
connectiiifj  the  dischar/^e  from  each  valve  with  tlu!  hhist 
pipe.  V\n.  I  is  a  horizontal  .section  throiifili  /'',  and 
Fifl.  1  is  a  section  at  one  side  of  /''.  In  V\^.  I,  (I  arc 
thruslwasliers  with  a  sprinjj  to  hold  the  valve  I!  from 
siappinji  hack  and  forth  with  I  lie  nKjvement  «(  tlu;  f^rid- 
iron  \alM(  />.  In  pi ik  lice,  however,  these  wasliers  are 
only  needed  in  startinj;,  as  tiie  uiilialanced  jiressurc  of 
the  valve  stem  M  is  more  than  the  friction  of  the  grid- 
iron valve  JK  a  cam  har  //  gives  motion  to  the  cross- 
head  /,  which  in  Inrn  operates  the  gridiron  valve  I),  the 
ill  rust  wa.'^hcrs  A'  licinir  used  to  transmit  motion  and  at  the 
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Fig.  3.   Vertical  Sectiox  through  Cylinder 

Referring  to  Figs.  l,-3  and  4.  .1  leiiresents  the  inlet 
port  through  the  inlet  Corliss  valve  B,  and  C  is  the  out- 
let port.  The  ports  E  in  the  cylinder  head  are  alter- 
nately inlet  and  outlet  ports,  depending  whether  the  pis- 
ton is  approaching  or  receding  from  the  cylinder  head. 
Each  cylinder  liead  contains  two  valves  exactly  alike, 
which  arc  connected  and  work  in  unison.     It  is  because 


Fig.  4.    Skctjox  thholgh  A'alve 

same  time  allow  the  gridiron  valve  to  oscillate  with  the 
Corliss  valve  B.  The  crosshead  /  does  not  oscillate,  hut 
has  a  sliding  motion  in  the  bonnet  L  from  the  cam  bar 
H.  At  high  rotative  speeds  it  has  been  found  prefer- 
able to  sub.stitute  a  link-driven  mechanism  for  the  cam 
on  account  of  the  liability  of  noise  if  the  cams  are  not 
carefully  fitted. 


Fig.  5.   Side  View  of  Steam-Deivex  Blowing  Engine 


both  ports  arc  used  as  inlet  or  outlet,  as  the  require- 
ments may  be,  that  it  is  possible  to  secure  such  large 
openings  with  so  small  volumetric  clearance. 

The  circular  Corliss  valve  B  of  the  sections  shown  in 
Figs.  1,  3  and  4  is  given  the  proper  oscillating  motion 
by  the  valve-gear  shown  in  Figs.  1  and  2,  which  is  driven 
from  the  crankshaft  in  the  case  of  a  steam  engine  and 
from  the  layshaft  of  a  gas  engine.  It  is  provided  with 
the  inlet  and  outlet  passages  referred  to,  and  is -fitted  to 
a  tee-headed  valve  stem  M  in  the  ordinary  manner. 

At  one  end  of  the  outlet  passage  C  through  the  valve 
B  are  cast  a  series  of  bars  making  gridiron  openings 
through  the  valve,  as  in  Fig.  4.     The  valve  B  is  ma- 


The  outlet  driven  mechanism  is  shown  in  Fig.  .5.  and 
consists  of  an  arm  keyed  to  the  crankpin  of  the  engine 
and  set  so  that  the  pin  at  its  end  describes  a  circle.  A 
quadrant  0  is  fitted  to  the  engine  frame.  In  this  quad- 
rant .slides  a  block  to  which  is  attached  the  link.  The 
position  of  this  block  is  governed  by  the  piston  in  the 
relay  oil  cylinder  P.  The  pressures  in  the  blast  pipe  and 
blowing  cylinder  act  upon  a  pilot  valve  which  allows  oil 
pressure  to  enter  the  actuating  cylinder  and  so  place  the 
block  in  the  quadrant  that  the  outlet  valve  will  open  only 
when  the  pressure  in  the  blowing  cylinder  is  equal  to 
that  in  the  blast  pipe.  For  example,  if  for  some  rea- 
son  or  other  the  blast   pressure   should   suddenly  drop, 
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the  pilot  \alve  would  immediately  move,  due  to  the  dif- 
iference  in  pressure  between  that  to  which  the  air  was 
being  compressed  and  the  blast  pressure.  This  move- 
Went  would  allow  oil  pressure  back  of  the  actuating  pis- 
ton and  change  the  position  of  the  block  in  quadrant  0 
(to  such  a  point  that  the  outlet  valve  D  would  open  when 
the  compressed  air  in  the  cylinder  would  equal  in  pres- 
sure that  in  the  blast  pipe. 

The    actions    of    all    the    valves    are    positive.      The 
time  of  opening  and  closing   the  inlet  passage   to   the 


cylinder  is  determined  by  the  Corliss  valve  B  and  is 
fixed ;  the  inlet  is  opened  when  passage  A  is  in  commun- 
ication with  port  E.  The  time  of  closing  the  discharge  is 
determined  by  the  Corliss  valve  B  and  is  fixed.  The 
time  of  opening  the  discharge  is  controlled  by  the  dis- 
charge valve  D  and  depends  upon  the  pressure  of  air  in 
the  cylinder  with  relation  to  that  in  the  blast  pipe.  There 
is  never  any  possibility  of  the  inlet  and  outlet  ports  be- 
ing opened  at  the  same  time  and  the  gas  coming  back 
from  the  blast  furnace. 


A  disastrous  explosion  of  a  return-tubular  boiler  oc- 
curred in  the  Fat  Stock  Building,  at  Howick  Hall,  Ot- 
tawa, Can.,  at  8  a.m.,  Jan.  21,  killing  three  and  injur- 
ing six.     A  cattle  show  was  being  held  in  the  building. 

The  boiler,  which  was  built  in  1906  for  a  working 
pressure  of  70  lb.,  was  60  in.  by  14  ft.  and  had  one 
girth  seam  only.  The  shell  was  tb  in.  thick  and  the 
heads  %  in.  thick;  the  boiler  had  88  three-inch  tubes. 
The  girth  seam  was  single  riveted  with  H-in.  rivets 
spaced  at  2-in.  centers.  The  longitudinal  lap  seam,  when 
new,  had  a  strength  of  70  per  cent,  of  the  solid  plate. 
The  manhole  had  a  cast-iron  ring,  which,  at  first,  was 
thought  the  cause  of  the  accident.     The  ring  was  split 


in  two,  but  the  rivets  lield.  Most  of  the  girth-seam  riv- 
ets were  sheared,  although  for  a  short  distance  the  plate 
gave  way. 

There  is  considerable  speculation  as  to  the  cause  of 
the  accident,  but  evidence  produced  at  the  inquest  showed 
that  the  safety  valve  (of  the  ball-and-lever  type)  was  not 
working  properly,  and  that  the  boiler  stop  valve  was  only 
open  -j'g-  of  an  inch ;  also  that  the  pressure  was  on  top  of 
the  disk. 

Four  different  engineers  have  handled  the  boiler  since 
it  was  installed,  and  they  all  appear  to  have  set  the  safe- 
ty valve  to  suit  themselves.  To  remedy  this  state  of 
thrustwashers  K  being  used  to  transmit  motion  and  at  the 


BoiLEB  Explosion  at  Ottawa 
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F©wer°FIlsiK!itl  Safety  Devi<Les 

\aniMi-    iiic-ins    lunr    lircii    ;nl(i|iii'i|    li\     di  llrrciil    niiii  coiiruMdii  III  ()|iria(iii;;  (H-  ill  loi'kiii;,'  tlif  VMiiii;,'  valvi-.  'I'h 

'iiiiif.-   1(1   ;,M!iird    aiiiiiiisl    I  lie   M(  (  idciiliil    opcmiif,'   of    ilic  liL'lil-liiiiid   view  shows  tlic  ctiHing  locked  ovfr  tlie  vah 

•  top   \iil\('   when  a   lidilcr   i>  (uil    of  i  imiiiiissioii,  and    nunc  wheel. 

■  hiiilei'.  'I'he  |ii]>iliiin  (if  stoker  dii\e  chains  and  sprocket  \^ 

il    illiis-  1^    fiiMpieiilly    a    ineiuKc   to    the   men    in    tlic   lioilor    io,,ii 

(  a.-e.  In    l'l^;■.    I   is  show  n  a  met  hod  of  saH  friiardiiif^  ilicni,  wla-r 

■1    and  (he    chain     and     the    upper    sprocket    are    eiicHKod    by    til 

l(H  ked  :   /)'   is  a   metal    ta.u'  paintcil    red    with   wiiile   lellers.  plate  shield   .1    and    t.lie  cast-iron   shi(dd   //.     Tlic  chain  I 

All  the  IhmIci's  aie  nnmhered  hcith  on  tlu'  Iront  and  on  the  oileil   thi-on;ih   the  door  ('. 

rear,  and  the  \al\e  r-  al>o  iiiimheicd  c(n-|-e.-p(in(liiii;ly  with  In    Fl'^.  5  is  shown   the  mellnMl  ,,(  phiciiif^  f,Miar(lH  on 

a  metal   plale,  as  shown  at    ('.     'I'his  avoids  any  possihle  Kidii-lip.   motor  rotor.     The  ;;iiards  ha\e  a  metal  frani 


partieiilailv    when    there   is  anyone  wimLmil;   in   I 
Perhaps  (Uie  of   the  iiujsI,  ell'e(  tnc    means   i>    ll 
traied     in     l'"i^'.     1.     where    .1     is    a     hiiiLred     met; 
I'ainted    red.    which    is   slipped    ovei'    the    \al\e    w  h 


Fig.  1.   Open  and  Closed  Position  of  Valve-Wiieel  Locking  Device 


Fig.  2.    Guards  for  Pr:\ip  Crossheads 


Fig.  3.    Perforated  Governor  Guard 
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,  which  wire  netting  is  attached.    The  shields  are  hinged  guarding  a  governor  is  shown  in  Fig.  3,  the  guard  l)eing 

I  the  longest  side  to  a  metal   upright,  secured  to  the  of  perforated  plate  which  is  readily  shaped  and  allows  a 

>or  at  one  end   and  bolted  to  the  motor  frame  at  the  view  of  the  mechanism  inside. 

her.  Placing  a  shield  over  the  crossliead  of  engines  i.s  com- 

A  method  of  guarding  tiie  tlywhccl  governor  of  a  roll-  mon  practice  and  is  advisaljlc.    In  Fig.  3,  at  .1,  is  shown 


Fig.  4.   Stoker-Chain  and 
Sprocket  Shield 


Fig. 


GuARDts  KOR  Motor 
Roroi; 


Fig.  6.    Sheet-Iron  Guard  for 
Engine  (!ovi-:rnor 
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ig-mill  engine  is  shown  in  Fig.  6.  The  guard  is  secured  a  means  of  guarding  the  crosslieads  u\'  a  puni]).  The  oil 
)  a  metal  cross-piece  supported  by  the  governor  frame,  ]jlatform  is  at  B.  These  safely  devices  are  all  used 
nd  the  shield  is  made  of  sheet  iron.  Another  method  of      the  United  States  Steel  Corporalioii. 


MFiMinie 


By  David  Moffat  Myers 

The  atomic  weights  of  the  elements  concerned  being 
H  =  1,  C  =  12  and  0  =  16,  assuming  that  the  carbon 
burns  to  carbonic-acid  gas,  or  C0„,  and  the  hydrogen  to 
su]X>rheated  steam   or  H^O,  the  oxygen  required  is : 

For  the  carbon 

C  +  0,  =  CO.,  or  13  -f  33  =11 

i.e.,  the  carbon  requires  ^|  =  2f  times  its  weight  of  oxy- 
gen. As  air  by  weight  contains  about  33  parts  oxygen 
and  '(7  parts  nitrogen,  the  air  rc(|uire<l  will  l)e  ^^  times 
the  oxygen  required;  for  the  carbdii  '.^'l,"  X  3f  ^  11.6 
(say  12)  times  the  weight  of  the  carbon.  So  that  to 
burn  the  carl)on  each  ])ound  of  dry  ian  bark  must  be  pro- 
vided with  about  13  X  0.53  =  (i'.3r,  lb.  of  air. 
For  the  hydrogen 

n.,  +  O  =  n.,0  or  3  +  16  =  18 
i.e.,  the  hydrogen  requires  J./-   =  8  times  its  own  weight 
of  oxygen,  and  the  air  required  will  l)e 

8  X  V/  =  '-^^-^ 
say,  3-5  times  the  weight  of  Ibe  liydrog(>n.     ?Tence  com- 
bustion of  the  hydrogen  in  a  |)(uinii  of  dry  tan  bark  re- 
quires about 

3.')  X  0.06  =  3.10  Ih.  of  air. 
Tt   is  to  be  seen,  therefore,  that  the   combustible   in- 
gredients require  for  combustion,  per  pound  of  dry  fuel, 

6.35  +  2.10  =  8.35  Ih.  of  air. 
I'nt  the  fuel  Kself  contains  0.11  lli.  of  oxygen,  which  is 


YNOPSIS — The  amount  of  air  or  oxygen  required  for 
he  combustion  of  waste  fuel  depends  upon  its  cJiemical 
imposition,  but  the  chimney  capacity  required  depends 
n  the  character  of  the  products  of  combustion.  The  re- 
wired force  of  draft  being  l-nown,  the  presence  of  mois- 
ire  may  add  so  much  to  the  buoyancy  of  the  escaping 
ases  that  the  size  of  .^tach  can,  generally,  be  determined 
■om  the  usual  chimney  fornnilas  for  burning  coal. 

To  burn  anthi-acite  coal,  about  12  lb.  of  air  is  chem- 
al!y  required  for  each  pound  of  combustible,  assuming 
lat  the  combustible  matter  is  all  carbon.  Since,  in 
rtual  boiler  practice,  50  to  100  per  cent,  more  air  is 
Ided  to  permit  of  more  perfect  mixing  of  the  fuel  gases 
ith  the  oxygen,  the  assumption  of  12  lb.  of  air  per 
ound  of  anthracite  coal  is  close  enough  for  all  practical 
urposcs. 

Waste  fuels  of  a  woody  or  filjrous  nature  vary  so  great- 
:  from  the  composition  of  coal  that  the  question  of  air 
ipply  requires  special  consideration.  Spent  hemlock  tan 
ark  is  such  a  fuel  and  as  it  is  quite  extensively  used  for 
laking  steam,  consideration  of  the  requirements  for  its 
nmbustion  may  be  of  interest. 

Dried  samples  of  average  tan  bark  yield  the  following 
nalysis  within  1  per  cent: 

Carbon 0..52 

Hydrogen 0.06 

OxvKon 0.41 

.\sh 0.01 


1   00 


vqiiivaU'iit  to  nn  much  oxypon  iih  would  lie  ohlniiicd  fnuii 
W  X  »-ll  =  l.YW  II).  of  air,  so  tlinl  llic  net  clu'iniciil 
i'('(|iiir('iiu>iit  of  air  will  be 

8.;jr,  _   1.7H  =  (;.:,7  //,. 

(if  air  per  ll>.  of  tiir  dry   fiit'l,  or.  only  a  little  over  liiilf 
lie  air  rociiiiri'd  ju'r  iioiiiiii  of  aiitiiracitc  roal. 

Kill  witli  tank  hark  I'arli  dry  poiiiid  of  the  inalcrial  as 
lirod  (iirni's  witii  it  altoiit  'i  lli.  of  moisture,  wiiicii  l)eiMf,' 
cvajiorated  in  tiie  furnai'e.  must  l)e  carried  olT  i)y  the 
chimney  a.-  .-ii|>eriieated  steam.  Tiiis  addition  to  the  ])rod- 
iicts  of  comluistion  oecnr-.  ho\vi\er,  after  the  draft  has 
entered  the  furnace  so  tiiat  ihc  iiresence  of  moisture  while 
requiring  no  additional  air  su|)ply  rccpiires  additiomil 
chimney  capacity  for  carrying  olT  the  steam  thus  gen- 
erated and  with  induced  draft,  the  dvity  of  the  fan  would 
include  handling  the  steam  thus  formed. 

In  designing  a  chimney  lor  any  fuel,  attention  should 
be  directed  first  to  the  height  reciuircd  to  obtain  proper 
penetration  of  the  fuel  lied  l>y  the  necessary  air  supply, 
as  the  rate  of  comhustion  is  mainly  (onlrolled  by  the  in- 
tensity of  the  draft,  the  lallcr  being  proportional  to  the 
square  root  of  the  height  of  the  stack. 

In  the  author's  experience  the  best  results  in  burning 
tan  bark  are  obtained  with  a  draft  of  0.45  to  0.5  in.  of 
water  and  the  tem])erature  of  chimney  ga.ses  is  found  to 
be  sufficient  to  create  this  draft  with  a  stack  150  ft.  high. 
Having  decided  on  a  suitable  height  of  chimney,  the  rate 
of  combustion  and  the  resistance  of  the  fuel  bed  and  draft 
passages,  Ihe  diameter  or  cross-sectional  area  of  the  chim- 
ney may  be  found  by  ajjplying  Kent's  chimney  formula 
for  burning  coal,  which  is: 

boin'f  fnirscpou'cr  of  cliiiinn'ji  =  :5.:33  X  A'  V  // 
in  whidi 

/•;  =  Efi'ective  area  of  stack  in  square  feet ; 
//  =  Height  of  stack  in  feet. 

This  formula,  which  is  founded  on  practice,  is  based  on 
the  consumpti(m  of  5  lb.  of  coal  i)er  lip.  per  hr.  to  allow 
for  ]ioor  combustion,  for  a  large  excess  of  air  supply  and 
tor  forcing  the  boiler  beyond  its  rated  capacity.  In  using 
it  the  heat  value  of  the  fuel  enqiloyed  as  compared  with 
coal  must  be  taken  into  account. 

According  to  the  analysis,  burning  1  lb.  of  dry  tan  bark 
(3  lb.  of  wet  tan  bark)  would  yield  7950  B.t.u.,  whereas 
1  lb.  of  dry  coal  gives  about  14,000  B.t.u.*  Therefore,  to 
generate  the  same  horsepower  as  5  lb.  of  coal,  there  must 
fa's  burned 

5  X  14,000        _,  ,,      ^.   ,      ,       ,      , 

_i^ ' =  H.S    h.  of  ilni  tan  hark 

7!)50  ■         •' 

or  26.4  lb.  of  wet  tank  bark. 

With  fair  combustion,  100  per  rent,  excess  air  may  be 
considered  as  requisite  for  either  tan  bark  or  coal,  and 
for  1  lb.  of  each  fuel  we  have  their  respective  air  require- 
ments and  their  consequent  products  of  combustion  meas- 
ured by  weight. 

From  the  foregoing  it  is  to  be  seen  that  the  weight  of 
the  products  of  combustion  of  tan  bark,  i.e.,  of  1  lb.  dry 
tan  =  3  lb.  wet.  would  be: 

From  dn.»  tan  burned .. 1.001b. 

From  moisture  evaporated 2 .  00  lb. 

From  air  chemically  required  6.  57  lb. 

From  100  per  cent,  excess  air  ♦  6 .  57  lb. 

Total  per  dry  lb   or  per  3  lb.  wet  tan 16. 14  lb. 

♦See  author's  paper  "Tan  Bark  as  a  Boiler  Fuel,"  Trans- 
actions of  the  American  Society  of  Mecnanical  Engineers, 
Vol.    31    (1909),    page    685. 


and  the  products  of  eombuslion  for  2<i,l  lb.  wet  Ian  liarli 
would   be    \Vi.{y.\   ll>. 

The  weighJH  of  the  pindiiils  of  coniliM>-t  mn  of    1    lb.  ol 
coal  would  be : 

'»nl 
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lli  III 
\i  111. 

2T,  III. 

lb.  of 


'r<ilitl  jinriliirtM  of  rortiliuntioii  for  I  III   of  coiil 

ami   the   total    products  of  combiislion    for 
would  be   \'i')  lb. 

Owing  to  the  lihcriil  pro|iortions  of  chimney  derivable 
from  Kent's  formula,  tlie  writer  has  known  slacks  foi 
burning  coal  to  work  .salisfaclftrily  at  50  and  even  100  \m 
cent,  over  ca|)acities  as  rated  by  that  formula.  In  burn 
ing  wet  chips,  tan  bark  and  sawdust,  the  writer  has  alw 
found  that  when  the  stack  height  is  prr)perly  proportioiiee 
for  the  fuel  and  for  the  local  governing  conditions,  id 
size  for  a  given  horsepower  capacity  may  be  calculat« 
directly  by  that  formula.  Although  the  total  weight  o! 
the  products  of  combustion  of  tan  bark  is  greater  thai 
from  I  he  coiiiliustion  of  the  equivalent  coal,  as  has  heci 
shown,  the  moisture  alone  causes  the  greater  weight 
Moisture  evaporated  from  the  wet  fuel  makes  a  lightei 
column  of  hot  gas  in  the  chimney  than  would  be  made  i 
dry  coal  were  burned.  Since  the  capacity  of  a  chimnei 
increa.ses  as  its  contained  column  of  gases  is  lighter,  ; 
compensating  effect  takes  place  when  a  wet  fuel  is  burned 

As  the  si)ecific  density  of  superheated  steam  is  0.62< 
as  compared  to  1  for  air,  if  the  chimney  ga.ses  in  the  coal 
burning  exam])le  be  considered  to  have  the  same  specifii 
volume  as  air.  an  idea  can  be  obtaiiuul  of  the  effect  of  tla 
moisture  evaporated  from  the  tan  bark  both  on  the  forc< 
of  draft  and  the  ca|)acity  of  the  stack. 

From  the  first  table  quoted  the  moisture  or  superheater 

•2. 00 
steam   constitutes     ,-^-,  , ,    or  aliout   \'i.\  jier  cent,  of  thi 


10.14' 
)]■  chimncv   yases. 


Hence,   the  weight  ma; 


=  ST.i'i  jii-r  cent. 


total    weight 
be  taken  as 

12.4   X  0.f)22  =   7.;  per  rent. 
for  the  contained  su])erbea1ed  steam  and 
16.14  —  2 
16.14 
for  the  remaining  products. 

The  column  of  hot  chimney  gas  from  the  tan  bar! 
therefore  is  about  5  per  cent,  lighter  than  that  produce* 
by  the  coal  and,  the  temperatures  being  the  same,  the  in 
tensity  of  draft  would  be  about  5  per  cent,  greater,  bui 
the  velocity  of  the  gases  and  consequently  the  volume  o' 
gases  discharged  by  the  stack  wfnild  iic  increased  only  t( 

[Too 

\  !)5 
foiegoing  leads  us  to  the  following  conclusions: 

1.  Stack  capacity  for  a  waste  fuel  depends  upon  itf 
chemical  composition,  and  upon  its  degree  of  contained 
moi.sture. 

2.  The  element  of  moisture  in  the  fuel  does  not  affect 
the  capacity  of  a  fan  blower  for  undergrate  draft ;  but  it 
does  affect  the  calculation  of  fan  capacity  for  an  induced- 
draft  system. 

3.  Although  a  pound  of  the  wa.ste  fuel  may  chemical- 
ly require  only  one-half  the  air  required  by  a  pound  of 
coal,  the  chimney  gases  resulting  from  its  actual  combus- 
tion may  be  greater  in  amount  than  those  produced  by 
burning  an  amount  of  coal  having  the  heat  equivalent. 

1.     In  designing  a  chimney,  careful  distinction  must 


the  ex'tenl  of 
Ti 


about  21,4  ])er  cent. 
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be  observed  between  required  intensity  of  draft,  which  is 
proportional  to  the  heigiit  of  tlie  chimney,  and  capacity 
or  volume  of  draft,  which  is  directly  jjroportional  to  the 
effective  area  but  increases  only  as  the  square  root  of  the 
height;  and  that  it  is  important  first  to  determine  the 
height  of  the  stack  in  accordance  with  the  nature  of  the 
fuel  and  the  rate  of  its  combustion.  After  this  the  diam- 
eter or  cross-section  may  properly  be  calculated  from  the 


chimney  formula  with  due  consideration  for  the  volume 
and  weif^ht  of  the  gases. 

5.  A  fuel  of  the  composition  of  tan  bark  will  require 
more  or  less  chimney  capacity  than  coal,  depending  upon 
its  percentage  of  moisture  content. 

G.  Moisture  in  chimney  gases  tends  to  decrease  their 
density,  b\it  in  some  cases  it  may  increase  the  capacity  of 
the  stack,  and  thereby  compensate  for  its  presence. 


annunfactt^riinig' 
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SYNOPSIS — Cause  and  cost  of  friction  Characteristics 
and  classification  of  metals  used  for  bearings.  Require- 
ments ill  the  manufacture  of  bearing  alloys. 

m 

"It  is  not  work  that  kills  men,  it  is  worry."  It  is  not 
motion  that  destroys  machinery,  it  is  friction. 

Friction,  a  destructive  agent,  constantly  piling  up  waste 
and  expense,  is  everywhere.  And  yet,  of  the  many  de- 
tails connected  with  the  operation  and  care  of  machinery. 


POWE.1^ 


Magnifikd  Section  of  Shaft 

t  is  doubtful  if  any  receive  less  attention  than  the  reduc- 
ion  of  friction.  In  many  installations  the  shafting  alone 
lequires  from  20  to  30  per  cent,  of  the  power  developed 
jy  the  engine  and  in  some  cases  these  figures  are  prob- 
jbly  greatly  exceeded.  Comparatively  few  realize  the  sig- 
ificance  of  these  figures,  which  mean  that  of  every  ton 
f  fuel  consumed  some  400  lb.  or  more  are  wasted  in 
vercoming  friction.  Much  of  such  waste  can  be  greatly 
jiduced,  but  in  the  rush  of  getting  out  work  such  as  pre- 
,iils  in  many  mills  and  factories,  few,  if  any,  have  the 
me  and  patience  to  go  into  details  and  correct  bad  con- 
itions.  The  prevailing  idea  seems  to  be  that  greatest 
■onomy  will  be  effected  l)y  buying  at  a  low  price  rather 
lan  bv  securing  eflficiencv  and  reduction  in  wear  through 
le  use  of  suitable  material  and  methods. 

•Antifriction   specialist.   ChicaKo,   111. 


Power  lost  tlirough  friction  is  converted  into  heat 
which  under  normal  conditions  is  radiated  as  fast  as 
produced,  the  bearing  surfaces  remaining  at  or  near  the 
temperature  of  the  surrounding  air.  If  the  heat  is  gen- 
erated faster  than  it  is  dissipated,  a  hot  or  fused  bear- 
ing will  result.  For  this  reason  the  antifrictional  pi'oji- 
erties  of  a  bearing  metal  are  more  desirable  than  tensile 
and  compression  strength.  Many  judge  a  metal  by  its 
compression  strength  and  its  tin  content,  whereas,  under 
high  speed,  metals  high  in  tin  are  tisually  the  first  to 
heat  and  fuse.  It  makes  no  difference  how  much  tin  a 
metal  contains,  how  hard  it  is  or  how  great  its  comi)res- 
sion  strength,  if  it  heats  it  will  soon  fuse  and  run  out 
of  the  bearing  and  under  such  conditions  it  is  no  better 
than  so  much  lead. 

Cause  and  Cost  of  Friction 

Eesistance  to  motion,  friction,  is  great  or  small  accord- 
ing to  the  roughness  or  unevenness  of  the  surfaces  in  mov- 
ing contact.  In  reality  there  are  no  absolutely  smooth 
metal  surfaces.  A  surface  may  seem  smooth  to  the  touch, 
but  by  means  of  a  powerful  lens,  minute  projections, 
roughness  and  unevenness  may  be  seen,  as  illustrated  here- 
with, which  create  the  resistance.  By  proper  lubrication  a. 
film  of  lubricant  is  established  and  maintained  between 
the  rubbing  surfaces  which  tends  to  prevent  the  irregu- 
larities from  meshing.  The  conditions  for  this  film  are 
favorable  only  to  such  extent  as  the  bearing  and  shaft  are 
smooth. 

To  a  greater  extent  than  most  people  realize  the 
"cost  of  the  babbitt  or  the  lubricant  is  the  cost  of  the 
friction  accompanying  the  same." 

A  concern  may  spend  several  dollars  less  per  hundred 
pounds  for  a  babbitt  that  will  show  apparently  satisfac- 
tory wear,  but  the  question  is  how  much  money  does  this 
concern  spend  on  other  things  as  a  result  of  the  friction 
developed  from  the  use  of  this  particular  babbitt.  It  may 
not  even  heat  in  a  slow-running  bearing,  but  if  it  is  low 
in  antifrictional  qualities  it  communicates  to  the  other 
parts  of  the  machinery  a  certain  amount  of  pull  and  drag 
and  this  percentage,  even  though  small  in  any  one  bearing, 
develops  to  considerable  proportions  in  the  aggregate  fric- 
tion of  all  the  bearings  throughout  a  plant. 

Babbitt  Requirements 

The  requirements  of  a  babbitt  are:  First,  that  it  be 
composed  of  metals  least  susceptible  to  f rictional  contact ; 
second,  that  it  possess  the  sustaining  properties  necessary 
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to  ciirrv  tlic  loail  iinposfil  ;  thud,  lliiit   llic  iiif^'icilu'iils  lir 
Ko  Iri'iiti'd,  rrdiurd  lunl  itiinliiiu'il  as  to  inddmc  an  I'vcii, 
Kiuootli,  imrluoiis  surliur.  wliicli  will  miniinizc  iiitt'ilock 
in^,  alirasioii  and  I'riclion  in  its  various  rorius. 

'l'l\»'  nu'tals  used  in  tlu'  nianiifncturc  of  tlic  vaiioiis  italt- 
bitts,  tvpt'  iiu'tals.  solders,  etc.,  hit  \\\^>  oi-  moic  <>(  the 
following:  Tin,  lead,  coiJiter,  nnliindiiy  iind  hisniiitii. 
Some  idea  of  the  hearing  valne  of  these  dilVerent  metals 
may  he  derived  from  the  properties  nf  cadi  as  enumerated 
herewith. 

I'ltoiMiitTiKs  or  Tin 

Tin  is  a  white  metal  with  a  yellowish  tinge.  It  tough- 
ens the  alloy,  lowers  the  melting  jioint  and  assists  in  pro- 
ducing a  strong,  homogeneous  mi.xture.  It  is  a  "dry" 
metal,  that  is,  somewhat  lacking  in  antifrictional  proper- 
ties. Under  heavy  friction  it  heats  quickly  and  fuses. 
<  )ver  direct  heat  it  melts  at  ahout  450  deg.  F. ;  its  specific 
gravity  is  7.;?5.  The  grade  generally  used  in  the  manufac- 
ture of  babbitt  metals  is  known  as  Straits  tin.  There 
are  now  in  this  country  a  number  of  detinning  concerns 
which  are  producing  a  nciirly  \)uvv  tin  by  either  a  chemical 
or  sweating  process  from  old  scrap,  tin  cans,  etc.  This  is 
now  being  used  extensively  in  the  manufacture  of 
babbitts  and  cheap  solders,  as  it  can  be  bought  at  about 
r.  cent  per  pound  under  the  nuirket  price. 

LiCAD 

Lead  is  another  ore  jiroduct  and  imparts  softness,  low- 
ers the  melting  point  and  reduces  the  tendency  to  heat.  It 
reduces  friction  more  than  any  other  metal,  resembling 
grajihite  in  this  respect.  It  melts  over  direct  heat  at  about 
620  deg.  F..  and  its  specific  gravity  is  11.38.  In  many 
sections  considerable  antimony  ore  is  found  combined 
with  the  lead  ore,  so  that  in  the  process  of  refining  the 
lead  a  slag  or  byproduct  results,  which  is  known  as  anti- 
monial  lead.  This  is  put  through  a  further  refining  proc- 
ess, which  does  not  separate  the  lead  from  the  antimony, 
but  removes  considerable  of  the  imjjurities  such  as  iron, 
ar.senic,  etc.  The  resultant  product  usually  contains  any- 
where from  12  to  22  per  cent,  antimony,  the  rest  being 
lead  and  some  impurities.  This  antimonial  lead  is  used 
i;!  making  cheap  babbitts,  type  metals,  casting  metals,  etc., 
for  competition  where  a  low  ])rice  is  necessary. 

Copper 

'  Copper  hardens  and  toughens  the  alloy  and  raises  the 
melting  point.  It  slightly  increases  friction.  It  melts 
at  a  temperature  of  1943  deg.  F.,  and  its  specific  gravity 
is  8.85.  Copper  is  the  basis  metal  in  bronze,  brasses,  etc. 
Very  little  of  it  is  used  in  babbitt  metal,  from  0.25  to  0.5 
per  cent,  in  a  lead-based  babbitt,  although  there  are  some 
mixtures  that  contain  as  much  as  10  per  cent,  copper,  the 
hard  babbitt,  for  instance,  known  as  "Hard  Genuine," 
containing  80  lb.  of  tin,  10  lb.  of  antimony  and  10  lb. 
of  copper.  Copper  and  lead  are  not  particularly  fond  of 
each  other.  The  writer  does  not  care  for  copper  in  a  lead- 
based  babbitt :  it  hardens  the  babbitt  somewhat,  but  it  re- 
duces the  antifrictional  value. 

AXTIMOXY 

Antimony  is  an  imported  ore  product.  It  is  a  hard,  brit- 
tle, bluish-white  metal  of  crystalline  structure.  It  hardens 
an  alloy  and  raises  the  melting  point.  It  is  a  great  re- 
ducer of  heat  and  it  also  reduces  friction.     It  melts  over 


direct  heat  lit  about  I  Mi!)  deg.  I''.,  and  its  specilic  gravity 
is  ().7(i.  The  cryHtHliine  grain  or  fracture  in  u  bab- 
bitt is  due  to  itH  antimony  content.  Some;  very  carefully 
and  scientifically  conducted  ti'sts  indicate  that  the  bent 
iialibitts  should  not  contain  o\er  13  per  cent,  antiniony, 
as  tlie  evenn('.-->  of  the  alloy  and  its  wearing  <|ualities  are 
g''(!atest  nt  that  point. 
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Hismiith  reduces  friction  and  prevents  shrinkage.  It 
lowers  the  melting  |)oint  and  expands  on  cooling.  It  melt* 
at  a  temperature  of  about  507  deg.  F.,  and  its  specific 
gravity  is  '.KH2.  As  bismuth  usually  costs  more  than  $2 
per  pound,  it  is  not  at  all  |io|iular  with  the  babbitt  manu- 
facturer. 

Al.I'MIMM 

Aluminum  is  rarely  usetl  in  a  babbitt.  It  imparts  some 
toughness  by  closing  the  grain  and  acts  as  a  flux.  It 
slightly  increases  the  friction  which  offsets  its  toughening 
|)ro])erties  and  makes  it  of  no  practical  value  in  a  babbitt. 

Certain  combinations  of  tin,  copper  and  antimony 
shrink  on  cooling.  Tin  and  lead  alone  shrink  slightly 
and  antimony  remains  about  con.stant.  Any  two  metals 
mixed  together  in  the  form  of  an  alloy  produce  a  metal 
which  melts  at  a  lower  temperalure  than  the  original 
metal  having  the  higher  melting  point  and  in  some  ca.ses, 
lower  than  the  metal  with  the  lower  melting  point. 

Cl.\s.siku'.\tio.v  of  Bkaimxg  Metals 

Bearing  metals  or  linings  may  be  classified  under  two 
heads,  babbitt  metals,  which  are  largely  tin,  lead,  antimony 
and  sometimes  copper  comi)ositions,  and  brasses  and 
bronzes,  which  are  tin,  copper  and  zinc  compositions, 
sometimes  containing  certain  percentages  of  lead. 

Babbitts  range  in  composition  from  a  cheap  metal  con- 
taining 90  lb.  lead  and  10  lb.  antimony,  to  mixtures 
containing  about  88  lb.  tin,  4  lb.  copper  and  8  lb.  anti- 
mony. 

Babbitt  metals  are  divided  into  three  classes,  the  lead- 
based  antifriction  metals,  which  are  metals  in  which  the 
lead  content  is  the  heaviest,  the  smaller  percentages  being 
tin  and  antimony ;  the  semi-tin-based  metals  in  which  the 
tin  and  lead  contents  are  about  equal,  leaving  room  for 
from  10  to  20  per  cent,  antimony,  and  the  tin-based 
metals,  which  range  from  75  lb.  up  to  90  lb.  of  tin  in  each 
100  lb. 

I  have  knowledge  of  over  200  different  babbitt  mixtures 
that  are  in  actual  use,  whereas  only  about  seven  or  eight 
are  really  necessary.  Babbitt  metals  should  be  made  ac- 
cording to  certain  exact  percentages,  or  so  constructed 
as  to  be  evenly  balanced,  so  as  to  produce  perfectly  homo- 
geneous mixtures  or  alloys,  in  order  that  a  combination 
may  ]>osse.ss  its  maximum  strength  and  hardness. 
Bearixg-Metal  Maxufactureks 

There  are  four  kinds  of  bearing-  and  type-metal  manu- 
facturers. 

The  first  is  the  smelterer  who  buys  and  refines  drosses, 
scrap  metals,  etc.,  and  converts  the  resultant  product  info 
different  grade  of  babbitt  metals,  type  metals,  solders,  etc. 
He  sells  to  a  large  trade,  which  is  influenced  or  attracted 
by  a  low  price ;  its  requirements  are  large  in  the  matter 
of  quantity,  but  not  exacting  in  the  matter  of  quality. 

The  second,  is  the  man  who  installs  a  kettle,  buys  tin, 
lead  and  antimony  and  mixes  them  in  certain  proportiona 
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accordino-  to  some  one  or  set  of  puhlislied  formulas.  Not 
only  are  these  published  or  analytical  formulas,  as  a  rule, 
incorrect,  but  they  have  very  little  to  do  with  the  details 
of  producing  the  right  kind  of  finished  product.  The 
[amount  of  business  he  does  is  in  proportion  to  his  luck 
land  hustle. 

The  third  is  a  combination  of  the  two  foregoing  classes. 

The  fourth  is  the  experienced  alloyist  who  has  studied 
the  properties  of  all  the  different  metals,  so  that  he  knows 
uliich  will  combine  best  and  how  best  to  combine  them — 
the  best  temperatures  and  fluxes  to  employ,  etc.  He  has 
;iiso,  to  combine  with  the  foregoing  data,  a  practicid 
knowledge  of  the  uses  to  which  the  metals  are  put.  This 
t\|)e  of  man  gets  the  discriminating,  careful  trade,  which 
makes  a  thorough  study  and  test  of  its  needs  and  demands 
n<ults  accordingly,  or  which,  in  buying,  places  quality 
li;4,. 

Manufacturing  Requirements 

Many  years  of  practical  experience  with  the  formulas 
and  manufacturing  methods  employed  by  different  babbitt 
manufacturers  both  in  the  United  States  and  abroad, 
coupled  with  deductions  from  results  shown  by  expert 
analytical  and  mechanical  tests  and  under  actual  working 
conditions  in  nearly  all  kinds  of  machinery,  indicate  con- 
clusively the  following  facts : 

The  best  amalgams  are  produced  by  the  alloying 
method.  This  requires  the  use  of  several  furnaces^  pure 
materials,  and  consists  in  making  up,  at  suitable  tempera- 
tures, certain  primary  combinations  of  affinity  metals; 
then  taking  such  quantity  of  each  combination  as  is  neces- 
sary to  produce  the  required  grade  and  alloying  the  same 
under  suitable  temperature  into  the  finished  product. 
Metals  may  be  well  mixed  but  the  quality  and  permanency 
of  the  mixture  are  determined  by  just  such  solubility  laws 
as  control  ordinary  solutions.  Certain  perfect  amalgams 
at  high  temperature  become  partly  separated  amalgams 
at  low  temperature;  others  there  are  that  remain  perfect 
amalgams  at  any  temperature. 

In  the  use  of  the  lead-antimony  and  the  lead-antimony- 
tin  mixtures  a  complete  reduction  of  the  crystal  formation 
is  important  to  insure  smooth  mirror-like  nonabrasive 
bearing  surfaces.  All  the  ingredients  must  be  evenly 
balanced  and  distributed  throughout  the  alloy.  It  is  for 
ithis  reason  that  a  lengthy  annealing  period  is  desirable 
because  it  has  been  forind  to  have  a  greater  effect  on  the 
imechanical  properties  of  a  metal  than  the  temperature 
[factor. 

i  The  tin,  copper,  zinc,  aluminum,  nickel,  etc.,  amalgams 
are  the  most  difficult  to  produce.  They  re(iuire  skill  and 
care  in  the  introduction  of  deoxidizing  agents,  such  as 
magnesium,  phosphorus,  silicon,  etc. 

Virgin  vs.  Old  Metal 

\'cry  often  large  babbitt  users  who  have  thoir  o\^m  for- 
nuilas  specify  that  "virgin"  metal  be  used.  Metallurgists 
claim  that  it  is  not  a  question  of  whether  virgin  metal  or 
old  metal  be  used  so  long  as  the  metal  is  "pure,"  free 
from  dissolved  or  mechanically  entangled  oxides.  It  is 
the  oxides  and  impurities  that  impair  repeatedly  over- 
iieated  or  remelted  metals.  Some  good  authorities  claim 
uhat  the  dross  of  tin,  lead  and  antimony  products  (when 
I'Tee  from  iron,  aluminum,  zinc  and  arsenic)  and  smelted 
n  an  adequate  reducing  furnace  at  above  2500  deg.  F., 
Vill,   with   the   proper   additions   made   to   the   resultant 


metal,  produce  amalgams  that  are  superior  to  the  same 
amalgams  made  from  all  virgin  metals  because  the  amal- 
gams will  be  better  alloyed  than  when  virgin  metal  is 
used.  My  experience,  however,  leads  me  to  doubt  this  and 
to  believe  that  chemically  pure,  perfectly  balanced  amal- 
gams made  of  virgin  metal  produce  the  surest  and  strong- 
est babbitt  metals  made  and  that  they  possess  higher  anti- 
frictional  properties. 

Chkmical  Analysis  Alone  Xo  Guide 

A  babbitt  should  not  be  selected  on  analysis,  as  there  is 
much  that  enters  into  the  nuiking  of  the  metal  and  that 
has  to  do  with  its  physical  properties  that  evades  the 
chemists.  Nor  should  one  babbitt  be  selected  for  all 
bearing  requirements.  Metals  heavy  in  lead  are  best  anti- 
frictionally  when  properly  alloyed,  but  metals  heavy  in 
tin  and  copper  are  also  desirable  where  toughness  com- 
bined with  hardness  is  re(|uired  to  meet  unusually  severe 
or  irregular  bearing  conditions. 

Considering  the  price  of  lead  and  antimony,  there  is 
no  legitimate  reason  for  paying  18c.  to  25c.  per  pound 
for  bluish-looking  or  leady-looking  metal,  the  tin  content 
of  which  is  usually  not  over  15  per  cent,  and  often  below 
10  per  cent.  On  the  other  hand,  considering  the  high 
price  of  tin,  no  one  should  expect  to  pay  much,  if  any, 
below  the  market  price  of  tin  for  the  whitish-looking  or 
tin-based  metals,  or  a  medium  figure  for  the  semi-tin- 
based  metals  which  are  also  white  in  appearance. 

Babbitt  troubles  are  often  due  to  a  good  many  things 
other  than  the  babbitt  itself.     Some  of  these  things  are  a 
selection  of  the  wrong  grade  of  metal ;  the  wrong  appli-  ' 
cation   of  the   metal;   irregular   hearing  conditions;  bad 
lubrication ;  neglect,  etc. 

The  safest  course  for  the  purchaser  who  wishes  to 
secure  the  best  bearing  values  is  to  place  his  babbitt  orders 
with  such  manufacturers  only  as  are  thoroughly  experi- 
enced in  bearing  requirements,  who  know  just  what  metals 
or  combinations  of  metals  possess  the  best  endurance  and 
antifrictioual  properties,  who  are  also  thoroughly  skilled 
in  alloying  and  combining  metals,  and,  as  well,  honest 
and  conscientious  in  their  trade  relations. 

Prices  and  analyses  are  usually  dangerous  factors  to 
rely  upon  in  the  selection  of  a  babbitt.  The  size  of  the 
bearing,  the  thickness  of  the  lining  and  the  speed  and  load 
conditions  should  influence  the  choice.  A  properly  made, 
hardened  and  strengthened  lead-based  babbitt  will,  oft- 
times,  due  to  its  naturally  better  antifrictioual  properties, 
give  better  service  than  an  expensive  tin-based  metal. 


Son  DIeco  IDsposition — The  many  exhibitors  and  conces- 
sionaries at  the  San  Dit'RO  Exposition  ha\'e  been  notified  that 
all  buildings  for  exhibits  or  concessions  must  be  ready  for 
installation  by  July  1,  1914.  Four  of  the  big  exhibitors  are 
working  on  the  grounds,  and  some  of  the  concessions  have 
been  begun.  Another  month  will  see  the  completion  of  the 
great  reinforced  viaduct  over  Cabrillo  canon,  at  the  west  en- 
trance to  the  exposition,  permitting  the  hauling  of  material 
for  the  remainder  of  the  construction  work  over  a  much 
shorter  and  easier  route,  and  giving  easy  access  to  visitoi  • 
the  grounds.  The  exposition  work  is  now  nine  weeks  ;  '.ea. 
of  schedule  and  the  plantations  and  ground  work  ij  e  8^ 
per  cemt.  complete.  Commissioners  are  now  scattered  over 
the  United  States,  Europe  and  Central  and  South  America, 
securing  industrial  and  commercial  exhibits,  exhibits  of  the 
arts  and  crafts,  archaeological  and  ethnological  specimens, 
manufactures  and  horticultural  and  agricultural  exhibits  that 
will  fill  the  exhibit  buildings.  Many  spectacular  features  are 
being    secured. 
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tncrits  (tj  Ihr  (tjii'arafus  iisrd. 
X 
I'Vfd  .•<vstc'in.><  I'oi'  the  n  IriiitM-iilor  or  r.Nparision  coil  may 
1)0  (lividod  into  tlirco  <;roii|).>< :  'i'lu-  ronrd-l'ccd  or  dircct- 
I'.xpansion  svsti-nis,  liio  fjravit v-i'ccd  or  Hooded  systems 
and  systonis  which  aiv  a  comhimil  nm  of  llie  Iwo.  In  any 
of  theso  systems  (he  refrifieraiit  is  admilted  to  tlie  re- 
frigerator  coil  liy  mcuns  ol'  a  regulating  \iil\c  or  cock. 
This  valve  is  likely  to  closi  up  with  dirt  from  the  sys- 
tem, and  il  is  |iractically  impossible  to  so  iidjusl  a  iium- 
her  of  expansion  \al\cs  Icedin^'  from  a  main  li([iiid-sup|)ly  which  will  he  called  a  horizontal-feed  system.  Itn  arraiige- 
pipc  as  to  olitain  an  .(iiial  snpply  of  refrigerant  to  eacli  mcnl  is  shown  in  Fig.  2.  It  is  fed  by  only  one  regulating 
retriuerator  coil  couneded  to  it.  valve.     This  system  is  used   in  a  can-ice  taxik,  and  there 


is  a  chance  of  carrying  liijiiid  over  to  the  c()ini)ressor.  The 
lirst  named  has  been  employed  mainly  in  conneelion  with 
hori/ontal  compressors  where  wet  gas  has  been  preferred 
for  operation,  also  wiiere  the  forecooling  tank  coil  of  an 
i(c-freeziiig  system  is  so  arranged  thai  the  return  gas  of 
I  he  ice  tank  may  pass  through  on  its  way  to  the  eoin- 
piessor.  The  Ijottoiii-c.xijaiision  system  haw  been  used  by 
some  builders  of  vertical  coinpressorK  and  in  eases  wliere 
dry  gas  is  essential  to  the  successful  oj)eralion  of  the  com- 
pressor.     In  this  connection  may  he  mentioned  a  system 
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Details  of  Apparatus  and  Systems  for  Feeding  Refrigerating  Coils 


In  Europe  there  is  an  appliance  which  overcomes  most 
of  the  objections  of  the  regulating  cock  or  valve,  in  an  ap- 
paratus which  distributes  the  refrigerant  to  a  number  of 
coils  of  equal  length  by  means  of  a  revolving  disk,  which 
rotates  over  as  many  holes  as  there  are  coils.  The  disk 
has  one  hole  which  allows  the  refrigerant  to  enter  each 
coil  once  during  one  revolution.  Fig.  1  shows  a  section 
of  this  apparatus,  in  which  A  is  the  disk  showing  the  in- 
let hole  or  opening  over  one  of  the  distributing  openings 
B  in  the  body.  These  holes  are  arranged  in  a  circle  of 
the  same  radius  as  the  inlet  hole  from  the  center  of  ro- 
tation. It  is  claimed  that  this  apparatus  makes  a  sys- 
tem 20  per  cent,  more  efficient  than  when  equipped  with 
ordinary  expansion  valves.  Doctor  Linde.  the  inventor, 
is  also  the  originator  of  a  single  rotating  cock  which 
works  on  the  same  principle. 

In  practice,  refrigerator  coils  are  fed  in  some  cases 
from  the  top,  and  in  other  cases  from  the  bottom.     The 


♦Abstract  of  paper  read  by  S.  H.  Baars  before  the  American 
Society   of  Refrigerating   Engineers. 


is  another  similar  arrangement  for  the  same  purpose,  but 
in  this  case  each  horizontal  coil  has  its  own  regulating 
valve. 

The  deficiencies  of  the  force-feed  system,  relative  to 
proper  feeding  of  a  number  of  coils  with  one  regulating 
apparatus  or  a  number  of  coils  with  a  regulating  valve 
for  each  coil,  are  overcome  by  the  gravity-feed  or  flooded 
systems,  and  besides,  a  greater  part  of  the  cooling  sur- 
face is  made  efficient  because  the  pipe  is  not  needed  as 
liberating  surface.  The  invention  of  the  first  of  these 
systems  in  this  country  dates  back  to  the  late  eighties. 
Unfortunately,  the  inventor,  IT.  J.  Krehs,  was  not  en- 
couraged with  the  results  obtained  during  the  first  tests 
as  to  the  merits  of  the  new  system,  and  consequently  fur- 
ther tests  w^ere  abandoned,  and  the  system  was  forgotten 
for  years.  Judging  from  the  patent  papers,  it  was  well 
designed  and  would  perform  its  duty  today,  hut  without 
the  float-operated  regulatino"  valve  for  ammonia.  For 
sulphuric-acid  gas  systems  this  float  arrangement  would 
probably  have  worked  much  better,  as  a  larger  quantity 
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of  refrigerant  is  required  for  the  same  number  of  heat 
units.  This  would  not  necessitate  suclt  a  closely  set  open- 
ing, and  again  the  difference  in  pressure  between  the  in- 
coming licjuid  and  the  refrigerator  coil  is  about  one-third 
that  in  an  ammonia  system.  Apparently  the  float  ar- 
rangement was  replaced  by  an  ordinary  feed  valve,  and  iu 
this  shape  the  system  was  maJiufactured,  at  least  during 
the  last  few  years  of  the  life  of  the  patent. 

Two  other  gravity-feed  sj-stems  are  in  use  today  which 
have  the  same  advantages  as  regards  tlie  facility  of  feed- 
ing a  number  of  refrigerator  coils  at  the  same  time.  One 
system  patented  by  the  late  H.  Rassbach  has,  as  a  special 
feature,  the  precooling  of  the  refrigerant  for  the  purpose 
of  preventing  excessive  spraying  of  the  entering  mixture 
of  liquid  and  vapor,  the  vai)or  being  created  by  the  sen- 
sible heat  of  the  refrigerant. 

The  third  system  admits  the  refrigerant  directly  into 
the  refrigerator  coil  and  forces  the  vapor,  liberated  by  the 
sensible  heat  of  the  liquid,  to  pass  through  the  entire  coil. 
The  unevaporated  liquid  is  allowed  to  return  through  a 
check  valve.  To  make  this  third  system  equally  as  effi- 
cient, the  circulation,  and  therefore  the  heat  transfer, 
must  be  more  rapid  so  as  to  take  care  of  the  losses  due 
to  the  larger  volume  of  vapor  in  the  coil  and  a  higher 
evaporating  temperature. 

Gravity-feed  systems  were  also  patented  in  Europe. 
The  one  patented  by  Schmitz  in  1903  seems  to  be  an- 
alogous to  and  of  an  earlier  date  than  the  third  system 
mentioned.  In  Fig.  3,  .4  represents  the  refrigerating 
coil,  B  the  accumulator  or  separator,  C  the  check  valve 
and  D  the  feed  valve. 

Professor  Pictet  also  used  in  his  binary  system  of  re- 
frigeration an  arrangement  which  might  be  classed  as  a 
gravity-feed  or  flooded  system ;  including  the  headers,  it 
IS  identi-  al  with  the  aforementioned  system.  The  suc- 
tion and  liquid  headers  were  connected  by  a  large  vertical 
tube  or  so  called  accumulator,  into  which  the  liquid  was 
fed.  The  system  also  met  with  a  fate  similar  to  the  one 
desigr.ed  by  Krebs.  The  trouble  was  faulty  constru'-tion 
of  the  coil  so  that  it  did  not  provide  fo'r  a  continuous  up- 
ward movement  of  the  refrigerant,  causing  the  coil  to 
become  gas-bound  and  to  offer  too  much  resistance  for  the 
small  liquid  head. 

Besides  these  two  foreign  systems,  there  are  se\eral  op- 
erating more  or  less  on  the  flooded  principle.  One  of 
them  is  shown  in  Fig.  -i.  Here  are  two  wide  headers; 
the  liquid  enters  the  lower  header  and  the  vapor  gen- 
erated by  the  sensible  heat  of  the  liquid  escapes  through 
a  large  connection  directly  into  the  suction  header.  Other- 
wise the  operation  is  the  same  as  in  the  other  gravity-feed 
systems. 

Besides  the  force-feed  and  gravity-feed  systems  there 
are  several  combinations  of  the  two.  such  as  shell-type 
brine  coolers,  which  can  easily  be  operated  flooded  because 
they  have  a  large  liberating  surface.  A  separator  in  the 
suction  line,  with  a  liquid-return  connection  added,  will 
certainly  insure  as  good  a  heat  transfer  as  any  gravity- 
feed  system. 

To  improve  the  direct-expansion  systems  a  separator 
has  been  installed  in  the  main  suction  line  leading  to  the 
compressor,  but  at  such  *a  height  that  the  separated  liquid 
can  flow  by  g^a^^ty  to  a  coil  of  sufficient  surface  to  take 
care  of  its  evaporation.  The  return  of  this  coil  goes  back 
to  the  separator.  The  separator  and  the  coil  are  on  the 
true  gravity-feed  principle,  with  the  exception  that  the  re- 


frigerant does  not  come  direct  from  the  liquid  line,  but 
from  overfeed  direct-expansion  coils,  the  capacity  of 
which  had  to  be  increased  for  some  reason  without  in- 
creasing their  surface. 

An  apparatus  for  the  same  purpose,  but  so  arranged 
that  the  refrigerant  is  returned  to  the  same  refrigerator 
coil,  has  been  iu  use  in  Europe  since  1896.  A  diagram  of 
the  arrangement  is  given  in  Fig.  5.  It  has  proved  to  be 
even  more  effective  than  the  flocxled  system  patented  by 
Schmitz.  In  the  drawing,  A  is  the  regulating  valve,  B 
the  refrigerator  coil,  ('  the  separator,  D  the  pump  which 
returns  the  unevaporated  liquid  to  the  refrigerator  coil, 
and  E  is  the  suction  line  to  the  compressor. 

As  a  development  of  the  above,  an  apparatus  has  been 
clesigned  which  does  all  this  automatically  and  also  does 
away  with  the  pump.  In  Fig.  6,  illustrating  this  ap- 
paratus, A  represents  the  suction  from  the  refrigerator,  B 
the  separator,  C  the  suction  to  the  compressor,  D  the  con- 
nection for  unevaporated  liquid  to  the  regulating  ap- 
paratus and  E  the  equalizing  line  necessary  to  allow  the 


^* 


C 


) 


^txJl — itOi 


J 


Fig.  5.    A  SYSTf;M  with  a  Separatok  for  the  Liquid 
Refrigerant 

returned  refrigerant  to  enter  the  regulating  apparatus. 
In  this  apparatus  there  is  a  rotating  feed  cylinder  F 
which  has  three  chambers,  each  with  one  hole  iu  the  top 
and  the  bottom ;  the  sections  ab  and  ef  show  the  holes  in 
the  top  and  the  bottom  plates  between  which  the  cylinder 
rotates;  section  ef  shows  connection  G  from  the  liquid 
supjily  valve  and  H  to  the  refrigerator. 

The  feed  cylinder  is  operated  by  a  gear,  and  to  get  an 
idea  of  the  working  of  the  automatic  regulating  apparatus, 
the  different  phases  of  operation  may  be  studied  for  one 
chamber  during  one  revolution.  Starting  with  the  cham- 
ber in  the  position  at  the  left  side  of  the  elevation,  as  in 
Fig.  6,  it  will  be  observed  that  the  unevaporated  liquid 
can  enter  the  chamber  and  fill  it  with  as  much  liquid  as 
there  is  present  in  the  separator  5,  which  is  equalized 
with  the  chamber  F  through  the  equalizing  pipe  E.  As- 
suming that  the  cylinder  rotates  in  the  direction  of  the 
arrow,  the  next  opening  to  be  passed  is  that  which 
registers  with  the  opening  from  fhe  condenser,  and  here 
the  high-pressure  liquid  fills  out  whatever  space  there  is 
left  by  the  liquid  returned  from  the  system.  Through 
communication  with  this  opening,  the  refrigerant  in  the 
chamber  is  brought  into  coimection  with  the  condenser 
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vMiili'l  mill  ;;i\i'ii  llif  ncic.Hsarv  |iri'ssiirf  i(m|uiiciI  In  iiiaki' 
It  llow  intii  llu'  cIiiiiiiIht  lu-liiw,  wliicli  it  ddcs  in  |>a.ssiii;i 
the  tliirti  oiH-niiij^'.  where  it  re>;isteis  during  tlie  next  one- 
llunl  reviiUilion.  Comiecleil  to  the  lower  elniniber  \h  tlie 
li(|iii(l-sui>|ily  pipe  of  llie  refrigenitor  coil  into  whicli  tlie 
rel'ri>;eraiil  jiasHes  lo  peilorni  its  rel'rijjeraling  duty  and 
111  whiili  it  is  i)artl>  I'vapoialed.  Alter  leaving  the  re- 
fiipTator  coil  it  af^niii  l)assi's  to  the  se|)aiator  H  wiiere 
the  }iRf  passes  to  tlu'  compressor,  and  tlii'  iineva])orated 
liipiid  aj;ain  passes  out  throufih  l>.  he^'inninfi  another 
(Vile  of  operation.  'Plie  cycle  is  repeated  witii  suHicieiit 
rajiidity  to  properly  feed  the  respective  relri^'eralor  coil. 
The  sinijilicity  of  tiie  rciiiilation  is  due  to  the  tact  that  if 
so  nuieh  liqnid  is  returned  from  the  rot'rifferator  coil  as 
to  completely  till  the  ciiamiier  of  the  feed  cylinder,  then 
there  will  be  no  refrigerant  added  while  the  chanii)er  is 
in  communication  with  the  opening  to  the  high-pressure 


SECTION  a-b  c-d  e- f 

Fig.  6.    Automatic  Sistkm  Requiring  No  Pump 

liquid  inlet,  but  the  pressure  required  to  make  it  flow  into 
the  lower  chamber  is  transmitted  to  it  just  the  same 
through  the  condenser  connection. 

From  the  foregoing  it  can  be  seen  that  the  designer's 
aim  would  seem  to  be  to  install  a  feed  system  which  will 
have  the  cooling  surfaces  covered  with  the  liquid  re- 
frigerant. There  is  another  question  to  take  into  con- 
sideration, however,  and  that  is  the  shape  of  the  evaporat- 
ing surface.  As  pipes  are  the  most  convenient  surface  the 
proposition  reduces  itself  to  the  selection  of  the  proper 
diameter  of  pipe  to  use,  and  here  is  the  question :  What 
pipe  will  give  the  largest  surface  for  the  least  amount  of 
liquid  refrigerant,  if  the  refrigerant  is  an  expensive  oae? 

Tti  the  accompanying  table,  line  1  gives  the  internal 
surface,  in  square  feet,  of  pipes  of  various  sizes  containing 
one  cubic  foot ;  line  2  gives  the  cross-sectional  area  of  the 
pipes  in  square  feet,  and  line  3  the  number  of  lineal  feet 


III'  I  he  various  .^izes  for  the  niinilicr-  ut'  xjuaic  feel  of  in- 
teriial  surface  given  in  line  1.  It  lan  be  seni  that  the 
Nmallur   the    pipe,    the   smaller    is    the    oj)eniiig    througii 
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which  the  refrigerant,  evaporated  by  a  given  surface,  can 
escape.  This  point  is  imporlant  as  the  pipe  size  haw  a 
great  deal  to  do  with  the  pressure  reipiircd  to  circulate 
a   li(pii(l  or  vapor  through  a  coil. 

With  the  aid  of  the  table  it  is  possible  to  select  the  right 
pipe  size  for  the  refrigerator  coil  if  the  heat  transfer  is 
taken  into  consideration.  For  instance,  one  would  prob- 
ably select  a  VIj-'"-  P'l"'  '"■'  '''•'  co<jling  in  which  the 
coils  are  very  short  and  large  in  number,  and  a  <i-in.  pipe 
for  a  coil  in  a  long  ice  tank.  After  considering  all  this, 
the  cost  of  the  refrigerant  may  lie  balanced  with  that  of 
the  pipe  coil  and  a  final  selection  made. 

From  what  has  been  j)ublished  about  the  gravity  or 
flooded  system,  one  would  infer  that  there  are  no  fur- 
ther data  required  for  their  proper  design,  but  as  yet  there 
is  no  information  available  which  explains  the  relation 
between  the  height  of  the  liquid  level  aliove  the  refrigerat- 
ing coil  and  the  velocity  of  the  refrigerant  in  the  re- 
frigerator coil.  There  are  so  many  varied  conditions,  due 
to  length  of  coils,  diameters  of  pipe  and  heat  transfers 
under  different  conditions,  that  quite  a  field  is  open  here 
for  a  careful  study  and  for  elaborate  tests  to  improve 
this  part  of  the  feed  system. 
■*: 
Meas^raia^  Air  Velocities 

Although  the  aneinoineter  is  not  generally  considered 
an  accurate  instrument,  it  is  convenient  to  use  and  if 
carefully  handled  will  at  least  give  approximate  results. 
A  committee  (C.  A.  Haslett,  chairman)  of  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers  recom- 
mends the  following  as  a  guide  in  using  the  instrument 
for  measuring  velocities  at  air-supply  openings : 

The  opening  should  be  divided  into  equal  rectangular 
areas;  no  side  of  which  shall  be  over  10  in.  long,  except- 
ing where  this  would  require  more  than  12  readings,  in 
which  case  the  opening  shall  be  divided  into  12  equal 
areas. 

Readings  are  to  Ix'  taken  in  each  case  at  the  center 
of  each  area. 

Readings  are  to  be  of  one-half  minute  duration,  the 
anemometer  being  held  against  the  register  face  or  in  the 
plane  of  the  opening. 

Where  a  diffuser  is  used,  the  total  area  is  to  be  com- 
puted on  the  basis  of  the  periphery  of  the  diffuser. 

The  average  of  the  readings  is  to  be  considered  as  the 
average  velocity  at  the  opening.  Where  negative  veloc- 
ities are  found  they  are  to  be  deducted  in  arriving  at 
the  average  velocity. 

In  computing  volumes,  the  net  area  of  the  opening  is 
to  be  taken,  the  volume  to  be  considered  as  the  product 
of  the  average  velocity  and  the  net  area  of  the  opening. 

If  the  anemometer  is  held  2  in.  from  the  register  face, 
no  deduction  shall  be  made  for  the  area  occupied  by  the 
register  mesh. 
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plants  where  the  condition  of  the  settings  is  not  as  apt  to 
he  so  closely  watched  as  in  the  larger  plants  and  small 
boilers  for  this  reason  are  probably  more  likely  to  be  ex- 
posed to  the  danger  of  explosion  from  improper  support 
than  larger  boilers. 

The  American  Boiler  Manufacturers'  Association,  at 
its  twenty-fifth  convention,  proposed  that  the  Massa- 
chusetts Rules  be  modified  in  regard  to  the  requirements 
for  hanging  boilers  and  that  the  boiler  manufacturers  be 
allowed  to  follow  the  present  practice,  which  had  been 
proved  safe.  Such  a  move  would  seem  to  be  a  step  back- 
ward, and  if  any  change  is  made  it  should  be  to  require 
that  the  smaller  sizes  of  boilers  also  be  hung.  It  requires 
more  than  the  mere  statement  of  the  boiler  manufacturers 
to  show  that  lug-supported  boilers  are  safe,  for  there  have 
been  many  instances  to  show  that  this  means  of  support 
has  often  been  the  initial  cause  of  boiler  explosions. 


'Hu  importance  of  safe  boiler  siip])ort  is  not  generally 
recognized,  and  the  boiler  laws  that  have  been  enacted 
III  the  various  states  and  municipalities,  do  not  seem  to 
have  taken  into  account  its  influence  as  affecting  the 
safe  operation  of  boilers.  Anyone  familiar  with  boiler  ex- 
plosions will  be  sure  to  feel  that  if  a  boiler  should  fall 
down  while  under  steam,  an  explosion  would  be  almost 
certain  to  follow ;  yet  it  is  rare  to  hear  this  cause  advanced 
as  the  explanation  of  boiler  explosions  where  other  causes 
are  not  in  evidence.  It  seems  more  than  probable  that 
a  good  number  of  mysterious  boiler  explosions,  occurring 
with  sound  boilers  and  where  there  has  been  conclusive 
evidence  that  no  overpressure  existed,  may  have  been  due 
to  the  falling  down  of  the  boilers  or  their  changing  posi- 
tion to  such  an  extent  as  to  result  in  the  breaking  of  the 
pipe  connections,  thus  producing  the  explosion  of  the 
boiler. 

Investigation  into  the  conditions  surrounding  the  ex- 
plosion of  two  sound  boilers  recently,  seemed  to  indicate 
that  the  falling  down  of  one  of  the  boilers  was  the  only 
reasonable  explanation  for  the  accident.  These  two  boil- 
ers exploded  simultaneously,  the  explosion  of  one  having 
undoubtedly  been  the  cause  of  the  explosion  of  its  mate. 
The  tears  through  the  shells  of  both  boilers  were  similar, 
occurring  through  the  top  manhole  reinforcement,  which 
was  of  the  outside  pattern,  and  weak.  The  girth  rivets 
at  each  end  of  the  course  that  contains  the  manhole  open- 
ing were  sheared.  All  parts  of  the  shell  that  were  frac- 
tured were  without  evidences  of  defects,  the  tears  being 
through  the  solid  plate.  Calculation  showed  that  the 
structure  should  have  stood  about  five  times  the  load  due 
to  the  steam  pressure  that  was  on  the  boilers  at  the  time 
of  the  accident,  and  that  there  was  not  an  excess  pressure 
at  this  time  was  clearly  indicated  by  the  condition  of  the 
pop  safety  valves  that  were  attached  to  the  boilers.  One 
boiler  showed  distinct  marks  on  the  manhole  course  of 
having  been  dented  by  a  blow  delivered  to  it  by  the  man- 
hole frame  of  the  adjoining  boiler  when  it  exploded. 
From  the  nature  of  the  breaks  on  these  boilers,  it  is  prob- 
able that  the  main  steam  connection  on  one  boiler  was 
broken  by  the  falling  down  or  settling  of  the  boiler.  The 
sudden  opening  and  the  resulting  outrush  of  steam, 
caused  a  wave  action  of  the  water  in  the  boiler,  which  re- 
sulted in  its  rupture  girthwise  and  the  manhole  course 
lengthwise  through  the  manhole  reinforcement.  This  ex- 
plosion probably  would  have  been  prevented  if  the  boilers 
had  been  properly  hung  instead  of  depending  on  the  set- 
tings for  supi)ort. 

The  Massachusetts  and  Ohio  rules  prescribe  that  boilers 
above  78  in.  diameter  be  hung,  and  that  the  support  be  in- 
dependent of  the  setting  walls.  This  provision  was  evi- 
dently made  for  fear  that  such  large  boilers  could  not  be 
safely  supported  on  the  setting  walls,  which  is  doubtless 
correct.  It  would  also  seem  to  be  a  reasonable  precaution 
to  have  all  sizes  of  horizontal  tubular  boilers  hung.  The 
smaller  size  boilers  are  usually  installed  in  the  smaller 


Oil  fuels  have  many  advantages  over  coal,  particularly 
for  steamships  and  locomotives.  For  power-house  work, 
they  also  promise  decided  benefits,  many  of  which  have 
been  realized  already  and  others  will  be  when  more  is 
known  of  the  art  of  burning  oil. 

The  art  of  burning  oil  is  comparatively  new  and  calls 
for  quite  different  conditions  and  design  of  plant  than 
for  coal  burning.  The  important  and  governing  condi- 
tion in  the  economic  use  of  oil  fuels  is  the  regulation  of 
the  air  supply  for  combustion  and  the  importance  of  this 
cannot  be  too  strongly  emphasized.  Tests  of  many  exist- 
ing oil-burning  steam  power  plants  bring  out  two  inter- 
esting facts;  that  the  height  of  chimney  necessary  for 
adequate  supply  of  air  for  combustion  is  much  less  than 
usually  supposed  or  as  usually  installed ;  and,  that  the 
height  required  for  plants  subjected  to  frequent  and  se- 
vere overloads  is  considerably  greater  than  has  been  or- 
dinarily provided. 

The  high  chimney,  though  supplying  air  in  excess  of 
that  required  for  load  or  underload  conditions,  permits 
heavy  overload  and  hence  is  particularly  adaptable  to  city 
use  where  other  conditions  as  well  make  the  high  chim- 
ney imperative.  The  greatly  varying  power  requirements 
of  city  buildings  due  to  lighting-,  elevator,  ventilating, 
heating  service,  etc.,  can  thus  be  taken  care  of  by  the  tall 
chimney — the  only  type  of  chimney  that  can  be  installed. 
Even  under  such  severe  conditions,  however,  the  chimney 
draft  has  been  found  to  he  excessive  in  many  installations 
and  more  economical  results  obtained  when  the  stack  di- 
ameter has  been  somewhat  reduced  or  the  equivalent  re- 
sult obtained  by  constricting  the  cross-section  by  in- 
stalling a  damper.  Securing  the  effect  of  reducing  the 
chimney  diameter  in  such  cases  simply  reduces  the  air 
supply  for  combustion,  again  indicating  that  past  practice 
has  erred  toward  too  great  an  air  supply  and  that  no  rules 
for  proportioning  chinuieys  for  satisfactory  capacity  when 
burning  oil  have  yet  been  derived. 
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Cconomny,  I\.eAl  and  Fancied 

III  llii'  |iiiisiiil  (iT  llif  \vill-()'-tlii'-\\  is|)  (if  rioiiniiiy  i" 
siciiiii  |>(i\vcr  plants,  ninny  I'lill  into  tlir  \n)f^  of  licviitinn 
to  the  one  iilcii  of  low  slciini  consninptioii.  Let  the  dc- 
.sifjiicrs  of  prinu-  inovors  strivi'  for  tlnit  clninictcristic 
in  caili  of  tin-  sfviTiil  lyi'i's  tlifv  produce,  hut  the  I'li- 
sjini'i'i'  to  whom  is  entrusted  the  selection  of  the  power- 
generatinj;  e(pii|inieiit  for  any  ^Mven  conditions  has  many 
other  considerations  to  wei^'h  a<,'ainst  tiiis  one.  Interest 
on  the  investment,  depreciation  and  all  of  the  multitude 
of  costs  that  come  under  the  head  of  maintenance,  iii- 
cludin}:;  lahor,  ail  too  often  are  lost  sij,dit  of  in  the  elloit 
for  the  greatest  fuel  economy.  I^cK'ntions  there  are  where 
the  high  cost  of  coal  justifies  a  heavy  outlay  for  the  most 
refined  equipment,  regardless-  of  its  expense  and  the 
s])acc  occupied  and,  then  again,  there  are  the  places 
where  the  value  of  the  land,  with  taxes  and  insurance, 
demaJid  a  com})act  installation.  Much  more  common, 
liowever,  are  the  situations  where  neither  liie  fuel  e.v- 
pense  nor  the  ])roperty  value  are  the  nniin  considerations. 

It  l)ecomes  ridiculous,  as  in  the  two  illustrations  men- 
tioned in  Mr.  Longwell's  paper  on  page  317,  to  scelc  to 
improve  steam  economy  when  the  fuel  costs  notliing  and 
there  is  use  for  low-pressure  steam  in  excess  of  the 
amount  available  from  tlie  exhaust  of  prime  movers.  Evi- 
dent i's  may  seem  the  folly  of  substituting  more  efficient 
engines  in  such  instances  the  fact  remains  that  it  took 
argument  to  dissuade  tliose  contemplating  the  changes 
from  making  them.  Generally  it  is  far  less  easy  to  dis- 
tinguish between  real  and  fancied  economy  and  it  is 
for  that  reason  that  the  plea  for  a  more  rational  study 
of  each  individual  problem  needs  repeated  vociferation. 
It  is  a  rare  delight  to  us  to  be  able  to  reprint  such  a 
paper  as  the  one  referred  to,  for  the  benefit  of  our  readers 
and  we  cannot  too  strongly  urge  a  careful  reading  of 
it.  While  tlie  particular  problem  it  discusses  may  con- 
cern a  relatively  small  number  and  it  would  not  be  safe 
to  take  the  conclusions  it  arrives  at  as  applicable  to  many, 
if  any,  other  fields  or  industries,  for  "circumstances  al- 
ter cases,"  still,  the  method  of  analysis  is  so  thorough 
and  the  treatment  throughout  so  abounding  in  common 
sense,  that  it  cannot  help  but  be  of  value  in  a  suggestive 
way  to  aJiy  who  may  now,  or  later,  face  the  perplexing 
question  of  d  ciding  what  they  should  substitute  for,  or 
add  to,  their  present  installations.  The  important  les- 
son to  be  gleaned  from  it  is  that  it  is  dollars,  and  not 
pounds  of  coal,  or  pounds  of  steam,  that  is  the  true  meas- 
ure of  economy  and  that  this  measure  has  not  been  prop- 
erly applied  until  the  problem  has  been  examined  from 
every  angle  and  every  contributing  influence  has  been 
given  due  consideration.. 

A  number  of  states  and  municipalities  have  laws  which 
require  that  boilers  be  inspected  by  duly  certified  inspec- 
tors and  certificates  issued  to  permit  their  operation  for  a 
definite  period  of  time.  It  would  seem  just  as  logical  to 
require  that  engines  also  be  regularly  inspected  to  see 
that  their  operation  is  such  as  to  comply  with  the  usual 
and  necessary  precautions  for  safety.  Why  is  it  not  just 
as  necessary  to  protect  life  and  limb  from  the  results  of 
flywheel  explosions  as  from  boiler  explosions?  The  ex- 
perience  of   insurance  companies   covering    losses    from 


these  two  kiiiils  of  hii/.ard,  show  that  a  serious  acndciil   i 
more  a|it  to  he  caiiHed  by  file  evploHion  of  n  liywheel  tli 
that  of  n  boiler.     A  ino<lerate-si/.e  engine  with  a  large  ti 
wheel    can  store  iihoiit  the  Hanie  nmoiint  of  energy  and  jb 
as  capable  of   ilamage   to   life,    limb   and    projierty    as  a 
small   boiler.      It    is  true  that   the  path  of  probabh;  dam- 
age in  case  of  Ilic  flywheel  explosion  lies  within  mon?  or 
less  well   defineil  limits,  Inil    Ihc  destruction   within   th' 
limits  is  usually  complete. 

While  it  is  a  fact  that  where  boiler  laws  are  in  force 
engineers'  license  laws  are  also  elTective.  from  the  kind 
of  exainiiiiition  i|uestionK  usually  asked  tli('  applicant  for 
a  iMeiise.  it  would  seem  that  the  intent  of  the  examiner 
wiis  lo  iisc(!rtain  if  the  apjilicant  could  operate  a  plant 
econoinically  rather  than  safely.  Keasonahle  state  or  mu- 
nici])al  recpiirements,  regarding  the  ajiplication  of  Hafety 
aj)pliances  to  prevent  the  racing  of  an  engine,  together 
with  competent  inspections,  rules  to  govern  the  location 
of  engines  in  the  case  of  new  installations,  so  that  places 
likely  to  he  oeeiipied  by  a  number  of  employees  or  the 
public  would  not  be  specially  hazardous  in  event  of  the 
flywheel  exploding,  should  be  welcomed  by  all  truly  inter- 
ested in  "safetv  first." 


lEssasEaaima^ioKa  Qxmestlnons 

Anxious  iiHpiiries  have  coine  to  us  from  ])laces  where 
engineer.s'  license  laws  are  about  to  go  into  effect,  as  to 
questions  likely  to  be  asked  in  the  examinations.  We  can- 
not, of  course,  forecast  the  line  of  questions,  which  an 
examiner  may  see  fit  to  propound,  nor  would  the  deliv- 
ery of  ready-made  an.swers  be  to  the  best  interest  of  all 
concerned.  The  (juestions  are,  or  should  be,  framed 
for  the  purpose  of  determining  whether  the  applicant  is  a 
aafe  man  for  the  ])Iace  or  not. 

The  examiner  should  not  concern  himself  whether  the 
applicant  has  a  vast-  fund  of  engineering  information 
ready  for  immediate  delivery  or  can  capture  all  the  elu- 
sive British  thernuii  units  and  induce  them  to  work  over- 
time or  not,  that  is  the  employers'  side  of  the  question. 
"Public  safety"  is  the  objective.  Therefore,  any  engineer 
who  knows  that  he  can  operate  with  safety  a  plant  of  the 
class  for  which  he  is  seeking  a  license  need  have  no  ap- 
prehension in  regard  to  the  examination.  The  factors  of 
safetv  to  be  demonstrated  are  good  judgment  and  atten- 
tivene.?s.  The  first  is  based  on  training  and  knowledge 
of  the  principles  involved  and  must  be  demonstrated  to 
the  examiner.  The  other  is  usually  vouched  for  by  two 
reputable   citizens. 

It  is  the  privilege  of  the  examiner  to  test,  in  any  way 
he  may  think  best,  the  mental  alertness  of  the  ap])licant, 
and  he  is  sometimes  justified  in  resorting  to  "catch  ques- 
tions" (like  applying  tension  to  a  spring  to  observe  the 
"come  back"),  but  their  iise  and  weight  should  be  lim- 
ited. Best  results  are  obtained  by  straight-forward,  per- 
tinent questions,  answered  as  concisely  as  possible,  with- 
out an  effort  to  appear  overwise,  or  to  evade. 


Those  who  have  long  advocated  high  boiler  settings 
will  be  glad  to  know  that  the  practice  has  received  sub- 
stantial approval  by  the  designers  of  the  new  201st  St. 
station  of  the  United  Electric  Light  and  Power  Com- 
pany. N"ew  York  City.  The  tubes  are  ten  feet  above  the 
stokers  at  the  rear  of  the  furnace. 
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The  photographs  .show  the  front  and  back  views  of  a 
piece  of  scale  taken  from  the  bottom  front  end  of  a 
30-ft.  X  8-ft.  Lancashire  boiler  on  which  we  have  been 
using  graphite  for  about  three  months.  This  boiler  is 
one  of  a  battery  of  three,  fed  from  a  dirty  river,  the 
water  from   which   leaves   moderately   hard   scale   which 


Water  Side 


Power 


Shell  Side 


POWL 


Scale  Rkmovkd  i'.y  Oijapttite 
foi'inerly  had  to  be  chip])c(l  oil',  but  since  usiiu 


■aphite 


the  boilers  are  as  clean  as  it  is  practicable  to  get  boilers. 
What  little  scale  remains  may  be  easily  brushed  or  scraped 
•*off;  it  is  not  necessary  to  use  a  scaling  hammer.  On 
examining  the  front  view  it  will  be  seen  how  effectively 
the  scale  has  been  driven  off  the  shell  plate  and  flues 
aiul  collected  in  layers  on  the  bottom  of  the  boilers. 
The  step  caused  by  the  butt  strap,  and  several  indenta- 
tions in  the  plate  caused  by  the  unskilled  use  of  a  chip- 
ping liainnier  were  visible  on  the  back  of  the  scale. 

E.  Russell.  • 
London.  England. 


In  the  editorial  of  Jan.  20,  entitled  "What  Engineers 
Want  to  Know,"  six  reasons  are  given  why  contracts 
are  made  by  large  users  of  current  with  public-service 
corporations.  A  very  frequent  reason  for  the  existing 
condition  of  affairs  was  omitted,  however ;  this  is  the 
influential  stockholder  owning  stock  in  both  the  selling 
and  the  purchasing  company. 

The  writer  had  an  experience  in  Worcester,  Mass. 
some  years  ago,  when  soliciting  the  contract  for  heating 
and  power  equipment  from  the  owner  of  a  large  depart- 
ment store.  After  figures  were  submitted,  showing  the 
financial  advantage  of  installing  a  private  power  plant, 
which  are  readily  acknowledged,  the  owner  remarked: 

"You  may  not  know,  but  my  father  is  a  large  stock- 
holder in  the  local  electric  light  company  here,  and  we 
would  not  think  of  setting  a  bad  example  for  our  fellow 
citizens  by  installing  our  own  plant. 

"Even  if  it  costs  the  store  more,  we  think  our  interests 
lie  in  doing  all  we  can  to  increase  the  business  and  prefi- 
tige  of  the  lighting  company,  thereby  conserving  our 
stock  interest  in  that  company  as  we  personally  will  got 
it  back  in  dividends." 

If  you  seek  deep  enough,  you  will  generally  find  some 
such  condition  behind  "inexplicable"  contracts. 

Ira  N.  Evans. 

New  York  City. 

'M 

lEaertas^  ana  ftlh©  B©aIl©!P  IPLoTDsmi 

Inertia  is  that  property  winch  tends  to  continue  a  body 
in  a  state  of  rest  or  motion  until  acted  on  by  a  force.  Few 
realize  the  impoTtance  of  this  law  ni'  mechanics.  If  wo 
wish  to  tighten  a  hammer  on  its  handle,  we  hold  the 
liandle  in  one  hand  and  strike  the  o])posite  end  from  the 
hammer  with  another  hammer  and  the  handle  is  driven 
into  the  eye.  This  is  owing  to  the  inertia  or  resistance  of 
the  hammer  to  sudden  motion  as  compared  to  the  inertia 
of  the  lighter  handle.  Everyone  knows  how  much  more 
effective  a  jar  is  than  a  steady  pull  on  the  wrench  handle 
in  removing  an  obstinate  nut,  all  of  which  is  due  to  in- 
ertia. Maiiv  more  illustrations  could  he  cited,  but  one 
more  svill  l)e  sufficient. 

A  boiler  ins])ectoi-  in  a  rcnnsyl\ania  cnal-inining  dis- 
trict was  relating  the  ingenuity  of  the  average  imported 
citizen  in  overcoming  common  troubles  in  boiler  opera- 
tion: lie  had  discovered  them  using  an  original  method 
for  pi'opcrly  seating  lead  gaskets  on  manhole  openings  of 
i)oilers.  Those  gaskets  wlicn  new  were  found  fre(|uently 
to  be  poorly  fitted  and  fn  leak. 

AVith  such  ti'oubles  the  need  for  removing  the  gasket 
was  avoid'd  b'-  setting  u]>  tight  on  the  bolts  holding  the 
manhole  plate  in  place,  and.  with  full  steam  pressure  on 
the  boil"r,  the  proper  seating  of  the  gasket  was  readilv 
accomplished  by  blows  from  a  heavy  sledge  delivered  on 
the  manhole  frame  on  each  side  of  the  leak.  The  dis- 
coverv  of  this  ingenuous  method  was  due  to  the  fact  that 


tin*  imiiiholc  frnmrB  wore  of  rnst  iron,  were  |i(isHcsst(l  of 
(onsiili'ialilc  weight  mid  iiifitia,  iiiiil  cxliiliitcil  their  ir- 
sistiiiicf  to  siiildcii  iiiotii>ii  liy  mukiiii;  and  l)rcakin^  in 
till-  places  shuck.  In  some  iilaiils.  slcdp-  lianiiiicrs,  like 
fiTocidns  iloys,  slnndd   lie  chaiiicil   wlicn-  llicv   can   di>   no 


.1.    Iv    'I'lllM  \\. 


ilarll'oril.  Conn. 


Valve-Reseatinff  Tool 

Tlic  \al\cs  and  valve  seats  ot'  a  pump  vvorkin;^  a^rainsl 
liiu'li  pi'i'ssurc,  in  a  sIhmI  time,  will  lieeonie  so  badly  cut. 
1>\  the  water  wire  diavsin^  throu^lh  them  that  a  hii'^^e  per- 
eentaire  ot"  the  water  will  slip  liack  throufjh  the  valves  and 
around  the  phinj,n'i-s.  'I'iiis  slippa^'e  may  vary  from  .■)  pci' 
cent,  with  the  pumj)  in  <nnn\  order  to  JSa  per  cunt,  with  the 
pump  in  had  I'ondition.  'Phis  sli))])afi;o  reduces  the  capac- 
ity of  the  pnnip  in  proportion  to  tlie  amount  of  slip,  and 
eiiuses  it  to  re(iuire  more  steam  and  time  to  deliver  a  f,nven 


A'at.vk-Hkskating  M.vchi.ve 

amount  of  water.  The  valves  may  be  taken  out  and  placed 
in  the  lathe  to  be  refaced.  The  valve  seats  may  be  treated 
the  same  way,  but  as  they  are  either  pressed  or  screwed 
into  the  seats  tightly  they  will  be  sprung  out  of  shape  in 
r'jmoving  them,  and,  after  being  faced  up  true  in  this 
condition,  will  be  sprung  again  in  replacing  them.  For 
this  reason  they  should  be  refaced  in  place. 

It  was  decided  to  reface  a  nmnber  of  seats  in  place,  and 
the  machine  shown  was  constructed  for  use  in  any  of  sev- 
eral pumps,  some  of  which  were  of  the  tlat-valve  type,  aiul 
some  of  the  pot-valve  type  wnth  valve  seats  on  an  angle 
of  45  deg.  The  tool  has  a  spindle,  which  is  free  to  ro- 
tate but  is  held  by  collars  against  endwise  displacement,  in 
an  adjustable  threaded  quill.  Several  cutters  of  different 
sizes  w^ere  purcha.sed  to  fit  the  valve  seats  of  the  various 
pumps.  The  body  of  the  machine  fits  the  seat  on  the  pot- 
valve  pumps,  the  bolt  holes  taking  the  valve-cap  studs.  The 
studs  in  the  e.xtension  bar  also  fit  these  holes.  When  the 
machine  is  used  on  fiat  seats  the  valve-chamber  studs  are 
used  to  hold  it  solid,  and  a  block  under  either  end  holds 
it  high  enough  above  the  valve  seat  to  allow  the  cutters 
to  turn.  After  the  valve  and  seats  have  been'  refaced 
those  having  brass  valves  are  ground  in  with  oil  and 
emerv  or  pow^dered  glass,  and  those  having  hard-rubber 
disks  are  scraped  to  a  good  fit. 


'I'lie  valves  are  turned  in  ^'rinding  by  nieauH  of  a  <'ar- 
ptnier's  brace.  Some  of  them  have  a  screwdriver  slot  in 
the  top  of  the  solnl  stem,  and  others  are  turned  l)y  meam* 
of  a  taper,  one  end  <if  which  (its  the  bniee.  Only  a  little 
lime  is  recjuired  to  grind  them  to  a  tight  seal. 

The    valves   shoidd    be   examined   at    regular    interval 
and  it  is  a  good  iilea  to  have  a  steam  gage  eonnoetc'd  to  I  lie 
sliam  chest   of  the   pump.      When   the  valves  get   in   l)ad 
condition    a    higher   steam    jiressure    will    be    re<piired 
supply  a  given  amount  of  water,  which  signidcK  that   i 
Miives  need  altention. 

'i'he  lilovvolT  valves  on  the  boilers  of  this  plant    were  of 
th(!  angle  type,  with   renewaiile  disks  faceil   with   babbitt 
metal  or  soft  composition,  which  could  be  changed  by  tak 
ihg  out  two  bolts  and  renioviiig  the  boniiei.     Si^veral  sji;' 
ilisks  were  kept  on  hand,  and  refaced  in  the  lathe  or  i 
babbitted  when   recpiired.     When  the  .seals  became  worn, 
which  could  be  easily  detected  as  the  ends  of  the  blowolf 
pij)es  were  exposed,  they  were  refaced  with  this  reseating 
machine.     When  they  became  worn  down  until  they  coiilfj 
be   reseated    no  longer  tlii'V   wen;   replaced. 

,}.  ('.    H.WVM.V.S. 

liyatlsvillc.  .Md. 

(Coiradleinises'-Feff'B'iuile   Tool 

An  etlicient  tool  for  removing  condenser  ferrules  is- 
shown  in  the  accompanying  illustration.  It  is  made  of 
a  .solid  piece  of  steel,  milled  as  shown  at  .1  and  li,  so  that 
the  end  of  the  tool  will  have  sharj)  gripping  edges  with 
which  to  turn  the  ferrule  when  fitted  in  the  ferrule  slot. 
The  tool,  when  properly  tempered,  will  last  for  years. 
Particular  attention  should  be  given  to  the  sha])e  of  the- 
driver  end  shown  at  C,  which  is  of  most  importance. 


Tool  fok  RE.vrovixG  Condexsku-Tube  Ferrules, 
Note  the  Shape  of  the  Turning  Lug 

I  have  used  the  same  tool  for  several  months  on  fer- 
rules with  the  slots  as  badly  worn  as  that  shown  at  E. 
with  the  ordinary  tool,  D.  \Yhen  the  edges  .start  to  wear 
out,  the  tool  is  useless,  because  it  will  not  grip  in  the  slot 
unless  a  heavy  pressure  is  used  to  hold  the  tool  in  place. 
The  ferrule  is  generally  ruined  in  the  process. 

The  tool,  illustrated  herewith,  overcomes  this  trouble, 

.due  to  the  peculiar  shape  of  the  working  end,  which  fits 

i.'i   the  base  of  the  slot  in  the  ferrule  and   the  turning 
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power  is  applied  to  the  base  of  the  slot  and  not  at  the 
outer  edge.  There  is  no  ferrule  too  difficult  to  remove 
and  there  should  be  no  leaky  tube,  as  every  ferrule  can  be 
put  up  tight  against  the  packing  and  a  tight  joint  made 
without  injuring  the  slot. 

J.  A.  Lucas. 
Now  York  City. 


sag 
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The  account  of  a  fouled  blowoif  valve  as  related  in  a 
recent  issue  interested  me  as  I  had  a  similar  experience. 

Our  boilers  are  blown  down  every  six  hours.  Each 
blowoff  line  to  each  boiler  is  provided  with  a  plug  cock 
and  an  asbestos-packed  gate  valve.  After  blowing  down 
one  boiler  I  tried  to  close  the  gate  valve  but  failed.  For- 
tunately, the  plug  cock  could  be  closed  and  the  boiler  left 
in  service  for  two  days. 

A  calking  tool  was  found  in  the  valve,  notwithstanding 
that  the  boilers  were  inspected  regularly  and  thoroughly, 
and  the  short  vertical  pipe  to  the  horizontal  line  contain- 
ing the  valve  and  plug  given  special  attention.  The  tool 
must  have  been  in  the  pipe  many  months,  having  got  as 
fas  as  tlie  elbow  and  remained  there  until  corroded  enough 
to  allow  it  to  make  the  turn. 

Claude  R.  Van  Keuken. 

Famoso.  Calif. 

'^] 

A  mistake  is  frequently  made  in  the  method  of  applying 
a  vacuum  breaker  to  a  jet  condenser,  especially  in  instal- 
lations where  a  dry  vacuum  pump  is  used.  The  purpose 
dl'  the  vacuum  breaker  is  to  prevent  the  condensing  water 
I'lom  flooding  the  exhaust  in  the  event  of  failures  of  the 
;iuxiliary  apparatus.  In  many  instances  the  breaker  is 
placed  upon  the  condenser,  and  when  it  operates  the  air 
forces  the  water  into  the  suction  pipe  of  the  vacuum  pump, 
wrecking  it. 

The  proper  way  to  install  a  vacuum-breaking  device  on 
such  condensing  units  is  to  place  the  float  chamber  as 
(lose  as  possible  to  the  regular  water  level,  then  place  the 
vacuum-breaking  valve  in  the  suction  of  the  pump  as  near 
as  possible  to  the  cylinder,  connecting  the  mechanism  to- 
ui'ther  by  a  light  cable. 

The  operation  of  the  device  should  be  tested  each  time 
the  iinit  is  stopped  by  shutting  down  all  auxiliary  appar- 
atus, leaving  the  injection  or  condensing  water  flowing 
into  the  condenser  until  the  float  operates  the  valve. 

John  F.  Hurst. 

Louisville,  Ky. 

m 

Tn  an  article  on  the  Tallulah  Falls  hydro-electric  de- 
xclopnient,  in  the  Jan.  37  issue  of  Power,  the  statement 
is  made  that  the  turbines  are  among  the  highest  powered 
in  the  world,  which  is  correct.  But  in  the  synopsis  of 
the  article  they  are  declared  to  be  the  highest  powered 
in  the  United  States.     This  latter  statement  is  incorrect. 

The  turbines  in  question  are  said  to  have  developed 
18,600  hp.  imder  test,  although  rated  at  16,000  hp.  While 
this  places  them  among  the  most  powerful,  they  do  not 
take   precedence   over  all   others   in   that  respect.     The 


most  powerful  turbine,  unit  so  far  built,  will  develop 
35,000  hp.  with  the  maximum  gate  opening.  This  unit, 
however,  consists  of  two  runners  upon  the  one  shaft,  dis- 
charging into  a  common  draft  tube.  It  was  built  by 
the  L  p.  Morris  Co.  for  the  Washington  Water  Power  Co. 
The  greatest  power  developed  by  a  single  runner  i;, 
28,500  hp.  This  wheel  was  built  by  the  Allis-Chalmers 
Co.  for  the  Pacific  Coast  Power  Co.  However,  it  has 
a  double  discharge.  The  largest  single  disc-harge  tur- 
bines, of  the  type  of  the  Tallalah  Falls  wheels,  are  of 
20,000  hp.  The  Pel  ton  Water  Wheel  Co.  are  building 
a  reaction  turbine  of  that  type  and  size  and  the  I.  P. 
Morris  Co.  aic  Imilding  several  of  them. 

P.    L.    D.AlTCiHEliTY. 

Ithaca,  N.  Y. 

As  I  have  never  seen  an  absorption-plant  log  published 
in  Power,  the  accompanying  form  may  be  the  means  of 
drawing  discussion  regarding  the  different  methods  of  re- 
cording the  performance  of  this  type  of  plant.    Only  a 
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small  amount  of  ice  is  made  in  the  plant,  the  brine  being 
used  principally  for  cooling  drinking  water  and  the  labor- 
atories in  which  engineering  and  scientific  instruments 
are  tested. 

Except  when  a  special  test  is  being  run,  making  con- 
tiimous  operation  necessary  for  several  days,  the  plant 
is  run  during  the  night  shift,  four  or  five  hours  each 
night  being  long  enough  to  take  care  of  the  increase  of 
brine  temperature  brought  about  during  the  day. 

H.  G.  Gibson. 

Washington,  D.  C. 


Iimqf^iries  of  Greimera^E  Em^ 
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ltr%-rriir<l  I'olarKy  of  KxfKrr — llow  may  Ihi'  iiolaiily  '•( 
an    exciter   which    hiiH    l>ci-oiiic    rcviTMcd    he    corii'ctcil  ' 

l>.    C 

lly  lirilii»;  the  lir\islies  atiil  thiii  IiiIiikIiik  leadn  nvr  froin 
aiuilher  iiiachlne,  or  hy  cIohImh  t  lie  iiuilii  wwltch  dm  llie  niaclilno 
ItHcir  HO  a.M  ti>  litit  a  ciiiK'iit  thinuKh  the  tielil  in  the  riKhl 
direction. 


'riirnlnic  Sl«e  for  PUton  Rlnic — To  what  diamotor  should  n 
pl.itim  iliiK  bo  turned  before  bollix  cut  for  a  14-in.  diameter 
uteani-onK'ne   cylinder? 

M.  O.  n. 

The  rlne  shoiild  be  turned  off  to  n  dlnmcter  of  14  \4  In.  and 
then  have  enough  cut  out  iil'  11  to  be  sprunn  to  the  diameter 
of   tile   cylinder. 


ninrkenoil  Commntntor  llnr—  If  a  commutator  bar  of  a 
dlrect-c'urrent  motor  has  become  black,  what  does  it   in<Iicate? 

A.    H. 

That  thcro  Is  a  short-circuit  between  commutator  bars,  or 
an  open  circuit  in  the  armature,  or  a  roush  spot  in  the 
coniiiuitator.  or  tliat  there  is  a  loose  commutator  scKmenl. 
If  tlu'  blaclceninn  of  <bi>  bar  is  due  to  an  open  circuit,  there 
will   be  a    vliioii.s   .sparli    whenever   the    bar   iiasses   the    brushes. 

Kximnnlon  of  Stenm  ripe — If  a  steam  pipe  is  200  ft.  long 
when  put  together  at  a  temperature  of  60  degr.  F.,  what  would 
be  its  total  expansion  in  lensrth  when  heated  to  a  tempi  ra- 
ture  of  300  deg.   F.? 

J.  S.   H. 

For  each  degree  Fahrenheit  increase  of  temperature,  iron 
or  steel  steam  pipe  expands  about  0.0000065  times  its  length, 
hence  by  raising  the  temperature  of  200  ft.  of  pipe  from  60 
to  300  deg.   F.   the  increase  of   temperature   being 

300  —  60    =    240  deg.   F.. 
the  expansion   in  length   would   be 

240    X    0.0000065    X    200    —    0.312    ft.,   or  practically   3%    in. 


Lift  of  Hiimii — If  the  steam  pressure  on  a  pump  is  only 
sufficient  to  force  the  discharge  through  a  vertical  pipe  80 
ft.  above  the  center  of  the  pump-suction  inlet,  when  the  pump 
is  supplied  with  water  under  only  enough  head  to  fill  the 
pump,  how  high  would  the  same  steam  pressure  raise  the 
water  if  the  pump  had  to  take  its  supply  by  a  suction  lift 
of  20   ft.   below    the   center   of   the    pump   suction? 

H.    A.    G. 

Allowing  the  same  loss  of  head  from  friction  per  foot  of 
suction  as  per  foot  of  discharge  pipe,  and  assuming  the  suc- 
tion pipe  to  be  vertical,  the  net  lift  would  be  the  same  in 
each  case  and  with  20-ft.  suction  lift  the  pump  would  raise 
the   water 

SO   —   20    =    60    ft. 
above   the   center  of  the   pump-suction   inlet. 


riitniiage  of  Oil  vs.  Piimpage  of  Water — If  a  given  horse- 
power is  required  to  pump  1500  l)bl.  of  water  per  hour  to  a 
given  height,  then,  neglecting  any  difference  in  pipe  friction, 
how  many  barrels  of  oil  with  a  specific  gravity  of  12  to  14 
B^.  will  be  raised  per  hour  through  the  same  height  by  the 
same   pump   using   the   sanie   power  ' 

I.   D.  H. 
The  specific  gravity  of  liquids  Ighter  than  water  is  found, 
from    degrees    Baum^.    by    the    forniula 

Specific  gravity   =   140   H-    il30   -|-  deg.  Be.), 
and    taking    the    average    as    13    deg.    Be.,    the    average    specific 
gravity    of   the   oil    would   be 

Specific  gravity   =   140    ^    (130    +    13  deg.   Be.), 


140 
143 


=    0.97!t; 


therefore,  the  quantity  of  oil   which  could  be  pumped  per  hour 
would   be: 

1500 

=    1532.17    bbi. 

0.979 


In  diameter  X  12-ln.  face  pulley  rUMnliig  22G  r.p.m.  to  a  30- 
lii  dlami'ter  X  12-ln.  face  recelvlnn  pulley,  the  ahuftii  on 
which  till-  piilleyH  an-  mounted  being  on  the  anmo  level  and 
aboiil     15    ft.    between    centerM? 

P.  n. 

Under  ordinary  condlllonH  of  belt  ten»lon  and  friction 
bilween  leathi-r  bellH  and  cast-iron  pulliyH.  Ii  Ih  practicable, 
with  Hlngle  leather  lieltH,  to  allow  a  tratiMmiltlng  capacity 
of  1  hp.  per  Inc-h  In  width  of  open-lielt  wrapping  on  a  30-ln. 
dl.'inieier  Iron  pulley  running  KIO  r.p.m.,  I.e.,  with  a  peripheral 
Hl)eed  of  7S5.4  ft.  per  inin,.  anil  to  .-isHume  that  tor  different 
widths  and  peripheral  Mpeeds  the  power-transmitting  capa- 
city is  in  proportion.  As  tin-  peripheral  speeds  of  the  pullcya 
will  be  dlre<tly  In  proportion  to  their  dIametvrH  and  speed, 
then  for  the  example  quolid,  viz.,  for  a  10-ln.  single  belt  wrap- 
ping over  a  40-ln.  diameter  pulley  which  runs  at  225  r.p.m. 
the  ordinary  power-transmitting  capacity  would  be 

40    X    225 

X    10    =    30    hp. 

30    X    100 


Kxpendlture    of    lleiit    l»y    Krietlou — Give    a    formula    for    the 

expenditure  of  heal  in  itrltish  thermal  units  required  for  over- 
coming the  friction  of  one  solid  body  sliding  or  rubbing 
over   another? 

R.  L.  Y. 
The  work  performed  in  overcoming  frictlonal  resistance, 
expressed  in  foot-pounds,  will  be  the  total  pressure  in  pounds 
with  which  the  rubbing  surfaces  are  brought  together  X  the 
coefllcient  of  friction  between  the  bodies  X  the  distance 
which  one  body  slides  ovei'  the  other,  and  as  778  ft. -lb.  of  work 
is  equivalent  to   1    H.t.u.,  then  if 

H    =    Heat  expended  in   British   thermal   units; 

W    =    Weight    or    pressuri>    in    pounds    with    which    the 

bodies    are    brought    together; 
C   =    Coefficient   of   friction    for   the   conditions; 
P   =    Space    through    which    the   sliding   takes   place; 
then 

W  X  C  X  F 

H    ^   

778 


Veloolty  of  Pump  Discharge — With  a  duplex  pump  having 
water  cylinders  fitted  with  pistons  of  4-in.  diameter  by  6-in. 
stroke,  and  each  piston  making  100  single  strokes  per  minute, 
what  would  be  the  velocity  of  the  discharge  in  a  2-in.  dis- 
charge  line   working  against    80   lb.    pressure  per  square   inch? 

C.  O. 

The  area  of  a  4-in.  diameter  piston  being  12.566  sq.in.,  with 
4-in.  stroke  the  displacement  per  stroke  in  the  head  end  of 
each    cylinder   would    be 

12.566     X    6    =    75.396    cu.in. 
Allowing  that   the  piston   rods  are   1%-in.  diameter,   the  cross- 
sectional  area   of  each    rod   would   be   0.994   sq.in.,    reducing  the 
stuffing-box    side    of   each    piston    to   an    effective   area    of 

12.566    —   0.994    —    11.572    sq.in., 
and    the    displacement    per    stroke    in    the    stuffing-box    end    of 
the   cylinder   would   be 

11.572    X     6    =    69.432    cu.in. 
As   for   each    piston    there    would    be   50    strokes   of   75.396    cu.in. 
and    50    strokes   of   69.432-cu.in.    displacement    per    minute,    then 
the   total  displacement   of  both    pistons   would  amount   to 

50    X     (75.396     +     64.396)     X    2    =    14,482.8    cu.in.    per   min. 
and  allowing  10  per  cent,  slippage  the  actual  discharge  w^ould 
be   90   per  cent,   of   14,482.3    =    13.034.52   cu.in.   per   min. 

The  cross-sectional  area  of  a  2-in.  diameter  pipe  being 
3.1416  sq.in..  then  when  discharged  through  a  2-in.  pipe  the 
water  would   have  a  velocity  of 

13.034.52 

=    5.76    ft.    per  sec. 

3.1416     X     12    X     60 


Transmissive    Power    of    Belt — "tt^hat     horsepower    can     be 
transmitted   by   an   open   10-in.   single   leather   belt   from   a    40- 


Correspondents  sending  us  inquiries  should  sign  their  com- 
munications with  full  names  and  post  office  addresses.  This 
is  necessary  to  guarantee  the  good  faith  of  the  communica- 
tions   and    for    inquiries    to    receive    attention. — EDITOR. 
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In  general,  curve  plotting  embraces  the  representation 
of  numbers  and  equations  by  the  relation  of  points  and 
lines  to  base  lines  or  a  point.  In  this  idea  there  should 
be  nothing  new  to  the  engineer.  He  is  used  to  looking  at 
the  charts  of  his  CO2  recorder,  whore  varying  percentages 
of  CO2  are  represented  by  lines  of  varying  length,  or  at 
the  reports  from  his  recording  pyrometers  and  ther- 
mometers, or  from  his  recording  pressure  gages,  where 
variation  in  temperature  and  pressure  are  represented  by 
differences  in  the  distances  of  lines  from  a  point  at  the 
center  of  the  chart. 

The  utility  of  such  charts  is  obvious  from  this  use. 
The  rise  and  fall  of  temperature  are  much  more  easily  seen 


jn  the  kinks  of  the  recording  gage's  curves,  than  they 
ivould  be  from  looking  at  a  number  of  readings. 

The  general  method  for  the  representation  of  numbers 
'  py  lines  we  owe  to  the  eminent  French  mathematician, 
Descartes.  Imagine  a  line  X'OX,  Fig.  1,  divided  into 
fqual  spaces.  We  will  call  each  space  one  unit,  and  will 
all  those  to  the  right  of  point  0  plus,  and  those  to  the 
eft  of  point  0  minus.  Then  if  a;  ^  +  3,  we  count 
ait  to  the  right  three  spaces.  If  x  =  —  4,  we  count 
ut  to  the  left  four  spaces.  The  +  and  • — •  signs  can  be 
'egarded  in  the  same  way  as  though  one  were  told  a  house 
i-as  at  1234  North  Main  or  1234  South  Main  St.  It 
i'ould  make  a  difference  which  direction  he  started  in, 
nd  only  that.  There  would  be  just  as  many  blocks  to 
•alk. 

Or,  to  take  another  illustration,  we  may  say  it  is  68 
eg.  or  —  3  deg.  this  morning,  basing  this  on  the  distance 

column  of  mercury  is  above  or  below  a  fixed  point  on  a 
lass  tube. 

For  most  problems  it  is  usual  to  have  two  lines  along 
'hieh  we  can   measure.     These  lines   we  usually   draw, 


for  convenience,  at  right  angles  to  each  other,  and  call 
them  X'OX  (known  as  the  a.xis  of  X)  and  Y'OV  (the 
axis  of  Y)*.  There  is  no  absolute  right  or  wrong  about 
this.  It  is  simply  better  if  everybody  agrees  to  draw 
X'OX  horizontal,  and  Y'OY  vertical.  Then  no  long  ex- 
planations are  necessary — when  one  says  the  axis  of  X  it 
is  known  immediately  what  is  meant. 

So,  too,  it  has  been  agreed  to  call  all  distances  to  the 
right  of  0  plus;  all  to  the  left  minus;  and  all  distances 
above  0  plus;  and  all  below  0  minus  (just  as  with  sines 
and  cosines  in  trigonometry). 

We  also  agree,  for  convenience,  that,  given  our  axes  of 
reference,  and  our  scale,  measured  on  both  lines,  see  Fig. 
2,  we  will  always  give  the  position  of  a  point  by  the  dis- 
tances from  the  axes,  and  always  name  the  x  value 
first,  the  y  value  second.  Thus,  when  we  wish  to 
speak  of  a  point  four  spaces  (its  x  value)  from  Y'OY 
and  three  spaces  (its  y  value)  from  X'OX,  we  say  it  is  the 
point  4,  3,  and  to  find  it  we  measure  an  x  out  four 
spaces  along  the  x  axis  to  the  right,  then  a  y  up  three 
spaces,  that  is,  parallel  to  the  y  axis. 

Similarly,  the  point  B  is  +4,  —  3 ;  the  point  C 
is  —4,  —3;  point  Z>  is  —  4,  -f  3.  (Work  these 
out  carefully,  and  make  sure  that  the  meaning  of  these 
signs  is  understood  in  each  case.)  We  have  seen  that 
point  A  is  the  point  4,  3.  The  point  3,  4,  would  be  a 
different  thing.  We  would  then  count  three  to  the  right, 
iind  four  up,  and  end  at  a  point  A'  (Fig.  2).     Try  it. 

To  use  a  familiar  analogy,  we  may  imagine  a  rectangu- 
lar room,  square  with  the  points  of  the  compass.  Were 
anyone  to  tell  anyone  else  that  he  wanted  a  point  marked 
out  from  the  south  wall  and  from  the  east,  there  would  be 
no  question  what  was  wanted.  So,  too,  after  knowing  the; 
scale  adopted,  it  is  easily  determined  what  point  is  meant 
if  one  says  the  point  4,  3;  that  is,  x,  the  distance  from 
the  y  wall  is  four,  and  y,  the  distance  from  the  x  wall, 
is  three.  We  then  measure  these  distances  and  find  the 
point. 

It  is  then  possible,  in  this  way,  to  represent  any  two 
numbers  by  a  point,  or  conversely,  to  represent  any  point 
by  two  numbers,  its  coordinates.  The  x  coordinate 
is  called  the  abscissa  of  the  point,  the  y  coordinate 
is  termed  the  ordinate.  This  again  is  a  mere  matter  of 
definition. 

For  convenience,  we  usually  find  our  points,  and  trace 
our  lines,  on  paper  that  already  comes  ruled  in  squares, 
called  "coordinate,"  or  "cross-section"  paper.  The  engi- 
neer is  probably  already  familiar  with  such  paper. 

The  indicator  diagram  is  a  familiar  illustration  of 
curve  plotting  to  the  engineer.  In  this  case  there  are  two 
variables,  pressure,  y.  the  ordinate;  inches  of  stroke,  x, 
the  abscissa. 

Another  illustration  which  the  engineer  might  use 
would  be  a  chart  on  which  is  kept  each  day  the  number 
of  tons  of  coal  used.  The  abscissas  would  be  1,  2,  3,  4 
days,   the   ordinates   the   number  of    tons,   shown    as   a 

♦Thoy   are   sometimes   known    as    the   axes   of  reference. 


stnii;,'lil  liiif  cxfi'iKliii;;  up  from  .\'().\''.  or  ns  a  point  on 
tin-  papiT. 

Oni'  pardcular  reason  lor  clioosinj,'  tliiH  last  illustra- 
tion is  to  jioint  <int  tlic  t'sscntial  ililTrrcncc  wliiiii  exists 
bi'twct-n  a  lino  connt'itinjj  the  p()ints  \vlii<li  show  coal 
consnmption.  and  tlu>  line  on  an  indicator  card.  Tlic 
line  on  the  latter  is  a  continuous  one,  and  it  is  fair  at  any 
point  (Ml  the  stroke  to  point  to  the  correspond  in;,'  pressure 
and  SUV,  just  at  this  time  the  pressure  was  \.i)i  lb.  How- 
ever, if  on  the  sixteenth,  one  hurned  2()  tons  of  coal, 
and  on  the  seventeenth,  2!)Vi>  tons,  one  cannot  point  alonj,' 
the  line  connectiiifj  these  points  (if  he  has  drawn  it),  and 
say.  at  midnif,'ht  on  the  sixteenth,  we  were  burning  at  the 
rate  of  'iT-Vi  tons.  It  nniy  be  true,  but  he  doesn't  know 
it. 

In  the  indicator  card,  the  lines  are  true  mathematical 
lines,  each  point  of  which  represents  a  definite  pressure- 
distance  rehition.  In  the  tons  of  coal  diagram,  each  point 
represents  an  isolated,  single  fact,  and  the  lines  drawn 
between  those  points  for  convenience  do  not  represent, 
in  their  intermediate  jwints,  any  ])hysical  facts.  In  us- 
ing lines  in  such  diagrams,  this  point  must  always  be 
considered.  The  above  is  an  almost  self-evident  matter. 
There  are  times  when  the  point  is  not  obvious.  There  is 
probably  no  error  which  more  often  spoils  otherwise  good 
reasoning  than  does  that  of  imagining  that  lines  join- 
ing points,  drawn  for  convenience  only,  have  a  physical 
meaning  at  intermediate  points.  They  have  not.  The 
meaning  is  in  the  points,  the  lines  are  only  good  to  en- 
able the  eye  quickly  to  see  the  change  of  direction  from 
point  to  point. 

We  have,  then,  in  this  ])aper,  seen  that  any  point  can 
represent  two  numbers;  that  any  two  numbers,  repre- 
senting two  mutually  changing  variables,  can  be  repre- 
sented by  a  point;  and  that  there  are  certain  conveniences 
obtained  in  such  representation,  this  point  being  drawn 
from  daily  experience.  In  the  next  lesson  we  shall  take 
up  the  representation  of  equations  by  lines. 


a  :  THE  SPDILILWAY 
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Digested    by    A.    L.    H.    STREET 

AVhen   Power   Machinery   Does   IVot   Become   Part  of   Realty 

Power    machinery,    although    firmly    affixed    to    real    estate. 

will  retain  its  character  as  personal  property,  so  as  to  en- 
title the  seller  to  reclaim  it  under  a  contract  reserving  title 
until  payment  of  the  purchase  price,  as  against  the  buyer  or 
a  person  who  took  a  mortgage  befoie  the  machinery  was 
bought,  even  though  the  conditional  sale  contract  has  not 
been  recorded.  (New  York  Supreme  Court,  Appellate  Divi- 
sion, Fourth  Department;  Ratchford  vs.  Cayuga  County  Cold 
Storage  &  Warehouse  Company;  145  "New  York  Supplement" 
83.) 

Waiver  ol  Delay  on  Delivering  Coal — When  a  contract  to 
sell  coal  requires  delivery  by  the  seller  by  a  certain  time,  the 
buyer  does  not  waive  a  claim  for  damages  resulting  from  a 
delay  in  delivery  by  the  mere  fact  of  accepting  delivery  after 
the  contract  date;  the  acceptance  merely  waives  any  right  to 
rescind  the  contract  on  account  of  the  delay.  (New  York 
Supreme  Court,  Appellate  Term.  First  Department;  Molin  vs. 
New  York  &  Pennsylvania  Smokeless  Coal  Company;  145 
"New    York    Supplement"    116.) 

Rights  ot  Appropriators  of  Waters  of  Stream — The  legal 
right  of  one  who  owns  water  rights  in  a  stream  by  appro- 
priation to  acquire  additional  rights  from  other  persons,  and 
to  change  the  point  of  diversion  "is  subject  to  the  important 
qualification  that  the  change  of  use  or  of  the  point  of  di- 
version must  not  be  permitted  to  injuriously  affect  rights 
which  have  been  lawfully  acquired  subsequent  to  the  appro- 
priation" by  others.  (United  States  District  Court,  Eastern 
District  of  Washington;  United  States  vs.  Union  Gap  Irriga- 
tion Company;   209   "Federal  Reporter"    274.) 


A  WcMtcrn  "Kcnius"  Ih  dcvlHlnK  u  plan  to  riilHc  thi-  "Tllimlc" 
by  mi-uiiH  of  huRO  tniiKnctM.  What  he  will  proltiibly  ruUe 
won't    nrid    muKii<!tH — ii   Mtorni    of   iTltlclMiii    will    Ix-    iib.nil    nil. 

I*' 
In  n-cordlii),'  a  .MiiKdiiliiiH,  N.  .M..  Kox-plunt  •■xploHlon,  In 
which  11(11  KlllH  mid  Joo  Kppli-  w<-r<-  liijun-d,  tin-  Kl  I'lmo 
•llirald"  HiiyH  u  lllbli-  cIuhb  hiiH  bicn  orKaiilzod  nt  thi-  Mclh- 
odlHl  church.  .SouiidH  like  ii  new  variation  of  llii'  "iiafety 
llrHt!"    Idea. 


There's  nothInK  craven  about  Chief  Bnglneer  Craven;  h« 
l.sn't  even  nfrald  to  accept  $20,000  a  year  from  the  New  York 
Public  Service  Commission.  Ltooks  like  the  engineer  Is  com- 
ing to  his  own.  We  really  need  other  than  lawyers  to 
straighten  out  our  buslnesH  tangles,  and  usually  an  engineer 
can  do  the  straightening  If  he's  adequately  paid  for  that 
same. 

"Bananas  and  Tomatoes  In  the  Canaries." — Dally  Consular 
Rciiort. 

Those  wise  chaps  who  are  helping  the  egrets  figuratively 
to  keep  their  shirts  on  came  near  being  asked  to  extend  their 
activities  to  the  canaries,  but  on  reading  the  article  we  find 
that  bananas  and  tomatoes  are  merely  products  of  the  Canary 
Archipelago. 


Wanted:     Ax  Automatic  Stoker 


Wife  of  Smoke  Inspector — "My  goodness,  John,  how  in  the 
world  do  you  ever  hold  your  position? 

Let  it  snow!  What  do  we  care.  But,  it  costs  New  York 
City  a  million  dollars  each  winter  to  clean  the  streets. 
Thanks    to    the    suggestion    of    a    correspondent    to    the    New 

York   "Times,"   it  may  now   snow   like  . well,   like  it  did 

Saturday,  Feb.  14,  and  it  won't  cost  the  City  a  cent.  Here's 
how  he  is  going  to  do  it. 

"The  average  frontage  of  stores  and  residences  is,  we 
will  say,  25  ft.  On  a  40-ft.  street,  with  a  15-ft.  sidewalk, 
there  would  be  an  area  of  about  900  sq.ft.  covered  with 
snow,  say  to  the  depth  of  6  in.  each  side  of  the  street.  This 
makes  about  450  cu.ft.  of  loose  snow.  If  this  bulk  were  taken 
into  the  basements  of  each  building  and  placed  in  a  box 
till  it  melted  the  space  required  would  not  be  great. 

"An  arrangement  could  be  made  at  small  cost  to  construct 
a  kind  of  receptacle  or  hopper  to  receive  the  snow,  and  this 
could  be  attached  by  a  pipe  to  any  sink  or  drain  pipe  so  as 
to  carry  off  the  water  as  the  snow  melted.  A  lighted  gas 
jet  might  be  arranged  so  as  to  play  upon  the  hopper,  and 
thus  melt  its  contents  in  a  few  minutes." 

Of  course,  if  the  basement  or  tank  Is  below  the  sewer 
level,  one  could  install  a  small  boiler  and  pump  or  an  air 
compressor  and  ejector  to  handle  the  water.  In  summer  the 
tank  would  make  a  good  swimming  pool,  the  snow  chute 
serving  as  a  slide.  With  proper  accessories  the  tank  might 
make  a  good   rat  trap. 
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BV    H.    E.    LONGWELL 


i^YNOPSIS — A  typical  analysis  of  the.  problem  of  select- 
ing the  best  type  of  prime  mover  for  the  generation  of 
[poioer.  Specifically  it  refers  to  the  problem  in  connec- 
tion with  the  electro-chemical  induMrics  and  more  par- 
ticularly the  electrolytic  refining  of  copper.  By  a  proc- 
f.s^'  of  elimination  it  is  shown  that,  under  the  assumed* 
{conditions,  first,  a  steam  plant  is  to  he  preferred  to  a  gas 
\)lant,  then  that,  of  the  steam  plants,  attractive  as  is 
the  reciprocating  engine-turbine  combination,  it  cannot 
compete  with  the  turbine  alone,  and  finally  that  a  tur- 
bine, with  geared  drive  to  a  direct-current  generator  hcu< 
lidvantages  over  an  alternating-current,  turbo-generator 
'unit  in  combination  with  a  rotary  converter. 

:♦: 

If  one  is  designing-  a  power  plant,  he  must  not  become  so 
i)bsessed  with  the  question  of  mere  steam  economy  that  he 
IaIII  spend  a  dollar  to  save  ten  cents  worth  of  steam,  or 
|:en  cents  to  save  some  steam  that  costs  nothing  at  all. 
I  It  is  not  unusual  to  find  intelligent  people  who  see  the 
bower  problem  with  such  a  distorted  perspective,  that  tho 
liingle  item  of  the  steam  consumption  of  the  prime  mover 
lides  everything  else.  I  recall  two  cases  that  were  especially 
lypical;  one  a  wagon  works  in  the  West  and  the  other  a 
'extile  mill  in  New  England.  Both  were  using  single-valve 
ligh-speed  steam  engines  of  a  type  that  I  regard  with  respect 
.nd  affection,  but  which  has  been  frequently  and  slanderously 
jharacterized  as  a   "steam   eater." 

I  WHEN  STEAM  SAVING   IS  NOT   ECONOMY 

The  manager  of  the  wagon  works  admitted  that  he  was 
retting  reliable  operation  from  his  engine  with  a  minimum 
ixpense  for  upkeep.  However,  someone  told  him  that  Cor- 
iss  engines  would  do  the  work  with  25  per  cent,  less  steam 
nd  he  was  appalled  by  the  ruinous  waste.  Now  this  work  in- 
ludes  some  acres  of  dry  kilns  which  require  more  steam  than 
lie  total  exhaust  of  the  engine;  in  fact,  it  was  practically  im- 
ossible  to  detect  any  measurable  difference  between  the 
uel  consumption  on  Sunday,  when  the  engine  was  not  run- 
ng,  and  any  regular  working  day.  The  fuel  was  all  refuse 
rom  the  wood-working  machines  and  there  was  always  a 
lUrplus  which  had  to  be  burned  in  a  destructor.  By  patient 
easoning  with  the  manager,  he  was  able  to  see  that  if  saving 
111  of  the  steam  used  by  the  engine  did  not  effect  any  notice- 
ible  reduction  in  the  total  fuel  consumption,  it  would  be 
[opeless  to  expect  any  economic  benefits  to  accrue  from  a 
^ving  of  25  per  cent,  of  it;  and  finally  it  dawned  upon  him 
jiat,  even  if  he  could  save  a  measurable  quantity  of  fuel  by 
pstalling  another  engine,  his  only  return  for  the  increased 
jivestment  would  be  the  joy  of  burning  up  his  savings  in 
le  refuse  destructor. 

I  The  textile  mill  mentioned  engaged  a  new  superintend- 
[it  and  he  could  see  nothing  ahead  but  bankruptcy,  unless 
»e  wasteful  high-speed  engines  were  replaced  Ijy  a  com- 
pund  condensing  engine.  In  this  mill  sundry  washing  and 
(•ying  operations  used  up  all  the  exhaust  of  the  engine  and 
i)me  live  steam  besides.  Before  committing  any  blunders, 
lie  new  superintendent  was  deftly  and  skilfully  assisted  to 
1  understanding  of  one  fundamental  principle  of  power 
ant  economics,  to  wit:  If  all  of  the  exhaust  tsteam  from 
'}  engine  is  required  for  some  useful  purpose,  that  engine  i'j 
irnishing  power  wHh  an  efliciency  of  10'  per  cent.,  and  any 
i:penditure  with  the  object  of  bettering  that  efficiency  Si 
)t  likely  to  be  a  temptingly  profitable  investment. 

I  have  put  some  emphasis  on  the  policy  of  attaching  too 
uch  Importance  to  the  question  of  mere  luel  economy  in  a 
iwer  plant,  because  I  'hink  I  detect  a  little  tendency  in 
Is  direction  in  the  presentation  of  the  problem  that  has 
Sen  submitted  as  a  foundation  for  this  discussion.  Sundry 
'tlmates  are  submitted  as  representing  the  probable  costs 
steam  and  electrical  energy  e.xclusive  of  administra- 
in,  taxes,  depreciation,  and  electric  charges. 

•From  a  paper  entitled  "The  Power  Problem  in  the  Elec- 
'Jlytic  Deposition  of  Metals,"  presented  at  a  joint  meeting 
<  the  New  York  members  of  the  American  Society  of  Me- 
<:anical  Engineers,  the  American  Institute  of  Electrical  Engi- 
lers  and  the  American  Electrochemical  Society,  Jan.  sJ,  1914. 
Jported   in   "Power."  Jan.   27,   1914,   page   146. 


CONSIDERATIONS  NOT  TO  BE  OVERLOOKED 
The  items  of  interest,  taxes,  insurance  and  depreciation, 
or  to  speak  more  exactly,  amortization,  are  too  important  to 
be  ignored.  These  so  called  fixed  charges  or  investment  costs 
are  in  general,  greater  in  amount  than  the  total  cost  of 
labor,  operating  supplies  and  maintenance.  They  are  es- 
pecially significant  in  that  they  measure  the  cost  of  fuel 
economy. 

WHY    THE    GAS    ENGINE    IS    NOT    ATTRACTIVE    IN    THE 
ELECTROLYTIC    REFINING    PLANT 

To  illustrate,  let  us  consider  the  probable  comparative 
performances  of  a  high-grade  steam  turbine  plant  and  a  gas 
engine  and  producer  plant  consisting  of  several  1500-kw. 
generating  units.  The  electrolytic  refining  industry  offers 
any  investment  in  the  interest  of  economy  an  unusually 
favorable  opportunity  to  "make  good,"  because  it  is  permitted 
to   work   8760  hours  per  annum. 

Assuming  the  fuel  to  be  the  highest  grade  of  bituminous 
or  semi-bituminous  coal,  having  a  calorific  value  of  14,500 
B.t.u.  per  pound,  the  gas  engine  and  producer  plant  would, 
under  test  conditions,  effect  the  saving  of  one-half  pound  of 
coal  per  kilowatt-hour  over  the  turbine  plant  or  say,  two  tons 
per  annum.  If  the  coal  costs  as  much  as  $3  per  ton,  this 
would  mean  a  saving  of  $6  per  kilowatt-year. 

The  gas  ei.gine  and  producer  plant  will  cost  about  $50 
per  kilowatt  more  than  the  steam  turbine  plant  and  the 
question  arises  as  to  whether  it  is  worth  while  to  invest 
$50   in  plant  to   save   $6  a  year. 

Naturally,  there  will  be  differences  of  opinion  as  to  what 
would  constitute  an  attractive  return  on  this  extra  invest- 
ment. I  should  want  6  per  cent,  for  interest,  1  per  cent,  for 
taxes,  1  per  cent,  for  insurance,  and  2  per  cent,  for  main- 
tenance, having  due  regard  to  the  appalling  speed  with 
which  new  things  in  engineering  become  old,  I  shouldn't  feel 
comfortable  unless  I  had  a  sinking  fund  of  8  per  cent,  to 
provide  for  the  safe  return  of  my  capital,  for  some  of  these 
items  amount  to  18  per  cent.  In  my  opinion  the  gross  re- 
turn should  be  not  less  than  20  per  cent,  per  annum,  so 
that  this  saving  of  $6  per  kilowatt-year,  would  be  too  ex- 
pensive if  it  required  an  extra  investment  of  more  than  $30 
per   kilowatt   in   plant   equipment. 

In  thus  calling  attention  to  the  importance  of  investment 
for  fixed  charges  as  a  factor  in  the  cost  of  i)ower,  I  am  only 
touching  superficially  the  doctrine,  that  has  been  ably  and 
vigorously  preached  and  assiduously  practiced  by  Henry  G. 
Stott. 

The  determination  of  the  true  cost  of  electrical  energy  is 
a  large  subject  and  those  interested  in  it  will  profit  by  read- 
ing a  paper  entitled  "Standardization  of  Methods  for  De- 
termining and  Comparing  Power  Cost  in  Steam  Plants," 
which  was  presented  jointly  by  Mr.  Stott  and  W.  F.  Gorsuch 
at  the  June,  1913,  meeting  of  the  American  Institute  of  Elec- 
trical Engineers  and  which  is  published  in  the  Maj  i!»i3, 
issue  of  the  proceedings  of  that  Society.  This  paper  ia 
particularly   happy   in   its   treatment   of  investment  costs. 

With  respect  to  the  type  of  power  plant  best  suited  for 
the  electrolytic  refining  of  copper,  we  may  safely  eliminate 
gas  engine  equipment  from   serious  consideration. 

THE  ADVAIn^TAGES  OF  STEAM  IN  THIS  PROBLEM 

The  plant  will  naturally  be  located  where  there  is  abund- 
ant f'ater  available  for  condensing  purposes,  and  where  the 
cost  of  fuel  is  reasonable.  In  other  words,  we  may  choose  a 
location  where  the  conditions  enable  a  steam  plant  to  display 
its  best  economy.  Under  these  conditions,  the  gas  ene-ine 
plant  -would  be  a  doubtful  investment,  even  were  there  no 
especial  reason  why  it  is  not  desirable  for  this  particular 
class  of  work. 

There  appears  to  be  one  reason  why  the  proposition  Is 
peculiarly   one    for  a   steam   plant. 

According  to  Mr.  Addick's  statement  of  the  problem,  if 
live  steam  were  used  for  heating  the  electrolyte,  the  total 
steam   from   the  boilers  would   be   used   as   follows: 

One-half  for  electric  power  generation,  one-fourth  for 
steam  driven  auxiliaries,  and  one-fourth  for  heating  the  elec- 
trolyte. Steam-driven  auxiliaries  are  not,  as  a  rule,  so  effl- 
rient  that  they  abstract  any  serious  amount  of  heat  from  the 
steam  passing  through  them  so  that  for  heating  the  elec- 
trolyte the  exhaust  from  these  auxiliaries  would  be  practi- 
cally as  effective  as  an  equal  quantity  of  boiler  steam. 
Therefore,  the  boiler  steam  required  for  auxiliaries  and  for 
beating  the  electrolyte  would   be  approximately  50  per  cent. 
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•  «r    tin'   iiiiioiiiit    roiiiilrixl    fi>r   K<'»orutlnK    Itiii   electric   current. 

I  am  Inrui'iiivtl  (tiiil  In  ii  iiliiiit  IiiivImk  an  out|>ut  of  bOO 
toiiH  of  rellnud  coppur  pur  ilii.v,  thu  wiihIk  himt  boilers  con- 
lUH'toil  to  the  roverberiitciry  riirnuceM  foniiliiK  »  port  of  Much 
a  plant,  Hlioiild  liu  capiihli'  of  HupplyliiK  riD.lloil  ll>.  of  Htoain 
piM'  hour.  TIiIm  Ih  nonu'wlial  ovi-i'  40  poi'  coiit.  of  the  Hicain  r»'- 
<|Ulr<Ml  liy  tlit>  main  Ki>nuratlnK  unit  or  practli-ally  enough  to 
opcralc  all  of  the  auxlllarlnH  thai  woulil  UNUally  l>u  run  liy 
ln<l  ix'nilcnt  Htcani  motorH  in  a  Htrain-ilrlvcn  plant,  ami  the 
KXliauxt  from  IhcHo  auxlllarlcM  wouhl  take  caro  of  the  hc;it- 
hiK   of   thu  electrolyte. 

Thl«  quantity  of  Hteam  Im  too  Iniprirtanl  to  lunoro  and 
even  thouKli  Kas-cnKlne-drlven  main  KcncratliiK  unltH  were 
In.tlallod,  It  would  he  ni-cCHsary  to  make  u.sc  of  thiH  Hteam 
from  the  waNtc  heat  hollcrH.  The  iiractlcal  dlllWulty  arlHCd 
from  the  fact  that  uhlU-  the  tanks  arc  operated  eontliiuoUHly, 
It  Ih  not  UHual  to  run  the  furnaces  on  Sunilay,  consc<|uently 
It  would  he  necesnary  to  have  n  conslderahle  holler  plant  In 
reserve  to  he  oi)erated  only  one  day  In  each  week  to  tide  the 
plant  over  Sunday,  and  so,  even  If  there  were  no  question  as 
to  the  commercial  economy  of  a  pas  enBlne  and  producer 
plant,  as  a  general  iiroposltlon,  this  one  practical  operating 
condition  would  he  sulllclent  to  rob  it  of  all  of  its  theoreti- 
cal ad  van  tildes. 

In  a  steam  i)lant  the  regular  boiler  eciulpment  is  so  flex- 
ible that  it  will  readily  take  care  of  the  fluctuation  in  the 
output  of  the  waste  heat  boilers.  Since  with  modern  me- 
■chanical  stokers  it  is  not  unusual  to  force  boilers  to  200  and 
300  per  cent,  of  their  normal  ratinp,  it  is  evident  that  no  de- 
cidedly disproportionate  boiler  eciulpment  would  be  required 
to  carry  the  plant  over  the  weekly  interval  in  which  the 
waste  heat   boilers  are  out   of  commission. 

THE   ENGINE-TURBINE   COMRINATION 

The  combination  of  a  compound  reciprocating  engine  ex- 
hausting into  a  low-pressure  condensing  turbine,  looks,  on 
first  consideration,  to  be  inviting,  since  it  is  generally  ad- 
mitted that,  between  the  limits  of  the  usual  boiler  pres- 
sure and  atmospheric  exhaust  pressure,  a  reciprocating  en- 
gine is  usuall.v  more  ellicient  than  it  is  customary  to  make 
the  portion  of  a  complete  expansion  turl)iiie  that  takes  care 
of  this  part  of  the  pressure  range.  While  tlie  superior  fuel 
economy  of  this  combination  seems  apparent  from  purel.v 
theoretical  consideration,  there  is  comparatively  little  avail- 
able information  regarding  its  amount  in  actual  figures. 

It  is  not  denied  that  this  combination  has  its  legitimate 
uses,  but  it  is  most  certain  that  mature  judgment  is  re- 
quired for  determining  the  conditions  under  which  it  may 
be  recommended,  and  it  is  equally  certain  that  the  combina- 
tion has  been  installed  in  a  number  of  instances  in  which  its 
use  was  decidedly  ill-advised. 

Admitting  the  hypothetical  economy  of  the  comljination, 
let  us  consider  the  features  that  tend  to  offset  this  advant- 
age. 

We  have,  first,  increased  the  initial  cost.  A  low-pressure 
turbine  will  in  many  instances  cost  75  to  80  per  cent,  more 
per  kilowatt  than  a  complete  expansion  turbine.  That  this  Is 
reasonable  may  be  seen  readily  by  an  inspection  of  a  sec- 
tional view  through  a  typical  expansion  steam  turbine  of  the 
Parsons  type.  Let  us  assume  that  the  capacity  of  this  ma- 
chine is  3000  kw.  What  must  we  do  to  break  this  3000-k-w. 
turbine  into  a  low-pressure  turbine  of  half  this  capacity? 
We  simply  cut  out  a  small  portion,  and  increase  the  inlet 
opening  some  six  or  eight  times.  But  it  does  not  require  any 
unusual  qualification  to  enable  one  to  see  that  the  part 
eliminated  does  not,  by  any  means,  represent  one-half  of 
the  cost  of  the  3000-kw.  machine.  Neither  would  anyone 
expect  to  purchase  1500  kw.  capacity  in  a  reciprocating 
engine  for  the  cost  of  the  section  that  has  been  eliminated 
from  the  complete  expansion  turbine.  Again,  no  one  would 
claim  that  the  expense  of  installing  the  combination  unit 
would  be  less  than  twice  that  of  installing  the  single  com- 
plete expansion  unit.  And  no  one  would  be  hardy  enough  to 
suggest  that  the  charges  for  attendance,  maintenance  and 
operating  supplies  would  be  approximately  equal  for  the  two 
units. 

There  are  doubtless  cases  in  which  the  possibility  of  con- 
serving reciprocating  engines  already  in  use  would  justify 
this  combination  type  of  unit,  but  in  a  plant  that  is  new 
throughout,  its  desirability  is,  to  say  the  least,  highly  prob- 
lematical. 

As  far  as  actual  authoritative  figures  giving  the  com- 
parative power  cost  for  the  two  types  of  units  are  concerned, 
Mr.  Stott  could  give  us  these  if  he  would.  The  most  im- 
portant Installation  of  combination  units  in  the  world  was 
carried  out  under  his  direction.  He  had  the  justification  of 
conserving  valuable  reciprocating  engine  equipment,  which 
was  in  excellent  physical  condition,  and  there  can  be  no 
question  but  that  the  best  possible  engineering  judgment  was 


uxcrclHOfl  In  ilOMlffnInR'  and  oxocutInK  {.t-.c  project,  I  am  conn< 
flont  that  Mr.  Ktott  iiiiM  uccuriile  and  coinprehonnlve  cohIh  o| 
electrical  onurKy  ax  Keneratud  by  IhlH  plant  und  that  th<-it« 
coHtH  reprOHunt  thu  utmoHl  poHMlhllltleH  of  thin  typo  of  unit 
If  .Mr.  Htott  would  he  willing  to  nay  whether  or  not  In  ur 
al)H<dulely  new  plant  he  would  Herlounly  coMtumplatu  the  ln< 
Hiallatlon  of  combination  reclproirallnK  uiiglneH  and  luw< 
picHHiire  turbine  unltH,  Huch  a  proiiouncument  would  b( 
mure  lonvlnclng  than  voluniuH  of  urKument  baHod  purely  oc 
theoretical  grounilH. 

WHKUKIN   THE   TURBINE   ALONE   HAH   THE   AUVANTACIi 

Ah  regarclH  the  comiiaratlve  merltH  of  compound  and 
trlple-expaUHlon  reciprocating  englnuH  and  tiirblneH  aB  prim* 
nioveiH.  the  trend  of  gener;il  practice  In  [lower  plant  dCHlgr 
HhowH  <-onclUBlvely  thai  the  turbine  han  the  advantage.  Il 
has  economic  poHHibllltleH  at  leant  ecjual  to  thoHe  of  the  re^ 
<-lprocatlnB  engine,  and  markedly  lietter  when  working  witl 
the  high  vacuum  obtainable  with  the  newer  types  of  <on' 
deMKlng  ajiiiaratUH  and  the  co|douH  HUiiply  of  cooling  w.-itei 
that  Ih  invariably  found  in  places  that  would  be  regardec 
as   favorable   for   electrol.vtlc   opper   refining   plants. 

I  Hpeak  of  the  economic  poHHibllltleH  of  a  certain  type  o] 
prime  mover  rather  than  of  Its  Inherent  economy,  because  th( 
latter  is  Inseparably  associated  with  the  type.  A  prime 
mover  is  not  economical  simply  because  It  Is  a  compoun* 
engine,  a  triple-expansion  engine  or  a  turbine,  but  bccauai 
it  is  economical  by  design.  There  are  hundreds  of  triple 
expansion  engines  that  are  less  economical  than  some  com^ 
pound  engines.  In  fact,  I  am  not  sure  that  there  are  authen 
tic  records  of  triple-exp.Tnslon  engines  which  show  suffl 
cicnt  improvement  over  the  economic  results  of  the  bes 
examples  of  two-cylinder  compound  engines  to  justify  thi 
added  complication  and  expense  of  the  third  cylinder  am 
its  connection. 

It  is  possible  to  design  a  turbine  that  will  be  less  econom 
leal  than  a  very  ordinary  multiple  expansion  reciprocatlni 
engine.  On  the  other  hand,  turbines  are  built  that  unde 
suitable  operating  conditions  give  economical  results  tha 
cannot  be  equaled  by  the  reciprocating  engines  of  an; 
type,  however  skillfully  designed,  if  operated  under  thi 
same    conditions. 

The  advocates  of  the  turbine  can  afford  to  be  unneces 
sarily  modest  and  claim  no  more  than  equality  with  othe 
types  of  prime  movers  as  regards  steam  economy,  for  then 
remain  still  the  unquestioned  advantages  of  lesser  cost  an( 
smaller  installation  expenses. 

THE    GEARED-TURBINE    DIRECT-CURRENT    UNIT 

For  some  years  the  turbine  was  at  a  disadvantage  ii 
plants  in  which  it  was  desirable  to  generate  direct  current 
for  the  reason  that  the  rotative  speed  of  an  efficient  stear 
turbine  and  the  rotative  speed  of  a  reliable,  efticient  direct 
current  generator  are  not  compatible.  This  disability  ha 
happily  been  removed  by  the  development  of  a  reliable  trans 
mission  gear  which  allows  any  reasonable  speed  ratio  be 
tween  the  turbine  and  the  generator.  This  gearing  has  ai 
efficiency  of  over  98  per  cent,  and  has  been  in  public  us 
long  enough  to  demonstrate  that,  in  point  of  reliability  am 
durability,  it  is  at  least  on  a  par  with  any  other  kind  of  ap 
paratus  forming  a  part  of  an  electric  power  plant. 

While  the  geared  direct-current  unit  costs  more  than  ai 
alternating-current  turbo-generator  unit  of  the  same  capac 
ity,  it  is  cheaper  and  somewhat  more  efficient  than  the  com 
bination  of  an  alternating  current  unit  and  a  rotary  con 
verter. 

I  am  not  in  possession  of  reliable  costs  for  compound  re 
ciprocating  engine-driven  units,  but  commercial  experienc 
indicates  that  the  geared  turbine-driven  unit  has  an  ail 
vantage  as  regards  price  f.o.b.  at  the  factory.  With  spac 
and  installation  costs  added,  the  advantage  is  obviousl. 
more  marked. 

Figures  purporting  to  give  probable  plant  and  unit  powe 
costs  are  as  a  rule  unsatisfactory  because  they  are  affecte 
by  too  many  variable  factors.  As  regards  plant  costs,  i 
might  be  said  that,  depending  on  the  expensiveness,  or  sim 
plicity,  of  one's  architectural  taste,  his  luck  in  selecting 
contractor,  his  resourcefulness  as  a  designer,  his  finesse  a 
a  buyer,  the  accessibility  of  the  site  selected,  the  state  o 
the  weather,  and  a  lot  of  other  things,  he  ought  to  be  abl 
to  build  a  really  good  turbine-driven  plant  of  from  600 
to  9000  kw.  capacity  for  $75  per  kilowatt,  more  or  less. 

As  regards  the  cost  of  power,  if  one  is  satisfied  with  in 
vestment  charges  of  10%  per  cent,  per  annum:  if  he  can  bu 
really  good  coal  at  not  to  exceed  $3  per  ton;  if  he  is 
capable  manager  and  a  careful  operator,  and  reasonabl 
economical,  he  ought,  with  a  plant  of  this  size,  to  be  abl 
to  produce  a  kilowatt-hour  at  the  switchboard  with  sub 
stantially  100  per  cent,  load  factor  for  4.3  mills,  also  sub 
ject    to   the   qualification    "more    or   less." 
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Dam  sites,  rate  regulation  and  otlier  matters  pertaining 
to  the  development  and  distribution  of  hydro-electric  power 
are  on  the  cards  to  stir  up  controversy  befoie  the  end  of  the 
present  session  of  Congress.  Following  the  recommendation 
of  Secretary  Lane,  of  the  Department  of  the  Interior,  that 
there  should  be  a  letting  down  of  the  fences  around  dam 
sites  in  the  public  domain  so  that  power  plants  can  be  con- 
structed, the  House  Committee  on  Interstate  Commerce  has 
appointed  a  special  committee  to  wrestle  with  the  problem  of 
how  the  government  may  permit  private  enterprise  to  de- 
velop hydro-electric  power  without  creating  unrestricted  pri- 
vate monopoly.  This  committee  consists  of  Representatives 
Adamson,  of  Georgia,  Stevens,  of  Minnesota  and  Copley,  of 
I  llinois. 

Some  idea  of  the  proposed  legislation  is  suggested  in  the 
annual  report  of  Secretary  Lane,  who  says  pointblank  that 
the  government  ought  to  construct  power  plants  and  de- 
velop and  distiibute  the  electric  power  itself,  but  that  he 
[is  afraid  public  sentiment  is  not  sufRciently  developed  to 
I  make  such  a  policy  immediately  possible.  In  the  meantime, 
land  until  Congress  gets  ready  to  appropriate  the  money  to  do 
j  this  work,  he  thinks  private  companies  ought  to  be  allowed 
to  lease  dam  sites  and  construct  works,  which  the  govern- 
I  ment  may  have  the  privilege  of  buying  after  twenty  years, 
I  and  which  will  revert  to  the  government  at  the  end  of  fifty 
or  sixty  years. 

Secretary  Lane  asks  Congress  to  provide  $100,000,000  more 
tor  extending  the  government's  irrigation  plants  and  build- 
ing new  ones,  and  points  out  that  the  government  should 
regard  this  only  as  a  loan,  to  be  repaid  out  of  the  in- 
creased values  given  the  land  by  irrigation,  and  the  returns 
from  power  plants  developed  in  connection  with  irrigation 
reservoirs,  which  he  would  have  the  government  construct 
and  operate  as  part  of  the  Irrigation  works.  The  problem  of 
what  value  to  place  on  power  sites,  the  Secretary  admits,  is 
a  puzzling  one. 

"The  country,"  he  says,  "has  been  aroused  too  late  to 
save  the  richest  points  of  vantage.  Private  power  companies 
hold  the  most  accessible  of  these  dam  sites  under  rights  of 
which  they  can  never  be  deprived.  So  much  more  compelling 
the  reason  why  we  should  not  yield  what  remain  unwisely. 
The  temptation  to  grant  generously  without  condition  that 
which  may  be  put  to  so  beneficent  a  use  must  be  resisted  if 
we  are  not  to  meet  with  a  spendthrift's  fate.  At  the  same 
time  there  must  surely  be  a  rational  way  by  which  capital 
may  be  brought  into  this  public  service.  The  present  condi- 
[tions  of  stagnation  do  no  one  any  good.  Within  a  genera- 
tion I  believe  the  people  v/ill  be  as  alive  to  the  value  of  pub- 
|lic  ownership  of  hydro-electric  power  plants  as  they  are  to- 
'day  to  the  value  of  municipally  owned  waterworks. 

"How  may  the  needed  advantage  be  gained  for  the  pres- 
'■nt  and  the  needs  of  the  future  be  cared  for?  This  is  the 
immediate  problem.  What  may  capital  reasonably  demand? 
A  fair  and  attractive  return  upon  its  investment  yearly  and 
ithe  full  return  of  its  capital.  And  what  may  the  public 
[reasonably  require?  Good  service  and  fair  rates.  Who  shall 
imake  these  rates?  Within  the  state  they  must  be  subject  to 
jstate  regulation;  between  the  states.  Federal  authority  must 
control.  What  return  shall  the  Federal  government  have 
ifor  its  lands?  My  answer  would  be,  no  return  whatever, 
provided  the  plant  reverted  to  the  government  without  cos*" 
at  the  end  of  fifty  or  sixty  years,  or  so  much  of  the  plant  as 
jwas  based  on  the  land  itself  and  the  improvements  directly 
lattached  thereto  such  as  reservoirs,  dams,  water  rights  and  the 
rights-of-way.  For  the  tangible  property  of  the  plant,  such  as 
the  distributing  system  and  machinery,  the  government  might 
well  agree  to  pay  an  appraised  price  so  as  to  insure  its  be- 
iing  maintained  and  extended  during  the  later  years  of  the 
life  of  the  franchise.  The  right  to  buy  the  complete  plant  at 
'an  appraised  figure  at  any  time  after  20  years  would  be  a 
further  protection,  and  one  not  burdensome,  while  for  better 
■service  it  would  seem  advisable  that  all  plants  be  encouraged 
to  physically  combine,  just  as  our  railroads  are  required  to 
couple  themselves  into  through  routes  and  thus  make  their 
service  continuous  and  interdependent;  but  they  should  not 
;be  allowed  either  to  agree  as  to  the  rates  or  to  merge  their 
jCapitalization    or   their    identity. 

"Such  a  plan  as  is  here  suggested  should  be  attractive  to 
capital  wherever  there  is  bona-fide  need  for  such  water- 
power  development,  for  it  is  definite  in  its  terms  and  can  be 
made  a  precise  basis  for  capitalization.  The  term  of  the 
franchise  would  be  long  enough  to  permit  of  the  amortiza- 
tion of  the  plant  upon  such  a  percentage  as  would  lay  no 
heavy  burden  upon  each  year's  earnings.  Where  a  reservoir 
site    is    also    used    for    the    storage    of    irrigation    waters,    the 


right  to  which  attaches  to  certain  lands  which  should  en- 
joy that  use  forever,  it  could  be  provided  that  at  the  end  of 
the  franchise  period  the  government  would  either  turn  over 
the  plant  to  the  water-users  or  the  state  or  otherwise  pro- 
vide for  its  operation." 

Senator  George  Noiri.s,  of  Nebraska,  announces  that  he 
will  try  to  secure  a  vote  in  the  Senate  on  his  bill  to  begin 
the  development  of  hydro-electric  power  in  the  Potomac 
River,  just  above  Washington.  He  wants  the  government 
to  build  the  plants  and  operate  them,  and  supply  current  foi 
public   and    private    uses    in    the    city. 

It  is  estimated  that  within  15  miles  of  Washington,  there 
can  be  developed  about  25,000  hp.  of  electricity,  by  damming 
the  Potomac  at  three  points.  This  project  for  giving  the 
National  capital  cheap  light  and  power  has  been  talked  of 
occasionally  for  the  last  20  years,  but  nothing  has  been  done 
about  it,  while  a  private  corporation,  developing  power  from 
coal,  has  been  and  is  selling  electricity  for  house  lighting  at 
10c.  per  kw.-hr.  and  for  business  and  i)ower  for  anything  it 
can  get. 

The  Norris  Ijill  proposes  a  dam  and  power  plant  at  the 
Chain    Bridge    in    the    Potomac,    to    develop    15,000    hp. 

Representative  Rainey,  of  Illinois,  wants  Congress  to  in- 
vestigate the  affairs  of  the  Keokuk  &  Hamilton  Water 
Power  Co.,  and  its  several  subsidiary  and  associated  corpor- 
ations, which  own  the  big  dam  across  the  Mississippi  River 
at  Des  Moines  Rapids,  la.  This  company  was  given  a  giant 
of  the  dam  site  by  Congress  in  1901.  Its  dam  is  the  biggest 
in  the  world,  is  said  to  have  cost  about  .$15,000,000;  it  is 
nearly  two  miles  long,  and  now  develops  150,000  hp.  although 
the  ultimate  development  will  be  300,000  hp.  The  franchise 
was  granted  in  perpetuity,  and  the  company  is  unregulated, 
so  far  as  its  rates  and  financial  operations  are  concerned, 
neither  the  Federal  government  nor  the  state  exercising  any 
regulatory    power    over    it. 

When  the  company's  franchise  was  granted,  it  was 
promised  that  by  the  building  of  the  dam,  the  navigation  of 
the  river  would  be  improved  and  the  nearby  cities  and  in- 
dustries would  be  given  cheap  current.  It  is  charged  now 
that  neither  promise  has  been  kept.  Instead  of  improving 
navigation,  it  is  claimed  by  steamboat  men  that  the  manner 
in  which  the  dam  is  operated  makes  the  river  at  times  un- 
navigable,  and  instead  of  cheaper  power,  the  hydro-electric 
company  is  gobbling  most  of  the  older  light  and  power  com- 
panies in  its  territory,  supplying  power  from  the  big  dam, 
and  charging  about  the  same  high  rates  the  people  have 
always  paid. 

There  is  a  confusion  of  corporations  in  the  handling  of 
the  electric  current  generated  at  the  dam.  While  the  dam 
was  built  for  the  Keokuk  &  Hamilton  company,  it  seems,  the 
company  that  generates  hydro-electric  power  is  the  Mississ- 
ippi River  Power  Co.  This  company  sells  electricity  through 
a  subsidiary  corporation,  the  Mississippi  River  Power  Dis- 
tributing Co.,  which  is  said  to  take  a  profit  of  two  mills  per 
kw.-hr.  A  single  contract  provides  for  the  sale  of  60,000  hp., 
or  one-fifth  of  the  potential  development,  to  the  Union  Elec- 
tric Light  &  Power  Co.  and  the  United  Railways  Co.,  of  St. 
Louis.  This  contract  is  made  for  99  years,  and  the  St.  Louis 
companies  pay  about  six  mills  per  kw.-hr.  This  single  con- 
tract gives  the  dam  company  an  income  of  $1,080,000  a  year, 
or  practically  enough  to  pay  the  interest  on  its  bonds  and 
preferred  stock,  leaving  (with  the  exception  of  the  small 
operating  charge)  the  company  the  returns  from  four-fifths 
of  the  capacity  of  the  dam  as  profit,  to  ultimately  be  distrib- 
uted to  the  holders  of  the  $16,000,000  of  common  stock,  which 
seems  to  have  been  given  as  a  bonus  with  the  preferred  stock 
and   bonds. 

The  two  St.  Louis  companies  to  which  the  dam  company 
sells  this  power  at  six  mills  per  kw.-hr.  are  controlled  by  the 
North  American  Co.,  which,  in  turn,  owns  a  large  amount  of 
the  stock  of  the  Mississippi  Power  Co.,  so  that,  in  effect,  the 
dam  company  is  selling  power  and  light  to  the  people  of  St. 
Louis,  and  charging  practically  the  same  prices  that  were 
charged  before  the  dam  was  built.  Although  the  company 
delivers  power  to  the  distributing  companies  at  six  mills  per 
kw.-hr.  it  is  said  that  the  lowest  rate  of  the  distributing 
companies  is  3c.  per  kw.-hr.  while  for  general  lighting  the 
St.  Louis  rate  is  from  6  to  9c.,  about  the  same  as  it  was 
before. 

Bills  have  been  introduced  in  Congress  by  three  members 
from  Missouri  proposing  reductions  in  electric  rates  for  St. 
Louis.  Other  cities  getting  power  from  the  big  dam  have 
fared  no  better.  Mayor  Abbott,  of  Quincy,  111.,  says  that  in 
negotiating  a  new  contract  for  street  lighting  with  the 
local  company,  he  was  told  that  they  cannot  furnish  light 
any  cheaper,  although  they  are  now  getting  current  from  the 
big    dam. 

At  Warsaw,  111.,  power  is  sold  to  the  city  and  to  private 
consumers   by    the    Keokuk    Electric   Co.,    a    subsidiary    of    the 
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MIiihIhhI|i|>I  Itlvor  Power  Co.  Mayor  I.ouIh  I^ninont  innkOH 
tlio  rolliiwtiiK  alKninciiiit  Mliitemoiit  of  lliu  Hltuittluii  In  Wiir- 
mi  w : 

"The  fominori'liil  llRlitliiK  nitc  wiiH  rncliicod  l>y  Iho  now 
coinpuny  ttiitoi'liiK  tlut  Molil,  Ijtit.  HtiiiiiKO  to  Hity,  Ihii  olil 
i-i>iii|iiiny  Ih  orTui'liiK  Ix'ttcr  riili'H  tliiiii  tlio  iii<w,  ulthoiiKli  tl>» 
liittor  Im  coniiortod  wllli  tlio  Keokuk  coiiipuny,  iiiiil  (hu  olil 
company  Ih  produt-toK  cuiicnl  from  <'oal.  TIiIm  reduction  l« 
not  very  much,  nml  It  Ih  rloarly  cvldont  flint  whlt-hover 
company  forces  the  other  ono  out,  will  nmiln  chiirKO  tho  old 
rate." 

A  score  of  other  eltloH  adjncont  to  tho  hit?  dam  tell  the 
name  ntory  of  dinapiiolnted  hopeH  of  nettliiK  ehoap  lluhl  ami 
power  from  the  dam.  lOvldenee  Ih  prOHented  hy  Mr.  Ilalney  to 
show  that  tho  men  who  eoiitrol  the  dam  and  i)owor  de- 
velopment are  In  cIoho  conihlnation  with  practically  all  tho 
utility  corporations  In  the  territory  reached  by  current  from 
tho  Keokuk  plant,  and  that  Instead  of  the  cities  and  power 
consumers  jrettlnK-  any  benefit  In  lower  prices  from  the  de- 
velopment of  this  Brent  water  i>ower,  the  whole  benefit  Is 
KoliiK    In    prodta    to    the    promoters. 

Uepresentatlve  Ualney  and  other  members  believe  that 
OonKrress  has  the  power  to  annul  the  franchise  of  the  dam 
company  or  to  amend  It  In  almost  any  way,  and  thoy  aro 
planning  a  tlKht  to  KCt  some  share  of  the  benefits  from  the 
bip  liydro-electric  development  for  the  public.  The  company, 
however,  contends  that  Congress  has  no  power  to  reKUlate 
It  or  to  modify  Its  franchise.  It  rather  looks  as  though  the 
effort  to  g:et  lower  rates  now  was  like  locking  the  stable  door 
after  the  horse  has  been  stolen. 

Years  afco  the  government  undertook  to  build  a  dam  on 
the  Mississippi  at  Rock  Island.  It  was  never  finished  and  a 
flood  washed  i)art  of  It  away.  Some  conRressmen  are  now 
uriring-  ICKlslation  to  permit  the  completion  of  this  dam,  and 
with  it  the  construction  of  a  i)ower  plant  to  supply  current 
for  the  government  arsenal  at  Itock  Island.  Congressman 
Tavenner,  who  is  among  those  urging  this  plan,  also  wants 
the  government  to  build  an  armor  plate  plant  at  Rock  Island, 
and  use  the  current  generated  at  the  dam  in  the  manu- 
facture of  armor  plate  for  Uncle  Sam's  war  vessels. 


At  the  recent  convention  of  the  Indiana  Engineering 
Society,  the  committee  on  mechanical  engineering,  con- 
sisting of  E.  H.  Ahara,  C.  B.  Yeal  and  J.  D.  Rigg,  pre- 
sented a  report  covering  the  whole  field.  The  following 
two  extracts  are  of  most  direct  interest  to  Power  readers : 

The  internal-combustion  engine  has  received  much  atten- 
tion in  the  past  year  and  is  being  gradually  brought  to  greater 
perfection.  In  the  stationary  line  many  new  designs  are  being 
brought  out  using  the  Diesel  principle  of  constant  pressure 
and  injecting  the  oil,  often  low-grade,  under  pressure.  This 
method  is  teaching  us  how  to  use  crude  oil  advantageously 
and  with  great  economy,  thus  conserving  the  supply  of  high- 
grade  oils  for  use  in  the  automobile  engines.  These  latter  are 
changed  but  little  in  the  last  year,  except  that  a  long  stroke 
engine  is  now  almost  invariably  used. 

The  latest  design  of  producer-gas  engine  that  has  come 
to  the  public  notice  is  one  being  developed  for  the  Ford 
Motor  Car  Co.;  a  combination  gas  and  steam  engine,  with 
two  tandem  cylinders  on  each  side.  Gas  is  to  be  used  in  two 
cylinders  on  one  side,  the  cooling  water  from  which  is  fur- 
ther heated  from  the  waste  gases  in  the  exhaust  and  from 
the  waste  heat  of  the  producers,  before  going  to  the  boilers 
that  supply  steam  to  the  two  tandem  steam  cylinders  on  the 
opposite  side.  A  large  balance  wheel  is  used  to  maintain 
steady  operation.  Greater  economy  is  expected  than  has  been 
heretofore  attained  by  prime  movers. 


Water  Resources  of  Southern  RlverH — Water-Supply  Paper 
307,  recently  issued  by  the  Unitel  States  Geological  Survey, 
contains  records  of  the  flow  of  rivers  in  the  Arkansas.  Yazoo 
and  Red  River  basins,  tributary  to  the  lower  Mississippi, 
during  1911.  Thirty-one  stations  were  maintained  in  the 
basins  of  these  rivers  during  the  year.  The  Arkansas  River 
records  cover  the  principal  upland  tributaries  in'  Colorado, 
together  with  Canadian  River  in  New  Mexico  and  White 
River  in  Arkansas  and  Missouri.  A  copy  of  this  report  or  of 
Water-Supply  Paper  287,  which  covers  similar  work  in  1910, 
may  be  obtained  free  on  application  to  the  Director  of  the 
Geological  Survey,   Washington.   D.  C. 
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liullotin  No.  ns,  iHHUod  by  the  Hureau  of  MIneH.  Depart- 
ment of  the  Interior,  kIvch  an  account  of  the  fuel  brlquettlnc 
InveHtlgations  carried  on  from  .luly  1904  to  July  1912,  by  C. 
It.  WriKht.  The  bulletin  contains  277  paRes,  21  plates  with 
figures,  and  may  be  had  by  addressing  the  bureau. 


The   sixth  edition   of  the  IClectrlcal    Rlue   Book,   Issued   .Tn 
nually    by    the   Electrical    Iteview    I'ubllshing   Co.    of   Chl(  : 
is  now  in  print.     It  contains  a  very  complete  list  of  apid 
electrical   fittings   with   the   names  and  addresses  of  the   t\ 
making  them,   besides  80   pages   Illustrating  construction   ma- 
terial.     In    an    appendix    are    included    the    National    Electric 
Code,    illustrated    and   explained,    and    a  compilation    of   useful 
Information  such   as  Wiring  Calculations,  Illumination  Calcu- 
lations,   Treatment    for    Electric    Shock,    Rate    Charts,    Street 
Lighting   Schedules,    Motor   Applications   and   Ground    Detect- 
ors.    The  price   is  25c. 


KxpIoMlon  of  n  < 'ompreHHeil-Gan  Cylinder  on  the  ''.Maurr- 
tanla" — -Recently,  a  disastrous  explosion  occurred  on  boarrt 
the  Cunard  liner  "Mauretania."  The  vessel  was  lying  In 
Canada  Dry  Dock  undergoing  engine  repairs,  which  Included 
the  insertion  of  a  number  of  blades  in  the  high-pressure  tur- 
bines. Por  this  purpose  an  autogenous  welding  plant  was 
being  used,  and  it  is  stated  that,  without  the  slightest  warn- 
ing, a  cylinder  of  compressed  gas  in  connection  with  the 
plant  burst,  with  terrible  results  to  about  a  dozen  men  en- 
gaged in  the  room  at  the  time,  three  being  blown  to  pieces, 
and  eight  others  injured,  some  of  them  so  terribly  that  it  lii 
doubtful  if  they  will  survive.  The  cause  of  the  explosion 
has  not  been  ascertained,  but  will  doubtless  be  inquired  into 
at    the   inquest. — "Mechanical   Engineer." 


'Wider  Powers  for  West  Virginia  CommiHslon — In  a  recent 
decision  by  the  Supreme  Court  of  Appeals  of  West  Virginia 
against  the  United  Fuel  Gas  Co.,  which  asked  that  an  order 
of  the  Public  Service  Commission  be  suspended,  the  court 
stated  that  under  the  law  the  orders  of  the  commission  are 
final  and  not  subject  to  court  review  unless  they  are  beyond 
its  statutory  power  or  based  on  a  mistaken  interpretation  of 
the  law.  This  apparently  gives  the  West  Virginia  commission 
almost  unlimited  powe.-  over  rates  and  regulation  of  public- 
service  corporations  operating  in  that  state.  In  the  case  In 
question  it  was  contended  that  the  company  charged  a  reg- 
ular rate  of  25c.  per  thousand  cubic  feet  for  natural  gas,  re- 
ducing the  rate  to  22c.  on  five-year  contracts.  The  commis- 
sion ordered  the  practice  abandoned  and  the  decision  was 
upheld  by   the  court. 


A  Quarter  Million  Tons  of  Coal  In  Storage — A  fuel  agent 
and  thirteen  clerks  are  necessary  to  conduct  the  work  of  the 
fuel  department  of  the  Commonwealth  Edison  Co.  and  some 
of  the  allied  Insull  companies,  according  to  C.  E.  McBride, 
who  recently  read  a  brief  paper  on  the  subject  at  a  com- 
pany section  meeting  of  the  N.  E.  L.  A.  The  Common- 
wealth Edison  Co.  burns  about  5000  tons  of  coal  daily  and 
its  coal  bill  is  about  $2,000,000  a  year.  About  250,000  tons 
is  kept  in  reserve  in  or  near  Chicago  at  all  times.  Nearly 
all  of  this  is  of  egg  or  lump  size,  as  the  danger  of  fire  from 
spontaneous  combustion  is  much  less  with  the  larger  sizes. 
Thermometers  are  placed  in  all  coal  piles  and  weekly  records 
of  temperatures  are  taken.  It  is  frequently  found  necessary 
to  move  piles  of  screenings  or  mine-run  coal  to  prevent  or 
fight   fires. 
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Self-Interviews 


"But  you  know  it's  your  own  fault,  Bill,"  said  Bill  Isolated-Plant  Engineer. 
"That  central-station  fellow  sized  you  up  in  no  time  that  day  he  called  'just 
to  look  things  over.'  He  saw  you  kept  no  records,  that  you  were  not  as  careful 
as  you  should  be  about  buying  coal.  But  when  he  saw  that  you  were  blowing  hot  condensate  and  steam  to  the 
sewer,  and  later,  in  the  manager's  office,  compared  the  coal  bills  with  what  he  judged  to  be  the  plant's  average  out- 
put, he  knew  you  were  easy." 

"Now  he's  agreed  to  operate  the  plant  on  his  company's  current  for  less  than  you're  furnishing  it,  and  it's 
dollars  to  doughnuts  the  manager  will  sign." 

"'Tain't  fair,"  replied  Bill  Isolated-Plant  Engineer,  "if  the  manager  was  any  good  he'd  hold  off  until  I  made  a 
few  test  runs  and  gathered  some  data.     But  no,  he's  fallin'  for  this  silver-tongued  chap  without  giving  me  a  chance." 

"Wrong  again.  Bill,"  admonished  William.  "You've  had  a  chance  that  was  six  years  long.  Things  were 
going  so  easy  like,  you  got  to  believe  the  job  would  last  forever.  You  kept  no  records  or  check  on  the  plant's 
performance.     Book  and  cost  keepin'  wasn't  your  job." 

"Now  this  fellow  comes,  looks  around  a  while  and  tells  the  boss  he's  losin'  money  and  losin'  it  fast,  and  shows 
pages  of  data  to  prove  it." 

"But  I  tell  you  we're  not  losin'  money!     The  plant  never  ran  better,"  pleaded  Bill. 

"I  don't  doubt  it.  But  the  fellow  backs  his  statements  with  comparative  figures.  You  deny  him  but  offer 
nothing  stronger  than  denials  and  angry  protests.  What  do  you  expect  the  boss  to  do  when  you  can't  produce 
the  figures  he  calls  for?" 

"Bill,  you've  been  caught  napping  and  you  awoke  too  late  to  save  this  job.  Remember,  that  fellow  will  visit 
your  next  plant;  get  to  the  boss  with  records  and  data  before  he  does  and  show  him  that  you  can  beat  him  at  his 
own  game."  [Suggested  bv  "Intimate  Interviews"  in  "Life."] 
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were  foninrli/  rnipltii/cd.    Tin'  inr/licirnl  ii  v-ni(ikin(j  plmil 
has  brni  bmiiiilil   up  In  full  <<ip<iiil ij. 


halcoiiy   across   liotli   ends  aixl  aloiij;  one  side,   from   end 
In  ciiil.     A  ;,'ciicr;il   view  is  shown  in   Ki{(.   I.     At  the  far 
end  oT  llic  room,  level  wilii  tlie  lml(rony  floor,  JR  tlie  1"^'"' 
>:  l<w.  vertical   tiirliiiic,  lli(?  only   unit    taken  over  from 

When    a    central    steam-|inucr    |ihinl    has    heconie   oltso-      old   jilant.  Tiiis  i;enerator  was  ori;^iiiall\-  wound   for    i  I'P'i 


Fig.  1.     Gkxep.ai.  Xiv.w  of  thk  Tt-rbixk  Room  of  thI::  Xi:i 


lete  and  is  still  kept  in  use,  it  indicates  that  the  manage- 
ment is  not  alive  to  modern  economical  plant  operation, 
and  is  endeavoring  to  supply  customers  with  electrical 
energy  from  machinery  that  is  inefficient  and  often  in- 
adequate to  give  satisfactory  service. 

An  example  of  remodeling  an  old  steam  plant  is  that 
of  the  Newport  News  &  Hampton  Railway,  Gas  &  Elec- 
tric Co.,  Hampton,  Ya.  This  was  done  without  inter- 
rupting the  service,  and  is  a  work  of  credit  to  the  en- 
gineers, Allen  &  Peck,  Syracuse,  N.  Y. 

The  original  equipment,  installed  in  1!K)(),  consisted 
of  one  150-kw.,  10,000-volt,  three-phase,  vertical  tur- 
bine; one  750-kw.,  3450-volt,  engine-driven  generator,  a 
500-kw.,  500-volt.,  direct-current,  engine-driven  set,  two 
325-kw.,  500-volt,  engine-driven  units  and  one  800-kw., 
3450-volt  engine-driven  generator.  There  was  also  a  mis- 
cellaneous collection  of  exciters,  transformers,  condensers 
and  other  power-plant  apparatus. 


kw.  ca])acity,  at  Id. 000  volts,  but  was  rewound  for  S-loO 
volts,  to  work  in  parallel  with  the  two  2000-kw.,  hori- 
zontal units.  These  three  units  generate  three-i)hase,  60- 
cycle,  3450-volt  current.  The  horizontal  units  (Fig.  1) 
are  at  the  side  and  at  the  ojiposite  end  of  the  room  from 
the  vertical  turbine. 

All  condensing  equipment  is  in  the  basement.  Tliat 
for  the  vertical  turbine  consists  of  a  siirface  condenser 
and  a  turbine-driven  circulating  pump,  a  reduction  gear 
lieing  used  between  the  circulating  pump  and  the  tur- 
bine. There  is  also  an  8  and  18  by  12-in.  air  pump  work- 
ing at  105  r.p.m.  These  units  are  shofl-n  in  Fig.  2.  The 
step  bearing  is  supplied  with  water  by  a  9  and  2  by  12-in., 
outside-packed,  duplex  pump  at  400  lb.  pressure.  There 
are  also  two  6  and  21/4  by  6-in.  pot-valve  pumps  for 
emergency  use. 

At  the  opposite  end  of  the  turbine  room  are  two  2000- 
kw.  turliiie  units,  generating  3450-volt,  three-phase,  &Q- 
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*ycle  current,  at  3600  r.p.m.  Each  unit  exhausts  into  a 
separate  surface  condenser,  of  6000  sq.ft.  of  cooling  sur- 
face, or  3  sq.ft.  of  cooling  surface  per  turbine  kilo- 
watt. 

Air  for  cooling  the  turbine  generators  is  supplied  and 
discharged  through  two  parallel  air  ducts,  9  ft.  high  and 
4  ft.  wide,  running  lengthwise  of  the  basement.  These 
ducts  separate  the  electrical  equipment  in  the  basement 
from  the  steam  auxiliaries,  'i'lie  air  supply  is  controlled 
by  a  damper  for  each  iiuichinc. 

The  condensers  for  the  horizontal  turbine  are  shown 
in  Pig.  3,  resting  on  concrete  blocks  at  each  end.  This 
setting  gives  easy  access  to  the  condenser  heads  and  to 
the  i)iping.  The  two  15-in.  circulating  pumps  are  each 
driven  by  a  45-hp.,  side-crank  engine.  There  are  also 
two  8  and  18  by  12-in.  air  ^Jmnps,  each  piped  to  one  con- 


removable  screens,  having  an  area  of  four  times  that  of 
the  intake  tunnel.  The  intake  tunnel  is  4  ft.  wide  and 
S  ft.  deep,  and  so  constructed  that  the  water  flows  to  a 
point  below  the  circulating  pumps  by  gravity;  at  extreme 
low  tide  the  tunnel  contains  4  ft.  of  water  at  these  points. 
'I'he  discharge  tunnel,  of  the  same  size  as  the  intake,  is 
pitched  so  that  the  water  dischai'ges  to  the  creek  by 
gi'avity. 

\A'ith  the  old  condenser,  containing  %-in.  tubes,  trouble 
was  experienced  with  floating  debris,  fish  and  sea  growths. 
In  the  new  equipment  1-in.  condenser  tubes  are  used. 
Provision  has  also  been  made  foi'  flushing  the  condenser 
tubes  by  reversing  the  flow  of  circulating  water. 

At  times  a  combination  of  low  tide  and  westerly  wind 
tends  to  empty  the  creek.  To  provide  against  this,  a 
42-in.  valve  is  placed  between  each  condenser  and  tur- 
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denser.  These  units  are  between  tiie  condensers  and  the 
side  wall  of  tlie  basement.  A  view  of  the  20()0-kw.  tur- 
bines and  the  opening  above  the  condenser  Ijasement  is 
shown  in  Figs.  1  and  4. 

Opeuatinc;  Troitrles 

With  the  old  equipment,  interruptions  of  service  were 
frequent,  due  largely  to  loss  of  circulating  water  during 
low-tide  periods.  The  condensing  salt  water  was  taken 
from  a  creek  at  a  point  at  the  rear  of  the  power  plant. 
This  troul)le  was  found  to  be  due  to  the  poorly  con- 
structed wooden  intakes  and  to  the  two  suction  lines,  200 
and  300  ft.  long  respectively.  The  intakes  were  of  in- 
sufficient depth  and  were  fitted  with  fixed  screens  which 
made  cleaning  difficult.  This  trouble  has  been  eliminated 
by  the  construction  of  a  concrete  intake  with  the  bottom 
5  ft.  below  extreme  low  tide.    It  is  equipped  with,  double 


bine  to  permit  of  operating  noncondensing.  The  at- 
mospheric exhaust  pipes  are  run  across  the  condenser 
])it,  as  shown  in  Fig.  1,  and  pass  through  the  roof. 

Antiquated  pipe  construction  encumbered  the  old  boiler 
room,  and  most  of  the  steam  lines  were  run  in  duplicate 
from  a  double  steam  header  back  of  the  boilers,  all  in 
positions  difficult  to  get  at.  The  steam  loss  in  the  pipe 
lines  and  old  equipment  was  so  great  that  just  previous 
to  installing  the  new  pipe  lines  an  additional  500-hp. 
boiler  was  required. 

The  new  steam  header  is  erected  in  the  turbine  room. 
Fig.  5.  Below  it  is  a  steel  gallery  which  brings  every 
valve  and  fitting  in  the  header  within  reach  for  repairs, 
etc.  The  header,  of  12-in.  pipe  in  the  center,  reduces 
to  8  in.  at  the  far  end  of  the  room  and  to  6  in.  at  the 
opposite  end.  It  is  made  up  of  cast-steel  fittings  and 
van-stone  joints,  in  anticipation  of  the  use  of  superheated 
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Fig.  2.    The  18,000-Kw.  Vertical  Tckbixe  and  Condensing  Apparatus.     Fig  .3.     Surface  Condenser 

Equipment  in  the  Basement.  Fig.  4.   Looking  Toward  the  2000-Kw.  Turbine.     Fig.  5. 

Steam  Header  and  Branch  Piping.     Fig.  6.    Boiler  Boom  and  Motor-OpepvATed 

Coal   Barney.     Fig.    7.     Locomotive  Crane,  Coal-Crushing  House 

AND  500-Ton  Outside  Storage  Bin 


steam,  and  is  supported  at  six  points  by  brackets  attached 
to  the  wall.  The  header  is  supplied  with  steam  through 
6-in.  pipes  from  the  boiler.  A  steam  line  for  the  auxiliary 
units  in  the  basement  connects  to  the  bottom  of  the 
header  and  drops  to  the  basement. 

In  the  old  plant  the  boiler-feed  pumps  were  in  the 
basement  of  the  boiler  room.  They  have  been  replaced 
by  two  turbine-driven  centrifugal  pumps  placed  in  the 
tiirbine  room.  They  run  at  constant  speed  and  the  sup- 
])ly  of  feed  water  for  the  boilers  is  regulated  by  a  valve 


in  each  brass  boiler-feed  pipe.  It  has  been  found  that 
with  all  feed  valves  closed  the  increase  in  pressure  in 
the  feed  line  is  but  5  per  cent. 

Fresh  water,  from  the  city  main,  is  used  for  cooling 
step  bearings,  etc.  To  economize,  all  clean,  fresh  water 
is  elevated  from  a  sump  by  either  of  two  motor-driven 
centrifugal  pumps  to  a  tank  above  an  open  heater  and  is 
automatically  fed  to  the  heater  as  makeup  water.  In  case 
of  insufficient  makeup  water,  city  water  is  automatically 
fed  to  the  tank. 
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Air  lor  blowing  out  armatures,  operating  boiler-tubo 
cleaners  and  liandling  ice,  etc.,  is  supplied  by  one  of  two 
vertical  11  and  11  by  12-in.  air  pumps  which  are  secured 
to  a  frame  made  of  I-beams  and  fastened  to  the  wall. 
This  allows  for  cleaning  about  the  pum])s  and  for  free 
access  for  repairs. 

Auxiliary  Appakatts 

On  the  turbine  floor,  between  the  2000-kw.  units  and 
the  side  wall,  are  two  rotary  converters  for  600-volt 
street-railway  work.  About  midway  of  the  turbine  room 
are  three  exciter  sets,  each  of  125  volts.  One  50-kw.  set 
is  driven  by  a  75-lip.  induction  motor  at  1165  r.p.m.  The 
other  two  125-volt  generators  are  driven  by  25-  and  35- 
kw.  turbines  at  3600  r.p.m.  each.  The  exhaust  steam 
from  the  turbines  is  used  for  heating  boiler-feed  water. 

At  the  end  of  the  11-panel  slate  switchboard  are  three 
750-kv.-a.,  GO-cycle,  three-phase,  transformers  which  step 
up  the  current  from  3450  to  10,000  volts  at  which  it  is 
transmitted  to  Newport  News,  and  then  transformed  for 
local  use.  There  is  also  a  15-kw.,  constant-current  trans- 
former for  arc-light  circuits.  Six  165-kv.-a.  oil-cooled 
transformers  are  used  for  motor  circuits. 

Boiler  Eoom 

The  nine  water-tube  boilers  consist  of  one  500-,  two 
400-  and  six  250-hp.  capacity,  Fig.  6,  under  150  lb. 
pressure.  Before  the  alterations  the  boilers  were  sup- 
ported by  steel  I-beams  which  rested  on  I-beam  girders, 
exposed  to  the  corrosive  action  of  moisture  and  gases 
from  the  ashes.  Brick  and  concrete-flooi-  arches  were 
built  in  between  the  floor  beams  which  had  deteriorated 
so  badly  that  the  weight  cf  the  boilers  had  caused  some 
of  them  to  sag  1  in.  in  the  center.  These  beams  were  re- 
inforced by  placing  new  ones  under  the  old  and  all  were 
then  encased  in  concrete. 

As  a  matter  of  economy  and  to  assist  in  case  of  fail- 
ure of  the  city  water,  the  boiler-blowoff  water  is  blown 
into  a  concrete  tank  40  ft.  long,  11  ft.  wide  and  4  ft. 
deep,  divided  at  the  center  by  a  charcoal  filter.  One  end 
of  the  tank  receives  the  blowoff  water  and  is  fitted  with 
a  baffled  vent  to  the  atmosphere.  The  water  passes 
through  the  filter  to  the  other  end  of  the  tank,  flows  by 
gravity  to  the  station  sump  and  is  then  pumped  to  the 
feed-water  heater  and  back  to  the  boilers.  Fig.  8  is  a 
plan  and  Fig.  9  an  elevation  of  the  turbine  room.  The 
dotted  lines  indicate  future  equipment. 

Coal-  and  Ash-Haxdljxg  Equipment 

Coal  is  delivered  in  500-ton  barge  loads  at  the  docks, 
Fig.  7.  The  new  coal-handling  equi])ment  has  a  capacity 
of  50  tons  per  hour,  and  is  operated  by  one  man.  The 
old  equipment  had  a  capacity  of  10  tons  per  hour  and 
required  six  men  to  operate  it.  There  was  no  outside 
storage  capacity.  With  the  new  equipment,  the  coal  is 
delivered  to  the  crushing  rolls  and  scale  by  a  steam  loco- 
motive crane  and  is  then  conveyed  to  the  outside  500- 
ton  steel-suspended  bunker  by  a  belt  conveyor.  From  the 
outside  bunker  the  coal  is  delivered  to  the  boiler  stokers 
by  a  motor-operated  two-ton  barney  which  runs  on  a 
track  above  the  stokers,  as  sho^vn  in  Fig.  6.  The  outside 
storage  of  2000  tons  is  necessary  as  the  design  of  the 
boiler  house  does  not  permit  of  sufficient  space  for  an 
overhead  bunker. 


Ashes  are  loaded  from  the  stoker  ash  hoppers  into  a 
standard-gage  flat  car  in  the  basement,  and  arc  hauled 
away  by  a  trolley  locomotive.  This  eliminates  handling 
the  ashes  before  unloading  the  car. 

Ice  1'lant 

In  connection  with  and  adjacent  to  the  power  plant  is 
a  100-ton  ice  i)lant,  containing  one  40-ton  and  one  60- 


FiG.  8.     Plan  of  the  Turbine  Room.    Dotted  Lines 
Show  Future  Installations 
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ton  ciiimrilv  aimiutniii  comincKHor,  Tlio  Hiiiall  niiil  Iihh 
1  lx!iH-in.  iiikI  iIu-  otluT  lti\'JI-iii.  liiiiil('m-(i)iii|iiiiiiiil  <cni- 
(It'iiHinjt  t'vlinili'ix.   I'in-    "'• 

Tlu*  iiT  plant  was  as  Imtlly  winii  <tn(  a^  llw  power  plant. 
Till'  fit'f/iiii;  tank  ol'  tin-  itt-loii  niailiiiic  liad  lict'n  ilin- 
«'ai'(l(>ii.  anil  liccansc  of  inadcipnilc  anxiiiary  t'aciliticH  liotli 
coin  pressors  wete  operated  on  llie  (il»-toii  tank  during  ]iot 
weatlier  and  then  I'liileil  to  oldain  its  lull  capaeity.  Since 
llie  plan!  has  heeii  o\eilianled  an  ayera>;e  output  of  105 
Ions  i)(  ice  per  day  can  he  maiiitnined.  and  in  addition  a 
storeroom  is  rid'rij;eraled. 

Atinosiiiieric  aninionia  «-ondensers  are  used.  The  stands 


weight  Jiipe,  and  -tl)  ^n\.  of  water  are  used  per  iiiiii.  pi;r 
stand. 

The  frcozinjj  tank  lor  the  lo-loii  iinif  contains  l5i,HS0 
ft.  of  I '/,-in.  pi|)e  ami  ")'.»<!  cans,  lacli  of  ;j<t(»-lh.  capacity. 
This  tank  is  operated  a«  a  wet-ffaK  HyHlein,  a  :{0-in.  by 
S-ft.  accumulator  hcinj;  set   in  the  tank. 

Tlic!  ()()-ton  tank  contains  I'-i.O.JiJ  ft.  of  lV|-iii.  pipe 
and  ',20  ici'  cans,  each  of  ;{()()-ll).  capacity.  'I'liis  liaH  hr-cn 
clian<,'ed  to  a  wet  Hystein  hy  the  addition  <if  two  /iO-in 
hy  S-fl.  accumiilalorH. 

Tile  new    iiandiin^  rooms  for  tiie  small  and   lar;;e  com- 


Flo.  !).     Elevation  of  Timuuxr  Room 


FlO.    10.       P.\RTIAL   ViKW    OF   THE   40-   AND   60-TON    AM- 
MONIA   COMPRESSOR.S 


are  20  ft.  long,  made  uj)  of  2-in.  pipes,  \2  pipes  higli. 
There  are  five  stands  for  the  4()-iu.  machine  and  seven 
for  the  (iO-ton  unit.  Approximately  (jO  gal.  of  water  per 
mill,  are  required  for  each  stand. 

The   coolers    are   made    of   galvanized-iroH,    standard- 


pressors  are  of  450  and  750  sq.ft.  respectively.  They 
with  two  storage  rooms  of  680  tons  capacity,  are  refrig- 
erated hy  direct  expansion.  The  storage  tanks  are  cooled 
hy  direct  expansion  instead  of  passing  the  return  gai 
from  the  freezing  tank  through  the  coils. 


PRINCIPAL  EQUIPMENT  OF  NEWPORT  NEWS  AND  OLD  POINT  COMFORT    RAILWAY    AND    ELECTRIC    CO.'.S    POWER   PLANT 
No.      Equipment  Kind  .Size  Use  Operating  Conditions  Maker 

1  Turbine  Curtis,  vertical 1800  kw Main  generator 900  r.p.m.  1/50  lb.,  sat.  steam,  condensing General  Electric  Co. 

2  Turbines Curtis,  horizontal. .    .    2000  kw Main  generators 3600  r.p.m.,  IM)  lb.,  sat.  steam,  condensing  General  Electric  Co. 


1  Turbine Terry Circulating   pump 

2  Turbines Alberger Boiler  feed  pumps 

1  Turbine Curtis 3.'i  kw Driving  exciter 

1  Turbine  Curtis 25  kw Driving  exciter.  . 

2  Engines Horizontal  side  crank  8x10" Circulating  pumps 

2  Generators Alt.  current . . 

1  Generator Alt.  current 


150  lb.  steam,  2.500  r.p.m.,  non-condensing  Terry  .Steam  Turbine  Co. 

Non-condensing,  150  lb.  steam .\ll)erger  Pump  &  Condenser  Co 

3600  r.p.m.,  150  lb.  st«am,  non-condensing  General  Electric  Co. 

3600  r.p.m.,  150  lb.  steam,  non-condensing. 

Variable  speed 

2000  kw Main  generators 3600  r.p.m.,  three-phase,  60-cycIe,  34.50  volt 

1800  kw Main  generator 900  r.p.m.,  three-phase,  60-cycIe,  34.50  volt. 


General  Electric  Co. 
Ridgeway  Dynamo  &  Engine  Co 
General  Electric  Co. 
tJeneral  Electric  Co. 


1  Generator Direct  current .50  kw Exciter 1165  r.p.m.,  125  volt General  Electric  Co. 

1  Generator Direct  current 35  kw Exciter 3600  r.p.m.,  125  volt General  Electric  Co. 


General  Electric  Co. 
(leneral  Electric  Co. 
General  Electric  Co. 


1  Generator Direct  current  25  kw Exciter 3600  r.p.m.,  125  volt 

2  Motors Induction 3  hp Make-up  pump 1800  r.p.m.,  220  volt,  three-phase,  60  cyeles. 

1   Motor Induction 75  hp Driving  exciter  gen  .      1165  r.p.m,  three-phase,  60  cycle 

1   Pump Centrifugal 14" 1800    kw.  unit     circ. 

water 

1   Pump Reciprocating 8x18x12" 1800    kw.    unit    con- 
denser, air 150  lb.  steam,  105  r.p.m 

1  Pump Outside  racked 9x2x12" Step  bearing 400  lb.  pressure Henrj'  R.  Worthington 

2  Pumps Pot  valve,  duplex         6x2Jx6" Step  bearing 400  lb.  pressure Henry  R.  Worthington 

2  Pumps  Centrifugal 15" Circ.  water Engine  driven C.  H.  Wheeler  Mfg   Co. 

2  Pumps  Mullen,  air 8x18x12" Surface  condensers. . .    150  lb.  steam,  29"  vac C.  H.  Wheeler  Mfg.  Co 

2  Pumps Five  stage 2|" Boiler  feed Continuous .Mberger  Pump  &  Condnescr  Coi 

2  Pumps Centrifugal Make-up  water Motor  driven,  1800  r.p.m. 

1  Condenser Surface 6M.  sq.ft.  cool- 

ing surface. .    1800  kw.  vertical  unit  29"  vacuum 

2  Condensers Surface 6M.  sq.ft.  cool- 

ing surface.     2000  kw.  units 20"  vacuum    

1   Reducing  gear. .      Folk Between  turbine  and 

cir.  pump 

1  Heater Open  Cochrane Feed  water Exhaust  steam Harrison  Safety  Boiler  Works 

1  Transformer Constant  current  15  kw Arc  lighting Primarj-  3120  volt.  6  6  amp General  Electric  Co. 

3  Transformers. . .     Three  phase 750  kv. a Power  and  lighting. . .   3450  to  10,000  volts,  60  cycle General  Electric  Co. 

6  Transformers..  .      Oil  cooled 165  kv.a Motor  circuits 3450  to  430  volts General  Electric  Co. 

1  Boiler Water  tube  ...    500  hp Steam  generators.  .    .    150  lb.  pressure,  hand  fired Heine  Safety  Boiler  Co. 

2  Boilers Water  tube  400  hp Steam  ^generators.  150  lb.  pressure,  mechanical  stokers Babcock  A:  Wilcox  Co. 

6  Boilers Water  tube 250  hp Steam  generators  150  lb.  pressure,  mechanical  stokers Babcock  &  Wilcox  Co. 

S  Stokers Murphy Boiler  furnace Mechanical Murphy  Iron  Works 

I  Conveyor Belt Conveying  coal Intermittent,  motor  driven Exeter  Machine  Co. 

1   Crane Locomotive 10  ton.  Conveying  coal Intermittent,  ste-im  driven Brown  Hoisting  Machinery  Co. 

1  Compressor Ammonia 40  ton Ice  plant Steam  driven,  tandem  comp.,  cond Frick  Co. 

1  Compressor Ammonia 60  ton Ice  plant Steam  driven,  tandem  comp.,  cond York  Mfg.  Co. 


Piatt  Iron  Works  Co. 
C.  H.  Wheeler  Mfg.  Co. 


C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  Mfg.  Co. 
C.  H.  Wheeler  .Mfg.  Co. 
Foote  Bros.  Gear  &  Mch.  Co. 
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Legal  Aspects  ©f  Boiler  E^splosioim^ 


By   a.    ]..    11.    STIiEET 


SYNOPSIS — Liability  for  injurij  to  pemon  or  property 
is  tested  by  failure  to  use  tliat  degree  of  care  exercised 
III/  an  ordinarily  prudent  person.  Responsibility  of  in- 
surers, manufacturers  and  employees.       Appellate  court 

ilii  isioiis  on  tlie  subject  reviewed. 

liC'gal  liability  in  damaji'e.s  Tor  injury  to  person  or  prop- 

V,  resulting  from  explosion  of  a  boiler,  must,  according 

repeated  decisions  of  the  courts,  rest  upon  failure  to 

iix-  that  degree  of  care  to  avoid  an  explosion  that  a  per- 

M'li  of  ordinary  prudence  would  use  in  the  same  or  similar 

riiciimstances. 

For  the  purpose  of  applying  this  ])rinciple,  the  neg- 
liucnce  of  an  employee   must   be   attributed  to  his  em- 
liliiver.   rendering  the   latter  responsible  for   any   injury 
nsulting   to    a    third    jicrson    (West    Virginia    Supreme 
*  iiurt  of  Ap])eals,  41  Southeastern  Reporter  187). 
But  a  presumption  of  negligence  does  not  arise  from 
■  mere  explosion  of  a  boiler  used  in  a  lawful  business; 
ilig(iice  attributable  to  the  person  in  control  of  it  must 
III    affirmatively   sliown.      Announcing   this   principle   in 
[the  case  just  cited,  the  West  Virginia  court  pointed  out 
that  the  American   courts  follow  a  different  rule  from 
that  a])plied  by  the  English  bench.    In  England  an  owner 
of  land  is  prima  facie  liable  for  injury  caused  by  any 
dangerous  instrumentality  which  he  may  have  constructed 
thereon.    "But  such  is  not  the  American  law.     That  law 
says  that  the  English  rule  detracts  from  the  efficiency  of 
that  ownership,  cripples  a  plain  right  of  ownership,  and 
makes  that  owner  an  insurer  against  harm  to  others  re- 
sulting from  mere  accident  in  the  lawful  use  of  his  prop- 
erty." 

This  same  rule  has  been  applied  by  the  Colorado  courts, 
in  holding  that  the  fact  that  a  boiler  exploded,  injuring 
an  adjoining  building,  created  no  presumption  of  neg- 
ligence on  the  owner's  part,  in  the  absence  of  a  showing 
that  the  boiler  was  defectively  constructed  or  improperly 
maintained  (61  Pacific  Reporter  50).  But  the  Michigan 
Supreme  Court  has  held  that  proof  that  a  boiler  exploded 
;When  subjected  to  a  steam  pressure  of  80  lb.,  with  the 
Isafety  valve  set  to  blow  off  at  90  lb.,  established  prima 
facie  negligence  on  the  part  of  the  owner,  where  it  ap- 
peared that  the  boiler  was  safe  only  under  a  pressure  of 
60  lb.  or  less  (87  Northwestern  Reporter  793). 

In  a  Rhode  Island  case,  it  was  decided  by  the  supreme 
jcourt  that  one  who  sued  for  personal  injury,  caused  by  a 
iboiler  explosion,  made  out  a  prima  facie  case  of  negligence 
jin  subjecting  the  boiler  to  an  extraordinary  pressure,  by 
showing  that  it  burst  when  apparently  in  good  condition 
and  capable  of  withstanding  ordinary  pressure  (69  At- 
ilantic  Reporter  69).  But  if  the  cause  of  an  explosion 
'cannot  l)e  definitely  ascertained  and  if  the  circumstances 
shown  to  have  existed  are  just  as  consistent  with  a  cause 
for  which  the  owner  of  the  boiler  is  not  responsible  as 
u'ith  a  cause  for  which  he  would  be  responsible,  there  can 
be  no  recovery ;  damages  will  not  be  awarded  upon  a  con- 
jjecture  as  to  the  real  cause  of  the  accident  (Kentucky 
Court  of  A])peals,  48  Southwestern  Reporter  434).  In  a 
Michigan  case,  wherein  the  plaintiff  claimed  that  bursting 


of  a  boiler  resulted  from  defendant's  failure  to  properly 
inspect  it,  the  supreme  court  lield  that  it  was  open  to  de- 
fendant to  show  that  it  was  not  practicable  to  remove  the 
flues  to  ascertain  the  condition  of  the  braces  which  the 
plaintiff  claimed  were  defective  (91  Northwestern  Re- 
porter 647).  But  it  is  to  be  noted  that,  ordinarily,  an 
owner  of  a  boiler  is  just  as  much  responsible  for  failure 
to  discover  a  defective  condition  existing  in  it,  as  he  is 
for  omitting  to  repair  a  defect  known  to  him  (Michigan 
Supreme  Court,  99  Northwestern  Reporter  37). 

Evidence  of  precautions  taken  by  the  owner,  after  an 
explosion,  to  avoid  recurrence  of  a  similar  accident,  can- 
not be  shown  in  evidence  as  an  implied  admission  of  neg- 
ligence in  the  numner  in  which  the  exploding  boiler  was 
maintained  (Pennsylvania  Supreme  Court,  51  Atlantic 
Reporter  979).  But  in  a  suit  for  injury  to  a  building 
caused  by  explosion  of  a  boiler  in  an  adjoining  building, 
it  was  held  by  the  Pennsylvania  supreme  court  that  it 
was  no  defense  that  the  boiler  had  been  inspected  by  a 
boiler-insurance  comjiany,  in  the  absence  of  further  proof 
that  the  inspectors  were  competent,  and  that  they  prop- 
erly inspected  the  boiler  and  made  a  true  report  (56  At- 
lantic Reporter  345).  Tlie  court  decided  that,  in  order 
to  relieve  defendant  from  liability,  there  must  have  been 
no  evidence  of  want  of  care  in  selecting  mechanics  to 
make  proper  repairs,  and  that  an  inspection  must  be 
shown  to  have  been  made  by  competent  persons  after  the 
repairs  were  made  and  before  the  explosion  occurred. 

The  employee  of  a  boiler  owner,  to  whose  negligence 
an  accident  is  directly  attributable,  as  well  as  the  owner, 
may  be  held  responsible  to  a  third  person  who  has  been 
injured  in  person  or  property  by  the  explosion  complained 
of.  The  personal  responsibility  of  an  engineer  for  in- 
jury to  another,  resulting  from  an  explosion  due  to  an 
insufficient  water  supply,  depends  upon  the  inquiry 
whether  he  used  that  degree  of  care  to  keep  the  water 
at  the  proper  point  in  the  boiler  which  an  ordinarily  care- 
ful engineer  would  use  in  like  circumstances  (Connecti- 
cut Supreme  Court  of  Error.s,  85  Atlantic  Reporter  380). 

A  boiler-insnrance  company  may  be  held  liable  for  in- 
jury to  a  third  person  caused  by  bursting  of  an  insured 
boiler,  if  the  company  cooperated  actively  with  the  owner 
of  the  boiler  in  its  management,  so  far  as  the  injury  is 
attributable  to  the  company's  failure  to  use  a  proper  de- 
gree of  care  and  skill  (19  Atlantic  Reporter  472).  The 
decision  in  this  case  is  authority  for  stating  that  all  per- 
sons, whether  owner,  employee  or  volunteer,  are  respon- 
sible for  injury  resulting  from  mismanagement  of  a 
boiler.  But,  in  another  case,  a  United  States  circuit 
court  held  that  another  boiler-insurance  company,  not 
being  an  insurer  as  regards  a  third  person,  was  not. re- 
sponsible for  his  death,  resulting  from  ex))losion  of  an  in- 
sured boiler,  even  though  the  company  certified  that  the 
boiler  had  a  higher  degree  of  strength  than  was  the  fact, 
unless  the  so  doing  was  the  result  of  negligence  (19 
Federal  Reporter  246). 

And,  although  a  buyer  of  a  l)oiler  is  entitled  to  recover 
from  the  manufacturer  damages  caused  by  an  explosion 
resulting  from  defective  construction  (156  Pennsylvania 
Supreme  Court  Reports  156),  the  manufacturer  is  liable 
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to  ill!'  Iniycr  only  I*"'  niiy  (li'ri'ct.s,  and  nol  to  a  lliinl  jici-  taken   oiitsiilr   the    |inn(i|il(S   applicalilc    to  ontNidcrH,   nn 

son    wlio   may   '>•'   injnrnl    on   aicoiinl    llicicof    (Td    Nrw  aljovc  oiitlincd,  \>y   rcahon  of  the  ariKiiijj  of  qiicntionH  of 

Vtirk  l{i'iiorls   l!l|).  a.ssnni|)(ion   of    risk,   contrilnitory    nt-'f^'li^^once,   and    neg- 

As  to  injuries  to  fni|)loyees,  it  is  ;,'enerally  held  hy  tiie  li;,'cn(c  of  co-eMiployecs.     Tims,  notwilliHtaiidinf^  tin;  fact 

eourts  that   tlieir  employers  niUHt  use   rcnsonable  laic  to  Unit  an  employer  may  have  jHTmitted  a  lioiUfr  to  remain 

see  that   their  plaees  of  work  arc  reasonal)iy  safe.      It   is  in  an   unsafe  condition,  there  is  no  liahility,  under  the 

to  he  noted  that  the  duty  is  not  an  ahsolulc  ohlifjalion  to  f,'eneral  rules  of  law  as  ajiplied  hy  the  courts,  if  the  em- 

koep  the  places  ahsolutoly.  or  even  reasonal)ly,  safe. 'I'here-  ployoe   voluntarily  encountered   the   risk  of  an  e.\|)losion 

fore,  the  liahility  of  im  emi)loyer  for  injury  to  an  em-  when   an   ordinarily   ])ru<lent   employee   would    not   have 

ployoe  resultiiifj  from   bursting  of  a   hoiler  is  tested   hy  done  so,  or  if  he  failed  to  perform  any  cluty  resting  u|ion 

the  question  whether  the  employer  has  used  a  reasoiiahic  him  to  make  an  ins])ection  for  his  own  safety,  or  if  the 

degree  of  t'are  to  see  that  the  boiler  was  reasonably  safe,  explosion   resulted   from  negligence  of  a  co-emi)loyec  in 

Cases  involving  injury   to  workmen,  liowever,  are  ofteu  a  state  vvliere  the  "fellow  servant  doctrine"  is  in  force. 

Costl  of  Operatlninig  a  Ga^- 

Pflaimtt 

\',\    V.    J.    h'ODK 

Tlio  power  plant  of  tlie  A.  ().  Sniitli  Co.,  Milwaukee,  kind  uj)  to  that  time,  and  it  iias  been  found  reliable  and 

has   two    -lOO-kw.    Allis-Chalniers   gas-engine   units,   one  effective. 

installed  in  1910,  and  the  otiier  in  11)11.     The  first  was  The   Wood  producers   were  equi])ped   with   rotary   tar 

served  by   two  4()()-hp.   Wood   producers  and  the  second  extractors   when   first  installed;   hence  no  changes  were 

unit  by  two  Smith  ])roducers  of  ;V)0  hp.  each.     The  en-  required.     The  !ar  is  burned  under  steam  boilers,  which 

tire  plant  up  to  this  time  had  been  operated  on  hard  coal  are  used  for  drop-forge  and  heating  purposes.     No  credit 

of   both   buckwheat   and   pea   sizes.      In    1912,   however,  is  allowed  the  gas  ])iant,  for  this  tar,  although  91/2  lb- 

when  hard-coal  prices  rose  from  $4  to  $6  per  ton  in  this  of  water  are  evaporated  per  pound  of  tar. 
vicinity,  it  was  decided  to  operate  the  entire  plant  on  The   accumulation   of   tar   varies   somewhat   with   the 

soft  coal.  volatile  matter  in  the  coal.     The  Hocking  Valley  coal 

First,   Illinois   coal   was   considered,   as   this   could   be  now  used  runs  from  80  to  100  11).  per  ton  in  the  Smith 

delivered  for  $2.90  ])cr  ton  at  the  plant ;  but  after  ex-  producers,  and  somewhat  higher  in  the  Wood  producers. 

Cost  of  Op- 
erating, In-  Load  Fac- 
Co3t  of  Op-       Fixed         Total  Cost                             eluding  tor  During 
Hours  of    Tons  of  CoalCost  of  Coal  Cost  of  At-       Cost  of         Kw.-Hr.      eration  per  Charges  per      per  Kw-  Cost  of  Op-        Fixed  Time  of  Op- 
Month          Running      Consumed     Consumed      tendance        Supplies         Output       Kw.-Hr.,  c.        Kw.-Hr.           Hr.  eration          Charges  eration 

Jan 568                267.7            $930  00         $767.75         $109.75           325,400          0.556              0  279              0.835  $1807.50  $2707.50  0.715 

Feb 500                241                  903  75           810.40              96.22            284,230          0.636              0.321              0  957  1810.37         2710.37  0.71 

Mar 554                272                  980.00           601.60              87.40           296,620          0.565              0.301              0.866  1669  00         2569.00  0.665 

April 304                168.4              586.00           407.65              63.80            190,700          0.558             0.464              1.020  1057.45          1957.45  0.78 

May.        ...            470                220                  792.00           571.95              43.40           236,700          0.595             0.382              0.994  1407.35         2307.35  0.71 

June.    .         .            244                140                  504.00           437.45              48.64            142,000          0.697              0.683              1  33  990.09          1890.09  0.73 

July 235                185                  660.00           405.45              43.10            134,000          0.825              0.660              1.485  1108.55         2008.55  0.715 

Aug.                           205                110                  396.00            396.25              26.10              98,200          0.836             0.916              1.752  818.35          1718.35  0.60 

Sept 230                125                  450.00           405.45              34.00            133,000          0.670             0.677              1.347  889.45          1789.45  0.712 

Oct..    .                      240                173.5              606.00            422.50              35.20            152,810          0.700              0.590              1.30  1063.70          1963.70  0.79 

Nov 215                163.5              590.00           396.55              32.30            144,990          0.705             0.620              1.325  1018.85          1918.85  0.837 

Dec 235                178                  624.00            383.65              24.60            159,120          0.880             0.520              1.270  1032.25          1932.25  0.815 

Total 4000  2244.1  $8021.75       $6006.65         $644.51        2,297,770  $14672.91     $25472.91 

Aver,  per  mo.         333,33  187  668.48  500.54  53.71  191,480  0.634  0.470  1.104  1222  74         2122.74  0.73 

Cost  of  operating,  1913  $14,672.00 

Cost  of  deprecation  taxes,  interest  and  insurance    10,800.00 

Cost  of  operating  per  kw.-hr.  0  634c.  $25,472 . 00 

Cost  of  fixed  charges  per  kw.-hr.        0  470c. 

Total  cost  per  kw.-hr.  1 .  104c. 

perimental  operation  on  diiferent  kinds  of  coal,  includ-  Waste    water   is   used   for   scrubbing   and   no   charge   is 

ing  West  Virginia  splint,  Indiana,  Illinois  and  Hocking  made  in  the  report  for  water. 

Valley  coals,  Hocking  Valley  nut  coal  was  found  to  de-  The  waste  heat  of  the  gas-engine  exhaust  is  utilized, 

liver  the  largest  number  of  kilowatt-hours  for  one  dollar,  the  boiler  plant  being  supplied  with  jacket  water  pumped 

The  heat  value  per  cubic  foot  of  this  gas  averaged  160  through  gas-engine  exhaust  heaters;  all  excess  water  is 

B.t.u.,   and    Sunday   Creek   Hocking  showed   as   low   as  sprayed  and  reused. 

1.5  lb.  per  kw.-hr.,  although  the  average  for  1913  was  The  plant  represents  an  investment  of  $80,000,  and 

near  2  lb.  the   fixed   cliarges   are   taken   at   13.5   per   cent.,    which 

A  saving  in  the  cost  of  operation  of  0.3c.  per  kw\-hr.  amount  to  $10,800  per  year,  or  $900  per  month.     The 

was  effected  by  changing  to  soft  coal.     The  price  of  coal  accompanying  tabulation  show-s  the  operating  and  total 

varied  during  1913,  but  at  present  the  coal  is  delivered  costs  for  1913,  as  well  as  the  monthly  load  and  load 

to  the  producers  at  $3.50  per  ton.     The  change  from  factor. 

hard  coal  to   soft  coal   required  a   few   changes   in   the  Eepairs   on   the   plant   are   included   under   "Cost   of 

Smith  producer  equipment.   Smith  static  tar  extractors  Supplies"  and  labor  for  such  repairs   in   "Cost  of  At- 

being  installed.     This  was  the  second  equipment  of  its  tendance." 
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By  W.  L.  Duuand 


The  use  of  an  economizer  for  heating  water  for  a 
forced  hot-water  system  is  sufficiently  novel  to  warrant 
a  brief  description  of  a  recent  installation  at  the  plant 
of  the  Farrel  Foundry  &  Machine  Co.,  Ansonia,  Conn. 

The  original  heating  system  was  installed  several  years 
ago,  and  a  live-steam  heater  and  a  150-hp.  water-tube 
heating  boiler  were  used  for  heating  the  water.  Because 
of  rapidly  increasing  demand  on  the  heating  sys- 
tem, as  new  buildings  were  added,  the  boiler  and  heater 
were   of    insufficient   capacity.      Furthermore,    the   space 


fan  to  be'abouf 
lO'above  floor 

To  Radiafon,  in  Building 

From  Radiators  in  Building- 
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Position  of  Economizer  and  Pipe  and  Smoke  Flub 
Connection 

where  the  boiler  was  located  was  required  for  a  steam 
boiler  to  take  care  of  the  increased  load  on  the  engines. 

The  power  plant  consists  of  KiOO  hp.  in  water-tvdje 
boilers  and  an  engine-low-pressure  turbine  plant.  It  was 
found  that  greater  yearly  economy  was  obtained  by  using 
the  exhaust  from  the  engines  in  a  low-i)ressure  con- 
densing turlnne  than  for  heating  the  water  for  the  heat- 
ing system. 

After  examining  several  different  plans,  the  final  selec- 
tion was  made  on  the  basis  of  the  minimum  total  annual 
expense,  although  the  first  cost  was  the  highest.     The 


system  has  now  been  in  satisfactory  operation  for  fJie 
greater  part  of  the  present  heating  season.  The  lead- 
ing features  are  as  follows : 

The  150-hp.  heating  boiler  was  scrapped  to  make  room 
for  a  new  steam  boiler,  ancL  heating  apparatus  was  in- 
stalled, partly  in  the  form  of  an  economizer  and  partly 
as  a  heating  boiler,  and  sufficient  altogether  to  provide 
for  65,000  sq.ft.  of  radiation,  which  allows  for  all  pos- 
sible future  expansion  on  the  present  property. 

The  flue  gases  left  the  boilers  at  from  500  to  600  deg. 
F.  An  economizer  was  installed  to  utilize  the  avail- 
able heat,  which  was  estimated  to  furnish  about  one-tliird 
of  the  total  required  for  the  system  under  maximum 
weather  conditions.  On  this  basis,  moreover,  the  same 
estimate  indicates  a  capacity  sufficient  to  provide  for  50 
to  60  per  cent,  of  the  total  average  heat  required  through- 
out the  heating  season.  These  estimates  indicate  the 
economy  which  the  use  of  the  economizer  may  be  ex- 
pected to  secure. 

The  economizer  consists  of  44  sections,  each  section 
10  tubes  wide  and  each  tube  12  ft.  long,  making  a 
total  of  7200  sq.ft.  of  heating  surface.  The  branch  pipes 
were  increased  from  4  to  10  in.  to  accommodate  the  large 
volume  of  water  that  is  to  be  handled.  One  2V2-in.  safety 
valve  was  placed  on  each  end  of  the  economizer.  It  was 
found  impossible  to  locate  the  economizer  in  the  power 
house  and  it  was,  therefore,  placed  outside  on  structural- 
steel  supports,  as  shown  in  the  accompanying  illustration. 
A  house,  of  angle-iron  frame  and  corrugated  galvanized- 
iron  covering,  was  built  over  the  economizer  to  jirotect 
it  from  the  weather.  The  roof  is  made  in  removable 
sections  to  permit  of  drawing  tubes. 

To  provide  the  balance  of  the  heating  capacity,  as  re- 
quired, a  standard  285-hp.  water-tube  boiler,  with  longi- 
tudinal drum,  was  installed,  so  that  in  case  it  should  ever 
be  desired  for  power  jiurposes,  no  changes  woidd  be  nec- 
essary. The  only  special  feature  is  a  bafHe-plate  in  the 
center,  so  arranged  as  to  prevent  the  water  from  short- 
circuiting  through  the  drum.  This  baffle-plate  is  made 
in  sections  and  can  be  taken  down  and  removed  through 
the  manliole  if  the  boiler  is  to  be  used  for  power  pur- 
]joses.  The  water  enters  the  rear  of  the  drum  and  flows 
down  the  rear  header,  up  through  the  tubes,  up  the 
front  header  and  out  at  the  front  of  the  drum.  There- 
fore, the  flow  of  the  water  is  in  the  same  direction  as  the 
natural  circulation  in  the  boiler  under  steaming  condi- 
tions. 

Both  economizer  and  boiler  are  provided  with  bypass 
connections,  so  that  either  one  can  be  run  without  the 
other. 

The  dampers  in  the  main  smoke  breeching  and  in  the 
intake  to  the  economizer  are  controlled  by  a  thermostat 
located  in  the  hot-water  pipe  leaving  the  economizer. 

On  account  of  the  long  run  from  the  boiler  to  the  nuiin 
breeching,  a  balanced-draft  system  was  installed  to  pre- 
vent the  gases  being  blo^vTi  out  of  the  furnace  door.  The 
fan  used  is  a  centrifugal  blower  of  the  multi-vane  type 
and   is   controlled  by   a   thermostat   located  in  the   flow 
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|ii|u'  li'iniiij;  the  lioiliT.  I!v  the  uw  of  tlic  l«n  tlirririD- 
siiil.><  anv  iIi'.sIi'imI  tfiii|M'riiliii'i'  i,>4  inaiiitiiiMi'il  in  ilir  tii'- 
t  iilatiii^'  wati-r. 

Tlif  whUt  is  riniilati'd  by  a  »loiil)li'-.Hinlinii,  l,"»tl(l-^'al. 
jHT  iiiin.  ti'iitrirupil  pimiit,  (lircilly  coiincctfil  to  n  motor. 
'I'lu'  prcsciit  |iiiiii|i  is  kept  in  n-scrvi.-  lor  use  in  (ii.sc  ol' 
ciiHT^'i'in  V.  .\n  intiTi'stinj,'  poiiil  may  he  mcntiont'd  iti 
coniu'ction  willi  tlif  ciniilation  of  tln'  water.  'Two  mclii- 
ods  of  |iiimpin«;  liavc  liccn  tried  uilli  I  he  system,  h'irsl, 
pumpinji  the  water  tliroii;.Mi  tiie  Itoiier  and  economi/x'r 
or  heater  and  tlien  to  tiie  lieating  system.  Second,  con- 
necting tile  suction  side  oT  4he  pump  to  tiio  hoiler  and 
eeonomi/.er  and  pumping  direct  to  the  lieating  system. 
It  was  found  after  trial  tliat  much  bettor  results  were 
obtained  with  the  latter  method,  which  is  the  one  now  in 
use. 


.\n  addi'cl  cronomy  is  gained  in  the  use  of  llir  e(iino- 
mi/,ei-  by  coniieetitig  it  to  tlu!  boiler-feed  line  so  that  ilur- 
ing  (lu!  Hummer  when  the  econoini/er  is  not  used  for  the 
lieating  system  it  can  lie  used  to  heat  the  feed  water.  'I'l 
feed  water  now  (;nt<;rs  tlio  boiler  at  about  5iOO  (leg.;  if 
piiHses  through  the  economizer  it  is  raised  to  between  •.^■^'l 
and  ^!)<)  (leg.   V. 

Ill  ojx'i'atiiig  an   installation  of  this  kind,  cai'(!  shouM 
be  taken  to  always  keep  the  [tump  going.     If  llur  ecoiio 
mizer  is  to  be  cut  out  or  tlu;  pum|i  stopped,  the  dampi  i 
to   the   economizer    should    Ix;    fully    closed    and    if    |n. 
sible  the  economizer  emptied   of  water.      If  this  is  dom 
no  danger  from  an  explosion  need  bo  feared. 

Tiiis  installation  was  designed  by  and  installed  iiridi 
the  direction  of  Clark,  MacMullen  &  l{iloy,  consultm 
engineers,  Mew  ^'ork  City. 


1 

'Oinme  Res^Ms  of  T^5weinitly=FoMr=IHIo^r 


l!v   B.   K.  T.   CoLM^■^ 


S)'.\()/'S/S — Thiv  fcsl  »'ff.s-  made  on-  tlir  eiiiirc  jioirn- 
(■(juipnieni  of  the  Goodyear  Tire  cO  Rubber  Co.,  of  Akron, 
Ohio.  Besiden  determining  the  performance  of  the  differ- 
ent machines  the  most  economical  rate  of  driving  the 
tioilers  was  found  and  the  cost  of  electricity  generated  by 
the  low-pressure  turbo-generators  was  computed. 

m 
About  three  years  ago  the  maiiagonient  of  the  Goodyear 
Tire  &  Eubber  Co.,  of  Akron,  Ohio,  decided  upon  making 


coking  coal.  There  are  six  of  tliese  stokers  installed  un- 
der 832-hp.  Stirling  boilers. 

The  coal  used  was  a  mi.xture  of  Cambridge  and 
Youghiogheny  shick  having  35.44  per  cent,  volatile  com- 
bustible matter,  50.39  per  cent,  fixed  carbon,  12.27  per 
cent,  ash,  1.90  per  cent,  .sulphur  and  a  beat  value  of  13,- 
572  B.t.u.  per  pound  of  dry  coal. 

The  tests  were  made  under  ordinary  working  condi- 
tions,  without  special   effort  to  obtain  the  highest  effi- 


FiG.  1.     (xENKiiAL  View  of  Goodye.xr  Plant 

a  thorough  and  systematic  operating  investigation  of  all  ciency,  but  to  determine  the  capacity  and  efficiency  with 

of  its  power  equipment  at  least  once  every  year  to  supple-  about  one-half  of  the  available  natural  chimney  draft  and 

raent  its  daily  and  monthly  records  of  operating  data  and  with  the  full  draft.  The  principal  results  were  as  follows: 
power  costs  and  to  bring  out  clearly  the  progress  made  in  table  i.    data  from  draft  te.sts 

reducing  the  cost  of  power.     The  last  of  these  investiga-  Half  Draft  Full  Draft 

Tions  was  made  during  July,  1913,  one  of  the  most  im-  Durationoftest.hr.    4  2 

o  ."  '  Horsepower  developed 1418  1702 

portant  features  of  the  work  being  a  24-hr.  complete  plant  Percentage  of  rating  developed 172.5        207.1 

',„«  Ti-^j^i-j^ii  1J.1  Dry  coal  burned  per  hr.. lb 4993  6351 

test,    rietore  and.  atter  this  test,  a  large  niimber  ot  special  Dry  coal  per  hr.  per  sq.ft.  of  grat«  surface,  ib 27.4         34.9 

,.,.  ,,  ,  ,,,  Tipji  Equivalent  evaporation  per  sq.ft.  of  heating  surface  per  hr., 

investigations  were  made  to  supplement  the  results  01  tiie        ib 5.94         7.14 

1  ,,  T  iijc'x  •  j;xi,  li.-  Steam  pressure.  Ib.  per  sq  in 166  7  170  8 

longer  test  and  enable  dennite  comparisons  ot  the  relative  Temperature  of  feed  water  entering  boiler,  deg.  F  2138  214  0 

efficiencies  of  similar  kinds  of  equipment  to  be  made.  ?;;Xin1u™ac",t°lf"wrtir^*='-.  ""r. ^Hs      ''o  I5 

Among  these  tests   were   some   on  the   Green   L-type  Er^Jun  rc^dn'Vtrtir.'. \Z         im 

chain-grate  stokers  which  are  of  special  interest  as  they  ^^n^l^lTetpriiJ^ofcoS.tl'ulu^^^^^  Hi         Us 

are   the    largest    of    this   type   yet   placed    in    service.       They  water  evaporated  per  Ib.  of  dry  coal  from  and  at  212  deg. 

are    provided   with    inclined    plates,    located    under   the   ig-  Efficiency  of  boiler  and  grate,  per  cent 69.5  69  0 

.,.  ,  ...  ,  »  .  -ii'  Cost  of  coal  to  evaporate  1000  lb.  of  water  from  and  at 

nition  arch  and  which  break  up  any  crust  tormmg  with  a        212  deg.  r $0  082      jo.os? 
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As  will  be  noted,  the  capacity  with  the  full  draft  in  tiio 
furnace  of  0.45  in.  of  water  as  compared  with  0.25  in. 
■draft  was  34.6  per  cent,  of  the  rating  greater;  the  coal 
burned  per  square  foot  of  grate  surface  per  hour  was 
greater  by  7.5  lb.,  or  27.4  per  cent. ;  the  equivalent  evap- 
oration per  square  foot  of  heating  surface  per  hour  was 
greater  by  1.2  lb.,  or  20.2  per  cent.;  the  temperature  of 
the  flue  gases  was  higher  by  20.5  deg.  F. ;  the  equivalent 
evaporation  was  less  by  0.55  lb.,  or  5.6  per  cent. ;  the  effi- 
ciency was  less  by  0.5  per  cent,  and  the  cost  of  coal  to 
■evaporate  1000  lb.  of  water  was  greater  by  $0,005,  or  6.1 
per  cent. 

The  general  conclusion  reached  was  that  it  was  not 
■economical  to  run  the  stokers  and  boilers  at  the  higher 
rating  unless  a  shortage  of  boiler  capacity  required  it ;  also 
in  view  of  the  liigh  temperature  of  the  flue  gases,  on  both 
tests,  it  Avas  decided  to  investigate  the  question  of  install- 
ing superheaters.  Another  reason  for  this  investigation 
was  the  rapid  wear  on  the  blading  of  some  of  the  small 
steam  turbines,  of  which  there  are  six  in  the  plant. 

Twenty-three  men  from  the  engineering,  experimental 
and  chemical  departments  of  the  company,  working  on 


TABLE  II.     RESULTS  OK  24-HIl.  TEST  ON  BOiLERS 

Number  of  boilers  in  service 5 

Kind  of  Fuel — Cambridge  and  Youghiogheny  Slack 

Percentage  of  ash  and  refuse 12.3 

Fuel  per  hr.  per  sq.ft.  of  grate  surface,  lb 25. 1 

Water  evaporated  per  hr.  per  sq.ft.  heating  surface,  lb .5.00 

Steam  pressure,  lb 168 

Temperature  feed  water  entering  boiler,  deg.  F 213.7 

Temperature  of  escaping  gases,  deg.  F 626 . 1 

Draft  in  furnaces,  in.  of  water 0.285 

Percentage  of  moisture  in  steam  at  boiler 1.1 

Horsepower  developed 6201 

Horsepower  in  .service,  builders'  rating 4110 

Percentage  of  builders'  rating  developed 150.9 

Water  evaporated  per  lb.  of  fuel,  actual  conditions,  lb 8. 65 

CO,  in  flue  gases,  per  cent 7 .  58 

Oxygen  in  flue  gases,  per  cent 12 .  40 

CO  in  flue  gases,  per  cent 0 .  014 

Efficiency,  per  cent 68 . 4 

Cost  of  fuel  to  evaporate  1000  lb.  of  water  from  and  at  212  deg.  F.. .  SO. 0861 

Heat  Balance  Btu.         Per  Cent. 

Heat  absorbed  by  the  boiler 10,310  68.4 

Loss  due  to  moisture  in  fuel 59 .  7  0 .  40 

Loss  due  to  moisture  formed  by  burning  of  hydrogen ....            757  5 .  02 

Loss  due  to  heat  carried  away  in  chimney  gases 3,732 .5  24 .  75 

Loss  due  to  incomplete  combustion  of  carbon 15,0  0.11 

Loss  due  to  radiation,  unburned  fuel  and  gases,  etc 205.8  1.32 

Total  heat  of  1  lb.  of  combustible 15,081.0  100.00 

Coal  Analysis  Per  Cent 

Moisture 3.92 

Volatile  combustible  matter 34. 13 

Fixed  carbon 51 .  30 

Ash 12.57 

Sulphur 2.63 

Heating  value,  B.t.u.  per  lb.  dry  coal 13,410 


Fig.  2.     Stokers 


Fig.  3.     2500-Hp.  Corliss  Engine 


two  12-hr.  shifts,  obtained  the  data  required.  This  in- 
cluded records  of  the  weights  of  coal  burned  under  the 
boilers;  weights  of  water  pumped  into  the  boilers  as  de- 
termined by  the  recording  venturi  meters;  draft  in  fur- 
naces, uptakes,  and  stack ;  flue-gas  analyses  in  rotation 
from  all  of  the  boilers  in  service  by  means  of  an  Orsat 
apparatus ;  calorimeter  determinations  of  moisture  in  the 
steam  at  the  boilers;  temperature  of  flue  gases  and  feed 
water  at  the  heater  ar.d  boilers;  analyses  of  coal  used  and 
ash  obtained;  indicator  cards  from  both  the  Fulton  and 
Hamilton  engines;  steam  pressure  at  throttles;  receiver 
pressures;  vacuums;  temperatures  of  injection  and  dis- 
charge condensing  water ;  temperatures  of  inside  and  out- 
side air;  barometer  readings;  pressure  of  hydraulic  and 
compressed-air  systems;  electrical  readings  giving  output 
of  generators  connected  to  Allis-Chalmers  and  Rateau 
turbines,  as  well  as  a  record  of  the  time  of  operation  of 
all  equipment  in  the  factory  using  power.  All  readings 
were  taken  at  15-min.  intervals  during  the  entire  24  hr. 
The  principal  data  and  results  of  the  24-hr.  test  on  the 
boilers  were  as  follows : 


It  will  be  noted  from  these  results  that  the  average 
horsepower  developed  during  the  24-hr.  run  was  6201,  or 
150.9  per  cent,  of  the  rating.  This  overload  of  about 
50  per  cent,  has  proved  to  be  an  economical  point  at 
which  to  run  the  boilers,  as  determined  on  tests  made  with 
boilers  of  similar  capacity  equipped  with  chain  grates, 
installed  by  other  companies. 

The  average  efficiency  obtained,  68.4  per  cent.,  com- 
pares favorably  with  the  efficiencies  of  69.5  and  69  per 
cent,  obtained  on  the  shorter  runs  with  a  single  boiler. 
The  cost  to  evaporate  1000  lb.  of  water  from  and  at  212 
deg.  F.  was  8.6c.  on  the  24-hr.  run  as  compared  with  8.2c. 
and  8.7c.  obtained  on  the  short  runs. 

The  24-hr.  average  for  COj  in  the  flue  gases  leaving 
the  boilers  was  7.58  per  cent.;  0,  12.4  per  cent,  and  CO, 
0.014  per  cent.,  but  the  averages  for  the  same  time  from 
three  of  the  five  boilers  tested  were  CO,,  10.30  per  cent. ; 
0,  9.03  per  cent,  and  no  CO.  The  reason  for  this  differ- 
ence was  that  on  the  two  boilers  having  low  values  of  COj 
there  was  a  space  about  1  in.  wide,  extending  the  entire 
width  of  the  furnace,  between  the  stationary  and  movable 
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|ii)rli(ins  (if  tlic  null  dvcr  the  uralc.  Tliis  oju'iiiiig  iil- 
Io\V(mI  II  lai'p'  iiMuiiiiil  tif  air  to  ciiUt  IIk'  riiriiatf  ilircclly 
over  till'  cokiiij;  plates;  while  on  tlie  three  other  hoilers 
tlii.^i  opening  was  eloseil  with  a.xl>e.sto8,  allowing  no  air  to 
entor  nt  tliis  point,  but  not  preventing  the  circulation  of 
air  for  ciHtling  the  arch. 

'I'o  tihow  tile  elTwl  on  the  heal  hahiiuc  ol  (•losiii;^  this 
o))ening,  the  resull.s  from  these  three  hoiler-s  were  ligured 
t«)  show  the  loss  due  to  heat  carried  away   in  the  cliim- 


prohahly  iuive  developed  nhoiil  '-iit  per  iciit.  iiioie  powcir, 
so  that  the  cost  of  the  steam  for  this  (iOO  h|i.  is  all  liiat, 
should  he  charged  up  to  the  liirhines  so  far  as  steam  < mi- 
Humption  is  concerned. 

Kiguring  tliis  cost  from  the  results  of  the  !iil-lir.  |)lant 
test,  the  steam  consumption  of  the  engineK  and  auxiliaries 
liefore  installing  the  lurhines  having  heen  foiuul  to  h" 
'ZO.'Ar)  II).  |)er  lip.-hr.,  gives  a  cost  for  fuel  to  jirtMlucc!  steam 
for   the   iow-prcs.sure   turho-generators   of   a|)proximately 


ney  gases,  wliiiii  iimounted  to  18.7  per  cent.,  a.s  comiiiircd      .$'^r)  per  day.    Taking  the  cost  of  lahor  at  $M.r>(),  supplies 


JEFT^ 


Pig.  4.     Two  200-Gal.  High-Prkssuru  Pumps 


Fig.  T).    MiXED-]'Ri:ssruE  Ti'rbine 


with  24.75  per  cent,  for  the  entire  34-hr.  run.  Assum-  and  tools  at  $3,  and  repairs  at  $7  per  day,  gives  a  total 
ing  that  five-si.xths  of  this  heat  would  have  been  trans-  cost  for  the  operation  of  the  turbo-generators  of  $43.50 
niitted  to  the  boiler,  the  efficiency  of  the  boiler  would      per  day.    Adding  to  this  fixed  charges  of  1."5  per  cent.,  on 

an  investment  of  $130,000  for  turbo-generators,  con- 
densers, switchboard,  etc.,  or  a  fixed  charge  of  $52  per 
day,  represents  a  total  daily  cost  of  $95.50  per  day  for 
operating  the  low-pressure  turbo-generators.  The  average 
output  per  day,  as  .shown  by  the  te.st,  was  1691  kw.  per 
hour,  or  40,584  kw.-hr.  per  24-hr.  day.  Dividing  $95.50 
by  40,584  gives  0.235c.  per  kw.-hr.  as  the  total  cost  of 
electric  power,  including  tbced  charges,  as  generated  by  the 
low-pressure  turbines  at  the  present  time,  with  a  load 
Table  3  gives  only  a  few  of  the  results  of  the  24-hr.      factor  of  53.2  per  cent. 


have  been  increased  to  73.4  per  cent. 

TABLE  3.     GENERAL  RE.SULTS  OF  24-HR.  PLANT  TE.ST 

Fulton  engine,  average  i.hp 

Hamilton  engine,  average  i.hp 

Pressure  in  exhaust  header,  lb.  per  sq.in 

Rateau  turbine,  low-pressure  inlet  pressure,  in.  of  mercury 

Rateau  turbine,  high-pressure  inlet  pressure,  lb.  per  sq.in 

Vacuum,  in.  of  merrury 

.■Vllis-Chalmers  turbine,  low-pressure  steam  pressure,  in.  of  mercury 
AlUs-Chalmers  turbine,  low-pressure  inlet  pressure,  in.  of  mercury.. 

Vacuum,  in.  of  mercury 

.■Vverage  total  engine  horsepower 

Engine  load  factor,  per  cent 

.\verage  total  output,  kilowatt 

Turbine  load  factor,  per  cent 


1400 
1579 
1  52 
7  83 
11.9 
27  04 
4.15 
11.36 
27.01 
2979 

74.5 

1690  8 

.53  2 


No.         Equipment 
5  Boilers.  . 
5  Stokers. 
1  Engine. .  - 
1   Engine . 
1   Engine . 
1   Turbo-generator 
1   Turbo-generator 
1   Condenser. 
1   Condenser . 
1   Steam  turbine 

1  Air  compressor. 

2  Steam  pumps. .  . 


Kind 

Stirling 

Chain  grate ... 
Cross-compound . 
Cross-compound . 
Cross-compound . 

Low-pressure. .  . 
Mixed-pressure. 
Le  Blanc 


TABLE  4. 
Size 

S22-hp 

182  sq.ft. 
1500  hp. 
2500  hp.. 
450  hp.. 

1500  kw. 
1680  kw. 


PRINCIPAL  EQUIPMENT  UNDER  24-HR.  TEST 

Use  Operating  Conditions  Maker 

17.5-lb.  steam  pressure Babcock  &  Wilcox  Co. 

Green  Engineering  Co. 

Driving  line  .shafting Noncondensing Fulton  Iron  Works 

Driving  line  shafting. .  .    Noncondensing Hooven,  Owens,  Rcnt.schler  Co. 

Driving  air  compressor Noncondensing C.  &  G.  Cooper 

'    Fo 


Southwark  Foundry  &  Machine  Co. 


Condensmg |  Crocker-Wheeler  Co 


Two-stage 
Direct-acting. . 

1   Motor  driven  pump  Two-stage 

1  Steam  pump.  Direct-acting   1500-i 

Burnham 
1  Steam  turbine.  Six-jet 


KH  &  275x36-in. 
14  &  20x3Jx24-in 

.51)00-gal 


With  Allis-Chalmers  turbine  . 
With  mixed-pressure  turbine . 
With  Allis-Chalmers  condenser 


Condensing 


Discharging  against  100  lb. . 
Discharging  against  180  lb. 


1   Steam  pump.  Low-service.  10  &  14xl6-in 

1   Heater Open 10,000  hp.    . 

1  Motor-generator  set  Three-wire.  500  kw 

1  >Iotor-generator  set  Two-wire. .  150  kw 

1  Motor-generator  set  Two-wire 75  kw Excitation 


Driving    Jeansville     1100    gal. 

turbine  pump 

Makeup  water 

Feedwater 


.\llis-Chalmers  Co. 

.\llis-Chalmcrs  Co. 

Westinghouse  Machine  Co. 

Terry  Steam  Turbine  Co. 

Ingersoll-Rand  Co. 

Laidlaw-Dunn-Gordon  Co. 

'  De  Laval  Steam  Turbine  Co.,  Pump 

Crocker-Wheeler  Co..    Motor 
Union  Steam  Pump  Co. 


Terry  Steam  Pump  Co. 
Union  Steam  Pump  Co. 
Hoppes  Mfg.  Co. 
Crocker-W^heeler  Co. 
Crocker-Wheeler  Co. 
Crocker- Wheeler  Co. 


plant  test.  While  much  of  the  data  obtained  is  of  value 
only  to  the  GoodA'ear  company,  there  is  one  result  which 
should  be  of  general  interest;  this  relates  to  the  cost  of 
electric  power  generated  by  the  low-pressure  turbo-gen- 
erators. Practically  all  of  the  steam  for  operating  these  tur- 
bines came  from  the  two  cross-compound  Corliss  engines 

which  developed  an  average  of  2979  hp.  during  the  test.  If       if  there  was   no  present   intention   to   provide   for   such   devel- 

.,  ^  .  iii_  11       opment.      (Nebraska  Supreme  Court.  Maynard  vs.  Nemaha  Val- 

these   engines   had    been  operating   condensing   they   would       ,ej.   Drainage    District  No.    2,    143   Northwestern    Reporter   927). 


Measure  of  Damages  for  Removal  of  Dam — When  a  dam  is 
condemned  for  public  use,  such  as  a  drainage  improvement, 
the  owner  is  entitled  to  recover  the  consequent  depreciation 
in  the  value  of  his  property  to  ■which  the  dam  has  been  ap- 
purtenant, plus  the  value  of  the  water  power  lost.  But  on 
the  condemnation  of  a  dam,  which  has  been  used  only  in  the 
operation  of  a  mill,  the  owner  is  not  entitled  to  be  reim- 
bursed for  profits  which  might  have  been  derived  in  the  fu- 
ture  from    the   use   of  the   dam    in    developing   electric   power. 
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'^otLSflS^nim®    Sps'a.y  Coollffiig  F®Ka(dl 

'  At   the   ])o\ver   plant   of    the    Louisville    Cotton    Mills, 

(Ouisville,  Ky.,  is  a  compact  spray,  cooling-pond  system, 

S  shown  by  the  illustrations.     Fig.   1  is  a  photograph 

f  the  pond  and  nozzles,   taken  during  the  noon   hour 

hen  the  main  ])owcr  engine  was  shut  down. 

b1.  Humidity  C6-30-48     LOUISVII.LK  COTTON  MILLS  CO. 

lax.  Temperature  9()                                  Incorporated 

(in.  Temperature  74                CONDENSING  SYSTEM                    Sept.  2,1913 

(Hourly  Records) 
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99 
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17 
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99 
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17 
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I   Humidity  66-88-77     LOUISVILLE  COTTON   MILLS  CO. 
lax.  Temperature  32  Incorporated  Dec.  8,  1913 

tin.  Temperature  19  CONDENSING  SYSTEM 

(Hourly  Records) 
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27 
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The  cooling  pond  is  50  ft.  in  diameter  and  11  ft. 
eep  to  the  overflow.  The  brick  sides  are  lined  with 
oncrete;  the  bottom  is  also  of  concrete.  In  case  of  fire 
he  pond  water  can  be  used  to  supply  the  mill  automatic 
[prinkler  system. 
I  The  outside  spray  nozzles  are  set  in  semi-ring  headers 


ol'  24-tt.  radius,  made  uj)  of  2^/U-in.  pipe;  at  each  plugged 
cud,  with  a  7-in.  ])ipe  connecting  with  the  12-in.  supply 
main,  and  intermediate  pipe  sizes,  as  in  Fig.  2. 

In  the  center  of  the  pond  is  a  circular  header  into 
which  eight  branch  pipes  are  screwed,  four  .5-ft.  and  four 
lO-ft.  long.  The  header  is  supplied  with  water  through 
a  7-in.  line  connecting  with  the  cross  fitting  of  the  12-in. 
supply  pipes.  These  branch  pijjcs  each  carry  a  2-in. 
spray  nozzle,  placed  vertically  at  the  outer  end.  Th;'  1(5 
two-inch  nozzles  on   the  ring  headers  are  placed   at   an 


Spray  Nozzles  set  at 
Angle  of  45° , 


Support- 

Fig.  2.     Piping  of  Spray  Cooling  Pond 


Fig.  1.    Spray  Nozzles  in  Action  under  Low  Head 
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jiii;;lc  of  ."i^  (Icj;.  'I'lic  <'('nt<'r  ciniiliir  licailcr  is  Kcciircd 
to  a  'i-in.  I'lliow  lo  wliicli  ii  Hiipport  is  bcicwi'iI. 

'I'o  pivvfiit  a  loss  of  \va(t'r  in  the  lorm  of  sjiray.  llu- 
jioiui  will  bo  Hurroimdcd  willi  a  pipe  fraiiH-work  of  M) 
vcrtiral.  '«^|._.-iii.  pipes.  T  ft.  iiigli,  the  iii)f>or  ciid  of  carii 
\mi\fi  (Ktod  with  a  l."i-dcp.  ell  into  wliitli  lO-ft.  Icii^iIih 
of  ;^-in.  pipe  arc  scicwi'd.  Tlii'sc  iii)pt'r  pipes  will  In- 
fovcrcd  with  wood  shcathiiifj  to  catch  the  spray. 

These  spray  nozzles  cool  the  coiidoiisiiifj  waters  for 
n  '^(>  and  '>'i  hy  IH-iii.  cross-compound  Corliss  en{j;ine.  The 
water  is  pumped  hy  a  20  and  'M)  by  20-in.  Dean  Hro.i. 
vt'rticiil  jet  condenser.  The  suction  pi|)e  connectinf^  tli(» 
condenser  and  i)ond  is  lO-in.  in  diameter;  the  discharj^e 
pi]>e  is    12   in.      Water  is  forced  through   the  Sciiutle  & 


Koirliiif,'  •';M-i"-  H|iray  iio/zIck  ai  lK'tw<vri  ■■.  and  '.i  ll>. 
h<'ad. 

.M  tlu!  tinu!  of  lli(!  writer'K  visit,  tlu-  tfirip«Tatun-  of 
the  water  returning  to  the  nozzles  waH  102  dej;.,  with  a 
27-in.  vacuum  ;  the  water  returned  to  the  Jiuidenwr  at 
HO  dcfr.  Duririf,'  the  siiinmer  moritlm  the  average;  vaiuiiiu 
carried  is  2'>  in.  with  a  ilisi  hurge-water  tem|MMatun-  ol 
110  dcfj.  and  a  return  tem|H'ralure  of  Urtween  !»0  and 
!)')   (leg. 

In  the  data  slu'cts,  Fig.  ."5,  is  shown  the  readings  of 
extreme  atmowpiieric;  conditions  with  liouriy  readin;.'s  of 
tem|)erature,  etc.  Thanks  for  the  foregoing  are  du€ 
.lohii  T.  Helxlen,  chief  engiiw^T  and  master  m<ichanic, 
under  whose  ilirection   I  he  e(|ui|)ment  was  iustalled. 


>oo4  iim  IR.eEattiioini  Ho  Boiileir  Ecoimoinniy 


lU'   F.   W.  Ll.NAKKIl 


The  article  on  the  eflfeot  of  soot  on  boiler  economy  by 
E.  1).  Fisher,  in  Powkis,  Dec.  9,  1913,  was  of  interest,  but 
his  exi)erience  with  soot  as  affecting  the  efficient  and  eco- 
nomical ojieration  of  a  boiler  i)lant  is  not  in  accord  with 
either  the  generally  accepted  views  or  the  writer's  experi- 
eice. 

The  article  states  that  test  A  was  run  one  week  after 
the  tubes  had  been  thoroughly  swept  and  the  boiler  oper- 
ated as  usual  without  blowing  or  cleaning  the  tubes. 
Test  B  was  run  two  weeks  after  test  A,  and  one  week  after 
the  tubes  had  been  swept,  the  boiler  being  operated  as 
usual  and  the  tubes  blown  daily.  The  tests  were  of  two 
hours'  duration,  and  were  started  and  stopped  by  the  al- 
ternate method. 

In  a  test  of  but  two  hours'  duration  almost  any  results 
that  the  operator  might  desire  could  be  obtained,  but  to 
get  dependable  results  in  so  short  a  run  woaild  be  impos- 
sible. The  condition  of  the  boiler,  and  the  method  in 
which  the  tests  were  conducted,  would  lead  to  gross  inac- 
curacies, and,  as  this  is  a  common  fault  among  observers 
making  tests  to  determine  the  relation  of  soot  to  boiler 
efficiency,  this  is  an  excellent  opportunity  to  call  atten- 
tion to  the  cause  of  these  inaccuracies. 

A  well  designed  soot  blower  is  intended  to  keep  the 
heating  surface  of  a  boiler  in  a  clean  condition  indefin- 
itely, if  used  daily,  provided  the  heating  surface  is  thor- 
oughly cleaned  to  start  with.  A  blower  that  is  capable 
of  keeping  the  tube  surface  in  a  clean  condition  may  not 
be  capable  of  digging  up  old  deposits  of  soot  and  ash  that 
have  accumulated  in  the  past,  and  may  be  so  caked  and 
packed  in  nooks  and  corners  as  to  resist  blowing  of  any 
kind,  especially  where  the  ash  has  had  opportunity  to  fuse 
and  run,  forming  a  more  or  less  solid  mass.  When  such 
conditions  exist  no  blowing  device  can  do  itself  justice. 

In  making  comparative  tests  the  heating  surface  should 
be  thoroughly  swept  and  cleaned  before  each  test.  Then 
after  a  week's  or  a  two  weeks'  run,  with  either  method 
of  cleaning  employed,  the  boiler  can  be  considered  to  be 
in  its  average  condition.  A  test  conducted  in  this  manner 
is  a  real  comparative  test.  If  a  mechanical  blower  has  to 
start  with  dirty  and  soot-packed  boiler  tubes  it  cannot 
make  a  proper  showing. 

In  the  article  referred  to.  it  is  stated  that  a  bad  feature 
of  soot  blowers  which  require  a  number  of  jets  piercing 


the  boiler  wall  is,  that  the  brickwork  cracks,  and  in  cott 
sequence  air  leakage  through  the  setting  oc-curs. 

One  case  is  cited  where  it  was  found,  from  gas  sampl« 
taken  over  the  fire  in  tiie  first  pa.s.s,  that  there  wa.s  ll.( 
per  cent.  CO,  corresponding  with  77  ])er  cent,  exc-ess  air 
while  in  the  back  connection  simultaneously  sample 
showed  only  5.8  per  cent.  C'O^,  corresj)onditig  to  280  pel 
cent,  excess  air.  Such  a  drop  in  CO^  indic-ates  nothing 
so  far  as  soot  blowers  may  be  concerned,  but  indicates  tlial 
the  engineer  in  charge  was  guilty  of  tolerating  a  setting 
that  was  little  better  than  a  sieve.  Anyone  experienced  ir 
gas-analysis  work  could  mention  many  cases  where  the  ail 
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Chart  of  Ti;mperatur?:s  of  Flue  Gases,  avith  FfAxt 
AND  Cleaner  Blown  Tubes 

leakage  was  far  greater  than  the  case  cited  and  where  nc 
mechanical  soot  blowers  were  installed. 

This  objection  to  air  leakage  through  the  setting  maj 
apply  to  some  types  of  apparatus,  but  it  is  a  safe  guest 
that  from  50  to  80  per  cent,  of  all  air  leakage  into  the 
furnace  is  through  cracks  and  crevices  in  doors,  between 
the  frames  and  brick-work,  and  where  the  walls  are  made 
thinner  on  account  of  the  blow  doors. 

There  are  mechanical  blower.s,  installed  independentlj 
of  the  side  blow  doors,  with  wall  sleeves  set  solidly  intc 
the  side  wall.  These  pipes  and  sleeves  can  be  so  cemented 
into  the  wall  that  the  setting  is  tight.  Such  a  blowei 
reduces  air  leakage,  as  there  are  no  blow  doors  to  open 
while  cleaning,  and  it  is  possible  to  seal  them,  when  pres- 
ent, in  a  permanent  or  temporary  manner. 

Every  time  boiler  tubes  are  blown  by  hand,  there  is  an 
inrush  of  cold  air  that  chills  the  tubes  and  dilutes  the 
gases.     Chilling  the  tubes  wall,  in  time,  cause  contraction 
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and  leakage.  Diluting  the  gases  lowers  the  efficiency. 
This  can  be  demonstrated  by  a  Hue-gas  analysis.  During 
the  hand-blowing  period  there  will  be  found  a  drop  in  the 
COj,  averaging  4  per  cent.,  say  from  10  to  6  per  cent. 
COg.  The  sealing  of  blow  doors  cannot  be  too  vigorously 
urged,  for  air  leakage  through  settings  is  detrimental  to 
both  draft  and  economy. 

On  all  types  of  boilers  equipped  with  a  properly  de- 
signed soot  blower  it  is  not  necessary  to  use  the  clean-out 
doors,  except  for  inspection  purposes,  and,  therefore,  a 
temporary  or  permanent  seal  of  those  doors  may  be  made, 
thus  insuring  a  tight  setting.  These  simple  precautions 
are  bound  to  increase  the  CO,,  in  some  cases  as  much  as 
i  per  cent. 

To  illustrate  the  tightness  of  settings  obtainable  with 
some  soot-blowing  systems  one  of  the  largest  electric- 
power  plants  in  Detroit  is  equipped  with  a  certain  soot- 
blowing  outfit  which  has  been  in  use  for  the  past  eight 
years  on  50  boilers,  a  total  of  31,250  boiler  horsepower 
being  equipped,  together  with  blowers  for  the  economizers. 

The  plant  runs  with  an  average  of  14  per  cent.  COo. 
The  engineers  say  that  they  could  increase  their  CO,  if 
they  desired,  as  during  one  test  made  to  determine  the 
efificiency  of  different  styles  of  baffling  on  a  boiler  equipped 
with  this  soot-blowing  device  they  obtained  17  per  cent. 
CO,. 

These  figures  show  that  a  well  designed  soot  blower, 
properly  installed,  is  not  the  cause  of  air  leakage,  but 
rather  goes  hand  in  hand  with  a  tight  setting. 

The  accompanying  record  is  taken  from  the  manufac- 
turers' catalog,  and  is  of  a  test  made  to  determine  the 
efficiency  of  the  type  of  soot  blower  above  referred  to. 
The  figures  of  the  record  have  been  verified  by  inquiries 
at  the  plant  of  the  Champion  Coated  Paper  Co.,  Hamilton, 
Ohio,  where  this  test  was  made.  They  were  made  on  a 
horizontal  water-tube  boiler.  Test  No.  1  was  taken  be- 
fore the  soot  cleaner  was  installed;  test  No.  2  after  the 
soot  cleaner  was  installed. 

Test  No.  1  Test  No.  2 

Duration  of  test 10  hr.  10  hr. 

Average   steam    pressure 150  lb.  151  lb. 

Average    temperature    of    water    to 

economizer     167°  172° 

Average    temperature    of    water    to 

boiler   253°  219° 

Coal  as  fired 20,929.5  lb.  18,661  lb. 

Water   evaporated    199,686  1b.  191,6711b. 

Ash 11%  11.7% 

Moisture    0.86  %  0.69  % 

Equivalent     evaporation     of     water 

per  lb.    coal   with   economizer 10.5  1b.  11.36  1b. 

Equivalent     evaporation     of     water 

per  lb.  coal  without  economizer.  .  9.62  lb.  10.76  lb. 

iGain   for   economizer 8.76%  5.28%) 

Average    temperature     of    gases    to 

economizer   669°  502° 

Average    temperature    of    gases    to 

stack    500°  384° 

Horsepower  developed 601  610 

Percentage   of   boiler  rating 200  205 

Average   CO2    Not  taken  13.5% 

Draft    entering     economizer 0.2  in.  0.2  in. 

Calorimeter   test    12,171  B.t.u.      14,279  B.t.u. 

The  foregoing  tests  show  a  gain  of  over  7I/2  per  cent., 
for  which  the  credit  is  due  to  the  soot-blowing  apparatus, 
as  the  tests,  as  far  as  possible,  were  run  under  otherwise 
jidentieal  conditions.  Unfortunately  the  CO2  was  not 
itaken  when  this  boiler  was  cleaned  by  hand,  but  the  per- 
C('ntage  of  CO,  when  the  soot  blower  was  in  use  was  13.5 
per  cent.,  which  shows  that  the  settings  were  in  e.xcellent 
'condition.  The  stack  temperature  shows  a  reduction  of 
116  deg.  P. 

An  engineer  with  an  eye  for  economy  looks  carefully 
;after  his  boiler  setting  so  as  to  reduce  the  air  leakage  to 
a  minimum.     The  practice  of  encasing  the  whole  setting 


in  steel  is  excellent  and  is  increasing,  but  engineers  real- 
ize that  there  is  a  greater  gain  if  the  blow  doors  are  also 
enca.sed,  as  it  is  practically  impossible  to  keep  these  doors 
air-tight.  To  overcome  this  difficulty,  it  has  become  com- 
mon practice  to  omit  the  dusting  doors  and  steel  case  the 
entire  setting,  and  install  some  type  of  mechanical  soot 
blower  for  cleaning  the  boiler  tubes. 

One  of  the  largest  New  York  companies  recently  in- 
stalled thirty-two  600-hp.  horizontal  water-tube  boilers, 
14  tubes  high  by  21  tubes  wide.  These  boilers  are  .steel 
cased  with  no  provision  for  hand  cleaning.  The  boilers 
are  cleaned  by  means  of  a  mechanical  soot-blowing  system, 
consisting  of  eight  2-in.  blow  pipes,  which  extend  across 
the  width  of  the  boilers.  Four  of  these  pipes  are  at  the 
top  of  the  first  pass,  two  at  the  top  of  the  second  pass  and 
two  at  the  top  of  the  third  pass.  Each  pipe  is  equipped 
with  special  three-way  nozzles  drilled  so  as  to  project  the 
steam  obliquely  between  the  tubes.  The  nozzles  on  alter- 
nate blow  pipes  project  the  steam  down  through  the  space 
between  the  tubes  on  intersecting  planes  and  between 
different  pairs  of  tubes,  so  that  the  steam  crossfires  over 
the  heating  surface.  An  additional  2-in.  pipe  with  smaller 
branch  blow  pipes  cleans  the  superheater. 

In  the  article  under  discu.ssion  the  statement  is  made 
that  the  worst  feature  of  all  forms  of  fixed-jet  apparatus 
is  that  they  cannot  be  spaced  close  enough  to  effectively 
clean  the  tubes.  This  statement  seems  hardly  in  keeping 
with  the  evidence  at  hand.  The  foregoing  tests  indicate 
that  the  soot  blowers  reach  considerable  soot  that  is  in- 
accessible to  hand  blowing. 

Many  of  the  most  progressive  power  plants  in  the 
country,  especially  in  the  electric-light  and  railway  field, 
have  been  using  mechanical  soot  cleaners  for  years  and 
have  placed  repeat  orders  until  every  boiler  is  equipped 
with  such  blowers,  which  is  evidence  that  the  cleaners 
must  be  real  soot  removers. 

The  fact  that  users  of  the  latest  improved  soot-blowing 
systems  do  not  go  within  the  settings  to  remove  soot  by 
hand  would  further  indicate  that  such  blowing  systems  are 
efficient.  In  the  case  of  hand  blowing,  however,  it  is 
always  necessary  to  resort  to  such  periodic  cleanings, 
which,  as  Mr.  Fisher  states,  is  an  acknowledged  failure. 

One  of  the  main  troubles  experienced  in  trying  to  blow 
soot  from  boiler  tubes  by  a  hand  steam  lance  is  the  im- 
possibility of  using  one  long  enough  to  reach  across  the 
boiler.  This  results  in  the  soot  piling  up  on  the  tubes  at 
the  far  side  of  the  boiler.  With  the  boilers  set  in  batteries, 
as  is  the  usual  practice,  it  is  impossible  to  overcome  this 
difficulty  when  blowing  the  tubes  by  hand.  Even  where 
it  is  possible  to  use  a  lance  across  the  boiler  width,  this 
blowing  does  not  clean  the  sides  of  the  tubes,  which  play 
an  important  part  in  the  evaporation  of  water. 

The  soot  clings  to  the  tube  side,  defying  removal  by 
hand  blowing,  and  the  soot  on  the  tops  of  Hie  tubes  at 
either  side  of  the  blow  doors  remains  untouched.  The 
bulk  of  the  soot  that  is  reached  by  the  hand  blowing  is 
really  not  all  removed,  but  is  stirred  up  and  a  portion 
settles  on  the  tubes  again.  Cleaning  the  top  of  a  tube 
prevents  some  waste,  but  a  properly  designed  soot  cleaner 
cleans  the  whole  tube  surface  and  is  much  more  efficient. 

To  further  illustrate  the  losses  occasioned  by  soot  on 
boiler  tubes  the  results  obtained  at  one  of  the  largest  elec- 
tric plants  in  the  country  are  as  follows:  Starting  with  a 
clean    600-hp.    horizontal    water-tube    boiler    at    50    per 
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trill,   over   raliiiK.    tin-   ni\s   lciii|u'nitiiri'.><   in   llu-   iiptiiku 
wi'iT : 

Firm   <luy  rS2 

Third    .I11.V  S2r 

Fimrth   iliiy    »*» 

Fifth  liny    »"" 

Tlu'Sf  luiilois  liftfl  no  blnwinp  system,  and  in  fnt-t  wito 
iit)t  ovi'ii  hlowii  \)\  litiiid,  anil  I  he  increiiso  in  u])tala'  tcni- 
lUM-atviro  is  sifiniruant. 

.\ nut  1km-  test  wliicli  oniphasizes  even  more  stroiij^dy  the 
ini|iortaiuo  soot  i)la.vs  in  relation  to  Itoiler  ellicifiu y.  and 
also  illusdatos  the  I'Huiency  of  the  meclianical  soot  blower 
einiiioyt'd.  was  eoiulucted  by  recognized  enginoers  at  one 
of  tlu^  largest  eloetrie-liglitiiig  plants  in  tlie  Middle  West. 

On  a  new  T.")!)-!)!).,  water-tube  boiler,  never  before  fired, 
tbe  tubes  were  blown  at  tlie  end  of  the  first  hour's  run 
and  immediately  there  was  a  drop  of  2i)  per  eent.  in  the 
u])take  temi>crature.  Twelve  bours  later  the  tulies  were 
again  blown  and  a  droj)  in  the  uptake  temperature  of 
of  l)etween  (if)  and  70  deg.  took  |)hirc.  These  figures  show 
the  etfeet  that  soot  has  on  boiler  ellieieiu-y  and  also  show 
the  imiwrtance  of  frequent  and  thorough  cleaning. 

Mr.  Fisher  states  that  with  good  firing  a  reduction  of 
50  deg.  F.  in  the  flue  temi)erature  will  mean  a  saving  of 
3  per  cent,  in  the  coal  bill.  In  connection  with  this  state- 
ment, which  is  acknowledged  to  be  a])]iroximately  cor- 
rect,  it   will   be   interesting   to  study   the   accompanying 


I'bart,  whicli  was  taken  at  one  of  the  largest,  rotlon  nul 
in  MassacbiiHotlH. 

During  the  afleriiooii  of  the  liay  of  the  le.-l,  cxpei 
inents  were  being  made  with  a  new  grade  of  coal  and  nc 
inethodH  of  firing,  in  conHeciuence  of  which  the  rcadiii| 
of  temperature  during  the  tifternoon  were  criati 
However,  accepting  the  average  as  shown  by  thiH  chart, 
will  bo  seen  tiiat  tbe  soot-l)lowing  device,  while  not  reiei 
iiig  all  ci-'-dit  due  it,  still  shows  markt^d  economy.  On  tl 
btiiler  iMpiipped  with  the  mechanical  soot  blower  the  (ha 
shows  an  average  reduction  in  u|)take  temperature  of  ', 
deg.  F.  in  coinj)arison  with  the  boiler  cleantsd  by  ban 
This  77  deg.  F.  reduction  represents  a  4.(5  per  cent,  savii 
in  fuel.  Who  would  question  if  the  money  expended  f 
that  soot  blower  is  l)aying  a  dividend? 

Mechanical  soot  blowers  bavt;  been  in  process  of  develo 
niciit  for  the  ])ast  10  or  12  years,  during  which  time  mui 
vi'Juablc  ex|)erience  lias  naturally  been  gained  by  t 
pioneers  in  this  field.  Soot  cleaners  installed  witho 
the  proper  experience  or  design  back  of  them  can  hard 
be  expected  to  give  the  best  results,  but  to  include  i 
types  of  .«oot  blowers  under  a  general  condemnation  is  t 
sweeping. 

Most  engineers  admit  tiiat  soot  defies  removal  by  hai 
blowing.  It  is  generally  admitted  that  the  mechanic 
blower  correctly  designed,  ])roperly  installed  and  Intel 
gently  operated  is  the  real  solution  to  the  soot  problei 


By  Xokm.vn  G.  Mkaoe 

SYNOPSIS The  use  of  synchronous  motors  for  improv-  power  factor  should  be  maintained  as  high  as  possible. 

w(j  the  power  factor,  and  the  characteristics  of  such  ma-  has  already  been  stated  that  synchronous  motors  can 

j.//,„^s,._  used  to  correct  lagging  currents.     Before  taking  up  tl 

^  ,;  feature  it  may  be  well  to  study  the  characteristics  of  su 

So  far,  the  causes  and  effects  of  leading  and  lagging  machines, 
currents  have  been  considered  and  reasons  given  why  the         In  construction  synchronous  motors  resemble  alterm 


Induction  Starting  Ho  tor 


FlO.    1.5.       CONNKCTIOXS    OF    A    TwO-PhASE    SYXCHROXOfS  MoTOR  WITH  ItS  STARTING  MoTOR  AND  EXCITEK 
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ing-curient  generators,  and  they  arc  usually  of  the  revolv- 
ing field  type.  The  fields  are  exeited  by  direct  current 
generally  supplied  from  an  exciter  belted  to  or  directly 
connected  to  the  motor.  A  synchronous  motor  will  run  in 
synchronism  with  a  similarly  constructed  alternator  after 
it  is  brought  to  the  same  speed,  or,  if  the  n\imber  of 
poles  in  the  two  machines  are  not  the  same,  to  some  mul- 
tiple of  the  speed  of  the  generator,  provided  the  number 
of  pairs  of  poles  on  the  motor  is  divisible  into  this  mul- 
tiple. Such  motors  will  operate  as  ilioiigh  geared  to  the 
from  Alfernahjr  from  Motor 


Fl(i.    l(j.       CONNECTIOXS  FOI{    SYNCHRONIZING 

generator  e\eii  up  t(i  two  di'  three  times  tlieir  normal  full 
torque  capacity. 

Polyphase  synchronous  motors  (single-phase  synchron- 
ous motors  are  rarely  used)  will  come  up  to  synchronism, 
giving  about  25  per  cent,  starting  torque,  when  started 
as  induction  motors  with  the  field  open. 

When  connected  to  lines  with  an  inductive  load  over- 
excitation of  the  motor  field  acts  in  the  same  manner 
as  a  condenser  introduced  into  the  line,  and  tends  to  re- 
store the  current  to  phase  with  the  impressed  electro- 
motive force  and.  therefore,  do  away  with  inductive  dis- 
turbances. 

Two  general  methods  of  starting  synchronous  motors 
are  in  use,  namely,  by  a  separate  starting  motor,  or  by 
self-starting.  Where  the  machine  is  single-phase,  a  direct- 
current  motor  is  usually  employed  for  starting,  but  where 
polyphase  current  is  used  the  starting  motor  is  usually  of 
the  induction  type. 

In  self-starting,  the  application  of  alternating  currents 
directly  to  the  stationary  armature  without  field  excita- 
tion, will  result  in  a  rotating  magnetic  field  about  the 
armature  core.  The  eddy  currents  thereby  produced  in 
the  pole  faces  will  exert  a  torque  on  the  rotor  and  will 
cause  it  to  speed  \ip  to  synchronism.  Usually  a  starting 
compensator  is  employed  for  reducing  the  applied  electro- 
motive force  during  the  starting  period. 

When  starting  synchronous  motors  the  field  is  open-cir- 
cuited. In  practice  the  field  coils  are  connected  in  vari- 
ous ways  to  obviate  the  danger  of  high  induced  voltage. 
One  way  is  to  use  a  low-voltage  excitation  and  few  turns 
on  the  field  coils,  or  tlie  field  coils  may  be  split  up  by  a 


switch  at  starting,  and  when  the  motor  reaches  synchron- 
ous speed  the  excitation  is  thrown  in. 

The  use  of  a  separate  starting  motor  is  especially  ad- 
vantageous with  synchronous  motors,  for  with  self-start- 
ing large  lagging  currents  are  taken  from  the  line.  Since 
the  induction  motor  must  have  some  slip,  it  is  necessary 
in  order  to  bring  the  synchronous  motor  to  full  synchron- 
ism, that  the  starting  motor  shall  have  fewer  poles  than 
the  main  motor.  Fig.  15  shows  the  ])rincipal  connections 
of  a  two-phase  synchronous  motor  with  its  starting  motor 
and  exciter. 

Before  a  synchronous  motor  can  be  put  into  service  it 
nuist  bo  brought  up  to  synchronous  speed  and  into  step 
with  the  supply  system.  Some  methods  of  indicating 
synchronism  must  be  employed  before  the  main  motor 
switch  is  thrown'in,  wlien  the  synchronous  motor  is  started 
by  a  separate  starting  motor.  The  common  method  is  to 
use  incandescent  lamps,  or  a  synchroscope  as  in  synchron- 
izing alternators.     The  connections  are  shown  in  Fig.  16. 

Care  must  be  exercised  in  the  use  of  synchronous  mo- 
tors and  their  best  condition  of  operation  is  when  the 
load  is  quite  steady,  otherwise  they  introduce  effects  on 
the  line  that  are  quite  troublesome.  The  field  of  such 
a  motor  can  be  adjusted  for  a  particular  load,  so  there 
will  be  neither  leading  nor  lagging  currents,  but  unity 
power  factor.  If  the  load  changes,  then  the  power  factor 
also  changes,  until  the  field  is  readjusted.  If  the  current 
has  been  lessened  then  the  current  will  lead,  but  if  it 
increases  the  current  will  lag. 

If  two  or  more  synchronous  motors  are  connected  to 
the  same  circuit,  and  the  load  on  one  is  vdriable,  and  its 
field  is  not  changed  to  meet  the  changing  conditions,  a 
hunting  effect  is  likely  to  take  place  in  the  other  motors 
unless  special  provision  has  been  made  to  prevent  it. 

Assume  that  the  load  on  the  generator  suddenly  varies 
to  a  considerable  extent,  when  a  large  loart  is  suddenly 
thrown  off.  The  generator  will  tend  to  speed  up.  The 
motor  naturally  will  follow  this  increase  in  speed,  but 
the  inertia  of  its  moving  parts  will  cause  an  instantaneous 
lag  in  the  speed  and  the  two  machines  will  be  slightly 
out  of  step,  causing  cross-currents  to  circulate  between 
the  two  machines.  The  motor  will  come  up  to  synchron- 
ous speed,  but  the  effects  of  inertia  are  still  present  and  it 
will  run  ahead  of  synchronous  speed,  causing  cross-cur- 
rents to  be  set  up  again.  This  oscillation  will  take  place 
for  a  few  seconds.  The  effects  of  hunting  are  minim- 
ized by  placing  copper  grids  in  the  pole  tips  of  the  field 
poles. 


Electrical  InNtriietion  for  Pennsylvania  Employees — In  an- 
nouncing: that  it  win  estabUsh  schools  of  electrical  instruc- 
tion for  Its  employees  at  ConemauKh,  Derry.  (lallitzin,  Cres- 
son,  Pitcairn  and  Pittsburgh,  the  Pennsylvania  R.R.  has 
given  rise  to  the  report  that  the  intention  is  to  electrify  the 
Pittsburgh  division,  which  extends  from  Pittsburgh  to  Al- 
toona,  a  distance  of  119  miles.  In  this  stretch  is  the  big 
mountain  range  at  the  summit  of  which  is  the  Gallitzin  tun- 
nel and  at  the  eastern  end  of  the  tunnel  begins  the  big  de- 
scent that  is  Vtnown  as  the  famed  "Horseshoe  Bend."  This 
119  miles  from  Pittsburgh  to  Altoona  is  considered  one  of  the 
most  difficult  problems  in  steam  lailroading  in  America. 
Should  the  Pennsylvania  install  electric  power  on  this  divi- 
sion it  would  be  only  a  question  of  time  until  the  entire  sys- 
tem would  be  electrified.  The  Pittsburgh  division  is  the 
really  big  problem  with  the  Pennsylvania  Railroad.  The  new 
schools  are  to  be  equipped  with  all  the  apparatus  used  in  the 
electrical  operation  of  trains  and  the  various  phases  of  the 
method  will  be  explained  in  theory  and  practice.  Among 
transportation  men  in  Pittsburgh  tliis  move  by  the  Pennsyl- 
vania   is   regarded   as   peculiarly   significant. 
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S)'X()rSlS — TflliiKj  in  a  niiiiple  vnij  lioir  tiinl  ulnj  a 
CO,  nrunlcr  is  able  to  rrconl  llie  jwirciilutjc  nf  ('(J.,  in 
Uio  /I lie  ijasrs. 

W'lifii  v<iii  use  a  s|>iMi^'('  (()  soak  iip  wiitcr  I'lom  tlic  lloor 
you  ilo  not  I'oiisidcr  tliat  anvlliin^'  iriiiarkalilc  lias  liaj)- 
pi'iu'd.  You  havo  scon  the  tanks  at  llie  {ifas  works  rise  as 
tlu'V  tilled  with  gas,  and  drop  down  as  the  gas  was  dis- 
charged, and  vou  thoiigiit  that  a  usual  proeeeding. 

'I'he  jirincijial  reasons  why  a  t'O,  recorder  records  CO^ 
are  really  no  more  mysterious  nor  reniarkahlc  than  the 
al>sor])tion  of  water  hy  a  sponge,  or  the  inflation  of  a  tank 
by  gas.  Practically,  the  sanu;  ])hysical  actions  occur  in 
both  cases,  but  the  things  we  use  are  diircrent. 

Because  chemicals  have  unfamiliar  names,  is  no  reason 
why  we  should  shy  at  them  any  more  than  we  shy  at  a 
yeast  cake,  which  is  a  chemical.  Some  chemical  solutions 
absorb  certain  gases  just  as  a  sponge  absorbs  water.  You 
know  that  to  relieve  a  gas-bound  ammonia  pump  you  let 
tlie  gas  discharge  into  a  j)ail  of  water.     If  the  gas  were 


Fig.  1.     Absokptiox  of  Gas  by  Platixuji  Sponge 
CiiEATES  Vacuum  ix  Bottle 

discharged  into  the  room  the  fumes  would  be  quite  dis- 
agreeable, but  when  discharged  into  the  water  the  gas  is 
absorbed  like  water  by  a  sponge. 

Platinum  sponge  will  absorb  a  surprisingly  large 
amount  of  hydrogen  gas,  and  the  sponge  will  not  increase 
in  volume.  To  prove  that  it  will  absorb  this  gas  we  will 
arrange  two  bottles,  as  in  Fig.  1.  One  is  filled  with  water, 
tlie  other  with  hydrogen  gas.  We  suspend  a  piece  of 
platinum  sponge  in  the  gas  as  shown.  The  sponge  will 
then  absorb  the  gas,  create  a  vacuum  in  the  bottle  and 
draw  into  it  water  from  the  other  bottle. 

The  first  experiment  showed  that  some  substances  do 
absorb  gas.  We  will  now  experiment  with  a  sample  of  flue 
gas  of  100  c.c. ;  18  per  cent,  is  CO2  and  the  other  88  per 
cent,  is  made  up  of  other  gases. 

We  have  four  bottles.  Fig.  2,  one  containing  100  c.c. 
(cubic  centimeters)  of  water;  one,  100  c.c.  of -flue  gas; 
one  with  a  caustic-potash  solution  and  the  last  bottle 
we  will  consider  inverted  and  full  of  water.  Opening  the 
pinch  cocks  on  the  rubber  tubes  connecting  the  bottles, 
lift  the  water  bottle  to  the  position  indicated  by  the  dotted 
lines.  The  water  flows  into  the  second  bottle,  forcing  the 


10(1  c.c.  of  flue  gas  out,  causing  it  lo  bubble  up  through 
tlie  caustic-potash  solution.  After  the  gas  has  pa.-^  l 
ihrough  the  solution,  an  analysis  would  show  no  (  ' 
but  it  would  siiow  that  8S  c.c.  of  other  gases  were  prcsi  i.,. 
.\l  llic  beginning  of  the  e.Npcriment  tlie  inverted  bottle 
is  lillcd  with  water  and  is  seali.'tl  by  a  little  wat«;r  in  the 
jar,  just  as  the  s])ring-water-bottle  drinking  fountains 
are  arranged.  If  the  flue  gas  contains  \2  per  cent.  COj 
and  this  bottle  is  lifted  as  the  gas  conies  into  it,  so  that 
the  water  levels  in  the  jar  and  bottle  are  the  same,  the 


Fig.  2.     The  Caustic  Potash  Absorbs  the  CO^,  but 
THE  Other  Gases  Pass  On 
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water  will  run  down  to  the  88  c.c.  or  per  cent,  mark  and 
the  gas  will  be  at  atmospheric  pressure,  as  it  has  been 
jthroughout  the  experiment.  The  other  13  per  cent,  of 
'the  gas  or  the  CO,  did  not  get  through  the  caustic  potash. 


Fig.  3.     Here,  ix  Simple  Form,  Are  the  Essenti.\ls  op  a  CO.  Recorder 


[This  experiment  demonstrates  that  a  caustic-potash  solu- 
Ition  absorbs  only  the  COj  in  the  flue  gases  but  allows  the 
other  gases  to  pass  through.  About  the  same  process  as 
that  gone  through  in  this  last  experiment  goes  on  in  a 
COa  recorder. 

In  the  recorder  the  chemical  or  "sponge"  which  absorbs 
the  CO2  is  caustic  potash.  The  pen  which  marks  the 
:hart  is  attached  to  tlie  top  of  a  gas  bell  that  rises  and 
falls  as  it  is  filled  with  and  emptied  of  the  CO^  gas,  just 
as  the  tanks  at  the  gas  works  rise  and  fall. 

Before  continuing,  let  us  understand  why  we  say  such 
and  such  a  percentage  of  CO^.  Percentage  means  "by 
tlie  hundred,"  and  10  per  cent,  or  12  per  cent,  means  10 
ir  12  parts  of  a  total  of  100  parts.  The  total  of  100 
parts,  or  100  per  cent.,  may  be  any  quantity  we  choose 
to  make  it.  In  measuring  CO^,  all  or  100  per  cent,  of  the 
-anij)le  of  gas  taken  from  the  flue  is  100  cubic  centimeters 
(c.c),  or  a  little  over  6  cu.in.  When  the  flue-gas  analysis 
shows  12  per  cent.  CO,  we  know  that  12  parts,  or  12  c.c, 
of  the  100  parts,  or  100  c.c,  is  CO,  gas. 

Fig.  3,  shows  the  essentials  of  a  CO,  recorder, 
and  when  you  understand  it,  you  will  understand 
how     and  why     any     CO,     recorder     works.      The    gas 


is  brought  from  the  boiler  uptake  and  passed  up  through 
the  filter,  which  contains  a  bottle  nearly  filled  with  oil  or 
water  to  take  out  the  soot  in  the  sample.  Gas  flows  into 
the  measuring  bottle,  which  holds  exactly  100  c.c,  or 
about  6  cu.in.  The  sample 
having  been  measured,  it  goes 
to  the  "sponge,"  or  caustic- 
potash  solution,  where  all  tht 
CO2  gas  is  absorbed,  and  the 
rest  bubbles  through  the  so- 
lution and  fdls  the  receiver 
bottle.  From  the  receiver  bot- 
tle the  gas  is  led  to  the  gas 
bell,  which  has  a  water  seal 
so  that  gas  cannot  escape  to 
the  atmosphere.  This  bell 
and  the  pen  arm  rise  and  mark 
the  chart  against  which  the 
pen  bears.  When  the  mark 
is  made  the  gas  goes  back 
through  the  pipe  A  and  even- 
tually goes  to  the  atmosphere. 
The  chart  drum  is  revolved  by- 
clockwork,  as  usual. 

As  the  caustic  potash  ab- 
sorbs only  CO,  we  see  that  if 
the  measured  sample  is  high 
in  CO,,  there  will  be  less  gas 
going  through  the  solution 
to  fill  the  gas  bell,  and  the 
pen  will  not  make  as  long  8 
mark  as  when  more  gas  is. 
passing  through  the  solution. 
On  a  recording  steam  gage 
or  thermometer  the  pen  makes 
a  longer  mark  as  the  pres- 
sure or  temperature  increases  ' 
from  the  zero  point  on'  the 
chart.  This  is  not  so  with  the 
CO,  recorder  of  this  sort.  The 
greater  the  CO2  percentage, 
the  shorter  the  mark. 
ut  of  the  measuring  and  re- 


To  get  the  gas  into  and 
ceiving  bottles,  caustic-potash  tanks,  gas  bell,  etc.,  many 
siphons  and  traps  are  required.  The  motive  power  for 
most  CO2  recorders  is  a  stream  of  water  flowing  from  a 
pet-cock.  As  the  stream  is  increased  the  machine  work& 
faster;  that  is,  it  makes  a  greater  nundjer  of  readings 
per  hour.  With  the  usual  COg  macliine  about  seven  or 
eight  readings  per  hour  will  produce  a  good  chart. 

Slhos'&^Cair'ctiBM   T©s^   ©IF  Ls^r^e 

The  photograph  shows  a  16,7()i)-kv.-a.  generator  con- 
nected for  a  short-circuit  test  at  the  Westinghouse  Works, 
East  Pittsburgh.  The  test  was  made  in  the  presence  of 
representatives  of  electric  companies,  and  the  machine, 
running  at  full  speed  and  generating  current  at  8800 
volts  without  resistance  or  any  other  protection  in  the 
circuit,  was  deliberately  short-circuited.  Oscillogram 
records  showed  that  a  current  of  21,000  amp.,  or  121/^ 
times  normal,  flowed  through  the  generator. 

Such  a  test  would  have  wrecked  a  generator  designed 
some  years  ago,  but  in  the  present  instance  no  damage? 
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\vlial.-(H'\«'i'  was  (lone.  '\'hv  only  visiMc  cITccI  was  a  Ktatir 
llasli  iM'twiM'M  llic  (icid  and  tin-  armature.  'I'lic  test  wan 
licrroniicil  to  |»rovc  tliat  ^rt'in'rator.x  arc  liciii^  liiiilt  n-- 
(|iiiriti^'  MO  |>rott'(tioii  rrom  oiil.sidc  sliort-circiiits,  tlic  p-n- 
cralor  it.^clf  hciiij;  .^o  dcsi^riicd  as  to  In-  Hclf-protrctinj.'. 
Till'  (Instructive  ctrccts  of  a  sliorl-cinnit  arc  ^'iiardcd 
af^aiiist  1)V  lirndy  scciirinjf  the  armalinv  coils  and  hracin;,' 
their  ends,  and  l)y  the  use  of  mica  insulation. 

In  connection  with  this  test,  several  others  aie  ciirricd 
out  in  order  to  jirovc  the  rcliahilily  of  oircuit-hrcakors 
and  rcaclaiu'c  coils  for  |)rotectin<j  tiic  feeder  circuits.  The 
giMiorator  was  reju-atedly  sliort-circuited  tiironf,'h  these 
devices  whicii  stood  up  under  (he  enornions  stresses  to 
wliuli  Ihcy  were  suhjcctcil. 

'I'hc  iiractico  recommended  hy  Ihr  WotinudKiusc  cni,M- 
neers  is  to  perfect  the  feeders  and  not   the  gencraU)rs.    If 


Recent  Court  Decisions 
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II.  .'^■ii(i;i;'r 


Itlak   Amniiiih-iI   l>y   l':iiulnr<T      An   ciikIi i    lit  ii    powor   |ilui 

UHHUiriiH  111.-  rlMli  <.r  lii'liiK  liijliic.l  lliK.UKh  IjKMikliiK  ..f 
liiddcr  which  he  1h  i.-(Hi1i<mI  Id  iih<%  ««  far  iih  r'i>iii'<-i'iiN  ilcf.-r 
wlilch  an  oirlliiarlly  piuiliMit  ftiiiiloyi-i-  would  dlMcovur  In  ll 
Hanic  clrruniHlanccH.  (Imllana  Appi-llitti-  Court.  lionrd  \ 
i;.iulillnK.    10:1   •■.Noithr-iiMlciii    Itt'portiT"   H7r,,) 

I'crrortiiniiff  of  I>nm  ConMtrurllun  ioiitrnrt  —  Where  u  col 
liact  fcir-  the  roiiHt ru.tlun  of  ji  d:on  i'iM|ulrcH  Ihc  forc-wiill 
hv  «'xtciidcd  dipvvn  to  and  Into  IfiipiTvlouH  niatifrlalH,  hut  tl 
drawlnnH,  which  an-  inailo  a  pait  of  the  conlrait,  pruHcill 
a  certain  dcjith  at  which  the  wall  Ih  to  he  conHlruoted.  tl 
contractor  Ih  not.  hound  to  extend  the  wall  below  the  Urn 
flxed  by  the  diawhiKH.  althouKh  IrnperviouH  material  Ih  m 
reached  at  that  depth,  he  belriK  entitled  to  aHHuine  that  tl 
flei)th  flxed  by  the  flrawlriKH  waH  eHtabllHhed  after  exainlni 
tlon  of  the  earth  on  the  nlto  of  the  dam.  The  contractor 
rlK;hl8  In  thiH  regard  are  HtrenKthened  by  the  HupervlHinK  ei 
Kineer's   acquleHcence    in    the    manner    in    which    the    work 


L-AROK   Okxeratok   FynFKGOiyfi    Short-Circuit   Test 


the  generators  are  protected  and  a  .short-circuit  occurs 
on  any  of  the  feeders,  even  a  poorly  designed  generator 
will  not  suffer,  but  the  voltage  will  fail  on  all  the  feeders, 
all  synchronous  motors  will  be  thrown  out  of  step,  and 
an  overwhelming  overload  will  be  thrown  on  the  circuit- 
breaker  of  the  short-circuited  feeder,  since  it  will  carry 
the  total  current  of  all  the  generators  in  the  station.  If. 
however,  protective  reactances  are  placed  in  each  feeder 
circuit,  and  a  short-circuit  in  a  feeder  occurs,  only  that 
feeder  will  be  affected  and  even  then  its  reactance  coil 
will  prevent  the  current  in  it  from  rising  to  too  high  a 
value.  The  voltage  will  be  maintained  at  the  busbars 
and  no  disturbances  will  be  felt  in  the  remaining  feeders. 
While  it  is  possible  to  protect  non-self-protecting  gen- 
erators by  reactances,  this  is  unnecessary  since  generators 
can  be  supplied  that  are  immune  to  the  worst  conditions 
of  load  that  can  be  imposed  upon  them. 


constructed.      (United   States  Circuit  Court   of   Appeals,   Nintl 

Circuit;    Continental    &    Commercial    Trust    &    Savings    Banl 

vs.  Corey  Bros.  Construction  Co.;  20S  "Federal  Reporter"  976. 

Power    Company    as    "Manufacturine"    Corporation — A    pro 

vision  of  the  Minnesota  constitution  makes  each  stockholdei 
in  any  corporation,  except  those  organized  for  the  purpose  0 
carrying  on  any  kind  of  manufacturing  or  mechanical  busi 
ness.  individually  liable  for  the  debts  of  the  corporation  t( 
the  amount  of  stock  held  or  owned  by  him.  Feb.  13  th( 
Supreme  Court  of  that  state  held,  in  the  case  of  the  Vencedoi 
Investment  Co.  vs.  the  Highland  Canal  &  Power  Co.,  of  Du- 
luth.  that  a  corporation  organized  for  the  purpose  of  gen- 
erating electricity  for  distribution  to  the  public  is  a  "manu 
facturing"  corporation  within  the  meaning  of  the  exemption 
contained  in  this  constitutional  provision.  The  court  decided 
that  this  conclusion  is  not  to  be  affected  by  the  fact  that  the 
corporation  is  vested  with  the  power  of  condemning  land  in 
conducting  its  business.  The  opinion  recognizes  the  fact  that 
it  is  not  in  harmony  with  decisions  in  other  states,  b'lt 
follows  a  Minnesota  precedent,  reversal  of  which  the  court 
says  "would  result  in  imposing  a  liability  the  stockholders 
did  not  intend  to  assume  and  create  rights  in  creditors  they 
had   no   right   to  expect   or   rely   on." 
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The  critical  study  of  isolated-plant  design  is  inter- 
esting and  profitable.  Scrutinizing  new  installations 
from  the  standpoint  of  the  efficiency  expert,  to  see 
liow  the  design  of  the  plant  might  have  been  bettered, 
is  good  practice.  , 

An  engineer,  given  the  privilege  of  going  over  a  large 
iaoiated  plant,  followed  this  course,  and,  without  detract- 
ing from  the  good  features  of  the  design,  noted  for  his 
own  benefit  the  points  which  seemed  defective  in  the 
installation. 

The  boiler  room  was  about  50  ft.  below  the  street,  yet 
the  architects,  or  whoever  was  responsible,  failed  to  grasp 
the  possibilities  of  gravity-coal  delivery  from  the  bunkers 
directly  into  the  stoker  hoppers.  Instead,  the  fuel  was 
delivered  into  hand  cars  from  spouts  near  the  boiler- 
room  floor  level,  wheeled  through  a  narrow  doorway, 
dumped  from  the  cars  and  shoveled  by  four  coal  passers 
into  the  stokers  which  were  about  5  ft.  above  the  floor. 
The  cost  of  getting  the  coal  from  the  spouts  to  the  hop- 
pers was  $426  per  month. 

The  visitor  learned  that  a  mechanical  conveyor,  about 
to  be  installed  at  a  cost  of  $4200  to  overcome  the  dis- 
advantages of  the  original  design,  would  save  the  owners 
$2572  per  year,  allowing  20  per  cent,  for  fbced  charges 
and  operating  costs.  Adequate  appreciation  of  boiler- 
room  necessities  in  the  flrst  place  rather  than  so  much 
attention  to  the  exclusively  ornamental  features  by  the 
architects  would  have  meant  lower  annual  costs  for  the 
owners. 

In  another  case  the  efficiency  of  an  isolated  plant  was 
found  to  be  much  lower  than  might  have  been  expected 
on  account  of  a  large  installation  of  indirect  lighting 
fixtures,  every  pair  consuming  nearly  a  kilowatt,  and 
some  of  them  being  operated  ten  hours  a  day.  As  a 
result  a  surplus  of  exhaust  steam  over  that  needed  to 
heat  the  building  was  being  wasted.  Probably  purchased 
current  for  such  long-hour  lighting  business  would  have 
meant  a  lower  total  yearly  expense.  A  heavy  sustained 
lighting  demand  from  morning  until  night  is  attractive  to 
the  central  station,  and  such  installations  are  giving 
the  student  of  power  economics  food  for  thought. 

Nothing  is  more  important  in  the  design  of  an  iso- 
lated plant  than  the  number  and  capacity  of  generating 
units  selected.  In  a  certain  plant,  there  are  five  gen- 
erators having  a  combined  capacity  of  1350  kw.,  or  nearly 
twice  the  maximum  demand.  The  visiting  engineer  not- 
iced that  the  load  averaged  about  600  kw.,  the  peak  sel- 
dom exceeding  700  or  800  kw.  Evidently,  omitting  one 
300-kw.  unit  and  its  auxiliary  plant  would  have  saved 
nearly  $15,000.  Further,  the  engines  were  often  run  at 
part  loads  to  avoid  water  in  the  cylinders  arising  from  an- 
other defect — improper  drainage  of  the  steam  lines.  It 
appeared  to  the  observer  that  the  plant  would  do  ex- 
cellently with  three  generators  of  750-kw.  total  rating. 


devoting  one  150-kw.  and  one  300-kw.  machine  to  the 
lights  and  a  300-kw.  generator  to  the  power  load,  the 
average  lighting  load  being  370  and  the  power  load, 
200  kw. 

Practical  studies  of  this  kind  are  helpful  to  the  en- 
gineer who  may  some  day  be  called  upon  to  estimate  tiie 
loads  and  equipment  desirable  for  his  employer's  new 
plant.  Over-powered  isolated  plants,  with  little  likeli- 
hood of  growth,  may  not  cost  the  owner  as  much  to  main- 
tain in  yearly  service  as  under-powered  layouts,  but  they 
are  none  the  less  a  source  of  excessive  expense  and  de- 
serve space  in  the  personal  note  book  of  the  visiting  en- 
gineer when  he  is  studying  what  to  avoid  in  plant  de- 
sign as  well  as  what  is  worthy  of  imitation. 

m 


No  better  test  of  the  caliber  of  an  engineer  can  be  ap- 
plied than  to  put  him  where  he  can  treat  both  under- 
studies and  successors  according  to  his  own  free  will. 
Granted  that  there  are  many  occasions  where  an  engineer 
has  every  provocation  to  quit  his  work  without  lifting  a 
finger  on  behalf  of  the  future  welfare  of  an  ungrateful 
or  unreasonable  employer,  it  none  the  less  follows  that 
the  man  who  can  rise  above  these  sources  of  irritation 
and  give  the  best  that  is  in  him  to  the  plant  to  which 
he  has  devoted  himself  so  long  as  he  is  in  a  position  to 
help  matters,  shows  himself  far  superior  to  the  fellow 
who  nurses  a  grudge,  and  definitely  raises  the  tone  of 
his  calling  by  his  cooperative  spirit.  The  treatment  of 
understudies  and  nominated  successors  often  calls  for  a 
large  measure  of  tact  and  magnanimity,  but  there  are  so 
many  practical  ways  of  lending  the  helping  hand  to  both 
classes  of  individuals  that  there  is  seldom  much  need  of 
dwelling  upon  the  trying  phases  of  the  situation  from 
the  emotional  standpoint. 

When  an  engineer  realizes,  either  through  his  own 
choice  or  through  circumstances,  that  a  successor  is 
slated  for  his  position,  and  after  he  has  made  his  own 
arrangements  for  taking  up  work  elsewhere,  there,  is 
often  an  interim  of  weeks  or  months  before  the  change 
comes,  and  often  the  man  who  is  going  to  leave  has  the 
opportunity  to  become  somewhat  acquainted  with  the 
chap  who  is  to  follow  him.  If  an  understudy  is  to  take 
up  the  work,  the  opportunities  for  assisting  the  incoming 
man  are  sure  to  be  numerous,  unless  through  long  as- 
sistance and  appicnticeship  the  details  of  the  plant  are 
practically  as  familiar  to  one  as  to  the  other.  Whether 
the  new  engineer  comes  from  outside  or  inside  the  or- 
ganization, the  retiring  man  of  the  right  sort  will  throw 
open  every  detail  of  his  knowledge  of  the  physical  plant 
in  his  charge  to  his  successor;  he  will  show  him  upon 
request,  or  after  an  appreciated  suggestion,  the  purpose 
and  special  features  of  all  parts  of  the  equipment  which 
might  be  difficult  to  handle  or  understand  quickly;  and 
h(>  will  share  with  the  new  engineer  every  proper  record 
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of  ()|ii't'ati(iii  winch  ln'  liiiiiNcir  would  (Icsirc  to  liavc  in 
(.ikiiij;  liinrjjc  of  tlii'  iiistalhitioii.  if  the  lu-w  iiiaii  di- 
sircs  lo  iiinki'  a  list  of  all  iiiaihiiicrv  Hv/rn,  such  as  cylin- 
der diameters  and  strokes,  capacities  of  pumps,  heads 
and  |iipe  sizes,  lu-  will  throw  o|teM  his  nolehook  for  liis 
licni'lit  and  will  permit  hlueprints  to  lie  made  of  trac- 
iufis  which  he  nuiv  have,  hesides  e.xplaininj,'  freelv  the 
manner  of  operation  of  anv  honu'-nuide  lai)or-savinj;  or 
other  devices  for  eiihanciiifi  economy  of  operation  for 
which  he  nuiy  have  heen  responsihic 

lie  will  share  the  results  of  tests  iiml  will  post  his  suc- 
cessor, so  far  as  ihc  latter  shows  himself  a  suitaitle  |)cr- 
son  to  be  posted,  upon  llu'  ^'encrai  pulicy  of  the  orfraiii/.a- 
tion  regarding;  purchases  uf  fuel  mul  supplies,  tlic  Ircaf- 
nient  of  inspectors  and  public  ollicials,  and  tlic  exislinfj; 
division  of  responsibilities  amonj^  his  sulmrdinales.  'riie 
wi§o  engineer  will  consistently  avoid  j)ersonalilics.  liow- 
evor,  either  in  speaking  of  his  superiors  or  of  those  under 
him,  and  thus  will  leave  the  incoming  engineer  free  from 
prejudices  and  in  a  jiosition  to  form  his  own  judgments 
of  Iiis  associates.  If  a  man  can  make  himself  grant  this 
sort  of  cooperation  with  an  utter  disregard  of  his  own 
})ersonal  likes  and  dislikes  in  relation  to  those  above  and 
below  him,  he  deserves  to  be  classed  among  the  thor- 
oughbreds and  listed  as  a  master  of  his  own  personality, 
no  less  than  of  his  highly  technical  and  responsible  pro- 
fession. 

m 

It  is  a  much  discussed  subject  whether  a  technical  cd- 
iication  and  training  really  pay  the  engineer.  A  man  who 
has  acquired  his  knowledge  in  the  sliop  or  power  plant 
from  the  ground  up  is  frequently  of  greater  value  to  his 
employer  than  a  man  of  equal  degree  of  intelligence  who 
has  spent  the  same  time  in  acquiring  a  technical  educa- 
tion and  passing  through  that  jjcriod  of  employment  dur- 
ing which  he  finds  that  his  knowledge  must  in  great  part 
be  forgotten  and  knowledge  of  the  system  and  practice  of 
his  employer  acquired  in  its  stead.  At  some  period  in 
the  development  of  the  two  men  their  value  to  those  for 
whom  they  work  will  become  equal,  after  which  the 
trained  man  may  or  may  not  outstrip  the  other.  If  the 
engineering  ability  of  the  technically  trained  man  has 
been  made  sufficiently  subservient  to  his  new  environ- 
ments, and  his  conceptive  faculties  thereby  dulled,  it  still 
remains  an  open  question  whether  the  other  man  may 
not  finally  outdistance  him.  Should  his  engineering  abil- 
ity remain  unimpaired  and  during  his  practical  training 
should  he  have  been  able  at  times  to  take  the  initiative,  he 
will  probably  grow  much  more  valuable  to  his  employer 
than  the  man  trained  entirely  in  the  shop  or  plant. 

The  large  manufacturers  fully  realize  this,  as  is  evi- 
denced by  the  number  of  technically  trained  college  men 
to  whom  they  give  employment  each  year,  but  this  does 
not  alter  the"  fact  that  the  natural  effect  of  employment 
by  a  manufacturer  is  to  lessen  the  engineering  ability  of 
:he  trained  engineer.  A  doctor's  assistant  who  had  spent, 
say  some  seven  years  in  assisting  a  surgeon  in  amputating 
limbs  and  finally  performing  the  operations  himself,  could 
cut  off  a  man's  arm  more  efficiently  and  satisfactorily 
than  a  young  doctor  who  had  just  completed  his  seven 
years  training,  but  if  treatment  was  required  for  a 
sprained  wrist,  for  instance,  the  sufferer  would  probably 
prefer  to  go  to  the  young  doctor  than  to  trust  to  this 
specialist  in  limb  removal.     Even  the  employer  of  the 


assistant  wouM  probably  choose  thi'  young  doctor  to  liel|) 
in  a  case  not  identical  with  the  assistant's  regular  duiicH. 
'i'he  engineer's  livelihood  depending  u|)on  iiis  aiiility 
io  make  good,  his  responsibilities  are  great  and  his  place- 
in  the  modern  industrial  world  important.  ICconomy 
and  efliciency  are  iin|>ossil>lt;  without  his  a|>pli)'d  knowl- 
edge and  it  seems  strange  that  his  economic  value;  is 
nol  more  generally  rd'ognized.  To  lie  n  consulting  ex- 
pert, (he  engineer  need  not  necessarily  he  a  college-bred 
man.  as  in  almost  every  other  profession,  but  the  colle^.'i 
mail  ordinarily  has  (he  advantage,  for  without  dediiili 
and  legal  recpiirements  for  the  right  to  pass  as  an  engince  i 
sdii'c  standaid  must  be  adopted.  .\ii  en'/ineering  degni 
(iiiil'erred  by  a  technical  school  of  repute  naturally  car- 
ries considerable  weight.  No  such  degree  can  be  ob- 
tained from  a  technical  school  of  recognized  high  stand 
ing  without  the  recipient  acquiring  at  least  a  knowledge 
of  the  principles  of  good  engineering  Though  engineer- 
ing is  but  "good  hor.se  sense"  and  can  be  acquired  with- 
out going  to  college,  the  man  not  trained  in  a  technical 
school  must  have  a  past  record  and  his  experience  must 
have  been  general  and  more  exacting  than  that  of  the 
college  man,  in  order  to  develop  to  the  same  degree  those 
powers  of  perception  and  resourcefulness  afforded  the  col- 
lege man  l)y  his  technical  training — a  technical  educa- 
tion at  college  being  but  a  short  cut  for  developing  pow- 
ers of  perception  and  ability  to  diagnose  correctly. 


Again  the  politicians  seek  to  interfere  with  the  work 
of  a  semi-engineering  department  well  and  efficiently 
conducted. 

The  work  of  Lewis  T.  Bryant,  Commissioner  of  Labor 
for  New  .Jersey,  is  looked  up  to  by  many  authorities  as 
most  commendable. 

The  New  Jersey  Labor  Department  has  to  do  with 
factory  inspection,  which  includes  hygiene,  building  and 
electrical  inspection,  and  the  enforcement  of  the  child- 
labor  law.  It  must  also  enforce  the  recently  enacted  en- 
gineers' license  law. 

Oovernor  Fielder  has  retained  Mr.  Bryant,  and  the 
cheap  politicians  are  uneasy.  The  Economy  and  Effi- 
ciency Commission,  authorized  to  probe  the  affairs  of 
state  departments,  apparently  seeks  to  discredit  and  em- 
barrass Commissioner  Bryant,  and  plans  to  wipe  out  his 
department  by  combining  it  with  the  department  of  Sta- 
tistics of  Labor  and  Industry,  with  the  intent,  perhaps, 
of  procuring  soft  berths  for  some  of  its  friends.  It  is 
the  same  old  story,  and  another  example  of  why  such  a 
department   should  he   severed   from   political   influence. 

The  Bureau  of  Engineers'  Licenses  is  a  part  of  the 
Labor  Department.  This  bureau  is  yet  to  be  organized, 
its  rules  formulated,  and  the  work  correctly  begun.  Com- 
missioner Bryant  may  he  depended  upon  to  do  this  right- 
ly. The  engineers  of  New  Jersey  have  protested  against 
unfair  treatment  of  the  commissioner,  and  we  are  glad  to 
voice  our  protest  with  theirs. 

An  efficiency  commission  should  seek  to  promote  good 
work  when  done  efficiently.     TTlien  its  aim  is  otherwise, 
it  must  be  made  to  keep  its  hands  off. 
?*? 

The  report  of  the  Standard  Oil  Co.,  of  California, 
shows  an  increase  in  net  earnings  for  191.3  over  191^  of 
172.8  per  cent.,  which  explains  the  necessity  of  increas- 
ing the  price  of  oil  and  gasoline. 


March  10.  1914  POWER  343 

aijiiiiiiiiiii iiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiiniiiiiniiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiii^^      iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiniJiu^^^^^^ 


'©rrespomKDieiniC 


illlllllllllllllllllllllllllllllllllllllllllllllllllllllllNIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII^ 


FnstfDia  B^iraoclfes  O^tl  C^^Hairadleir' 


A  375-hp.  engine,  part  of  the  equipment  of  the  Charles 
City  Ligliting  &  Heating  Co.,  Charles  City,  Iowa,  was 
recently  put  out  of  service  temporarily  by  a  serious 
breakdown.  The  piston,  piston  rod,  cylinder  and  cylin- 
der head  were  damaged  beyond  repair. 

At  the  time  of  the  accident  the  engine  was  well  loaded. 
Apparently  the  piston  rod  broke  flush  with  the  nut  hold- 
ing the  piston  on  the  rod,  just  a.';  the  crank  was  at  its 
outer  center. 

The  head  and  cover  were  thrown  against  the  head  of  a 
second   engine,    smashing   the   cylinder-head   cover,   but, 


Cylindei!  of  Wrec'kkd  Engine 

I iji- Innately,  the  head  was  struck  near  the  edge  and  was 
not  seriously  damaged. 

The  piston  rod,  except  where  it  broke,  the  guides,  con- 
necting-rod and  the  crankpin  were  not  sprung  or  dam- 
aged. This  indicates  that  tlie  piston-rod  nut  broke  off 
just  as  steam  was  admitted  behind  the  piston  and  that 
the  piston  was  blown  off  the  rod  with  sufficient  force  to 
knock  off  the  cylinder  head.  There  was  no  indication 
that  any  substance  had  gotten  between  the  piston  and 
til!'  cylinder  head. 

The  piston  left  the  cylinder  at  an  angle  and  struck  a 
glancing  l)low  against  the  brick  wall  of  the  boiler  room. 
An  irregular  piece  was  broken  from  the  edge  or  corner 
of  the  piston.  A  small  crack  extended  out  from  the  pis- 
ton-rod hole.  It  had  been  known  for  some  time  that 
the  piston  was  cracked  at  this  point  and  a  new  piston 
was  to  be  put  in  soon.  Possibly  this  crack  allowed  a 
slight  looseness  which  caused  tlie  rod  to  break  flush  with 
the  piston  surface. 

The  cylinder  head  was  not  badly  damaged.  It  was 
evidently  blo\vn  off  squarely,  breaking  all  but  four  of  the 
studs.  The  nuts  must  have  si)lit  on  these  four,  for  the 
studs    were    quite    straight   and   the    threads    but   little 


bruised.     The  cylinder  was  cracked  about  10  in.  longi- 
tudinally. 

Fortunately,  no  one  was  seriously  injured.  The  en- 
gineer's hand  and  arms  were  cut  by  glass  from  a  window 
into  which  he  ran,  mistaking  it  for  a  door  in  the  dark- 
ness. 

It  is  remarkable  that  there  were  none  seriously  in- 
jured, as  the  men  were  accustomed  to  pass  the  end  of  the 
damaged  engine  frequently  and  often  stood  near  it,  be- 
cause the  steam  gages  and  switchboard  were  easily  seen 
from  that  position. 

C.  V.  Hull. 

Charles  City,  Iowa. 


An  interesting  instance  recently  came  to  the  writer's 
notice.  There  had  been  a  mercury-indicating  column  in 
the  engine  room  to  show  the  water  level  in  the  tank  on 
the  roof,  but  the  glass  was  broken,  all  the  mercury  was 
lost;  and  the  proprietor  refused  to  buy  more.  The  en- 
gine-room force  was  informed  that  it  would  have  to  go 
to  the  roof  to  see  the  water  level.  This  soon  grew  intol- 
rable  with  five  flights  of  stairs  to  climb,  so  an  indicator 
was  devised. 

An  abandoned  steam  gage  was  connected  to  the  bottom 
of  the  Vi-iu.  pipe  which  led  to  the  tank.  The  fireman 
was  sent  above  to  signal  by  tapping  on  the  pipe  for 
every  foot  the  water  should  fall.  A  cardboard  disk  had 
been  inserted  over  the  dial  face  in  the  gage.  According- 
ly the  engineer  marked  the  various  points  indicated  by 
the  pointer  on  the  disk  at  the  fireman's  signals.  The  gage 
then  indicated  the  water  level. 

Edwakd  T.  Binns. 

Philadelphia,  Penn. 

•^: 

H@^   F®©dl    Ws^^©ir   Cs^tiiis©dl  Fuaaimp 
TTiPiO'vLalbS© 

The  operation  of  our  boiler-feed  pump  had  not  been 
satisfactory  for  some  time,  it  having  a  tendency  to  race 
and  pound  several  times  a  day;  sometimes  after  this  oc- 
curred it  would  stick.  The  conclusion  was  that  this 
trouble  was  caused  by  wear  and  the  outfit  was  overhauled, 
but  the  trouble  was  still  there.  As  the  work  had  been 
done  by  a  most  reputable  machinist,  we  felt  it  was  not 
the  fault  of  the  pump. 

Then  it  was  decided  to  study  local  conditions.  The 
pump  is  in  the  boiler  room  and  is  supplied  with  water 
from  an  open  heater,  in  the  engine  room,  about  100  ft. 
away.  The  heater  was  originally  placed  near  the  engine 
so  as  to  keep  the  back  pressure  down.  The  water  level 
in  the  heater  is  about  8  ft.  above  the  pump  suction  and 
the  2-in.  suction  line  contains  six  elbows.  We  carry  90 
lb.  boiler  pressure  and  have  a  back  pressure  of  10  lb.  on 
the  pump.     The  exhaust  pipe  goes  up  from  the  pump  to 
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provide  lit'iid  room  and  so  forms  a  I  rap  lor  coiidciisatioii. 
.\  pt'(-(o<k  was  |iut  in  this  pi|»t',  and  was  just  cracked, 
l)iil  while  this  helped  it  did  not  remedy  the  trnulile. 

The  Wvd  water  ranjjes  from  xJdO  to  212  dcg.  'I'he  J)ip- 
in^'  had  recently  heen  chanj^ed  anil  the  exhaust  from  one 
of  I  he  en^Mues,  which  had  formerly  heen  wasted,  was 
sent  to  the  heater.  The  idea  was  that  the  .S-fl.  drop  would 
force  the  water  to  the  pump  suction  and  it  was  wanted 
as  hot  as  possihie.  'I'he  100  ft.  of  jiipe  and  the  si.\  eihows 
are  tlu'  eipiivalent  of  ;^*.")0  ft  of  l)ipc.  I'umpin^  5io  gal. 
of  water  per  min.  the  loss  is  '.\  ft.  jjcr  luindre<l.  or  a  total 
loss  of  7'/:;  ft.,  leaving  hut  '^  ft.  to  ('ause  a  Mow  to  the 
heater.  Water  at  2\'i  deg.  temperature  can  l)e  va])ori/cd 
by  reducing  the  preseure  a  fraction  of  a  pound,  and  with- 
out tiio  addition  of  external  heat.  This  was  wiiat  was 
liappening. 

The  gravity  iicad  and  Ihc  pipi'  friction  were  ahnost 
balanced.  The  pump  nuule  a  stroke  slightly  faster  than 
the  average  and  the  suction  lift  was  increased.  The  water 
could  not  flow  faster  and  the  extra  pull  created  steam  or 
vapor.  The  trouble  was  remedied  by  removing  one  of  the 
shelves  in  the  heater,  thus  keeping  down  the  temperature 
of  the  water.  This  could  also  have  been  done  by  bypass- 
ing part  of  the  steam  to  the  atmosphere. 

The  pump  is  again  operating  most  satisfactorily,  and 
the  lesson  has  been  learned  that  hot  water  must  flow  to 
the  pump  and  will  vaporize  if  the  slightest  pull  is  given 
over  the  vaporization  point  on  the  temperature-pressure 
curve. 

H.  C.  Wight. 

Philadelphia.    I'enn. 


The  construction  of  the  dry  pipe  shown  by  Mr.  Everett 
in  the  Dec.  23  issue  is  different  from  any  that  I  have  seen 
in  that  the  caps  are  screwed  on  water-tight.     Usually  the 
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Boiler  Dry  Pipes 

end  of  the  pipe  is  closed  by  a  loosely  fitting  liead  which 
leaves  space  for  drainage. 

Another  kind  of  dry  pipe  is  made  of  heavy  sheet  iron 
with  the  ends  capped,  the  upper  side  slotted  the  entire 
length,  and  having  several  small  holes  in  its  lower  side 
for   drainage.      The   current   of   steam   passing   through 


these  lioles  at  the  bottom  would  b<-  so  small  that  it  would 
liave  no   tendency   to   lift    the   water.      When   a   boiler   i 
priming   badly,   water   will   be  carried   over  into  tlu-  <li 
pipe,  even  though  there  are  no  holes  in  the  bottom,  'i'bi 
water    must    either   be   drained    oiil    or   go   over   with    lli' 
steam,  defeating  the  purpost?  of  the  device.     1  doid)t  \i'i\ 
much  if  the  water  in  the  dry  pipe  would  be  evajiorated. 
A  few  small  lioh's  in  tiie  bottom  will  at  least  do  no  dam- 
age.     I  consider  Mr.   JOverett's  |)i])(!  a  good  one,  and   be- 
lieve that  the  drain  holes  should  be  left  open. 

Once    I    had    two    boilers,    located    at    the   end    of    tin' 
header  nearest  the  engines,  which  ])rimed  badly  at  tinn 
of  heavy  load,  and  sometimes  the  water  would   ductuai' 
H  or  10  in.  in  the  glass.     TIk;  illustration  shows  the  de- 
sign of  a  baflle  whicJi  largely  corrected   these  conditions. 

.1.  ('.   Hawkins. 

Ilvaltsville.  Md. 


aiini°Drive  Ti^S^tener 

A  handy  tigiitcner  is  shown  in  the  illustration.  The 
jaws  of  the  bars  .1  and  A'  fit  between  the  links  of  the 
chain,  and  are  lield  in  place  by  pins  B  and  H' .     A  square 


Chain-Drive  Tightener 


rod  C,  with  pins  in  each  end,  keeps  the  bars  A  and  A' 
from  spreading,  and  several  additional  holes  allow  for 
adjustment.  WTien  the  nut  D  is  screwed  out  toward  the 
end  of  the  rod,  all  the  slack  in  the  chain  is  brought  be- 
tween bars  A  and  A',  so  that  the  required  number  of 
links  may  be  removed  with  ease.  The  pins  on  each  end 
of  the  tightener  are  attached  with  chains  to  keep  them 
from  being  lost. 

Lawkkxce  Kjerulff. 
Kansas  C'itv.  Mo. 


One  of  the  essential  qualificationp  of  the  successful 
engineer  is  good  judgment  in  purchasing  equipment  and 
supplies.  As  an  example  of  what  not  to  do,  let  us  as- 
sume that  the  engineer  is  in  need  of  a  steam  separator, 
and  after  looking  at  the  different  makes,  he  selects  one 
with  regard  to  price  and  construction. 

When  he  receives  the  separator,  to  his  surprise  there 
are  no  companion  flanges,  bolts,  drain  valves  or  glass 
gage  with  it.  The  manufacturers'  catalogs  show  a  pic- 
ture of  the  separator  with  all  the  fittings  attached,  but 
nothing  is  said  about  the  trimmings  and  the  purchaser 
has  assumed  that  they  are  included.  When  the  trimmings 
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;iust  be  bought  later  the  "boss"  investigates  and  finds 
|iat  at  least  some  separators  are  so  furnished,  as  they 
jiould  be,  the  engineer  is  criticized,  and  the  bu^'ing  there- 
fter  is  closely  watched  or  is  taken  away  from  him  en- 
rely,  and  he  has  fallen  a  point  in  the  estimation  of 
is  employer.  Other  things,  too  numerous  to  mention, 
raid  be  used  as  well  to  illustrate  the  same  point. 

Let  us,  as  engineers,  so  educate  outselves  that  we  can 
3  the  purchasing  ourselves,  or  be  able  to  give  concise 
[formation  in  our  line.  Manufacturers  are  at  all  times 
illing  to  send  catalogs  and  answer  questions  regarding 
leir  products  and  it  is  "up  to  us,"  when  our  employer 
;ks  us  "Why  ?"  and  "How  ?"  to  let  him  know  that  we  are 
1  the  job  and  know  our  business.  It  may  also  put  a 
iw  more  dollars  into  our  i)ay  envelope. 

Kansas  City,  Mo.  Howard  Gr.  Schulek. 


We  are  entertained  in  rowEn,  from  time  to  time  by 

intributors,  and  by  editorials,  with  questions,  opinions 

id  even  ridicule  about  the  operating  engineer. 

The  editorial,  "One-sided  Development,"  in  the  Aug. 

issue,   asserts  that  the  operating  engineer  is  under- 

lid  because   he   has   not   acquired   the   business   ability 

leded  to  sell  his  services  at  their  real  value. 

One  correspondent  goes  so  far  as  to  feel  justified  in 

inking  that  anyone   must  be   mentally  deficient,   who 

orks  such  long  hours  for  inadequate  pay.     The  point 

view   which    inspires   this    criticism    is   oue-sided   or 

ealistic;  it  is  based  on  conditions  as  they  should  be. 

The  dictionary's  definition  of  "engineer"  is  true  only 

eoretically.     To   the   majority   of   power-plant   owners 

id  managers,  the  engineer  is  simply  the  man  who  keeps 

e  wheels   turning  around,   and   it   will  be   some   time 

ifore  they  realize  that  an  engineer  may  be  more  than 

imere  starter  and  stopper — that  he  may  be  instrumen- 

jl  in   increasing  the   profits   of  the  establishment. 

If  it  is  necessary  to  educate  the  engineer  along  pro- 

issional  lines  to  render  him  capable  of  estimating  the 

llue  of  his  services,  it  is  likewise  necessary  to  educate 

te  power-plant  owner  to  safeguard  his  interest  by  en- 

sging  the  services  of  a  competent  engineer. 

■The  engineer  will  educate  himself  readily  enough   if 

Ij  sees  that  competence  as  an  economic  engineer  is  at 

apremium,  and  that  his  position  is  jeopardized  by  lag- 

gng  behind.     On  the  engineers'  part,  it  is  only  a  ques- 

tm  of  demand.     When  competent  engineers  are  in  de- 

limd,  there  will  be  men  who  will  qualify  themselves  to 

fpply  the  need. 

Iln  the  education  of  employers  and  managers  a  differ- 
et  element  enters.  It  is  hard  to  believe,  but  neverthe- 
Ifcs,  there  are  employers,  who  are  so  autocratic  toward 
feir  employees,  that  they  will  permit  even  easily  pre- 
■^htable  losses  to  continue,  rather  than  ask  or  accept 
Cimomical  suggestions,  indicating  that  if  there  are  any 
lianges  made  they  will  be  the  authors  thereof.  They 
\11  say  to  him,  who  has  the  temerity  to  offer  advice, 
'■"ever  mind  your  brains;  let's  see  your  muscles." 
jEmploying  incompetent  engineers  is  due  to  ignorance 
d,  the  ])ossibilities  of  economical  management  of  the 
Si'am  plant.  It  is  only  recently  that  the  beneficial  re- 
mits of  scientific  management — even  in  unloading  a 
cl"  of  pig  iron — were  made  public,   and  it  has  created 


the  intended  impression  on  the  minds  of  those  who  are 
responsible  for   the   annual   dividends. 

It  is  detrimental  both  to  the  interest  of  the  engineers 
and  that  of  the  owners,  that  managers,  in  many  instances, 
assume,  perhaps  justly,  that  an  engineer's  license  is  not 
a  certificate  of  competency;  that  it  is  acquired  without 
merit  by  the  holder. 

It  is  easy  to  advise  the  engineer  to  quit  his  job  and 
go  to  digging  ditches,  in  order  to  retain  his  self-respect, 
where  the  management  does  not  treat  him  deservedly. 

Why  does  the  average  beginner  drift  into  the  boiler 
room?  Because  as  a  firemmi,  he  can  make  a  few  more 
dollars  than  he  would  at  common  labor.  He  is  paid  a 
couple  of  dollars  more,  not  because  the  management 
thinks  that  the  job  requires  more  intelligence,  with  apol- 
ogies to  the  opinion  of  the  minority,  but  because  it  is 
hard  work  and  long  hours.  He  takes  the  job,  because 
after  he  becomes  familiar  with  his  work,  he  is  practi- 
cally his  own  boss.  After  some  years  he  gets  his  license, 
where  one  is  required,  or  is  simply  promoted  to  run  the 
engine,  with  a  little  raise  in  pay.  It  is  only  too  true 
that  the  promotion  is  usually  due,  not  to  possessing  the 
attributes  of  an  engineer  of  dictionary  clefinition,  but 
because  he  is  willing  and  obliging,  a  handy  man.  etc. 

I  believe  that  the  majority  of  these  men  are  progres- 
sive, and  are  perfecting  themselves  along  professional 
lines;  it  would  be  expecting  too  much  for  them  to  go 
back  to  the  pick  and  shovel  for  idealistic  reasons  only. 

In  holding  down  their  jobs  until  there  are  better 
])laces  open,  they  are  only  following  the  examples  of  men 
of  krger  importance,  who  if  they  were  to  relate  their 
experiences,  would  undoubtedly  say  that  they  had  to  be 
content  with  an  inferior,  underpaid  job  long  after  they 
were  competent  to  fill  their  present  positions.  There  are 
also  many  competent,  deserving  men  who  never  attain 
the  position  to  which  their  ability  entitles  them,  notwith- 
standing the  assertion  that  merit  and  will  ])owcr  only 
are  necessary  to  succeed. 

New  York  City.  Victor  Bonx 

:*■ 

In  reference  to  an  article  of  Ralph  E.  Somers,  of  New 
York  City,  appearing  in  Power,  Feb.  10  issue,  page  204, 
under  the  head  "Power-Plant  Conditions  in  the  South," 
in  the  third  paragraph  he  states  that  the  standing  charges 
against  a  steam  plant  are  12  per  cent. 

I  would  like  to  ask  him  how  he  arrives  at  this  figure, 
or  in  other  words,  for  an  itemized  statement  of  the  factors 
which  make  up  this  figure. 

J.  McL.  Jones. 

Charlotte,  X.  C. 


I  said  that  the  standing  charges  "are  usually  a.'^sumed 
at  about  12  per  cent." 

Interest. 5 

Depreciation 5 

Taxes  and  instiranco 2 


If  interest  is  6  ]wr  cent.,  depreciation  6f ,  as  Reginald  P. 
Bolton  wants  to  charge  it  on  page  180  of  the  issue  of  Feb. 
3,  and  if  taxes  and  insurance  are  a  little  higher  it  may 
l)e  15,  which  would  make  out  a  worse  case  for  the  hydro- 
electric plant. 

New  York  City.  Ralph  E.  Somers. 
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Cuarve  Flotltlnirag— =111 
The  last  li'ssiin  slK)\Vi'(l  tlial  any  point  may  be  rcprc- 
sonteil  l)y  two  iiuihIkts,  called  its  coordinates,  usually 
written  {j;  y),  or  any  two  numbers  may  be  represented 
by  a  point.  It  is  also  ])ossible  to  represent  any  cquatimi 
in  :;•  and  //  by  a  curve  or  group  ol^  curves,  but  I'lol  nil 
curves  are  capable  of  being  represented  by  equations,  nl- 
tbough  the  simple  ones  can  be.  The  two  unknown  (juan- 
tities  (or  rariahlcs,  as  Ibcy  iwv  rallcil)  in  the  equation 
need  not  be  represented  by  .r  and  // ;  an  equation  in  n 
and  r  or  any  other  letters,  would  do  just  as  well,  but  then 
instead  of  calling  the  axes  those  of  .r  and  //.  \\c  sinii)ly 
call  them  those  of  u  aiul  v. 

To  plot  a  curve  from  its  equation,  we  assume  various 
values  for  one  variable,  and  find  what  the  other  variable 
will  equal  uiuler  those  coiulitions.  For  example:  To  plot 
the  equation,  ij  =  3.r  +  4,  we  make  a  table  as  follows: 
If  I 


— 9  +  4  =  — 5 

=  — 6  +  4  =  — 2 

=  — 3  +  4  =  +1 

=       0  +  4  =  +4 


=  1 
=  2 
=  3 


=  3  +  4  =  +7 

=  6  +4   =   +10 

=  9  +  4  =  +13 
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Fig.  ,3.     Stkaight  Line 

If  we  now  lav  off  on  cross-section  paper  the  points 
(-3,  -ro,  (-2,  -2),  (  -1,  +  1),  (0,  +  4),  (1,  7), 
(2,  10)  and  (3,  13)  and  connect  them  we  have  the  curve 
represented  by  this  equation,  in  this  case  a  straight  line,* 
Fig.  3.  That  is,  to  plot  an  equation,  we  assume  values 
for  one  of  our  unknown  quantities,  find  the  value's 
of  the  other  unknown  quantity  corresponding  to  the  first, 
mark  off  the  points  corresponding  to  them  arui  connect 
them. 

There  are  one  or  two  special  cases.  The  equation  x  — 
4,  means  .-r  =  4  for  any  and  all  values  of  y.     That  is, 

♦Every  equation  in  which  x  and  y  are  found  only  in  the 
nrst   power  represents  a   straight   line. 


this  is  II  line  parallel  to  the  axis  of  y,  and  Tj  uiiitH  fron 
it.  Similarly,  //  —  3,  represents  a  condition  that  y  ~  ! 
for  any  and  all  values  of  x,  which  is  fulfilled  by  a  lim 
parallel  to  the  axis  of  x.  and  three  units  from  it. 

However,  these  iirc,  as  said,  special  cases,  and  in  gen 
cral  any  e(|uation  of  liic  first  degree  can  be  reduced  d 
the  form 

y    =    ;;(./■   -)-    // 

;//  and  \i  rcprescnlmg  any  two  constant  numbers.  Thii 
is  the  usual  fonn  in  winch  llic  equation  of  a  straight  lini 
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Fig.  4.     Circle 

is  written,  and  has  this  convenience,  that  m,  whatever 
number  it  is,  is  the  tangent  of  the  angle  the  line  make^^ 
with  the  axis  of  x,  and  b,  whatever  number  it  is,  is  the 
distance  from  the  center  0,  that  the  line  cuts  the  axis  of 
y.     For  instance,  the  equation 

4  7/  =  3:r  +  7 
can  be  written 

3a; 


y 


+  1 


and  this  particular  equation  could  be  immediately 
plotted  by  taking  a  distance  |  out  on  the  axis  of  y,  and 
drawing  a  line  through  this  point  making  an  angle  with 
the  axis  of  x  whose  tangent  is  f. 

Another  M-ay  in  which  equations  of  the  first  degree  can 
always  be  written  is : 


The  same  equation 
reduces  to 


(t 

+  1  = 

1 

4 

y  -- 

=  3a; 

+ 

y 

1 

X 

1 

or  m  the  above  formula  a  ^= 


\,-b  = 
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In  this  form  of  writing  the  equation,  a  and  h  are  the 
distances  from  the  center  on  the  axes  of  x  and  y,  where 
the  straight  line  cuts  these  axes.  These  distances  are 
known  as  the  intercepts  on  the  axes  of  x  and  y. 

Knowing  this  much  ahout  the  straight  line,  we  can  find 
the  equation  wliere  we  have  the  line.  Suppose  a  straight 
line  passes  through  the  points  (4,  2)  and  ( — 5,  3).  Let 
us  find  the  equation  in  the  form 

y  =  mx  -\-  b 
When  X  =  4,  «/  =  8 ;  when  x  =  — 5,  2/  =  3 
therefore, 

2=      4m +  6  (1^ 

3  =  —5m  +  b  (2) 

Subtract  (2)  from  (1)  — 1  =  9  m,  or  m  ^  — ^/^; 
Substituting  in  (2) 

3  =^,1  +  b,  or  b  =  ^^- 
Then  the  equation  of  a  line  passing  tlirough  points  (4,  2) 
and  ( — 5,  3)  will  be 

y  =  — 1  2;  +  -y-,  or  9  y  =  — x  +  22 
The  matter  becomes  a  little  more   complicated  when 
the  equation  is  quadratic,  i.e.,  contains  squares  of  x  and  y. 
Suppose  x'  -\-  y^  =  25,  then 

Hi  =  0,  y  =  l/^  =  5 

X  =  I.  y  =  l/_24  =  4.9 

X  =  2,  V  =  V  21   =  4.6 

1=3,  V  =  s/  \&  =  4 

1=4,  »=i/9=3 

If  we  plot  the  points  corresponding  to  these  values, 
and  connect  the  points,  we  find  we  have  a  circle,  as  in  Fig. 
4.     In  general,  any  equation  of  the  form  x^  -\-  y"^  ^  r^ 


X  =     5, 

X  =  —1, 

X 2, 

X  =  — 3, 

X  =  -A, 

X  =  —5, 


1/0=0 
=  4.9 
=  4.6 
=  4 
=  3 
=  0 
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Fig.   5.     Hyperbola 


is  a  circle  of  radius  r.    (In  the  above  example  the  radius 
is   V"25  =  5. 
If  we  take  the  curve  pv  =  25,  then  when 


p  =  10  t)  =  2..')   ; 

p  =  9  V  =  2.78; 

p  =  8  1)  =  .■?   13; 

p  =  7  V  =  S.-W; 

p  =  G  c  =  4,17; 


p  =  5 

1)  =  5 

p  =  4 

V  =  6.25 

p  =  3 

1)  =  8  33 

p  =  2 

»   =  12.50 

P   =  1 

0  =  25 

If  we  plot  this  curve,  measuring  the  "p's"  on  the  axis 
of  y,  and  the  "v's"  on  the  axi<;  of  x,  we  obtain  a  curve 
which  represents  the  behavior  of  steam  as  it  expands,  or 
air  as  it  is  compressed,  without  change  of  temperature. 
(The  engineer  M'ill  immediately  recognize  this  as  a  part 
of  his  indicator  diagram.)     It  is  a  part  of  a  curve  known 


as  an  equilateral  hyperbola,  and  the  rest  of  the  curve  may 
be  obtained  by  plotting: 

p  =  —10  V  ^  —2.5 

p  =  — 9  V  =  —2.78  etc. 

(The  minus  branch  has  no  physical  meaning.) 

Fig.  5  is  an  hyperbola,  a  plot  of  an  equation  of  the 
form  xy  =  25. 

In  like  manner  we  may  plot  any  equation,  by  making 
a  table  of  values  of  y  corresponding  to  various  assumed 
values  of  x,  finding  the  points  corresponding  to  each 
pair  of  values,  and  passing  a  straight  or  curved  line 
through  these  points. 

We  can  summarize  much  information  concerning  the 
simpler  equations.     Every  equation  of  the  first  degree  is 


^■^F/ytyhee/ 


powEB     K- 40  >t<- 25 -A 

Fig.  6.     Phoblem  of  Burst  Flywheel 

a  straight  line.  Every  equation  of  the  second  degree 
is  either  a  circle,  an  ellip.se,  a  parabola,  a  hyperbola,  or 
a  pair  of  straight  lines. 

Any  equation  of  the  form  y  =  mx  '-(-  b  represents  a 
straight  line  in  which  m  is  the  tangent  of  the  angle  be- 
tween the  line  and  the  axis  of  x,  and  b  the  intercept 
on  the  axis  of  y. 

y 


+ 


1 


is  a  straight  line  where  a  and  b  are  the  intercepts  on  the 
axis  of  x  and  y  respectively. 

■''"  +  ,'/"  =  I-" 
is  a  circle,  whose  center  is  the  point  0,  0,  and  of  radius 
r. 

{x  — ■  a)^  -\-  (y  —  6)-  =  7-^ 
is  a  circle,  whose  center  is  the  point  a,  b,  and  of  the  radius 
r.     (The  simpler  equation  may  be  derived  from  this  by 
putting  a  ^  0,  b  =  0) 


%+y 


A3 


=  1 


is  an  ellipse,  with  0,  0  as  the  center,  and  a  and  b  as  semi- 
diameters. 

x^       y^  ^  . 

is  a  hyperbola,  with  the  axes  of  x  and  y  as  its  axes. 

xy  =  a  is  an  equilateral  hvperbola,  with  its  axes  at 
45  deg.  to  Z'  OX  and  Y'  OY.  ~ 

?/2  =  fcx  is  a  parabola,  whose  axis  is  .Y'  OX. 

Now,  what  is  the  good  of  all  this?  Can  any  problems 
be  solved  by  it  which  are  not  easily  solved  otherwise? 
Here  is  an  elementary  one  which  is  more  easily  solved 
by  plotting  equations  than  in  any  other  way. 

Suppose,  as  was  an  actual  case,  a  flywheel  burst  at  B, 
Fig.  6,  a  piece  .just  cleared  the  wall  25  ft.  away,  30  ft. 
high  (it  actually  went  through  a  skylight)  and  alighted 
40  ft.  farther  off.    How  high  did  it  go? 


348 


I'd  w  I-;  It 


\  (.1.  ;t!i.  \...  1(1 


Ituilit's  thrown  into  llir  nir  travil  in  panilHilas,  an<l  iln' 
liiglicsl  poinl  is  iiiidwav  liniii  .1  t<>  H.  W'l'  draw  mir  11^- 
iiir  tlu'M,  MS  in  l"'iy.  1. 

Till'  |)aral)(ilii  is  of  llu-  I'oiin  .i-  —  — ky.  Uy  tin-  cdnili- 
(ions  of  (lie  lU'oMcni,  tlic  paralxila  ^ofs  tlirou^rli  ]ioiril 
li  (•^'^^,  —  //)  and  llin.ufih  C  (T.n.  —  //  +  -W).  (Try  to 
see  how  those  coordinatt'S  aro  obtained).     Tlien 

:\2.b-  =    +  hi/  (1) 

7.r,J   =   h  iyW)  (2) 

SoUiiij;  hv  dividin'i  ('.')   liv   (  1  ) 

•ill'.,     ^ 

which  LMM's 

//   =    'i".!".  «"•       .'/  =        ''iV- 
Tliat   is:  the  wliccl  at   its  liiuhcsl   point   was  :\\\}.   ft.  olT 
the  fiioiind. 

Other  applications  arc;  If  two  ^iiiuillancoiis  c(pialions 
are  given,  as 

.,•  -f  w  ,y  :=   k; 
.<••-■  +  ir  =  ;5(i 

an  a)>pro\iniat('  id<'a  of  tlic  solution  may  l)c  liad  by  ])lot- 
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ting  these  equations.     Tlie  intersections  of  tlieir  graphs 
are  the  solutions  of  the  simultaneous  equations. 
Or,  in  the  equation 

.1-3  _  'I  .,.-'  _|_   ;j .,    _  4   =   0, 

if  we  put 

y  =  .(S  —  I  X-  +  •?,  X  —  \, 
and  plot  the  graph,  we  can  get  an  idea  of  the  approximate 
roots  of  the  equation,  as  these  ■will  be  where  the  graph 
crosses  the  x  axis. 

If  I  =  —5,  y   =  —194  1=0  y  ^  —  4 

X  =  — 4  y   =  —112  1=1  y  =  —  2 

I  =  — 3  y   =     — 58  X  =  2  y  =  +2 

I  =  — 2  «   =     —26  X   =  3  y  =  +14 

X   =  — 1  u   =     —10 

There  is  a  root  between  +1  and  +2,  and  by  computing 
between  these  points  we  can  approximate  it  as  closely 
as  we  please. 

Miners'  and  >lechani<-N'  IuKtitute.s — At  a  recent  meeting  of 
the  board  of  trustees  of  the  University  of  Illinois,  R.  Y.  TVil- 
liams  was  appointed  director  of  the  Miners'  and  Mechanics' 
Institutes,  which  are  to  be  established  under  the  direction  of 
the  department  of  mining  and  engineering.  Authority  for  the 
establishment  of  these  institutes  was  granted  by  an  act  of 
the  state  legislature  in  1911,  but  no  appropriation  was  made 
to  carry  out  the  authorization  until  the  latter  par*:  of  the 
recent  session  of  the  legislature,  at  which  time  an  appropria- 
tion of  $15,000  per  annum  was  made.  The  purpose  of  the 
Miners'  and  Mechanics'  Institutes  is  somewhat  similar  to  that 
of  the  Farmers*  Institutes,  but  their  specific  purpose  is  to 
assist  men  who  are  preparing  themselves  to  pass  the  tests 
required  by  the  state  before  they  can  hold  official  positions 
about  the  mines. 


OVER  THE  SPILILWAY 

.1 1  SI'  J  i;si'H,  J  A  n.-^,  .loH  II  i;h  .\  N  i>  .mm  ii  i,i;h 


Thiit  wu  Hhoulil  blliliju  iilioiil  l)iu  IliroiiK-  tiix!  Think  of 
III!  thu  woiry  (iiml  thu  I'ollectorHj  wu  uhciiiiu;  Iho  illKtilty  w 
iloti't  hiivo  to  HupiKirti  the  JeiilouMy  and  HMi-crM  wo  rtoni 
fxclto.  (ireat,  ain't  It,  not  to  bo  forced  to  aocopt  u  three  or  n 
four  thuUHand-doIlnr  aalury?  JuMt  plain  "waKOM"  for  you  aii<l 
mo,  iKnntz.     And  yet  there  nre  tlmeH — 


ThiH    from    the    ".SclenlKlc    American,"    which    Ih    um    verH.-i 
tile  UH  It  Ih  Hc'lentlllc:      "It   Iiiih   liecn   advanced   by   purHonH   In 
|>oHltion    to    know    that    llie    MtylcH    In    ladiCH'    cornctH    exert    . 
marked    Influence    upon    the   denlKn    of  automobile    upholHter;. 
One  style  of  corset.   In   voKue  today,   may  encouraKC  a  luxuri- 
ous lolllni?  position  of  the  wearer,  another  style.  In  voKue  to- 
morrow,    ma.v    compel    a    severely    uprl»fht    position.       Conse- 
<iuently  designers  Itnd   It  Incumbent   to  study  other  things  be- 
sbles    automobile    engineering." 

Keep  this  Item  to  yourself.     If  your  wife  sees  It,  she'll  get 
dissatisfied   with   her  present  car. 


"You  can  nivcr  eliminate  Ihc  human  clement."  declares  tli' 
president  of  Yale.  All  the  more  credit,  then,  for  the  Pennsyl- 
vania .System,  which  states  that  "not  a  single  passenger  out 
of  the  111,000,000  carried  In  1913  was  killed  in  a  train  acci- 
d.nt." 


The  following  trickles  Into  the  Spillway  from  "Constant 
Reader,"  and  we  reprint  it  as  a  mark  of  esteem  for  the  engi- 
neering knowledge  of  the  young  lady  who  thus  describes  the 
building  of  a  locomotive: 

"You  pour  a  lot  of  sand  into  a  lot  of  boxes,  and  you  throw 
old  stove-lids  and  things  into  a  furnace,  and  then  you  empty 
the  molten  stream  into  a  hole  in  the  sand,  and  everybody  yells 
and  swears.  Then  you  pour  it  out,  and  let  it  cool,  and  pound 
it,  and  then  you  put  it  in  a  thing  that  bores  holes  in  it.  Then 
you  screw  it  together  and  paint  it,  and  put  steam  in  it,  and 
it  goes  splendidly,  and  they  take  it  to  a  drafting  room  and 
make  a  blueprint  of  it. 

"But  one  thing  I  forgot — they  have  to  make  a  boiler.  One 
man  gets  inside  and  one  gets  outside,  and  they  pound  fright- 
fully; and  then  they  tie  it  to  the  other  thing,  and  you  ought 
to  see  it  go!" 

1*3 
An  American  engineer  in  Cuba  tells  the  following: 
"One  time,  while  trying  to  start  a  refractory  gas  engine 
whose  igniter  was  out  of  order,  I  managed  to  fire  an  accumu- 
lation of  gas  in  the  muffler  pot  with  the  result  that  would 
shame  a  12-in.  gun.  The  panic  among  the  factory  hands  was 
more  than  funny.  They  did  not  wait  to  use  the  doors  but 
went  out  through  windows  and  every  crevice  that  would  allow 
a  man  to  pass,  and  then  kept  on  going  for  some  time.  The 
mechanic  in  charge  proved  to  be  the  best  sprinter,  as  he  did 
not  stop  until  he  reached  home.  Later  he  sent  a  man  around 
to  get  his  coat  and  dinner-pail,  with  a  message  that  he  was 
a   mechanic,    not   a   gunner." 


Our  friend  Charley  Johnson,  out  Minneapolis  way,  sends 
us   this   clipping: 

"A.  C.  Rutzen  declared  he  has  perfected  a  spring  motor 
that  will  transmit  power  in  abundant  quantities;  Rutzen  says 
his  invention  comprises  sixteen  high-powered  springs,  fif- 
teen of  which  give  forth  power  while  one  is  perpetually  be- 
ing rewound.  The  model  is  high  and  twenty-two  inches 
wide.  Twenty  electric  lights  from  power  generated  have 
been  giving  forth  a  steady  glow  for  nearly  a  year." 


And  Charley  suggests  that  we  "notify  the  engine  build- 
ers to  stop  manufacturing  before  it  becomes  necessary  to  ap 
point  a  receiver;  any  one  can  see  at  a  glance  that  the  steam 
engine  will  be  a  thing  of  the  past.  The  power  plant  of  the 
future  will  consist  of  'sixteen  springs'  'neatly  packed  in  a 
hardwood  case  ready  for  use',  sent  anywhere  in  the  United 
States  upon  receipt  of  price.  I  don't  believe  it  is  advisable  to 
exploit  this  too  heavily,  as  some  of  the  fraternity  who  have 
not  as  yet  been  run  on  an  open  throttle  might  try  to  make 
an  engine  and  only  use  15  springs,  and  the  consequent  short- 
circuit  might  be  more  than  their  crankshaft  can  stand." 
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O'wer 


Clhiaini; 

By  Warren  0.  Rogers 


YNOPSIS — An  engineer  upon  taking  charge  of  a  steam 
'ant  found  a  miscellaneous  collection  of  engines  and 
ups,  and  old-time  methods  in  vogue.  All  hut  one  of  IJf. 
aps  were  dispensed  with,  and  five  steam  engines  and 
ve  of  nine  steam  pumps  were  discarded.  A  100-kw.  gen- 
•ator  was  belted  to  the  main  engine  to  carry  the  electrical 
ad,  by  using  a  simple  drive  system,  although  several  con- 
ilting  engineers  said  it  could  not  be  done. 

When  the  new  engineer  assumed  charge  of  the  steam 
lant  of  the  Blank  Manufacturing  Co.  he  found  that  two 
l-ia.  by  18-ft.  and  one  78-in.  by  20-ft.  return-tubular 
jilers  were  required  to  supply  steam  to  six  engines  of 
irious  horsepower  and  design.  Two  of  those  engines  were 
irectly    connected   to    direct-current  generators.      Nine 


Fig.   ].    AppLKATiox  of  the  Lenix  Drive 

.imp.s,  of  miscellaneous  types,  were  also  doing  their  share 

consuming  steam.    As  his  eyes  traversed  the  boundaries 

the  engine  room  he  discovered  14  steam  traps  for  hand- 

ng  the  return  from  various  heating  coils  and  machinery 

sed  in  the  mill. 

i  After  familiarizing  himself  with  his  plant  and  the  work 
I'  the  mill  the  engineer  returned  to  his  office  to  think, 
e  concluded  that  if  matters  were  allowed  to  continue, 
lie  plant  would  be  a  good  proposition  for  the  central 
jation,  at  almost  any  charge  for  electrical  energy,  and 
lill  be  an  inducement  for  the  owners  to  change  from  their 
jvn  power  to  central-station  service. 

!  Engineer  "Wise"  did  more  than  think;  he  put  on  his 
■eralls  and  jumper  and  went  to  work.  It  was  a  puzzle 
St  where  to  begin,  ])ut  a  start  was  made  in  the  boiler 
idin.  where  a  forced-draft  fan  blower  was  driven  by  a 
i-\(';ir-old  8xl0-in.  vertical  engine.  The  engine-driven 
■lit  rators  were  underloaded  and  a  motor-driven  fan  ap- 
!aled  to  Engineer  "Wise."  To  be  on  the  safe  side  the 
akers  of  the  fan  were  consulted  regarding  the  size  of 
e  motor  necessary  to  drive  the  fan.  Sixty  horsepower 
;as  recommended  and  "Wise"  felt  faint.  After  duly 
ynsidering  the  matter  a  15-hp.  motor  was  placed  on  a 
;elf  in  the  boiler  room  and  belted  to  the  pulley  of  the 

*The    changes    were    made    in    a    Broolilyn    plant,    and    the 
cidents    recorded    herewith    actuany    occurred. 


36-in.  diameter,  22-in.  face,  blower.  The  motor  drives  it 
at  600  r.p.m.,  and  produces  ample  air  pressure  for  the 
boiler  furnace. 

The  traps  and  piping  system,  which  appeared  com- 
plicated and,  in  most  instances,  unnecessary,  were  studied. 
The  returns  from  the  factory  came  back  to  traps  which 
discharged  into  a  receiving  "tank,  from  which  the  water 
was  pumped  through  the  heater  to  the  boilers.  The  dis- 
charge of  water  and  steam  into  the  receiving  tank  was 
responsible  for  nearly  as  much  steam  escaping  to  the 
atmosphere,  through  a  3-in.  vent  pipe,  as  came  from  the 
engine  exhaust,  after  heating  the  feed  water.  To  prevent 
the  escape  of  steam  from  the  vent  pipe  it  was  the  practice 
to  admit  cold  water  to  the  receiving  tank,  and  all  excess 
water  not  used  for  boiler  feed  ran  to  the  sewer  through 
the  overflow  pipe;  a  useless  waste  in  both  cases. 

"What  is  the  use  of  those  traps,"  thought  Engineer 
"Wise,"  and  out  they  came.  The  high-pressure  returns 
from  presses,  heating  table  and  other  sources  were  con- 
nected to  one  pipe,  which  discharged  into  the  blowofE  pipe 
of  each  boiler.  But  one  trap  was  retained,  which  handles 
the  low-pressure  drips.  This  saved  the  steam  and  v/ater 
that  had  been  allowed  to  go  to  waste  from  the  receiving 
tank,  also  the  steam  used  to  operate  the  traps. 

At  one  side  of  the  factory  there  was  a  reservoir  for  stor- 
ing water  used  about  the  works.  The  water  was  pumped 
from  a  well  to  the  reservoir,  and  from  the  reservoir  to  a 
tank  on  the  roof  and  to  a  water-softening  system.  From 
the  water  softener  the  water  ran  to  the  return  tank  by 
gravity.  The  water  softener  was  discarded  as  useless,  and 
water  from  the  well  is  now  pumped  to  the  return  tank 
for  the  makeup  water  as  required,  also  to  the  factory  water 
piping,  the  pump  being  automatically  controlled. 

Out  in  the  factory  a  20x48-in.  Corliss  engine  drove  two 
sets  of  rolls,  and  was  greatly  underloaded.  Engineer 
"Wise"  conceived  the  idea  of  driving  a  100-kw.,  135-voIt 
generator  from  this  engine  and  shut  down  the  two  engine- 
driven  generators  in  the  other  engine  room.  The  Corliss 
engine  had  a  14-ft.  flywheel  with  a  13-in.  rim  face.  The 
engine  room  was  restricted  in  floor  space,  and  placing  the 
generator  with  a  22-in.  pulley,  in  line  with  the  engine  fly- 
wheel, would  give  about  14-ft.  centers,  which,  with  the 
ordinary  drive,  would  not  be  practical. 

Several  consulting  engineers  were  called  on  to  solve 
tlie  problem.  One  advised  putting  the  generator  out  in 
the  yard  and  housing  it  in,  using  a  long  belt  drive.  An- 
ollier  advised  setting  up  a  countershaft  out  in  the  yard 
and  belt  from  the  engine  to  it  and  from  the  countershaft 
back  to  the  generator,  placed  alongside  of  the  engine 
cylinder. 

Engineer  "Wise"  was  not  satisfied  with  any  of  the 
propositions  submitted  and  insisted  on  some  kind  of  a 
drive  that  would  allow  placing  the  generator  in  the  engine 
room.  The  general  verdict  was,  however,  "It  can't  be 
done." 

"That  does  not  go  here,"  said  "Wise,"  and  started  on  a 
hunt  for  an  engineer  who  could  install  a  drive  that  would 
permit  of  placing  the  generator  in  the  engine  room  at  tlie 
crank  end  of  the  engine.  In  his  search  for  help  he  took 
tlie    matter    up    with    F.    L.    Smidth    &    Co.,    of    New 
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York,  wlu)  solved  llic  clilliciilty  li,v  mstiilliDj,' a  hciiix  (iii\c, 
ay  illnslniti'd  in  l'"i;is.  I  mid  'i.  'I'liis  i\v\\x\  coiisisls  of  'i 
CHst-iroii  l)i>s(>  on  wliuli  a  sciuiciicidar  arm  is  |iivol(>d  at 
oiu>  i'IhI.  At  tlu'  otlicr  end  is  an  idler  pulley  and  sliafi 
wliieli  inns  in  liron/.e  l>earin;:s.  At  llie  pulley  end  «(  the 
idler  arm  two  \veiL;lit-nrm  exieiisinns  and  \veii,dits  an-  pro- 
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vided  for  adjusting  the  tension  of  the  belt.  This  arrange- 
niont  gave  a  distance  between  the  engine  and  generator- 
shaft  center  of  14  ft.,  with  a  pulley  ratio  of  1  to  7.6.  The 
belt  is  double  and  12  in.  wide. 

With  this  arrangement  of  drive  the  Corliss  engine  now 
carries  the  factory  load  and  the  two  direct-connected  en- 
gines have  been  shut  down.  Besides  this  two  vertical  en- 
gines used  for  driving  cylinder  rolls  have  been  displaced 
by  two  40-hp.  direct-current  motors.  This  change  resulted 
in  a  more  uniform  speed  and  an  increased  and  better 
quality  of  product. 

All  of  these  combined  changes  necessarily  affected  the 
coal  consumption.  Before  they  were  made  the  three 
boilers  were  used,  burning  soft  coal  at  a  cost  of  $4.15  per 
ton  of  2240  lb.  During  the  first  week  of  Feb.,  1910, 
101,108  lb.  or  45.1  long  tons  were  burned  at  a  cost  of 
$187.16.  Under  Engineer  "Wise"  management,  since  the 
changes,  a  mixture  of  anthracite  dust  costing  25c.  per 
ton  is  used  in  proportion  of  two  parts  of  anthracite  dust 
to  one  part  of  soft  coal,  the  latter  costing  $3.95  per 
ton,  the  average  mixture  heing  $1.48  per  ton. 

For  the  first  week  of  Feb.,  1914,  26.464  lb.  of  soft 
coal  at  $3.95  per  ton  of  2240  Ih.  and  42,921  lb.  of  an- 
thracite dust  at  $0.25  per  ton  of  2000  lb.  were  burned. 
This  equals  11.8  tons  of  soft  and  21.4  tons  of  dust  at  a 
total  cost  of  $46.61  and  $3.35,  respectively.  This  makes 
a  total  coal  consumption  of  33.2  tons,  at  a  cost  of  $51.96, 
or  an  average  cost  of  $1.57  per  ton.  The  difference  in 
coal  consumption  for  the  first  two  weeks  of  the  two  years 
cited,  is  45.1  —  33.2  =  11.9  tons.   The  difference  in  the 
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cost  of  coal  for  the  same  periods  is  187.16  —  51.96  = 
$135.20  or  a  36  per  cent,  saving. 

Before  the  cliange  the  motor  load  was  250  amp.,  now 
it  averages  650  amp.,  several  additional  motors  having 
been  installed  in  the  mill. 

In  Fig.  3  is  shown  a  load  curve  of  the  friction  load, 
normal  load  with  four  and  eight  rolls  on  the  engine  and 
a  peak  Mhich  occurs  if  material  is  fed  to  the  mill  rolls 
simultaneously. 

The  preceding  is  an  instance  of  what  a  wide-awake 
engineer  can  do  to  better  plant  conditions  and  also  shows 
that  the  decision  of  a  consulting  engineer  is  not  always 
the  last  word  in  power-plant  practice. 
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By  Joseph  IIahkington 

SYNOPSIS — Tells  what  degrees  of  fineness  have  been  to  be  s\  table  for  burning  as  powdered  fuel.    The  majority 

found  best  for  the  conibusiion  of  powdered  coal.     Some  of  writers  seem  to  think  that  'M)  per  cent,  of  volatile  matter 

cost  data  relative  to  pulverizing  and  burning  are  given,  is  a  prerequisite,  but  some  report  satisfactory  conditions 

with  but  20  per  cent.     It  is  evident  that  the  higher  the 

' '  volatile  the  larger  is  the  amount  of  coml)ustible  converted 

A  proper  intimacy  of  mixture  of  air  and  fuel  when  into  gas  by  the  mere  application  of  heat,  leaving  a  smaller 

burning  powdered  coal  requires  that  the  powdered  sub-  portion  of  fixed  carbon  to  burn  during  its  flight  through 

stance  shall  have  the  nature  of  a  cloud  of  dust,  completely  the  furnace.     Just  where  the  limit  is  reached  has  not  yet 

and  uniformly  diffused,  remaining  suspended  in  the  air  been  disclosed  by  authentic  tests. 

current  until  burned.    When  in  this  condition  every  min-  There  are  two  methods  of  tiring  that  can  briefly  be  de- 

ute  particle  is  inclosed  or  surrounded  by  a  quantity  of  air,  scribed. 

which  is  substantially  that  required  for  its  complete  com-  The  process  required  where  considerable  quantities  oi 

bustion.     Given  a  temperature  sufficient  for  rapid  igni-  coal  are  to  be  prepared,  consists  in  crushing  the  coarser 

tion,  a  state  almost  ideal  for  perfect  combustion  is  ob-  lumps  so  they  will  pass  through  a  1%-in.  screen  in  prep- 

tained.                                                                                    .  aration  for  the  dryer.     The  finer  the  coal  coming  to  the 

Authorities  are  practically  agreed  as  to  the  standard  of  plant  the  easier  it  is  to  both  dry  and  mill  it. 

fineness  required  for  right  conditions.     While  pulveriza-  The  dryer  most  favored  is  the  rotary  kiln  discharging 

tion  can  perhaps  be  overdone,  there  is  much  more  likeli-  the  dry  coal  to  a  conveyor,  which  carries  it  to  the  pulver- 

hood  of  the  fuel  being  too  coarse.     A  piece  of  coal  larger  i^er,  where  it  remains  until  fine  enough  to  be  carried  away 

than  will  pass  through  an  80-mesh  screen  will  not  burn  by  a  current  of  air  or  pass  through  screens  of  the  specified 

completely  in  the  time  allowed,  but  will  be  deposited  some-  fineness.    It  is  deposited  in  a  hopper  from  which  it  can  be 

where  in  the  furnace,  or  pass  out  of  the  stack  partly  con-  conveyed  to  any  desired  place.    It  is  stored  in  covered  bins 

sumed.  and  handled  by  means  of  screw  conveyors  turning  in  closed 

H.  R.  Barnhurst  states  the  requirements  for  best  re-  troughs.    Not  only  is  loss  thus  prevented,  but  the  air  pres- 

sults  as  follows  :  ent  is  not  sufficient  to  permit  of  explosive  mixtures.     No 

1.  Coal  must  be  dried  to  contain  not  over  1  per  cent,  of  accident  of  explosive  nature   has   ever   occurred  to   coal 
moisture.  handled  or  stored  in  this  manner. 

2.  It  must  be  pulverized  to  a  high  degree  of  fineness.  At  the  point  of  consumption  a  small  bunker  is  provided, 

3.  It  must  be  projected  into  a  chamber  hot  enough  to  like  an  inverted  pyramid,  having  a  small  screw  conveyor 
ause  instant  ignition.  at  the  apex.     This  extracts  the  powdered  coal  as  required 

4.  It  must  be  supplied  with  sufficient  air  for  complete  and  lets  it  fall  into  the  blast  pipe,  where  it  is  instantly 
nmbustion.  dispersed  and  carried  to  the  furnace  with  the  air  for  corn- 
Enlarging  on   the  second   requirement,   he  gives  as  a  bustion. 

standard  of  fineness  these  figures:  90  per  cent,  through  a  The  second  method  is  advocated  by  some,  wherein  the 
400-mesh  screen;  21/2  per  cent,  to  5  per  cent,  through  a  same  fan  used  to  extract  the  dust  from  the  mill  is  alsc 
•-^nO-mesh  screen;  the  balance  through  a  100-mesh  sci'een.  used  to  blow  the  mixture  into  the  furnace.  Again,  a  con- 
A  somewhat  coarser  grind  is  stated  by  A.  W.  Raymond  siderable  difference  of  opinion  exists  as  to  the  practica- 
as  sufficient.  His  standard  is  98.5  per  cent,  through  a  bility  of  this  method,  owing  to  the  amount  of  air  consid- 
100-mesh  screen,  or  91  per  cent,  through  a  200-mesh  ered  necessary  for  transportation  as  compared  to  that  re- 
screen  for  best  results.  quired  for  combustion  of  the  fuel. 

In  comparing  any  figures  of  tins  nature  it  must  be  kept  Data  relative  to  the  cost  of  fuel  preparation  becomes; 

in  mind  that  there  is  present  in  j^owdered  fuel  a  certain  of  primary  importance,  since  the  entire  subject  is  rele- 

percentage  of  extremely  fine  material,  depending  upon  the  gated  to  the  domain  of  academic  inquiry    if  economy  is 

character   of   the   coal    structure,   moisture   content   and  not  obtained.    The  cost  of  the  pulverization  must  be  added 

method  of  pulverization.     Calibration  by  means  of  sieves  to  the  delivered  cost  of  the  coal,  which  must  include  the 

establishes  only  the  maximum  size,  and  ignores  completelv  usual  items  of  total  cost,  such  as  interest,  maintenance, 

the  other  limit.     Unquestionably,  however,  the  character  depreciation,   labor,   etc.      All    of   these   figures   are   not 

of  the  flame  is  influenced  materially  by  that  uncertain  available  to  the  writer,  but  some  analysis  is  possible, 

quantity  of  impalpable  dust,   which  gasifies  instantane-  Mr.    Lord   presented   these   figures   to   the    Engineers' 

ously  and  leads  the  procession  of  combustion  events.  Society  of  Western  Pennsylvania  at  Pittsburgh : 

Dry  coal  can  be  ground  with  about  85  per  cent,  of  the  Rate  per  Gross  Ton  of 

power  required  for  moist  coal,  and  a  condition  of  not  over  ^^^^                                                                 Coal  Produced 

1  per  cent,  moisture  is  required,  if  the  fuel  is  to  be  stored      Repairs  to  buiidinv,s  '...'.'.'.'.'.'.  o!oo2 

^  1       m        1-    iA     4-    1  1     IT  Operating    0.145 

or  conveyed.    The  slightest  dampness  causes  a  balling  u]),      Power  (steam  and  electric) 0.221 

1        o                    i.            ■   i                  i      4.             u     .■„    ,„    ,„4...-,li,.  Repairs   to   machinery   and   equipment..                     0.200 

and  a  3  per  cent,  moisture  content  results  m  an  actually  ^ 

imsty  condition.     James  Lord  states  that  coal  should  not      ,  ,„7°'^^  ' ' ; ' '. ,■ $o .  602 

have  over  1  per  cent,  of  moisture.  '}^'^  /«*''^^  includes  the  cost  of  automatic  transmission 

Probably  the  point  of  greatest  divergence  of  opinion  is  t!i';o".^li  P'Pes  to  the  furnaces. 
the  amount  of  combustible  volatile  the  coal  should  contain  Analyzing  the  last  expense  item,  we  find  repairs  which 
should  be  charged  over  the  past  eight  years,  so  that  the 

•■•Power,"  Jan.  13,  p.  69;  Feb.  17,  p.  254.  total  cost  of  preparation  and  transmission  did  not  prop- 
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crly  cMccd  r>(tc.  per  Inn  ol'  |inl\cii/('(l  cunl  imoiIihciI  tlui-  A.   W.   I{ayiiioii(I,  ii)  Crinrtil   l'!iif/itirfriiii/  Xi-irs,  f^ivai 

iiij;  1  !•!*<}.  Ilif  ii\crn>,M'  cohI   \n-v  ton  of  coal  ftromid  (»f  II  |)iilv(Mi/.cr 

"If   yuii    (lisHocialc    the    Iniiisiiiissioii    rioiii    llic   mcIiihI  ^'lindiii^   'MiJ>   per  ctiil.    It)    11)0   iiii-hli    hh  $l).:i^r>.     'I  liii 

pri'paralioii.  llic  cost  of  llic  latter  would  he  less  thnii   luc  on  a  haMJH  of  power  at   \y^c.  por  kw.-lir. 

Many  plants  woidd  not  rciiuire  the  extensive  Ininsniission  The  aHJi  coiiteiit  doen  not  aifect  [\w  poHHihility  of  prop 

reipiired  hy  us.     \V'lien  the  coal  is  ])re|)ared  as  herein  out-  eriy  milling'  n  coal  and  tin;  lower  j^rades  of  fuel  can   hi 

lined,  snutke  is  practically  I'liniinated."  succossfidly  hiirned.     A  hi/^her  conihustion  ellicicney  olf 

If  these  costs  are  reiUued  to  a  hasis  of  the  short  tun,  we  sitting  the  decreased  heat  value  of  the  coal,  some  color  L 

have  these  figures:  given  to  the  claims  of  overall  economy.     Comhustion  ex 

,         „           „,     .  rr.  l>erts  are  at  work  and  results  of  interest  and  value  niii' 

LoiiK   Ton          Short   Ton  '                                                                                                                                   ■ 

Total  oo8t    »o.«02               $(i.r.i7  develo]). 
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Having  been  identified  with  (ranfii)orlalion  interests, 
and  acquainted  with  tiio  hardships  that  beset  steam-gen- 
erating stations,  it  is  from  jx'rsonal  knowledge  upon 
which  the  statement  is  made  that  transportation  com- 
panies often  liave  wanton  disregard  for  tlie  interests  of 
the  best  class  of  patrons  that  a  railroad  company  is 
called  upon  to  serve. 

Coal,  from  the  railroad  company's  point  of  view,  is 
""dead"  freight — that  is,  it  will  sidetrack  and  stay  any- 
where until  it  is  convenient  to  move  it.  If  a  power 
station  is  down  flat  for  want  of  fuel,  it  can  shift  for 
itself,  beg,  buy  or  borrow.  Following  a  period  of  con- 
gestion on  transportation  lines  when  things  do  loosen 
up,  delayed  traffic  moves  like  an  avalanche ;  there  are  not 
enough  side  tracks  at  any  station  to  accommodate  the 
:nflux  and  the  power-station  man  may  have  50  cars  of 
coal  on  his  hands  at  once. 

Then  he  is  notified  that  so  many  cars  of  coal  are 
awaiting  his  further  pleasure.  Tliis  means  that  the  cars 
■would  be  actually  trestled  for  unloading  if  the  consignee 
was  in  a  position  to  take  them.  The  cars,  therefore,  go 
on  demurrage  and,  after  a  lapse,  usually  of  48  hr.,  each 
car  is  earning  $1  a  day  or  fraction  thereof  it  is  delayed  in 
unloading. 

Of  course,  there  is  a  redress  if  the  proper  course  is 
pursued  and  if  the  consignee  is  familiar  with  red  tape 
and  transportation  rulings  as  filed  with  the  Interstate 
Commerce  Commission. 

As  to  charges  for  delay  to  cars  during  the  unloading 
process,  the  consignee  has  two  options :  One  is  the  regu- 
li.r  charge,  and  makes  allowance  for  inclement  weather 
during  the  time  of  unloading,  for  bunching  or  conges- 
tion in  transit  and  for  various  other  matters  that  inter- 
fere with  regularity  in  movement  and  in  unloading.  The 
other  is  the  average  agreement  plan,  according  to  which 
•.-ach  car  placed  for  unloading  and  emptied  within  24 
hr.  earns  a  credit,  while  each  car  delayed  over  48  hr. 
earns  a  debit.  These  credits  and  debits  are  balanced  at 
the  end  of  the  month.  If  there  is  an  excess  of  debits, 
the  patron  pays  the  transportation  company  ^t  the  rate 
of  $1  per  debit.  If  there  is  an  excess  of  credits,  how- 
ever, the  patron  does  not  receive  any  refund.  In  this 
ronnection  there  is  no  allowance  for  inclement  weather 
nor  for  congestion  in  transit  with,  cars  arriving  ba/^lly 
bunched. 


'I'licri  tlic'-e  is  tiie  local  Kwitcliiug  seniec  at  defrtiiui 
tion,  the  character  of  which  will  de))ead  largelv  oi 
whether  the  power  station  has  senice  from  two  railroudi 
ir  only  one.  This  is  an  evi!  eonnrtited  with;  station  loca 
tion  and  if  not  eliminatetl  at  the-  Ix'ginniug  it  murt  K* 
tolerated. 

There  are  many  other  transportation  pnoblems  too 
nected  with  station  operation,  and  all  sucli  should,  a 
far  as  possible,  be  handled  to  bwt  snl^sene  the  interest 
of  the  power  station. 

Essential  to  the  welfare  of  the  power  station  and  it 
manifold  interests  is  a  thorough  knowledge  of  all  trans 
portation  problems.  The  practical  way  to  secure  thi 
particular  talent  is  to  invade  the  railroad  freight  ofSci 
and  hire  the  most  competent  clerks  that  railroad  ser 
vice  can  furnish.  Such  a  man  would  lie  familiar  witl 
rates,  routes  and  classifications,  s{XH.-ial  rtUings,  etc. 

Minimum  loads  (a  car  taking  a  carload  rate)  an 
billed  at  a  certain  weight  whether  the  car  contains  sue! 
an  amount  or  not.  Specific  routing  should  always  h 
furnished  in  giving  shipping  instructions  to  transporta 
tion  companies,  and  a  bill  of  lading  should  be  takei 
showing  this  routing  and  the  rate,  prepayment  class 
weight  and  all  other  essential  poiats.  By  neglecting  tlie9 
simple  precautions,  a  shipment  will  often  travel  a  looj 
and  circuitous  route  to  further  the  interests  of  th 
initial  carrier  at  an  expense  and  inconvenience  to  th^ 
consignee,  who  can  rarely  obtain  redress. 

All  bills  for  freight,  demurrage,  switching  charges 
etc.,  should  be  audited  by  men  thorouglily  familiar  vritl 
this  work.  An  accurate  record  should  be  kept  of  th 
time  all  cars  are  placed  for  either  loading  or  unloading 
and  when  cars  remain  on  hand  for  several  days,  the  dail; 
r<^cord  should  show^  the  car  initial,  number,  location,  an( 
fraction  of  load  contained,  or  empty,  as  the  case  ma; 
be.  Xo  freight  should  be  ackr.owledged  on  a  receip 
without  positively  knowing  that  it  has  been  received,  am 
if  ill  bad  order  its  condition  should  be  noted. 

Practically  all  live  concerns  employ  trained  railroai 
clerks  to  protect  their  transportation  interests.  Thi 
practice  cannot  be  commended  too  highly.  Such  men  a 
a  rule  can  do  any  class  of  work  that  comes  up  in  the  offici 
and  the  man  alive  to  his  own  interests  will  do  well  if  hi 
will  make  a  selection  from  a  railroad  freight  office  in 
stead  of  hiring  school  graduates. 
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JSYNUl'SIiS — llenulLi  of  an    extended  series  of  tests   to 
determine  the  friction  of  babbitt,  roller  and  ball  bear- 
ings under  different  speeds,  loads  and  temperatures. 
W. 

In  a  paper  read  before  the  American  Society  of  Me- 
clianical  Engineers,  by  Carl  C.  Thomas,  E.  R.  Manrer 
and  L.  I-C.  A.  Kelso,  some  interesting  data  were  given  on 
the  absolute  and  relative  power  reciuired  to  drive  a  spe- 
cially constructed  series  of  shafts,  flexibly  connected  and 
carrying  loads  unifonnly  distributed,  when  the  shafts 
were  supported  successively  by  20  ring-oiled  babbitt  bear- 
ings, then  by  20  roller  bearings,  and  finally  by  20  ball 
bearings.  Wide  ranges  of  loads  and  speeds  were  covered 
and  the  coefficients  of  friction  were  worked  out  for  each 
type  of  bearing. 

The  apparatus,  which  was  designed  and  built  in  the 
department  of  steam  and  gas  engineering  at  the  Uni- 
versitv  of  Wisconsin,  consisted  of  25  ft.  10  in.  of  line- 


current  Fort  Wayne  motor  was  directly  connected  to  one 
end  of  the  sliafting  by  means  of  a  flexible  coupling. 

'I'he  three  kinds  of  bearings  tested  were  the  Iless- 
Bright  ball  bearing,  the  ring-oiled  ijabbitt  bearing  made 
by  the  Dodge  Manufactiiring  Co.  and  the  Hyatt  roller 
l)earing.  All  bearings  were  for  the  same  size  of  shaft, 
and  the  same  pieces  of  shafting  were  used  for  all  the 
tests.  The  babbitt  bearing  was  9§^  in.  long  and  its  pro- 
jected area  22.36  sq.in.  Each  roller  bearing  contained 
six  right-hand  and  six  left-hand  rollers  0.78  in.  in  diam- 
eter; six  were  9y%  in.  ^xnd  six  were  9^  in.  long.  The 
bearings  were  of  the  type  in  which  a  cage  is  used  for 
holding  one-half  the  rollers.  Each  ball  bearing  contained 
a  single  set  of  balls  ^%  in.  in  diameter.  The  diameter 
of  tlie  inner  race  through  the  bail  groove  was  3.4729  in. 
90 
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Fig.  1.    Power  Consumed  by  Fkictiox  ;  Bearixgs  at      Fm.  2.    Power  Consl'mki)  by   Frictiox;  Bearin-gs  at 
100  Deg.  F.  77    Deg.   F. 


shafting  in  five  equal  sections,  mounted  in  hangers  which 
were  inverted  and  used  as  floor  stands.  The  hangers  \Vere 
bolted  to  two  8-in.  I-beams  which  were  leveled  on  the 
floor,  and  the  shafts  were  of  cold-rolled  steel,  2-^^  in. 
in  diameter.  Each  section  was  5  ft.  2  in.  long;  the  ad- 
jacent sections  were  coupled  together  by  means  of  a 
flexible  leather  disk  or  two  straps  connecting  the  two 
flange  couplings.  The  flexible  couplings  prevented  trans- 
mitting any  part  of  the  load  applied  on  one  shaft  to 
eitho'-  adjoining  section  and  binding  between  shafts  and 
bearings  due  to  ]iossi1)le  lack  of  alignment.     A  direct- 


In  the  tests  the  speeds  were  between  150  and  450 
r.p.m.,  corresponding  respectively  to  about  100  and  300 
ft.  per  min.  peripheral  speed.  Most  of  the  loads  were 
between  700  and  1800  lb.  per  bearing,  corresponding  (o 
about  30  and  80  lb.  per  sq.in.  for  the  babbitt  l)earing. 

Figs.  1  and  2  show  a  comparison  of  the  babbitt,  roller 
and  ball  bearings  for  100  deg.  and  77  deg.  respectively. 
Each  curve  gives  the  power  required  per  bearing  to  run 
the  shaft  under  the  load  and  speed  indicated.  Both  fig- 
ures show  that  the  power  for  the  babbitt  is  higher  than 
for  the  other  bearings  except  ])erhaps  at  low  loads  and 
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H|HH-il,  iiiiil  tliiit  tli(>  powci-  1(11°  rollcis  IK  lii^'liri'  tliiiM  llial 
lor  l)iills.  'I'lu'  txffss  (>r  ptiwcr  lor  biililiill  over  rollrrw 
and  rollers  over  halls  iiicrcascs  willi  tin-  iiicrcasf  of  Hpccd 
tor  all  loads.  'I'lu'  airoiiipaiiviiiji;  lai)k'  shows  the  relative 
aiMoiiiils  of  power  consuined  in  friedon  l)V  the  three 
kinds   of   heariiij;   at    the  speeds   and    tenipenitnres    indi- 


aoiz 

1 

i/ 

/ 

^ 

OOIO 

Roller     - 
Ball       - 



/ 

f^ 

/ 
^ 

■jAOl^.^ 

/^ 

■^ 

jz^gLfc.- 

(lAOlk. 

0004 

';^.- 

^  „.-■ 

-^' 

llOLb     ■:. 

12  10 Lb.  ^ 

t 

0 

mo  Lb''' 

0 

Powu 

Fig.   3. 


0008 


IB7  JI4 

Revolutions  ^er  Minute 
100  ZOO 

Speed, Feet  per  Minute 


470 
300 


Coefficients  of  Friction;  Bearings  at  77 
Deg.  F. 


^0006 


^}^ 

-^ 

Roller 
Ball 



/^ 

^ 

j230j>- 

^ 

^ 

Tziiik. 

0  157  314  470 

Revolutions   per  Minute 
0  100  200  300 

''o^e-R.  Speed,  Feet  per  Minute 

Fig.  4.    Coefficients  of  Friction;  Bearings  at  100 
Deg.  F. 

cated.  The  relative  nunil)ers  are  based  in  each  ease  on 
the  average  power  for  three  loads:  710,  1210  and  1710 
lb.  for  balls;  740,  1240  and  1740  for  rollers,  and  730. 
1230  and  1730  for  babbitt. 

Figs.  3  and  4  present  the  comparison  in  another  way ; 
the  ordinates  are  coefficients  of  friction  instead  of  power 
as  in  the  two  preceding  figures. 

relatixt;  amounts  of  power  consumed  in  friction 
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.\  series  of  curves  were  presented  to  show  how  the  <■()- 
ellieients  for  hahhilt,  roller  and  hall  hearings  ehaii/^'e  with 
the  liine  after  starting.  In  each  ease  the  (-(x-Hieienl,  and 
liene<'  the  power,  decreased  rapidly  at  first.  For  (he 
Imhhitl  hearing  there  is  a  marked  rlilTerenee  between  the 
average  eoellicienl  for  the  first  and  for  the  se<oiid  hour; 
this  (liirereiiee  is  less  marked  with  the  roller  hearing 
and  still  less  with  the  hall  hearing. 

I''ig.  ')  siiows  the  rise  in  temperature  for  the  dlfferen 
kinds  of  bearing  under  practically  identical  conditions. 
Curve  .1  is  for  hahhitt  hearings  iin(h>r  a  loarl  of  12311  Ih. 
per  hearing,  curve  H  is  for  roller  bearings  undi-r  1210 
ih.,  curve  C  for  roller  bearings  under  1710  Ih.  and  curve 
I)  for  hall  hearings  under  1710  lb.  In  th(.'  tests  repre- 
sented by  curves  ,1  and  U,  the  speed  was  3.')0  r.p.in., 
and  the  room  temperature  80  to  81  deg.;  in  those;  re- 
sulting in  curves  V  and  D  the  speed  was  450  r.p.m.  and 
(he  room  temperature  78  to  80  deg. 

Breakdown  tests  were  run  on  ejich  type;  of  bearing  with 
only  one  section  of  shafting  on  which  were  four  bearings. 
The  maximum  load  was  about  5000  lb.  per  bearin".     .\ 
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speed  of  200  r.p.m.  was  chosen  because  it  represents  ahout 
the  average  lincshaft  speed  in  practice.  The  tests  be- 
gan at  about  3200  lb.  per  bearing.  Failure  occurred  at 
about  42.'J0  lb.  per  bearing  in  tlio  case  of  the  babbitt, 
4G50  lb.  of  the  ball  bearing  and  about  5100  lb.  of  the 
roller  bearing.  The  bearings  did  not  fail  structurally  as 
the  power  was  cut  off  soon  after  distress  was  manifested, 
but  the  failure  was  simply  that  of  the  lubricant.  The 
authors  also  told  how  the  methods  of  testing  were  de- 
veloped and  in  an  appendix  gave  diagrams  of  motor 
losses  and  graphical  logs  of  tests. 

Turbine  Blade  Vibration  —  An  interesting-  statement  is 
made  that  the  low-pressure  blades  of  one  of  the  first  large 
turbines  built  failed  apparently  because  the  natural  period 
of  vibration  coincided  with  the  half  period  of  revolution 
and  resonance  ensued.  This  was  stopped  permanently  by 
soft  soldering  an  additional  lacing  wire  to  the  blades  at  hall 
height. 


The  Ccst  of  Vnlondinsr  Coal  from  vessels  into  elevated  coal 
bunkers  or  storage  piles  has  been  reduced  by  the  New  York 
Edison  Co.,  in  New  York  City,  from  more  than  2oc.  per  ton 
originally  to  a  present  cost  of  not  more  than  2c.  per  ton, 
where  trimming  in  the  pile  or  bunker  may  be  left  out  of  the 
question.  This,  according  to  George  A.  Orrok.  in  a  paper 
read  before  the  American  Society  of  Mechanical  Engineers,  is 
the  result  of  an  extensive  study  of  the  question  of  coal 
handling  on  piers  and  involves  mechanical  handing  equip- 
ment  properly   designed   for  this   purpose. 
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This  device  is  dcsignerl  to  be  installed  in  the  boiler 
iicd-line  to  eliminate  air  from  the  feed  water.  Water 
I  iiutains  about  2  per  cent,  of  air,  which  is  carried  to  the 
Ijoilors  with  the  water  and  is  contained  in  the  steam  leav- 
ing the  boilers. 

I'o  facilitate  the  air  extraction,  the  apparatus  is  in- 
M;illed  near  the  boiler  in  the  hot  feed-water  line,  as  hot 
water  gives  up  the  air  easier  than  the  cold  water. 

By  eliminating  the  air,  corrosion  of  the  boiler  tubes  is 
ju'evented,  involving  less  repair  cost  and  fewer  shut- 
downs.   Another  advantage  of  tiie  apparatus  is  that  less 
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Section  thuoi'ch  "Aiiikx"  Air  Extkactoi; 

<ur  reaches  the  condenser  and  a  higlier  vacuum  will  re- 
sult. The  increase  of  the  vacuum,  however,  cannot  be 
cjiven  in  exact  figures,  as  the  conditions  vary  largely. 
The  automatic  float  valve,  with  which  the  air  ex- 
i lactor  is  fitted,  is  placed  so  far  below  the  highest  point 
in  the  air  vessel  that  when  starting  with  atmospheric 
air  in  the  air  vessel  and  a  leaky  valve,  the  surface  neces- 

1  sary  for  eliminating  the  air  is  not  diminished.  For  this 
I'urpose,  and  also  for  removing  the  air  as  completely  as 
liossible,  the  feed  water  enters  the  apparatus  at  the  high- 
est point  A    of  the  air   vessel,   at   a   low   velocity,  and 

]  spreads  in  a  thin  film  over  the  distributing  surfaces  B. 
The  discliarge  of  the  water  into  the  distributing  sur- 
faces is  placed  so  high  above  the  air  valve  C  that  there 
•,\vo  sufficient  surfaces  exposed  for  eliminating  the  aii-. 

Air,  gradually   collecting  in   the   air  chamber,   under 
a  pressure  equal  to  that  in  the  boiler,  causes  the  'water 

'; level  to  sink  until  the  float  D,  acting  on  the  air  valve 
C  through  suitable  levers,  opens  the  air  valve  and  re- 
lieves the  chamlier  of  air.     As  the  float  is  of  the  open 


type,  it  is  not  subjected  to  external  pressure.  It  is  so 
arranged  that  the  valve  only  opens  when  the  water  level 
has  sunk  about  4  in.  below  the  air  valve.  This  arrange- 
ment prevents  dirt  and  oil  from  clogging  the  air  valve. 
When  the  apparatus,  which  is  manufactured  by  the 
General  Condenser  Co.,  1239-1257  North  Twelfth  St., 
Philadelphia,  I'enn.,  is  in  continuous  use  the  water  level 
will  automatically  remain  at  a  constant  height.  By  a 
special  arrangement  the  oil  and  floating  dirt  can  be 
drawn  off. 


Power  companies  are  interested  in  electrification  because 
they  have  electrical  energy  for  sale.  The  railway  companies 
can  build  and  operate  their  own  power  plants,  but  in  many 
cases  they  find  it  cheaper  to  buy  energy  than  to  generate  it, 
the  low  ratio  of  average  demand  to  maximum  demand,  mak- 
ing a  railway  load  alone,  rather  unprofitable  for  a  power 
station. 

SYSTEMS   OF   ELECTRIFICATION 

As  far  as  the  power  station  and  transmission  lines  are 
concerned,  nearly  all  systems  of  electric  traction  are  similar, 
consisting  generally  of  three-phase  power  generation  and 
high  voltage  and  three-phase  transmission.  It  is  in  the  mo- 
tive power  equipment  and  the  distribution  systems  that  the 
differences  come.  Four  systems  are  finding  practical  appli- 
cation  today. 

DIRECT-CURRENT  SYSTEM— In  this  system  direct-cur- 
rent seiies  motors  are  used  on  the  locomotives  or  motor 
cars  and  voltages  ranging  from  600  to  2400  volts  are  used 
on  the  trolley  or  third  rail.  The  trolley  or  third  rail  and 
its  feeders  receive  direct-current  energy  from  substations 
located  at  intervals  along  the  right  of  way.  In  the  sub- 
stations, transformers  and  rotary  converters  change  tlie 
high-voltage  three-phase  currents  of  the  transmission  system 
to  direct  current  at  the  proper  trolley  voltage.  This  is  the 
well  known  system  used  on  street  railways,  modified  to  meet 
the  demands  of  steam  line  traflic  and  up  to  the  present 
time  has  found  wider  application  in  this  country  than  all 
of  the  other  systems  put  together.  Of  interest  in  connec- 
tion with  this  system  is  the  recent  announcement  that  the 
Chicago,  Milwaukee  &  Puget  Sound  Ry.  has  decided  to  use 
it  in  its  electrification  over  the  Rocky  Mountains. 

SINGLE-PHASE  SYSTEM— Either  series  or  modified  re- 
pulsion type,  single-phase  motors  are  used  on  the  locomo- 
tives or  motor  cars.  The  trolley  receives  its  single-phase 
current  supply  from  transformers,  located  at  intervals  along 
the  line,  which  transform  the  high  voltage  of  the  transmis- 
sion system  to  a  value  suitable  for  the  trolley.  Trolley 
voltages  range  from  3300  to  25,000  volts,  11,000  volts  being 
common  in  this  country.  A  balanced  three-phase  load  is 
approximately  secured  by  dividing  the  trolley  line  into  sec- 
tions and  feeding  the  different  sections  from  dilferent  phases. 
Transformers  on  the  locomotives  or  motor  cars  step  the 
trolley  voltage  down  to  a  value  suitable  for  the  motors.  The 
motors  are  rather  complicated  and  have  high  maintenance 
charges.  On  account  of  the  high  trolley  voltages  used,  the 
first  cost  and  line  losses  of  the  distribution  system  are  low. 
The  most  prominent  example  of  this  system,  in  this  country, 
is   that   of   the   New   York,   New   Haven   &   Hartford    Ry. 

THREE-PHASE  SYSTEM — In  this  system  three-phase  in- 
duction motors  are  used  on  the  locomotives  and  two  trolley 
wires  are  required,  the  track  forming  the  third  leg  of  the 
three-phase  circuit.  Trolley  voltages  up  to  11,000  volts 
have  been  used.  Transformers  on  the  locomotives  step  the 
trolley   voltage   down    to   a   value   suitable   for   the    motors. 

The  two  trolley  wires  required  complicate  the  overhead 
work,  but  the  motors  are  simple  and  rugged.  The  system  is 
readily  adapted  itself  to  regenerative  control  of  trains  on 
down  grades.  The  motor  is  inherently  a  constant  speed  mo- 
tor and  will  carry  its  load  up  grade  approximately  as  fast 
as  it  will  carry  it  down  grade  or  on  the  level.  With  some 
modifications  in  the  design  of  the  motor,  its  speed  can  be 
varied   in   steps   without   seriously   affecting   its   efficiency. 

The  Great  Northern's  Cascade  Tunnel  electrification  is  the 
only  example  of  this  system  in  this  country  although  loco- 
motives having  an  aggregate  rating  of  about  200,000  hp.  are 
in  use  in  Europe. 

SPLIT-PHASE  SYSTEM— The  locomotives  are  equipped 
with   polyphase   motors   and   single-phase   current    is   supplied 


♦Excerpts    from    a   paper   by    Prof.    D.    D.    Ewing   delivered 
before  a  recent  meeting  of   the   Indiana  Engineering  Society. 
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tioin  tli<<  tiiilloy.  A  phniio  coiivi>rli«r  ou  llip  Inrniiintlvu  cdii- 
vortH  tin-  hIiikIi'  pliiiHi'  oiuMKY  to  llio  |)i>l>  |ilii>H<-  iMitirny  i«- 
(tiili't'il  liy  (III'  iiiolnin.  Tli«  illMti  lliiitliiii  M.\Htciii  Ih  Ihi*  Hiiiiin 
HM  with  thi<  iiIiikI'-|>I>uhi<  HVHtciii,  iiiiil  th)<  iiiutlvu  pownr  U(|ul|i- 
inoiit  Im  (ho  Miiini*  iih  wKh  thi>  (hr«c<-pliiiHi<  HyHltMii  with  (hu 
oxi-Kptloii  (if  tlu'  phUHt'  ciiiivfi'tur.  In  ii  nu'iiHUro  thu  ko'xI 
ptilntH  of  both  HyHti'iiiH  iii«'  t-iimlilncil.  Th«  «tyNtt<in  1m  a  liuw 
oiii>  iinil  l>i  poHHlhly  thi!  inuHt  Mpcctiiculiir  (U<v«luptiieiU  In 
oloctrli'   traction   nuulo   durhiK    the   year  JUMt   paHMuil. 


APVANTAHICS    AND     D1SAI>VANTA(!ICS    OK 
TKACTION 
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Thf  followlMK  mo  a  few  of  the  nioi<-  lini)i>i'tant  ailvant- 
niios  and  ill.MailvantaKOH  of  elortilc  traction  for  railway 
trnlnx.     Hrldly.  the  ailvantaKCH  are: 

The  safety  of  operation  Is  IncrcaHod  liccause  ulKnalH  are 
not  obscured  by  smoke  ami  steam,  and  the  locomotive  driver 
can  Klve  his  entire  attention  to  driving  and  his  seat  can  hu 
located  so  that  he  can  see  both  sides  of  the  track  at  all 
times. 

RcReneratlve  control  Is  possible  with  all  systems  of  elec 
trie  traction.  With  reneneratlve  control  the  air  brakes  are 
used  only  in  stopping  or  In  case  of  emergency.  Car  wheels 
and  brake  shoes  are  not  heated  by  lonK  continued  applica- 
tions of  the  brakes  on  down  grades  and  the  number  of 
wrecks  due  to  cracked  wheels  is  lessened.  The  energy  that 
would  otherwise  be  used  up  in  heatlnR  the  brake  shoes  and 
wheels  is  pumped  back  into  the  line  and  helps  pull  some 
other  train  up  hill.  While  reseneratlve  control  is  possible 
with  all  systems.  It  has  not  been  used  on  all  systems  In  the 
past  on  account  of  the  resulting  complication  in  the  con- 
trol apparatus  and  motor  windings  of  series  type  motors. 

The  dispatcher  can  stop  a  train  at  any  time  by  ordering 
the  power  supply  shut  off  from  the  section  in  which  the  train 
is  running  and  the  control  mechanism  may  be  readily  ar- 
ranged so  that  the  brakes  are  applied  automatically  if  th« 
power  is  shut  off  from  the  trolley. 

In  mountain  grade  work,  higher  speeds  may  be  maintain- 
ed over  the  grades  than  is  possible  with  steam  locomotives. 
Going  upgrade  the  speed  of  the  steam  locomotive  is  limited 
because  its  power  output  is  limited  by  the  boiler  capacity. 
The  electric  locomotive  is  not  limited  in  this  way  and  for 
short   intervals   it  can   carry   large   overloads. 

Powerful  motors  can  be  mounted  on  comparatively  light 
locomotives.  While  the  weight  of  a  locomotive  Axes  the 
drawbar  pull  at  starting,  its  horsepower  capacity  fixes  the 
pull  when  running  at  a  given  speed.  This  means  that  elec- 
trically operated  trains  can  be  accelerated  at  much  higher 
rates  than  steam  trains  and  can  be  operated  at  higher 
speeds  over  grades. 

Electric  locomotives  require  inspection  once  in  from  1200 
to  2500  miles  of  operation.  To  keep  steam  locomotives  in 
similar  condition  they  must  be  inspected  and  cleaned  at  the 
end  of  every  run.  On  those  roads  w^hich  are  operating 
electric  locomotives,  the  daily  mileage  of  the  locomotives  is 
from  25  to  50  per  cent,  greater  than  the  steam  locomotives 
which  they  replaced,  and  their  reliability  is  indicated  by  the 
fact  that  the  delays  chargeable  to  motive  power  are  less 
than   50   per   cent,   as  compared   with   steam   motive   power. 

Experience  has  shown  that  the  fuel  cost  with  electric 
operation  is  from  40  to  75  per  cent,  of  that  w^ith  steam  oper- 
ation. There  are  no  standby  losses.  Prof.  Goss  has  estimated 
that  one-fifth  of  the  coal  burned  under  locomotive  boilers  is 
burned  while  the  locomotives  are  standing  on  sidings,  or  in 
starting  fires. 

The  first  cost  of  electrification  is  high  as  compared  with 
the  first  cost  of  steam  motive  power.  The  cost  of  steam 
motive  power  for  the  average  steam  road  is  about  $2000  per 
mile  of  single  track,  while  the  cost  of  electric  motive  power 
runs  from  $7000  to  $12,000  per  mile  of  single  track.  The 
cost   of  terminal  electrifications  may   be   even   higher. 

Power  house  accident  might  put  a  whole  railway  system 
out  of  commission.  The  dependence  of  the  electric  locomo- 
tive on  the  power  house  tends  to  make  it  inflexible  in  some 
respects. 

Steam  locomotives  have  passed  through  the  development 
stage  and  are  practically  a  standard  product.  They  have 
developed  to  their  present  perfection  through  a  period  cover- 
ing nearly  a  century.  They  are  reliable  and  remarkably 
efficient,  considering  the  conditions  under  which  they  oper- 
ate, and  their  characteristics  and  limitations  are  well  under- 
stood by  a  majority  of  the  operating  men.  On  the  other 
hand,  electric  traction  as  applied  to  railway  trains  is  scarcely 
two  decades  old.  Progress  in  the  electric  arts  lias  been  so 
rapid  during  the  past  quarter  of  a  century  that  apparatus 
which  today  represents  best  modern  practice  is  likely  to  be 
on  the  scrap  heap  tomorrow,  not  because  it  is  worn  out,  but 
because  it  is  obsolete. 

Long  continued  overloads    overheat  and  burn  out  the  elec- 


trli'iil  Kiiulprnfnt.  Hueh  overloiiilH  iirv  eiiMiinon  In  rnllwa 
Hvrvlce  luiil  do  not  itiM'loUHly  Injuri)  ii  itttiaiii  locomotive.  ] 
tho  overload  on  u  iituuni  locoinotlvu  Im  too  Kruiil,  II  Mlnipl 
MtopN    work,   nnd    no  HorlouM   Injury    reMultM, 

Ah  thu  rnllM  tiro  UHod  uh  piirt  of  of  tho  miiln  power  rln-ul' 
the  Nlgiial  clrcultH  for  tOectrlc  block  HiKniilH  anil  for  Inlol 
locking  plantN  iiru  moru  complicated  and  oxpenMlvii  t<j  mair 
tiiln. 

Whll4>  no  trainmen  within  the  inotor  curM  or  locomollvi 
liuve  lieen  kllleil  or  HerlouMly  Ifijured,  there  huvo  been  a  fei 
fatalltlen   among    the    men    employed    outHlde, 

Tho  loHHUH,  In  a  poorly  deMlgned  trutiHinlHMlon  and  'III 
Iributlon,  may  amount  to  aM  much  uh  the  power  actuall 
UHed   to  o|)erato   the   tralnH. 

In  general  It  may  be  Hald  that  no  one  HyHtem  of  eleclrl 
traction  Ih  bcMt  adapted  to  all  claHHCH  of  Hcrvlce.  The  dl 
rect  current  HyHtem  HCeniH  beHl  adapted  to  terminal  wor 
where  a  large  number  of  traliiH  are  operated  and  where,  g 
account  of  the  large  number  of  stopH  per  mile,  rapid  accelei 
atlons  are  neccHHary.  On  account  of  the  denneneHM  of  tli 
trafllc  the  substationM  may  economically  he  iiluced  cIoho  t( 
gether,  and  as  the  dlntances  are  Hhort,  trannmlHslon  Iohhi 
are  low.  As  far  as  fulfilling  the  general  requlrementH  ( 
railway  service  Ih  concerned,  the  Herles  direct-current  inotfi 
is  the  best  motor  available.  Hut  its  use  Is  limited  b« 
cause  it  cannot  be  operated  at  high  voltagCB;  low  vollagt 
on  the  trolley  mean  high  line  Iohhch.  I.,lkewlBe,  the  altei 
nating-current  systems  with  their  high  trolley  voltages  an 
low  line  losses,  and  motors  which  lack  the  powerful  Htartin 
torque  of  the  direct-current  series  motor,  seem  best  adapt* 
to  long  trunk-line  service  where  the  stops  are  few  and  tli 
accelerating  period  is  short  as  compared  with  thfe  total  tin 
of  the   run. 


Tlhie  Roairaofee  Daum  Bill 

A  tilt  between  Giffoid  Pinchot  and  .Secretary  of  War  Gai 
rison  recently  led  to  the  withdrawal  by  the  latter  of  his  ai 
proval  of  the  Roanoke  River  Dam  Bill,  introduced  by  Senate 
Martin  of  Virginia,  and  the  announcement  of  what  is  to  I 
the  administration  policy  as  to  the  damming  of  navigab! 
streams  and  the  granting  of  franchises  to  hydro-electr 
power    companies. 

The  Roanoke  Dam  bill  had  been  reported  to  the  Senat 
and  would  probably  have  come  up  for  consideration  within 
few  days,  when  Mr.  Pinchot,  as  president  of  the  Nationi 
Conservation  Association,  issued  a  public  statement  declai 
ing  the  measure  to  be  the  most  serious  blow  yet  struck  i 
the  conservation  policy.  Under  date  of  Jan.  17,  Secretai 
Garrison  had  written  a  letter  to  the  Senate  committee  givir 
unqualified  approval  of  the  bill. 

"The  Roanoke  River  dam  bill."  said  Mr.  Pinchot  in  h 
statement,  "makes  no  provision  for  payment  to  the  publ 
in  return  for  the  great  values  it  turns  over  to  private  hand 
It  provides  no  safeguards  against  either  monopoly  or  e: 
tortionate  charges  to  the  consumer.  On  the  contrary,  it  is  i 
entire  accord  with  the  demands  of  the  water  power  men  wl 
were  so  overwhelmingly  defeated  at  the  recent  National  Cor 
servation  Congress.  The  bill  embodies  exactly  w'hat  the  ws 
ter  power  interests  have  been  contending  for  ever  since 
halt  was  called  upon  giving  away  public  water  powers  c 
navigable  streams  by  the  presidential  veto  of  the  Jam< 
River  bill  in  1909.  Most  of  the  reasons  which  led  to  th 
veto,  and  all  of  the  reasons  which  moved  President  Taft  1 
veto  the  Coosa  River  dam  bill,  are  effective  against  this  bil 
The  passage  of  the  Roanoke  River  bill  would  clear  the  wa 
for  the  enactment  of  the  indefensible  Coosa  River  bill  i 
self.  In  addition,  17  other  similar  bills  have  already  bee 
introduced  and  are  awaiting  the  result  of  action  upon  th 
one.  To  enact  it  would  be  a  needless  surrender  to  special  ii 
terests  at  a  time  when  the  water  power  fight  is  practicall 
won." 

This  statement  brought  from  Secretary  Garrison  a  promi 
repudiation  of  the  letter  in  which  he  had  given  endorsemei 
to  the  Roanoke  River  bill.  He  announced  that  he  agree 
with  Mr.  Pinchot  in  his  estimate  of  the  measure,  and  ha 
signed  the  letter  of  approval  perfunctorily,  without  realizin 
its  real  import. 

This  incident  provoked  so  much  discussion  that  a  Cabini 
meeting  on  the  following  day  was  devoted  to  threshing  oi 
the  water  power  and  dam  question.  Serious  differences  ( 
opinion  were  discovered  among  the  President  and  the  Cabini 
on  the  subject,  mainly  as  to  whether  the  Federal  governmer 
should  regulate  and  control  all  pow-er  sites  and  plants  i 
navigable  streams,  or  whether  the  claims  of  the  state  goverr 
ments  to  recognition  in  this  respect  should  be  conceded, 
policy  was  finally  agreed  upon,  in  which  an  effort  is  made  t 
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lecoKiiize  so-called  "states  liKhts,"  and  at  the  same  time  as- 
sert   l-'edeial   rights   and   authority   over   dams   and   dam    sites. 

A  bill  announced  to  embody  the  ideas  of  the  President 
has  been  sent  to  Congress,  and  will  form  the  basis  for  con- 
sideration by  the  sub-committee  on  dams  recently  appointed 
by  the  House  Committee  on  Interstate  Commerce.  This  bill 
was  accompanied  by  a  letter  from  Secretary  Garrison  ex- 
plaining the  policy  of  the  administration,  which,  despite  the 
explanation,  still  remains  a  trifle  hazy,  as  its  main  effort  is 
to  draw  a  line  in  what  President  Roosevelt  called  "the 
twilight  zone"   between   Federal  and   states  authoiity. 

The  proposed  general  dam  bill  is  to  apply  only  to  dams 
and  power  plants  built  along  navigable  rivers  within  states, 
or  between  states.  It  does  not  affect  the  granting  of  power 
sites  in  the  public  domain.  Secretary  Lane,  of  the  Depart- 
ment of  the  Interior,  has  announced  his  belief  that  power 
plants  in  the  public  domain  should  be  built  by  the  govern- 
ment itself,  and  until  public  sentiment  is  ready  for  such  a 
course,  he  wants  grants  made  under  which  the  plants  will 
revert  to  public  ownersliip  after  a  term  of  20  years  or  less. 

Under  the  proposed  general  dam  bill,  it  is  suggested  that 
dam  sites  and  franchises  shall  be  granted  only  to  properly 
incorporated  utilities  corporations,  which  must  first  obtain 
consent  from  the  states  in  which  the  dam  sites  are  located, 
and  afterward  obtain  the  consent  of  Congress.  Such  grants 
are  to  be  made  only  in  states  which  have  laws  for  the 
regulation  of  utilities  and  their  charges  and  operations,  in- 
cluding the  regulation  of  rates.  Where  these  conditions  are 
complied  with,  the  Secretary  of  War  may  issue  a  permit  for 
the  damming  of  a  stream,  the  grant  to  be  for  not  longer  than 
50  years.  Both  the  War  Department  and  the  Congress  re- 
tain authority  to  regulate  such  operations  of  the  dam  com- 
pany as  may  affect  the  navigation  or  navigabili.ty  of  tlie 
stream.  The  bill  also  proposes  that  where  tlie  government 
has  built  navigation  dams  at  which  hydro-electric  power  may 
be  incidentally  developed,  the  Secretary  of  AVar  shall  have 
authority  to  permit  the  use  and  development  of  this  power 
by  public  utility  corporations  under  state  incorporation  and 
regulation. 

As  to  what  restrictions,  if  any,  shall  be  placed  by  Con- 
gress upon  the  regulation  of  dam  companies  by  the  states  in 
■\vhich  they  operate,  the  bill  has  no  provisions.  In  his  letter, 
Mr.  Garrison  said  that  there  were  so  many  opinions  as  to  this 
phase  of  the  matter  that  he  left  the  matter  for  Congress  to 
determine.  In  his  opinion,  the  states  should  derive  some 
revenue  from  dams  and  power  plants  so  built,  and  he  offers, 
as  optional  plans,  that  the  states  may  be  allowed  to  tax  the 
plants,  or  otherwise  provide  that  the  plants  shall  become  the 
property  of  the  state  in  which  they  are  built,  at  the  end  of 
a  specified  period. 

The  general  dam  bill  is  reasonably  certain  to  provoke  a 
controversy  between  the  states-rights  advocates  and  the 
group  of  conservationists  headed  by  Mr.  Pinchot,  who  believe 
that  the  Federal  Government  has  and  should  retain  com- 
plete control  over  all  dams  built  in  navigable  streams. 


over  60  years  old  and  are  still  giving  service  under  reason- 
ably   high    pressure. 

Mr.  Hansen,  secretary  of  the  Worltman's  Compensation. 
Commission  of  New  York,  spoke  interestingly  on  the  amount 
collectible  by  those  injured  and  by  beneficiaries  of  these 
killed  in  boiler  explosions  now  that  the  workman's  compen- 
sation law  is  soon  to  be  enforced  in  New  York  State.  In  40 
years  over  10,000  persons  have  been  killed  in  boiler  explo- 
sions in  the  United  States.  Under  the  workman's  compensa- 
tion law  this  would  represent  about  $.'JO,000,000  in  damages 
for  those  killed.  The  fact  that  only  one  boiler  in  ten  of 
those  exploded  was  inspected  by  insurance  companies  dem- 
onstrates the  value  of  systematic  inspection. 

Mr.  Hansen  stated  that  although  there  were  fewer  boiler 
explosions  in  Europe,  America  was  first  to  propose  com- 
prehensive boiler  rules,  for  he  remembers  when  the  rules 
chiefly  used  in  Europe  were  those  formulated  by  the  Hart- 
ford Steam  Boiler  Inspection  &  Insurance  Co.  State  boiler 
inspection  has  many  virtues,  but  to  be  of  real  value  it  must 
always  be  indejiendent  of  politics. 

Other  speakers  were  Messrs.  Idel,  Banks  and  James  White. 

Mr.  Thompson,  the  retiring  president,  was  presented  a 
beautiful  silver-mounted,  stag-handled  umbrella.  A  feature 
of  the  speaker's  table  wfts  a  full-equipped  model  of  a  Bab- 
cock  &  Wilcox  single-drum   boiler. 


Electric  Veteipaims  OrgaKaas© 

On  Saturday  evening,  Feb.  21,  the  employees  of  the  West- 
inghouse  Electric  &  Manufacturing  Co.  who  have  been  with 
it  for  20  years  or  more,  held  a  meeting  and  organized  the 
Veteran  Employees  Association  of  the  Westinghouse  Electric 
&  Manufacturing  Co.  A  business  meeting  was  held  and  ofli- 
cei-s  were  elected  for  the  ensuing  year.  Following  a  dinner 
was  an  interesting  program  consisting  of  speeches  and 
vaudeville.  The  toastmaster  was  L.  A.  Osborn,  vice-president 
of  the  company.  A  striking  fact  was  the  youthful  appear- 
ance of  these  so  called  veterans,  the  majority  appearing  to 
be  men   in  the  prime  of  life. 

About  325  employees  are  eligible  to  membership,  and  ap- 
pi-oximately  315  were  present  at  this  meeting.  President 
Herr,  in  the  course  of  his  remarks,  promised  the  support  of 
the  company  to  the  organization,  and  stated  that  the  officials 
were  working  on  pension  plans  for  the  employees,  details  of 
which  will  be  announced  later.  Other  speakers  were:  Chas. 
A.  Terry,  vice-president;  and  James  J.  Barrett,  representing 
the  shop.  Mr.  Terry  gave  several  interesting  reminiscences 
of  the  developments  which  have  occurred  during  his  experi- 
ence of  over  a  quarter  of  a  century  with  the  company. 

Guy  E.  Tripp,  chairman  of  the  board  of  directors,  was 
present  and  was  elected  an  honorary  member,  as  was  Presi- 
dent Heir,  neither  having  been  connected  with  the  company 
the  required  20  years.  A  standing  toast  was  drunk  to 
GeiMge  Westinghouse,  who  was  unable  to  be  present  on  ac- 
count  of  illness. 


©aime 

About  200  members  and  guests  of  the  New  York  Associa- 
tion of  the  American  Institute  of  Steam  Boiler  Inspectors 
enjoyed  the  third  annual  banquet  of  the  association  at  the 
Fifth  Avenue  Restaurant,  New  York  City,  Saturday  evening, 
Feb.  21.  The  following  ofHcers  were  installed:  President, 
James  Gillespie;  vice-president,  Robert  Thomson;  secretary, 
J.  H.  Pollard;  treasurer,  George  Turnbull;  James  H.  Kinkead 
is  chairman  of   the  executive  committee. 

Mr.  Young,  president  of  the  Boston  Association,  said  that 
the  Board  of  Boiler  Rules  of  Massachusetts  had  requested  his 
association  to  comment  on  the  proposed  rules  of  the  board. 
The  request  was  granted  and  the  comments  and  recommen- 
dations of  the  inspectors  gladly  accepted.  Michael  Fogarty, 
in  speaking  of  a  comprehensive  boiler  law  for  New  York 
state,  said  that  the  legislative  committee  which  the  inspect- 
ors met  at  Albany  consisted  of  nine  lawyers,  a  couple  of 
storekeepers,   a   saloon   keeper,   etc. — a   57   variety   kind. 

Mr.  Brown,  secretary  of  the  new  Buffalo  association,  re- 
ported the  progress  made  by  the  inspectors  in  Buffalo.  Mr. 
Van  Winkle,  of  the  Travelers  Indemnity  Co.,  told  of  the 
pensioning  of  old  inspectors  by  his  company.  He  stated  that 
one  need  not  fear  that  state  boiler  laws  would  eliminate  the 
insurance   company's   inspectors. 

F.  R.  Low,  editor  of  "Power,"  reviewed  the  progress  of  the 
uniform  boiler  laws  committees  of  various  engineering  or- 
ganizations. He  also  quoted  interesting  figures  on  the  life 
of  steam   boilers   in   Switzerland.     Some   of   these   boilers   are 


FACTORY     ORGANIZATION     AND      ADMINISTRATION.       By 
Hugo   Diemer.      Second   edition;   378     6x9-in.   pages;   174   il- 
lustrations.     Bibliography;    indexed;    cloth    bound.      Price, 
$3.      McGraw-Hill   Book    Co.,    New   York    City. 
This   second   edition   of  a   well   received   book   on   industrial 
management   contains   some   70    pages   more   than    in   the    first 
printing.      In    the    work    of    enlarging,    the    volume    has    been, 
to   a    large   extent,    rewritten    and    extensively    rearranged,    to 
bring  about  a  more  logical  sequence.     This  has  been  necessi- 
tated   by    the    important    development    in    industrial    i.ianage- 
ment,    since    the  book   was   first   issued.     The   paragraphs  are 
now   numbered   and    aie   given    topical    headings.      At    the   end 
of  most  of  the  chapters  is  a  reference  to  specific  chapters  or 
sections  of  modern  books,   the  transactions  of  engineering  so- 
cieties and  articles  that  have  appeared  in  the  technical  press. 
These   changes    will   make    it   more    useful    and    of   more    help 
to    anyone    who    wishes    to    pursue    the    study    ot   the    subject 
further. 


IlHKiui'ed  Boiler  I'hotoKrHphs — For  use  in  educational  work, 
AV.  V.  Ford,  104G  East  79th  St.,  Cleveland,  Ohio,  is  desirous  of 
sicuring  good  photographs  of  boilers  and  boiler  tubes  that 
have  been  bagged  from  deposits  of  oil  on  the  tubes  and  shell, 
and  will  gladly  pay  well  for  any  that  are  sent  him  which  may 
prove  suitable  for  his  use. 
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Winnipeg  Hydro-Electric 

Developmnieimts 

Tliu  .1.  (!.  Willi.-  IliiKltH'i-rlriK  ('oi'iioriillini,  Nfw  Yiirk,  hiiM 
beuii  eiiKiiKvil  by  lliu  Wliiiilpt'K  l''.lo('ti'U;  Ky.  to  coiiipletu  HUi- 
voys,  oxiiloratloiiH,  (IchIkiih,  plana  nnil  OHtlinuleH  for  u  liiiKO 
hydro-olortilc  ilovcliipniont  iioiir  Wlnnlpi-K.  (Tiir\ii<la.  It  Im  uii- 
iloi'Htodcl  thiit  tlio  iilliiiialii  (U'volopinciit  will  conHliluialily  »x- 
I'KUil  lOD.non  lip.,  anil  that  Iho  liniiii-illattt  iluvclopinoiit,  foi- 
whli-h  fomplolo  iIohIk»h  and  plaiiH  aio  to  ho  pivpaicil,  will 
lie  for  40.1100  lip.  Work  on  tho  Murvi'ys.  cxploratlonH  and  de- 
nIkks  Im  to  bo  titnrtod  Ininiedlatuly  and  coinplotod  an  rapblly 
UH    poHMlblo. 

Tho  W'InnlpoK  ICloctrlc  Ry.  Co.  w»h  formed  by  a  consoli- 
dation of  tho  WlnnlpoK  IClectrle  .Street  Ily.  Co.  and  tho  Winni- 
peg Cenoral  Power  Co.  The  oiitstaiidlnK  onpltal  stock  Ih 
$'.•.000,000.  The  directors  Include  Sir  WllUnni  Mackenzie,  who 
1»  president  and  a  lar^e  owner,  a.s  well  a.s  well  known  cltlzcsnH 
of  Winnipeg-,  Including  William  Whyte,  vice-pieHldent.  and 
V.  M.  Morse,  secrelary  and  treasurer.  The  illioctors  Indiido 
also  II.  S.  Sutherland,  WlnnlpoR,  Sir  William  Van  Hoiii. 
Montreal,    and    Sir    Ponald    Mann,    Toronto. 

It  Is  understood  that  there  was  considerable  competition 
for  tho  work  Just  awarded,  and  that  this  was  finally  given  to 
the  J.  O.  White  Kn»rlneerinB:  Corporation  because  the  di- 
rectors wore  convinced  that  this  corporation  had  an  excep- 
tionally experienced  staff  of  engineers  atul  construction  su- 
perii\tendcnts  for  IiandlinB  thi.s  class  of  work,  and  the  pre- 
liminary designs  submitted  appealed  to  the  directors  as  sntr- 
MTO.stinfr  the  most  advantageous  plan  for  developing  the  enor- 
mous  water  power. 


Cflvall='§es'vnce  ©ppoiptbuaiaKlnes  1 

COMI'ICTITIVE    i;X.\MIX.\TIO\,';  for   tin-   rinl-smicr   imsilions  I 

mimeil  hetow  mil  be  helii  mi  the  diilis  (liven.       Appliriitiotis  ami  fur-  | 

Iher  infornintion  mm/he  had  hy  aililressinn  the  rrspertire  commissions.  I 

Caniliilntr.i  must  be  citiivris  of  the  United  Stales  ami  residents  of  the  cities  I 

in  question,    and    at   least    21    years  of  age,    unless   otherwise  specified.  | 


SItundon  for  das  Kneineer — The  Philadelphia  Civil  Service 
Commission  will  hold  an  examination.  Mar.  21,  for  the  posi- 
tion of  gas  enfcinoer  in  the  Bureau  of  Surveys,  Department  of 
Works.  Salary,  $1000  per  year.  Address  the  Civil  Service 
Commission,   Room   875,   City   Hall,   Philadelphia,   Penn. 

Situation  for  Kn^IneerH — The  Philadelphia  Civil  Service 
Commission  will  hold  examinations,  Mar.  21,  for  three  posi- 
tions of  pow-er-plant  or  stationary  engineer.  Salaries,  $1500 
to  $1800;  less  than  $900,  and  $900  to  $1200  per  year.  Address 
the  Civil  Service  Commission,  Room  875,  City  Hall,  Philadel- 
phia, Penn. 

Situation  for  KuKlneer — The  Philadelphia  Civil  Service 
Commission  will  hold  an  examination,  Mar.  27,  for  the  position 
of  engineer  in  charge  of  boilers  in  the  Water  Bureau  of  the 
Department  of  Public  Works.  Salary,  $1500  per  year.  Ad- 
dress tho  Civil  Service  Commission,  Room  875,  City  Hall, 
Philadelphia,   Penn. 

Situation  for  Engineer — The  Philadelphia  Civil  Service 
Commission  will  hold  an  examination.  Mar.  21,  for  the  posi- 
tion of  operating  engineer  in  the  AA'ater  Bureau  of  the  Depart- 
ment of  Public  Works.  Salary,  $1000  per  year.  Address  the 
Civil  Service  Commission,  Room  875,  City  Hall,  Philadelphia, 
Penn. 


SOCIETY  HOTES 


The  proposed  consolidation  of  the  engineering  courses  in 
the  University  of  Pittsburgh  and  the  Carnegie  Institute  of 
Technology  was  discussed  informally  during  the  recent  visit 
to  the  city  of  Dr.  Richard  C.  Maclaurin,  president  of  the 
Massachusetts  Institute  of  Technology.  No  definite  action 
was  taken.  As  Dr.  S.  B.  McCormick,  chancellor  of  the  Uni- 
versity of  Pittsburgh,  is  abroad  it  was  impossible  to  get  an 
expression  from  the  authorized  representatives  of  the  two 
institutions.  Dr.  Maclaurin  declared  that  he  came  to  Pitts- 
burgh to  attend  an  alumni  reunion  of  Massachusetts  Tech 
and  would  not  venture  an  opinion  as  to  the  feasibility  of  a 
union  of  the  two  schools  similar  to  the  consolidation  of  the 
Massachusetts  Institute  of  Technology  and  the  engineering 
department  of  Harvard  University. 

On  Tuesday  evening,  Feb.  17,  Illinois  Association  No.  1  of 
Chicago   was   visited  by   the   officers   and   trustees   of    the   Na- 


llcinal  AHNorlntlon  of  Htatloniiry  RnRlnoora.  Tho  oIIIc-cm-h  on 
the  iilKlit  of  tho  niuotUiK  bail  JUHt  rtiturned  from  .Mllwuukeu, 
whi'iu  they  had  met  and  cunfi-rred  with  the  national  con- 
vention coniniltlee  fin  tho  iiriaiiKOinenlH  for  Ihu  next  annual 
eiinvuntlon  In  Keptenilior.  At  thu  prellnilnury  liUHlnoHH  iioii- 
Hloti  Jacob  Iteltz  pruHunteil  I'ruHldont  liayM  a  handHoinu  cut 
kIiihm  punch-bowl  Met,  a  wedillnir  prOHcnt  from  IiIh  brother* 
of  tho  order.  At  tho  rloMO  (if  thu  buHlnoHH  hohhIoii  tho  doors 
wero  thrown  open  and  thu  ineutlnK  turned  over  to  I'iiHt 
I'rCHldent  ,Iohn  K.  Mcflrnth.  II.  .MIhomIow  Introdureil  the 
HpeakerH  of  the  evening.  Natbinal  I'reMldent,  Jaiiii-H  It.  Coo, 
gave  a  long  addroNH  on  tho  good  of  tho  order,  and  Inclduiitally 
liredieted  a  re<<ord-breaklnK  convention  In  Milwaukee.  Wil- 
liam J.  UeyiioldH,  truHtoo,  gave  Homo  MtatlHtlcH  on  "Tho  Na- 
tional Knglnoer,"  and  tho  convention  waB  again  touched  upon 
In  Hhort  aildreHHOH  by  the  preHldent  and  Hocretary  of  tho  Na- 
atlonal  Kxhlbltors  AHHociatlim.  W.  I.,.  Parker,  Klgin,  III.,  ox- 
tended  a  royal  welcome  to  the  national  otlleirH.  Alfred  .John- 
son spoke  briefly  on  tho  educational  work  of  tho  URHoelatlon, 
and  Past  President  McOrath  gave  the  closing  talk  of  the 
evening. 

Dr.  W.  M.  Davidson,  superintendent  of  public  schools  of 
Pittsburgh,  told  the  Pittsburgh  section  of  the  American  In- 
stitute of  Klectrlcal  Knglnecrs  at  the  Fort  Pitt  Hotel,  Feb.  14, 
that  he  represented  the  American  l-^ducatlonal  Knglnecrs, 
Pittsburgh  branch.  He  asked  for  the  symiiathetlc  coopera- 
tion and  generous  support  of  the  electrical  engineers  In  the 
educational  woik  of  I'ittsburgh  and  said  that  the  aim  of 
those  directing  the  Pittsburgh  schools  was  to  bring  them  to 
a  degree  of  efllciency  not  e<iualed  by  any  others.  Paul  M. 
Lincoln,  of  the  Westlnghouse  Electric  &  Mfg.  Co.,  dealing 
with  the  cost  of  electric  service,  said  that  there  was  much 
misconc^Iition  concerning  rates;  that  the  cost  of  electricity 
to  the  public  is  fixed  by  the  cost  of  the  service  added  to  a 
legitimate  profit.  He  said  it  was  easier  to  supply  a  small 
number  of  large  consumers  than  a  large  number  of  small 
consumers,  and  for  this  reason  rates  for  service  in  residences 
were  necessarily  higher  than  those  for  factories.  C.  O.  Mail- 
lou.'c,  of  New  York,  i)resident  of  the  Institute,  was  the  guest 
of  honor  and  spoke  on  "The  Institute."  He  said  that  the  co- 
operation among  electrical  people  that  the  institute  had  en- 
couraged, was  its  most  beneficial  result.  The  toastmaster 
was  Samuel  M.  Kintner,  vice-president  and  general  manager 
cf  the  National  Klectrlcal  Signaling  Co.,  who  is  engaged  in 
wireless  telegraphing  work  with  Prof.  F.  A.  Fessenden. 
George  P.  Early,  of  the  American  Sheet  &  Tinplate  company, 
delivered  a  humorous  talk  on  "Stomatology."  The  banquet 
was  attended   by   300   members. 


EDWIN    M.    HADI. 
Kdwin   M.   Hall,   treasurer  of  the  .lefterson  Union  Co.,  Lex- 
ington, Mass.,  died  on  W'ednesday,  Feb.   11. 

EUGENE    McSWEENEY 

Eugene  McSweeney.  president  of  the  United  States  Graph- 
ite Co.,   Saginaw,  Mich.,  died  at  Hot  Springs,  Ark.,  on  Mar.  1. 

Mr.  McSweeney  was  born  in  Kalamazoo  46  years  ago,  and 
.started  his  career  selling  newspapers.  His  life  had  many 
hard  setbacks,  but  he  fought  the  uphill  battle  until  he  reached 
the  top.  At  his  death  he  had  been  not  only  successful  as  a 
newspaper  publisher,  but  made  a  thriving  venture  of  the 
United    States   Graphite    Co. 

Jlr.  McSweeney  entered  the  newspaper  field  in  Kalamazoo. 
V.'hen  of  age  he  became  identified  with  the  "Kalamazoo  Ga- 
zette." In  1891  he  came  to  Saginaw  on  the  old  "Evening 
News."  After  a  short  time  he  returned  to  Kalamazoo,  and 
six  months  later  came  to  Saginaw  and  became  treasurer  and 
general  manager  of  the  paper,  and  part  owner  with  John  T. 
Winship,   now   state   insurance   commissioner. 

Messrs.  McSweeney  and  Winship  conducted  the  paper  on  a 
successful  scale,  building  it  from  a  meager  to  a  prosperous 
institution.  In  1910  the  paper  was  sold  to  the  present  own- 
ers. Four  years  previous  Mr.  McSweeney  had  given  up  active 
management  of  ihe  paper,  becoming  president  of  the  United 
States  Graphite  Co.  Today  the  company  is  the  largest  of  its 
kind   in   the  world. 

Mr.  McSweeney  was  active  in  civic  life.  He  served  as 
president  of  the  Board  of  Trade,  the  Saginaw  Club,  and  was 
i'dentified    with    several    manufacturing    institutions. 

Charity  was  one  of  the  big  sides  of  Eugene  McSweeney. 
While  unostentatious,  his  alms  reached  scores  of  needy.  His 
heart  was  big  and  he  gave  with  a  free  hand.  He  leaves  a 
widow  and  two  children,  Eugene  and  Hanna. 
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S)  .\(U'SIS  —  Tlirsr  liro  hfulni-rlvi  tiit  ilcrrlupmrnls  liitir 
(I  hihil  niiHtcilii  of  'I't.OOO  III).  The  fmliirrs  of  A'o.  /  ///(////, 
((/  rnrhsrillr.  Tviiu..  arv  the  llO-ft.  hit/li  coiirrrlr  (Iniii. 
/iff  .'lOiKI-lip.  hirhiiir  iriilnirlircls.  mid  llir  iiKiinicr  of 
howiiii;/  lliriii  ii-illiiii  llir  daiii.  Xo.  J  ilrvrlopiiiriil  mii- 
xislx  of  II  crib  dom  .iJ  fl.  hiilh.  "  imodrn  /liiiiir  five  milrx 
loiHj  siipiiorlvd  1)11  II  hriirli.  iiil  In  Hir  nioiiiiliilii-sidr  <il 
some  /ilacfs,,  mid  ill  ollirrs  lii/  Irrsllr  irorl:.  Tiro  S-fl. 
/x'listorks  siipphi  iriilcr  la  liro  l(),i)IK)-li /i.  irulrnrlirrls  ill 
II  :2')(i-fl.  Iii'iid.  Srri'riil  slriiiii  j)linit<  an-  iniilnillrd  hi/ 
lliv  roiiipain/.  iiinhiiiij  ii  loiol  of  Sf),0()(>  li />.  iioir  iirailiihlr. 
Addilioiial  initer  power  of  nf>,0()(t  lip.  can  hr  drrrlopcd, 
IIS  ri'i/itirrd.  lunkiiici  a  iolol  of  JOO.OdO  hp.  available  for 
fiiliire  ii.'<e.  Kleclrical  eiiergif  Is  Iransnrilted  J-iVo  iniles 
at  1)0,(100  and  IJd.OOO  rolls  lo  Ihe  sirilch-lianse  nl  Cleve- 
land,  irliemr    II    Is  snil    mil    In   svrrrnl   rllirs. 
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The  scioiiil  hyilro-rleclric  j)laiit  of  tlio  Tennessee  Power 
Co.,  on  the  Ocoee  Eiver,  in  the  Appalacluan  Mountains  of 
soiitlieastei-n  Tennessee,  near  Parksville,  wliieh  was  ])ut 
in  ojteratioit  Od.  22,  l!tl3,  marks  an  important  step  in 
tlie  iiidiislrial  tlevelopnient  of  iliat  part  of  the  South. 
'IMiis  phiiit,  lof^ether  witli  tlie  other,  10  niik^s  away,  on  tlie 
paiiie  river,  will  ultimately  produce  a  total  of  55,000  lip. 

The  water  resources  of  the  Tennessee  Power  Co.  aie 
principally  located  between  Parksville  and  Ducktown,  on 
the  Ocoee  Eiver,  in  eastern  Tennessee,  and  on  the  Collins 
and  Caney  Fork  rivers  in  middle  Tennessee. 

It  is  with  the  Ocoee  l\ivcr  development  that  this  article 
deals.  The  river  rises  in  the  x\ppalachian  Mountains  at 
an  elevation  of  2025  ft.  above  the  sea  level  and  has  a 
watershed  with  an  average  annual  I'ainfall  exceedinsj  that 


wooden  Hunu',  showii  by  dotted  lines,  runs  from  the  dam, 
five  miles  above,  to  the  power  plant.  The  third  develop- 
ment will  consist  of  a  dam  and  lake  1372  ft.  above  sea 
lc\el.      it  will  contain  three  10,000-lip.   units. 

The  preliminary  woi'k  on  the  two  power  plants,  now 
completed  and  in  operation,  was  begun  in  May,  li)10,  and 
actual  construction  l)egun  in  August  of  the  same  year.  The 
work  was  carried  on  by  llic  'i'eiinessee  Power  Co.,  with 
.1.  G.  Wliite  &  Co.  as  engineers,  'i'he  cost  of  the  two  de- 
velojMuents  w  as  ajjproximately  $5,000,000.  '  The  main  fea- 
ture of  Xo.  1  development  is  the  concrete  dam  ;  that  of 
the  other,  a  live-mile  flume  built  along  the  mountain-side. 

Building  a  hydro-electric  jslant  is  usually  more  diffi- 
cult than  a  steam  plant,  because  of  the  remoteness  of  the 
power  site  front   transpoi'tation    facilities.     Tlie  develop- 


Vm.   .3.      l).\j\r   Axi)   I'owki;   llorsi:  of   No.    1     !  M:\  ki.oi'.m  i:.\t 


"f  any  olhei'  part  of  the  I'nited  States  excepting  Oregon 
and  Washington. 

Two  miles  below  Ducktown,  the  Ocoee  Eiver  enters  a 
narrow  gorge,  follows  it  for  15  miles,  then  flows  through 
a  wide  valley  to  a  narrow  gateway  between  Sugar  Loaf 
and  Bean  Mountains.  The  waterway  between  Ducktown 
and  Parksville,  a  distance  of  2G  miles,  is  owned  by  the 
company.  In  this  distance  the  river  has  a  total  fall  of  710 
ft.  which  will  be  utilized  in  three  plants,  two  of  which 
ai'c  now  in  operation.  A  study  of  the  map,  Fig.  1,  gives 
a  good  idea  of  the  location  of  the  two  power  sites,  the 
development  near  Pock  Island,  and  the  route  of  the  trans- 
mission lines. 

Tn  Fig.  2  is  shown  a  graphic  elevation  and  relief  map 
of  the  three  Ocoee  develojinients.  At  the  extreme  right  is 
the  Parks\ille  dam  and  the  lake  fornunl  thereby.  The 
surface  of  this  lake  is  approximately  2000  acres  and 
is  at  an  elevation  of  825  ft.  above  sea  level.  Just  above  the 
lake  is  tlie  power  bouse  of  the  No.  2  development.     The 


ments  on  the  Ocoee  River  were  no  exception.  Jn  fact,  the 
conditions  were  exceptional,  and  comi)leting  these  develop- 
ments was  a  difficult  proj^osition,  both  from  a  financial 
and  an  engineering  standpoint.  For  instance,  it  M-as  nec- 
essary to  build  about  seven  miles  of  narrow-gage  railroad, 
operate  a  fleet  of  boats  and  barges  to  transport  the  ma- 
terial from  Xo.  1  power  plant  up  the  lake,  formed  by  the 
dam,  to  the  site  of  Xo.  2  development.  Here  an  incline 
was  constructed  for  hoisting  material  300  ft.  up  to  the 
line  of  the  flume.  Al)out  l-">  miles  of  power-transmission 
line  were  also  constructed. 

l^evelopment  Xo.  1,  at  Parksville,  Tenn.,  consisting  of 
a  dam  and  a  generating  station,  has  been  in  operation  two 
years.  The  dam,  known  as  a  gravity  type,  is  110  ft.  high 
at  the  si)illway  section,  and  840  ft.  long  from  bank  to 
bank.  The  spillway  section  is  230  ft.  long.  The  structure 
contains  lf)0,000  cu.yd.  of  concrete.  A  view  of  the  dam 
and  power  plant  is  shown  in  Fig.  3. 

The  dam  is  built  across  a  gorge  between  Sugar  Loaf  and 


:jg'v> 


i'(»  w  i:  i; 


V:)l.  ;{!»,  N...  I  I 


lU'iiii  Mountains.  'I'lic  H|)illwiiy  Ih  Imilt  in  an  aiv  ol  n 
tiirlc.  inatif  ncii'ssan'  lici'imHc  of  llic  I'oiinalion  of  llic  Im'iI 
rock  of  the  rivi-r.  Tlii-  s|tilluav  ix  (lt'sif,'nc(l  (o  tliHclnir;.'! 
all  I'XiTSs  waU-r  at  llif  lii;;lii'st  llooil  sla^i-  of  tlic  rivi-r.  In 
addition  to  the  spillway  llicrc  an'  two  sluict*  jjatcs  with  n 
dis(liarfj[i'  i'a|iatily  r(|niil  lo  lln'  normal  How  of  the  riviT 
licfiTrinf;  to  till'  sectional  view   of  (he  diini  :ind   |mi\\ci 
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liouse,  Fiji',  -i.  the  })cnslo;^-ks  are  encased  in  the  concrete 
work  of  the  dam  and  lead  to  tiie  waterwheels,  discliarging 
the  water  at  a  point  abo\'e  the  wheel  vanes.  At  the  rear 
of  the  waterwheels  a  tuunelwav  has  been  provided  for  ac- 
cess to  the  rear  turbine-shaft  bearings  and  to  the  hand- 
operated  sluice-gate  gear.  There  is  a  vacuum  of  15  in.  in 
the  waterwiicel  draft  tubes.  The  operating  mechanism 
for  the  double  penstock  gates  is  mounted  at  the  top  of 


Fig.  .5.     F\"ti;i!Ioi!  oi-   NO.    1    Powki!  IIoisi: 

the  dam  and  is  operated  by  in-hp.  direct-current  motors, 
controlled   from   tiie  power-house  switcliboard. 

\o.  f   PowKF!  HorsK 

The  l)rick  Iniihling,  constructed  with  an  ell,  is  built 
l)arallel  with  and  at  the  base,  at  one  end  of  the  dam.  The 
live  generators,  of  ^.^'loO  kv.-a.  capacity,  generating  2300- 
volt.  three-phase.  GO-cycle  current,  are  in  the  main  i)art 
of  the  building.  The  generators  are  directly  connected 
to  the  five  5000-hp.,  horizontal,  doul)le-wicket  39-in.  gate 
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Fig.  7.     Flume  ox  Mouxtainside 

turbines,  whitli  run  at  oliO  r.|i.iii.  Fig.  ■)  sliows  the  gen- 
erator room. 

The  speed  of  tlie  turbine  wheels  is  governed  by  oil- 
pressure-ojjerated  governors,  e(|uipj)6d  with  an  emergency 
safety  device  for  closing  the  inlet  water  gates  in  case  of 
accident. 

There  are  two  12."^i-volt  exciter  sets  of  120  kw.  capacity, 
either  of  which  is  of  sufficient  capacity  to  excite  all  of 
the  generators;  each  are  driven  by  250-lip.  wicker-gate 
waterwheels  at  580  r.p.nr.  Mounted  on  the  end  of  the 
shaft  of  each  exciter  iniit  is  a  200-hp.,  2300-volt  induction 
motor,  which  floats  on  the  line  and  gives  close  regulation 
to  the  excitation  voltage.  As  there  is  a  coupling  between 
tlie  turbine  and  motor  and  the  exciter  generator  they  can 
be  disconnected  and  tlie  exciter  generator  operated  while 
either  the  turbine  or  the  motor  is  cut  out  for  repairs.  The 
speed  of  the  exciter  turbines  is  regulated  by  governors  of 
the  compensating  type. 

The  generators  are  at  one  side  of  the  room,  with  the 
shaft  extending  through  the  side  wall  to  the  turbines, 
which  are  outside  the  Iniilding  and  are  housed  in  the  dam. 
iThe  exciter  waterwheels,  however,  are  in  the  generator 
room.  Riveted-steel  penstocks  protrude  through  the  side 
wall  and  connect  witli  the  turbine  casings  at  the  top. 

On  the  opposite  side  is  a  switchboard  Ijalcony,  under 
which  are  the  low-tension  oil  switches;  the  distril)nting 
bus1)ars  arc  back  of  them.  A  brass  miniature  busbar  cir- 
cuit is  attached  to   the   front  of  the  slate-panel    switch- 


FiG.  8.     Steel  Trestle  axd  Flume 

lioard.  All  swiulies  are  ])rovi(l('(l  with  a  IjcII  alarm  and 
are  operated  by  I'cniote  control. 

The  high-tension  transformers,  the  high-tension  room 
and  the  office  are  in  the  ell  of  tlie  building.  'I'he  five  3750- 
kv.-a.,  2300-6G,000-volt,  three-phase  transformers  are 
water  cooled.  Two  gravity  sources  of  water  are  available 
for  this  purpose,  one  from  a  spring  on  the  mountain,  the 
other  from  the  lake  alcove  the  dam.  The  transformers 
are  in  compartments  which  are  iitted  with  rolling  steel 
doors. 

Disconnecting  switches  are  iirranged  on  each  side  of 
the  high-tension  switches;  tlie  transfonners  and  busbars 
are  in  the  high-tension  room.  Outside  of  the  building 
there  are  IG  cells  of  aluminum  lightning  arresters.  The 
choke  coils  are  in  the  high-tension  room. 

Electrical  energy  from  this  station  is  carried  to  the 
Cleveland  switch  house  on  two  Gr>,000-volt  transmission 
lines,  each  line  being  capable  of  carrying  the  output  of 
the   station. 

Developmext  Xo.  2 

The  dam  at  Xo.  1  development  has  formed  a  lake  ap- 
proximately eight  miles  long  and  2000  acres  in  area.  Ten 
miles  above  the  first  development  is  a  second  of  30,000- 
hp.  capacity.  This  plant  differs  from  Xo.  1,  which  is 
of  low  head  and  has  a  large  reservoir  section.  The  re- 
servoir at  the  head  of  Xo.  2  dam  is  only  of  sufficient  size 
to  equalize  tlie  flow  of  water  for  a  short  time.     The  head 


Fig.  9.     TxTEiiiou  CoxsTiturTioxT  of  the  Flu^nte 


Fto.  10.     Auxiliary  Spillway  ox  Mountaixside 
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;i\iiiliii)lc  at  Xi).  ■.'  is  v^'ifi  11..  wliuli  is  dliiaiiicil  l>y  a  iIimtI- 
inj;:  (lam.  live  iiiiics  almvc  tlic  -laiioii  and  1")  iiiik's  aliovr 
No.  1  (lain,  ami  a  wixpilrii  lliimc  iiiii'  througli  wliicli  llir 
watiT  Hows  I'l-om  tlu'  ilam  alom;-  ilic  m<iimlaiii-siilc  In  a 
point  al)ovc  llii-  stalion. 

Dam  Xo.  2.  Fig.  (i.  is  ;{-i  ft.  liigli  and  ^")l)  li.  Ion;:.  1 1 
is  linilt  of  lioavv  timhcrs,  forming  criljs,  wliirli  ai'c  lllli'd 
wiiii    rocks    ami    ^lieallicd    willi    licavv    lumber.      .Miuiit 
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Fig.    l:!.     Skction     iiiiiorcii    Siphon    Spillway    1)\.\[ 

1,250,000  ft.  of  lumber  were  nsed.  At  the  southern  end 
of  the  dam  is  a  largo  gate  which  controls  the  flow  of 
water  to  ibe  flume 

TlTE   FLFltE 

The  flume,  a  large  wooden  ti'ough  conveying  the  water 
from  above  the  dam  to  the  ])ower  liouse,  five  miles  dis- 
tant, is  15  ft.  wide  and  10  ft.  high,  with  a  carrying  ca- 
pacity of  550.000  gal.   per   niin.     It  is  supported  on  a 
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shelf,  l''ig.  7,  cut  in  the  mounlain-side.  ,\t  <'erlain  ])oint» 
the  Hume  is  sui)j)orte(l  by  \iailuels,  varying  in  height 
from  :.")  lo  l.")0  ft.  and  in  length  from  200  to  50M  ft. 
Fixe  of  tlie.se  viaducts  aw  of  steel,  Fig.  H,  and  live  an-  of 
wooden  trestles  sujiported  by  concix'te  foundations,  la 
ibe  construction  of  the  flume  7,500,000  ft.  of  lumber 
w^'A-Q  u.sed  ;  Fig.  !)  .sliows  the  interior  construction,  'i'lure 
is  an  auxiliary  sjjillway,  Fig.  10,  over  which  the  water 
Hows  when  the  stage  is  high  in  the  flume. 

Fig.  11  is  a  near  view  of  the  flume  and  the  top  struc- 
tural work.     The  track  is  u-sed  for  transimrting  material 
to  points  along  the  flume.     At  the  lower  end  of  the  flume 
the  water  is  di.scharged  into  a  small  concrete  reguhiting 
reservoir  c(uiiu'cted  t<i  tlic  penstocks  by  a  large  section  of 
flume.     At  this  ])oiiit  llif  How   is  regulated  by  a  sij)lion 
spillway   dam,    Fig.    12,    wiiieli    auloiiuitically    dischai. 
excess  water  and  keeps  the  How   in   the  jx-nstock  wii 
certain  limits.     Fig.  13  is  a  section  through  the  spill 
dam.     Tliere  are  two  steel  penstocks,  each  8  ft.  in  du 
cter,  which  convey  the  watei'  to  the  turbines  in  the  po 
liouse  under  a  head  of  256  ft.     The  electrically  opem 
head  gates  ai'c  controlled  fi-om  the  power  liouse. 

.\'o.  2  Powi;i{  Hoisi; 

The  power  house,  located  on  Caney  Creek,  I-'ig.  11.  is 
100  ft.  long,  80  ft.  wide  and  55  ft.  high,  and  is  con- 
structed of  brick,  concrete  and  ste(>l.  The  power  equip- 
ment at  present  consists  of  two  10.000-hp.  turbines,  di- 
rectly connected  to  7500-kw.,  (UiOO-volt.  three-phase.  (iO- 
cvcle  generators    running  at   :5()0    r.p.m.      Provision   Jiaa 


Fio.  14.     ^v'o.  2  Power  House 


Fig.  15.     Maix  SwiTrHBO.\RD 
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been  iiiadi'   lor  a  third   jx'iistock  and   a  third   l(),O0()-h|>.      energy  is  transmitted  to  various  points  on  over  4UU  miles 

generatinii'  unit.  of  liigii-tensiou  lines.     Tlie  current  is  transmitted  to  tiie 

Tlie  generating  units,  Fig.   Hi.  slanil  lengthwise  oi'  the      distributing  station  at  Cleveland,   131/2  miles,  at  6(5,000 


generator  room.  On  tJie  same  floor  level  are  two  9375- 
kv.-a.,  lhrcc-|ihase,  (iO-eycle,  6600-13U,0()U-volt  transform- 
ers. Back  of  ihese  on  a  concrete  floor  arc  live  oil-break 
switches,  lor  Ihe  machine  and  d'ansformei-  low-tension, 
CUOO-volt  lines,  and  one  :!i)(l-ani|).  oil  switch  for  station 
service.     There  are  nine  oil  switches  in   lliree  hanks.    l''ig. 


and  120,01)  »  volts.  From  there  the  current  is  sent  to 
Chattanooga,  Knoxville  and  Home  over  three-pliase,  (i6,- 
000-volt  transmission  lines,  and  to  Nashville  at  120,000 
\()lts.  All  transmission  lines,  whether  of  steel  tower  or 
|iole  type,  are  of  the  latest  design,  metal  crossarms 
being  used  on  pole  i  onstruciion.  and  snspension-type  in- 
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Fig.    17.     Oil    Switcmes    antd   Thaxskokjieks,    No. 
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;.    delta-connecled    and    of    l';ii.ii(i(i    \(i]is    capacity    for 

■     control.     The  station  ti^ansfoi-iuei's  arc  on  a  gallery 
transform    from    MOD   to    IK)    and   220   volts.      The 

li    ahnninum  lightning  ai'i-esters  are  of  from   115.000 

•   |-i5,0(ii)  volts  capacity.     All  oil  switches  are  remotely 

!  rolled    from  a  11-panel  slate  switchboard,  Fig".  15. 

\i  one  end  of  the   room  is  a    ^  5-hp.  motor-driven,  50- 

;\ ,,   12.-)-\olt  cxcitei'  set    i-unniiig  at   1200   r.p.ni.      This 

nil    is   foi'  emergency  use.  as  eacli  main  generator  lias  a 

.'   -\()lt   direct-cnrrent  genei'ator  mounted   on   its  shaft. 

he  other  end  of  each  shaft  is  a  hrake  disk  for  l)ring- 

i-  tlie  rotating  parts  to  rest  after  shutting  off  the  water 

ipjily.     .\t  the  other  end  of  the  generator  room  are  two 

i-hp.,  !)0(i-r.]).iii..  motor-driven  vertical  sum])  puni])s  for 

iking  care  of   watei'   which    l^inds   its    wav   to   the  sump 

'in   various  sources.     The    fx(i-in.   ti'iplex  governor  oil 
I  Hips  are  belt  driven  fi'om  the  geiu'rator  shaft;  the  gov- 

lors  are  of  tlie  double-float  lever  tviie. 

\os.  1  and  2  plants  will  ultimately  produce  55,000  hp. 

iluplicato  steel  tower  line  connects  Xo.  2  power  house 
iih  tlie  Parksville  plant,  and  fi'om  this  station  electrical 


sulators  in  all  cases.     All  lines  ai'e  jn'otected  from  light- 
uing  by  a  ground  wire  from  the  lojj  of  the  structures. 
Steam  Plants 

The  company  has  acquired  by  ownership  or  by  contract 
the  output  of  steam-power  jjlants  at  Knoxville,  Cleveland, 
Chattannoga,  Rome  and  Xasbville,  as  well  as  steam  plans 
in  smaller  intervening  towns  along  the  transmission 
line.  'I'he  steam  plants  are  connected  through  siUistations 
so  as  to  sujiply  energy  to  any  i)oint  on  the'  system  ;  they 
can  also  be  run  in  parallel  with  the  watei--po\ver  plants 
ami  carrv  any  pi'oportional  piart  of  the  load,  "^{"he  present 
capacity  of  tlie  steam  plants  is  ;)i).(Mii)  ;uul  the  Avater 
power  55,000  hp.  The  ultimate  water  power  that  can 
be  obtained  from  three  other  available  ])o\vei-  sites  will 
be  115,000  hp..  a  total  of  200.000  ]ip. 

'i'he  cost  of  the  two  power  developments  on  the  Ocoee 
K'iver  was  about  $5,000,000.  .\  considerable  |iart  of  the 
electrical  energy  developed  at  these  plants  is  used  in  light- 
ing the  cities  along  the  line  and  foi-  ti'olley-eai'  sei-vice. 
'i'lie  total  urban  population  supniied  nmnbei-s  abmii 
250,000. 


principal    equipment    of  the  hydro-electric  PLANTS  OF  THE  TENNESSEE  POWEl!   CO  , 
OCOEE  RIVER  DEVELOPMENTS 


Equipment 

Generators 

Turbines 

Governors 

Turbines 

Generators. . 
Governors    .     , 

Motors 

Transformers. . . 

Turbines 

Generators. 

Transformers. .  . 

Motors   . . 

Generator. 

Generators 

Motor     . 

Governors 

Pumps 


Kind  Size 

.\lt    eurrent 3750  kw.. 

Horizontal .lOOO  hp... 

I-oMibard 

Horizontal 


Driv 
Ma 


turbi 


units . 


Direel 

Compensating 
Iiicluetioii..  . 
Water  cooled. 
Horizontal.  .  . 
.\lt.  current. . . 

Oil  eooled 

niduetion 10  hp 

et  current..  .    50  k 


2.50  hp Drivint;  e.xciter    ge 

120  kw Exciters 

Exciter  turbines. . . 

200  hp Exciters 

;J7.50  kv.a Line  circuits 

10,000  hp Driving  main  units 

7.50  kw.      ^lain  units 

9S75  kv.a Line  circuits 

Sump  pumps 

Exciter. 


Direct  current. .  .    .50  kw Exciters 

Induction 75  hp Driving  exciter 

I'cver Main  turbines.      .  .  . 

Plunger 4x6" Hydraulic  governors 


Operating  Conditions 
300  r.p.m.,  2300  volts,  three-phase,  60-cycle 

300  r.p.m.  head  256  ft 

Oil  pressure 

580  r.p.m.  head  256  ft 

.580  r.p.m.,  125  volt 

Oil  pressure 

.580  r.p.m.,  2300  volt,  three  phase,  60  cycle.  . 
Delta  and  Star  eonneeted,  three  phase,  60  cycle 
,300  r  p.n,  ,  li,-a,l  L'.-.C,  fi 

6600  volts,  three  ph.ase,  lid  rv.'le,  ,360  r.p.m..  .  . 
6600— 120, ()(K1  volt,  three-phase,  60-cycle,    . 

Intermittent.  OOO  r.p.m.,  110  volt 

Standbv  imil,  1200  r.p.m.,  125  volt 

Mounted  on  gen.  shaft,  360  r.p.m.,  125  volt, 

220  volt,  1200  r.p.m 

Oil  pressure 

Belt  driven 


Maker 
Westinghouse  Elec.  &   Mfg.   Co. 
S.  Morgan,  Smith  Co. 
Lombard  Oovernor  Co. 
S.  Morgan.  Smith  Co. 
Westinghouse'  Electric  &  Mfg.  Co 
Woodward    Covernor   Co.    . 
Westinghouse  Elec.   &   Mfg.   Co. 
Westinghouse  Elec.  &  Mfg.  Co. 
I.  P.  Morris  Co. 
General  Electric  Co. 
General  Electric  Co 
Western  Electric  Co. 
General  Electric  Co 
General  Electric  Co. 
General  Electric  Co. 
I.  P.  Morris  Co. 
Deane  Steam  Pump  Co. 
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S)  yol'SlS — N'/(C(i((/  /('(//(//-('.s-  iif  thr  h'rriidi/  niiil  t'mss- 
ii'ij  pmiliKiis  Iciidiini  hnrnnl  effii  irni  ulilizutioii  of  lnw- 
i/riiilr  loiils. 

Wliilr  llu'  imxliMii  fxiis  prodiK'cr  is  in  many  roHpi'its 
olliiii'iit  iiiul  salisl'tirttrrv,  tliorc  is  scupf  lor  its  impnivc- 
iiu'iit.  fspiriall.v  as  rciatt's  tu  its  coiitiiinous  operation. 
roiuloriuf;  it  as  tar  as  possihk'  aiitomalir,  and  onai)liii;,' 
it  to  deal  witli  low-jjradi'  (w\.  Tlio  rollo\vii\}f  describes 
some  reeeiit  innovations  in  Knjriisli  practice,  designed  to 
attain  these  ends. 

Ki:i;i'i:i.v    I'kodi  ci:i! 

Tile  use  of  a  walei'  ii-oiiiiii  to  seal  the  lioltoiii  of  a  pres- 


FiG.  1.     Ki-.itr-KLY  Producer,  Showing  Rkvolvixg 
Watei;   Trocgh 

sure  gas  producer,  while  allowina'  the  ashes  to  be  raked 
out,  presents  no  novelty  :  hut  in  the  Ker])ely  producer 
(Fig.  1)  the  water  trough  is  made  to  revolve  on  ball  bear- 
ings, so  that  the  ashes  are  carried  around  against  a  fixed 
scraper  arranged  in  a  sloping  position,  which  automatic- 
ally conveys  the  ashes  out  of  the  trough  and  dujups  them 
into  a  chute.  Taking  advantage  of  the  rotary  motion 
provided  for  this  purpose,  the  inventor  designed  also  a 
special  grate,  which  is  placed  eccentrically  on  the  water 
trough  and  revolves  with  it.  The  grate  is  elliptical  in 
plan,  and  its  periphery  is  ])olygonal,  so  that,  as  the  grate 


II.    .\l.l.l.N 

hlowlv  rotates,  it  gradually  cnislies  the  elinkc's,  wliicli 
form  al  the  bottom  ol'  the  lire,  against  the  api'on  of  lliu 
water  seal,  breaking  tlirm  up  into  liiiiipH  wliicli  fall  into 
tlie  trough  Mild  MIT  ic'iiioM'd  as  deHcribed.  Special  prr)- 
\  ision  is  also  made  lor  IIh'  sepai'atc!  control  of  the  Hleaiii 
and  air  8U])ply  to  the  ii'iiIimI  mikI  outer  portions  of  the 
grate,  so  as  to  secure  iiiiiloriu  combustion  over  the  wiiolo 
grate.  The  eonieal  grate  is  flattened  on  the  lop,  to  keep 
the  CO^,  zone  as  low  as  possii^le.  The  lower  ])arc  of  the 
casing  consists  of  a  water-cooled  jacket,  to  which  the 
clinker  cannot  i-ling  as  it  does  to  a  brick  lining.  The 
grate  rcvohcs  slowly  and  re(|nircs  only  one  or  two  hoi-i- 
power  to  dri\c  it. 

Owing  to  ilic  Mliility  of  this  producer  to  gasify  coal 
more  raj)i(lly  llian  the  ordinary  type,  a  smaller  plant  suf- 
fices to  do  the  sanu!  work;  the  automatic  removal  of  the 
ashes  and  the  self-clinkering  action  of  the  grate  reduce 
labor  costs;  repairs  are  also  eliminated,  and  gas  of  good 
quality  can  be  obtained  from  fuel  containing  as  much  as 
35  per  cent,  of  ash.  The  gas  is  also  of  very  uniform  com- 
position, owing  to  the  steady  and  continuous  operation  of 
the  producer.  In  the  course  of  a  test  of  one  of  these 
plants,  at  Vienna,  gasifying  coke  breeze,  the  net  efficiency 
of  the  producer  was  found  to  be  8!). 8  per  cent.,  75.37  jier 
cent,  of  the  heat  energy  of  the  fuel  being  made  available 
in  the  form  of  gas  and  14.43  per  cent,  being  used  for  the 
production  of  steam. 

E.  G.  Appleby  &  Co.,  the  liritish  agents  for  the  Kerpely 
producer,  have  devised  a  poke  hole  for  use  on  any  pres- 
sure ])roducer,  which  can  be  opened  without  allowing  gaa 
to  escape  or  air  to  enter.  The  hole  is  provided  with  c(jm- 
pressed-air  jets,  which  are  adjusted  so  as  to  secure  eciui- 
lii)rium  between  the  gas  pressure  and  that  of  the  jets. 
Thus  no  gas  is  lost,  and  the  attendants  are  able  to  work 
without  inconvenience  from  inhalation  of  the  ])oisonous 
gas.  A  still  better  plan  which  they  have;  devised  is  a  system 
of  automatic  stirring  a])plied  to  the  toj)  of  the  ])roducer, 
as  shown  in  Fig.  2.  The  curved  pokers,  of  different 
lengths,  are  provided  with  pinions  gearing  with  a  circular 
rack,  and  are  carried  in  a  frame  attached  to  the  hopper, 
The  top  section  of  the  producer  is  slowly  rotated  by  worm 
gearing,  causing  the  pokers  to  travel  around  the  fuel  bed. 
and  also  rotating  on  their  own  axes,  so  that  the  upper 
layers  of  the  fuel  are  thoroughly  stirred,  and  holes  are 
prevented. 

C'liOSSI.KY    SlCriOX    Pl^ODL'CER 

In  the  new  producer  brought  out  by  Messrs.  C'rosslej 
Bros,  last  summer,  the  difficulties  met  with  in  gasify- 
ing low-grade  fuel  are  overcome  in  a  totally  different 
manner.  As  shown  in  Fig.  3,  poke  holes  F  are  provided 
in  the  top  of  the  producer,  through  which  the  poker  cat 
1)6  introduced  in  a  line  parallel  to  the  brickwork  and  close 
to  it,  so  that  clinker  which  adheres  to  the  firebrick  lin- 
ing can  be  loosened  without  fear  of  striking  the  brick, 
and  therefore  with  the  minimum  risk  of  damaging  the 
lining.  The  fire  grate  is  quite  open  to  the  atmos])here. 
and  is  composed  of  a  number  of  ste]ipcd  jilatos,  of  sucl 
a  diameter  and  so  supported  on  legs  as  to  stand  outside 
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the  natural  angif  of  repose  of  the  I'uel.  Thus  the  center 
of  the  column  of  fuel  rests  upon  its  own  bed  of  ash,  and 
the  bottom  of  the  fire  is  in  full  view  of  tlie  attendant, 
who  can  clean  every  ])art  of  t\\v  i;ral('  and  remove  clinker 
and  ash,  without  interfering'  with  the  operation  of  the 
producer.  In  the  new  Crossh'y  type  the  vaporizer 
is  entirely  sc]jarate  from  the  ])roducer,  simplifying  the 
construction  and  operation  of  the  producer,  and  facilitat- 
ing rei)airs.  It  will  he  seen  from  the  sectional  elevation 
that  the  construction  of  the  generator  is  extremely  simple, 
consisting  of  little  more  than  a  casing  lined  with  fire- 
brick. 

The  vaporizer  consists  of  a  cast-iron  box   G  through 
which  the   hot  gas   passes   on  its   way  to  the  scrubber. 


From  (he  scrubber  the  gas  is  led  away  to  the  engine.  .\n 
induction  fan  is  used  instead  of  a  blower  for  starting  the 
producer,  and  is  [)laced  as  close  to  the  engine  as  pos- 
sible. This  has  the  advantages  that  the  producer  is  started 
as  a  suction  plant  instead  of  under  pressure,  so  that  there 
is  no  risk  of  escape  of  gas;  the  pipe  to  the  engine  is  filled 
with  gas,  and  one  man  can  easily  start  both  the  producer 
and  the  engine. 

An  ingenious  automatic  device  is  employed  to  feed 
water  into  the  vaporizer  at  the  correct  rate,  to  suit  the 
load  on  the  engine.  Water  is  allowed  to  trickle  into  the 
funnel  W,  and  when  the  plant  is  idle,  it  is  caused  by  the 
siphon  hend  S^  to  escape  by  the  overflow  pipe  X;  but 
when  there  is  a  load  on  the  engine,  the  suction  in  the 


Fig. 


Kkim'kly   I'l.'onrrEi?  with 

IJOTARY     FOKKUS 


Fig.  S. 


with  a  water  seal  at  the  bottom.  The  box  contains  a 
numhei-  of  gilled  tubes  J,  with  internal  tubes  arranged 
on  the  "Field  tube"  principle,  being  supported  only  from 
the  top,  so  that  they  are  free  to  expand  and  contract 
without  risk  of  breaking  joints.  Water  is  led  through 
the  internal  tube  to  the  bottom  of  the  first  gilled  tuhe 
in  which  it  rises,  and  overflows  at  L  into  the  internal  tube 
of  the  next  element,  passing  tlironiili  nil  the  elements  in 
series;  in  the  last  tube  .1/  it  is  wliollv  converted  into 
steam,  which  is  led  o(f  t')  the  gi'afc  and  I'n]  into  the  fire 
through  a  perforated  ring  O.  If  will  be  noticed  that  the 
water  in  the  tubes  is  surrounded  with  a  jacket  of  hot  gas, 
and  the  vaporizer  both  cools  the  gas  and  raises  steam.  At 
(lie  outlet  from  the  vaporizer  the  gas  passes  through  two 
>  aseades  of  water  P  from  the  overflow  of  the  scrubber,  by 
\\hich  means  the  heavier  imjiuriti^s  are  washed  out  of  the 
gas,  and  the  work  required   of  the  scrubber  is  lessened. 
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Section^  of  Crossley  OPKX-HE-vriTH  Srfiiox 
PTtonrcKR 

gas  outlet  draws  walci'  over  the  to])  of  the  bend  S^, 
wlieiicc  it  falls  into  the  lower  bend  H,  and  thence  flows 
intd  the  funnel  K  on  the  vaporizer.  The  greater  the  load 
on  the  engine  the  more  rapidly  is  the  water  drawn  over 
and  fed  to  the  vaporizer,  and  when  once  the  correct  rate 
of  flow  has  been  ascertained,  the  adjustment  is  automatic 
for  all  loads.  Provision  is  made  to  allow  water  to  trickle 
on  the  grate  through  the  funnels  EE  when  starting  the 
producer,  so  that  there  is  no  delay  while  steam  is  I)eing 
raised  in  the  va])orizer.  Thei'c  arc  no  moving  ])arts.  in 
the  automatic  water  regulator. 

^luoifK  PuonucER 

The  Moore  producer  differs  from  the  foregoing  in  that 
it  is  designed  for  byproduct  recovery,  even  in  plants  hav- 
ing an  output  as  small  as  300  hp.  For  this  purpose  it  is 
necessary  to  keep  do^\Ti  the  temperature  of  the  gas,  lest 
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Working'  Up  a  Boiler  Test 
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Eqt^s'^aSeirat  Evapoipattioira  Froirsa  aniidl  a<l  2112  Degrees 

TcmptTature  Tempcraturf 

of  Feed  Water  Pressure  of  Steam  in  Pounds  Absolute — Dry  Saturatid                                                                       of  Feed  Wat*r 

Deitrces  Decrees 

Fahrenheit  15                25  35  45  55                05  75                85                05  105  115  125  Fahrenheit 

32  1    1H58  1    1958  1.2024  1   207H  1   2U:i  1    2144  1    2171  1    2195  1    2210  1   2234  I   2251  1   2200  32 

35  1    1827  1.1927  1.1993  1   2042  1    2081  1   2113  1    2140  1    2104  1    2184  1   2203  1   2219  1   2235  35 

40  1.1775  1    1875  1    1941  1    1990  1    2030  1   2002  1    2088  1    2112  1   2133  1    2151  1   2168  1   2183  40 

45  1    1723  1    1823  1.1889  1.1939  1    1978  1   2010  1    2037  1    2000  1   2081  1    2099  1    2110  1   2131  45 

50  1    1072  1    1772  1.1838  1.1887  1    1920  1    1958  1    1985  1    2009  1    2029  1    2048  1    2004  1    2080  50 

55  1.1020  1.1720  1.1780  1    1830  1    1875  1.1907  1.1933  1.1957  1    1978  1    1990  1    2013  1    2028  55 

60  1    1509  1    1009  1.1735  1    1784  1    1823  1    1855  1.1882  1    1900  1    1920  1    1945  1    1901  1    1977  00 

65  1.1517  1.1617  1    1083  1    1733  1    1772  1    1804  1.1830  1    1854  1    1875  1    1893  1    1910  1    1025  05 

70  1    1460  1    1566  1    1632  1    1681  1    1720  1    1752  1    1779  1    1803  1    1823  1    1842  1    1858  1    1874  70 

75  1    1414  1    1514  1    1580  1    1630  1    1009  1    1701  1    1728  1    1751  1    1772  1    1790  1    1807  1    1823  75 

80  1    1363  1    1463  1    1529  1    1578  1    1618  1.1650  I    1670  1    1700  1    1721  I    1739  1    1750  1    1771  80 

«5  1    1312  1    1412  1    1478  1    1527  1    1560  1.1598  1    1025  1    1049  1    1009  1    1088  1    1704  1    1720  85 

90  1    1200  1    1300  1    1426  1    1476  1    1515  1    1547  1.1574  1    1597  1    1618  1    1030  1    1053  1    1008  90 

95  1    1209  1.1309  1    1375  1    1424  1    1403  1    1495  1    1522  1.1546  1    1500  1    1585  1    1002  1    1617  95 

100  1    1158  1    1258  1    1323  1    1373  1    1412  11414  1    1471  1    1495  1    1515  1    1534  1    1550  1    1566  100 

105  1    1106  1    1206  1    1272  1    1322  1    1301  1    1393  1    1420  1    1443  1    1404  1    1482  1    1499  1    1516  105 

110  1    1055  1    1155  1    1221  1    1270  1    1309  1    1341  1    1308  1    1392  1    1412  1    1431  1    1447  1    1403  110 

115  1.1004  1    1103  1    1109  1    1219  1    1258  1    1290  1    1248  1    1341  1    1301  1    1380  1    1390  1    1412  115 

120  1.0952  1    1052  1    1118  1    1107  1    1207  1    1239  1    1205  1    1289  1    1310  1    1328  1    1345  1    1360  120 

125  10901  1    1001  1    1007  1    1110  1    1155  1    1187  1    1214  1    1238  1    1258  1    1277  1    1293  1    1309  125 

130  1  0849  1   0949  1    1015  1    1065  1    1104  1    1130  1    1103  1.1180  1    1207  1    1225  1    1242  1    1257  130 

135  1   0798  1   0898  10904  1    1013  1    1052  1    1084  1    1111  1    1135  1    1155  1    1174  1    1190  1    1206  135 

140  1  0740  1   0840  1   0912  I    0902  1    1001  1    1033  1    1000  1    1083  I    1104  1    1123  1    1139  1    1154  140 

145  1.0695  1   0795  1   0861  1  0910  1   095(1  1    CI981  1    1008  1    1032  I    1053  1    1071  1    1088  1    1103  145 

150  1.0643  10743  10809  10859  10898  10930  10957  10981  11001  11020  1.1036  11052  150 

155  1  0592  1.0692  1  0758  1.0807  1   0846  1.0878  1,0905  1  0929  1.0950  1   0968  1   0985  1    1000  155 

160  1.0540  1.0640  1.0706  1.0750  1   0795  1  0827  1.0854  1.0877  1.0898  1.0917  1.0933  1  0948  160 

165  10489  1.0589  10055  10704  10743  10775  10802  1O820  10840  1.0805  1.0881  10897  165 

170  10437  10537  10603  10653  10092  10724  10751  10774  10795  10813  1.0830  10845  170 

171  1  0427  1.0527  1   0593  1   0042  1   0081  1   0713  1O740  1    1)704  1   0785  1.0803  1.0820  1.0835  171 

172  10417  10517  10583  10032  10071  10703  10730  10754  1.0774  1.0793  1.0809  10825  172 

173  10406  1.0506  10572  10622  10601  10093  10720  10743  10704  1.0782  1.0799  10814  173 

174  1.0390  1   0496  1   0502  1   0011  1   0651  1   O083  1O709  10733  1   0754  1.0772  1.0789  1   0804  174 

175  1.0386  1  0486  1.0552  1.0001  1   0040  1   0072  10(599  1   0723  1.0743  1.0702  1.0778  1    0793  175 

176  1.0375  1.0475  1.0541  1   0.501  10630  1O002  1O089  10712  1.0733  1.0752  1    (1708  1    0783  170 

177  1.0365  1.0465  1   0531  1   0580  1   0020  1.0651  1.0078  IO702  10723  10741  1.0758  1    0773  177 

178  1.0355  1.0455  10521  1O570  1    0609  1.0641  1.0668  1    0092  1   0712  1.0731  10747  1   0703  178 

179  1.0344  1.0444  1O510  1.0560  I0599  10631  1.0658  1(I(J8I  10702  10721  1.0737  1   0752  179 

180  1.0334  1   0434  1O500  1   0549  1.0589  1.0621  10647  I    0671  1   0092  1.0710  1,0727  1    0742  180 

181  1.0324  1.0424  1.0490  1.0539  1.0578  1    0010  10037  lOfiOl  1O081  1.0700  1  O7I0  10732  181 

182  1.0313  1   0413  1  0479  1 0529  1.0508  1    0(i0()  10027  1.0650  10671  1O690  1   0700  1    0721  182 

183  1  0303  1.0403  1.0409  10518  1  0558  10590  lOOlO  1.0040  lOfJOl  1    0079  1O090  1   0711  183 

184  1.0293  1.0393  1.0459  1.0508  1   0547  1.0579  1    0000  1.0030  1   0050  10(i09  1.0085  1   0701  184 

185  1.0282  1.0382  1.0448  10498  1.0537  1.0509  10596  1.0019  1    ()(i40  1O059  1.0075  1    0091  185 

186  1.0272  1.0372  1.0438  1.0488  1.0527  1,0559  1   0585  10009  1    0030  1   0048  l,00(i5  I   0080  186 

187  1.0262  1.0302  1  0428  1  0477  1  0516  1  0548  1.0575  1  0599  10619  1 O038  1   0054  1   0670  187 

188  1.0251  1.0351  10417  10407  10506  1.0538  1.0565  1.0588  1O009  l(l(i28  1O044  10660  188 

189  1.0241  1.0341  1.0407  1.0457  1.0496  10528  10554  1.0578  10599  1O017  1O034  10049  189 

190  1  0231  1   0331  1.0397  1  0446  1  0485  1  0517  1   0544  1.0568  1  0588  1O607  10023  I    0030  190 

191  10220  10320  10386  10436  10475  1.0507  10534  10557  10578  10597  10013  1O029  19! 

192  10210  10310  10376  10425  10465  10497  10523  1.0.547  10.508  10.586  10603  10618  192 

193  1 O200  10300  10366  10415  1.0454  10486  10513  1.0537  1 0.5.57  1.0570  1.0592  10608  193 

194  10189  1   0289  1  0355  1  0405  1  0444  1  0470  10.503  1   0520  1   0.547  1.0.560  1.0,582  1   0.597  194 

195  10179  10279  1.0345  10394  1.0434  10466  10492  10516  10.537  1.0.5.55  10.572  10.587  195 

196  10169  10269  10335  10.384  10423  104.55  10482  10.506  10.526  10.545  10501  10.577  190 

197  1   01.58  1   0258  1  0324  1   0374  1   0413  10445  I    0472  10495  1.0516  10.535  1   0.551  1   0.566  197 

198  10148  10248  1.0314  10363  1O403  10435  10401  10485  10.506  10.524  10.541  105.56  198 

199  1  0138  1.0238  1.0304  1.03.53  1  0392  1  0424  1   0451  1.0475  1,0495  10514  1,0530  1   0.540  199 

200  10127  10227  1,0293  1,0343  10.382  10414  10441  10464  1,0485  10.504  10.520  10535  200 

201  10117  10217  10283  10332  10372  1,0404  10430  10454  10475  10493  10510  10.525  201 

202  1   0107  1   0207  10273  10322  1   0361  1   0393  1   0420  1   0444  1   0464  10483  1   0499  1    0515  202 

203  1   0096  1   0196  1  0202  1,0312  1  0351  1   0383  10410  1   0433  104.54  10472  1   0489  1   0.504  2()3 

204  1   0086  1   0180  1  02.52  1  0301  1   0340  1   0372  1    0.399  10423  10444  1.04(S2  1,0479  1   0494  204 

205  1   0076  1   0176  1,0242  1.0291  1.0330  1   0362  1,0389  1   0413  1   0433  104.52  1   0468  1   0484  205 
200  10065  10165  10231  1,0281  1,0320  103.52  10379  10402  10423  10441  104.58  10473  206 

207  1  0055  1   01.55  1   0221  1   0270  1O309  1   0341  1    0308  1    0.392  1   0413  10431  1    0448  1   0463  207 

208  1,0045  1,0144  1O210  1  0260  10299  1    0331  1   03.58  1   0381  IO402  1   0421  I    0437  I    04.53  208 

209  1  0034  1.0134  1  0200  102.50  1   0289  10321  10347  10371  1    0392  1O410  1    0)27  I    0442  209 

210  1.0024  1.0124  1   0190  1   (J239  1    0278  1.0310  1   0337  1   0.361  10.381  1   0400  1   OIKi  1   0432  210 
212  1.0003  1.0103  10169  10218  102.58  1   0290  1.0316  I   0.340  1   ().361  1    0379  I    03!IO  1    0411  212 

215  0.9972  1   0072  1   01.38  1   0188  1   0227  1    02.59  1   0285  1    0.309  1   03.30  1    0348  1   0305  I   0.380  215 

220  0.9920  1   0020  1   0080  1   0135  I    0174  1   020(i  1   0233  1   (1257  I    0277  1O290  1   0312  1   0328  220 

225  0  9808  0  9968  1O034  1    (X)83  1   0123  1  0155  1   0181  1    0205  I    0220  1   0244  1   0201  I   0270  225 

230  0  9816  0  9916  0  9981  1   0031  1  0070  1   0102  1   0129  10153  1   0173  1   0192  I   0208  1   0224  230 

235  0  9764  0  9864  0  99.30  0  9979  10019  1   (X).50  1    0077  1   0101  1   0122  1   0140  1   01.57  I   0!73  23-5 

240  0  9711  0  9811  0  9877  0  9927  0  9960  0  9998  10025  10048  10009  1O088  10104  10120  o-n 

245  0  9660  0.9759  0  9825  0  9874  0  9913  0  9945  0  9972  0.9996  1.0016  10035  100.52  10067  5iX 

250  0  9606  0  9706  0.9772  0  9822  0.9861  0  9893  0  9920  0.9943  0,9964  0,9982  0  9999  IfKlH  ^tn 

255  0  9555  0  96.55  0  9721  0,9770  0,9809  0  9841  0  9868  0,9892  0  9912  0  9931  0  9947  0  9963  5'^^ 

260  0  9.502  0  9602  0  9668  0,9718  0  9757  0  9789  0  9810  0  98.39  0  9800  0  9878  0  9895  O  9910  260 

265  0  94.50  0  9.550  '  0,9616  0.9665  0.9704  0  9736  0  9763  0  9787  0  9807  0  9826  0  9842  0  9858  ^fi"; 

270  0  9397  0  9497  0.9.563  0.9613  0  9652  0  9684  0  9710  0  9734  0  9755  0  9773  0  9790  0  9805  97n 

275  0  9345  0  9446  0.9.511  0.9560  0.9599  0  9031  0  96.58  0.9682  0  9702  0.9721  0  9737  0  97.54  27^ 

280  0  9292  0  9.392  0  9458  0.9507  0  9.547  0.9.579  0.9605  0.9629  0.96.50  0  9668  0  9085  0  9700  28(1 

285  0  92.38  0  9338  0.9404  0.94.54  0.9493  0  9.525  0  9.5.52  0.9.575  0  9.596  0  9615  0.9631  0  9047  285 

290  0  9180  0  9286  0  93.52  0.9401  0  9440  0,9472  0  9499  0,9.523  0,9.543  0  9.502  0  9.579  0  9594  9Qn 

295  0  91.33  0  9233  0  9299  0  9349  0,9388  0  9420  0,9447  0  9470  0.9491  0.9.509  0  9.526  0  9541  20^ 

300  0,9080  0  9180  0.9240  0.9295  0.9334  0.9366  0.9393  0.9417  0.9437  0.94.50  0  9472  0  9488  30f) 
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Equivalent  Evaporation  Froim  and  at  212  Degrees— Continued 
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Kiilu.-.ihi  n                l.l.">              ll.'>  IK,             lOa             17A             180              II).'.             Wt,             Jir,  Tit,             TM,             24.'.  Kiil.r<iil..n 

:i.'  I  a-'Tii  I  i-Mi  I  I'HiM  I  a;ti.-.  i  r.vn  i  xv.a  i  iMi  i  an.'.i  i  z:ir.7  i  2:m,  i  'nn  i  zhtm  ;w 

3i^  1    a.'lM  1    TiM  1    J'.'?:)  1    JiHU  I   TiW.\  \    T.Wi  I    JUll  1   TA\\\  1    23211  1    T.VM  1    2:i4 1  I    2;M7  X, 

W  1   2ll»7  1   22mt  1    2221  I   22a2  1    2211  1    22.'.0  1    22r.lt  I    22tlH  I    2271  I    22H2  1   22WI  I    22lir.  10 

4.'.  I   211.'.  1   21.^7  1   2170  1    21H0  1    2181)  1   211»K  1    220S  1    221(1  I    2222  I    22.'«)  1    22:»H  I    2244  U, 

m  1   201t:i  1    210(1  1   21  IS  1   2128  1   2137  1    2117  I    L'l.'.d  I    21(U  I    217(1  I    2171t  1    21H(I  1    2102  U) 

fi.'S  1   2012  1    ■-•(l.-.t  1    20«(1  1    2077  I   208(1  1    2()»:.  1    2101  1    21i:i  1    21  111  I    2127  1    2I.M  1    2111  BS 

00  1    llllio  1    -'1102  1    201.'.  1    202.'.  I   20;»1  1   2014  1   20.'>;t  I    20(11  1    20(17  1    207(1  1    208:)  I    20811  (Ml 

UA  1    llCIO  I    Hi.'.l  I    Ul(i:i  I    11174  I    1I)S:<  l    11)U2  1    2IM)2  I    2010  I    201(1  1    2024  1    20:)l  1    20,18  M, 

70  1    1.'<H7  1    IIHHI  1    11112  1    11122  I    1U:)2  1    1U41  1    l«.')0  1    lU.'.S  1    Ht(l.'.  1    11(7;)  1    11)80  1    11)8(1  70 

7.'i  1    183(1  1    IS4S  1    IHdl  1    1871  1    1880  1    1880  1    181)1)  1    11)07  1    11)13  1    11)21  1    11(21)  I    11)3.')  7,', 

80  I    178.-.  1    171)7  1    1800  1    1820  1    1829  1    1838  1.1847  1    IS.'.d  1    18(12  I    1870  1    1877  1    1883  80 

86  1    1733  1    174:.  1    17.".8  1    17(18  1.1777  1    1787  1  .  I7I)(1  1    1H04  1    .810  1    1811)  1    |H2(1  I    1832  8.'. 

00  1    1(182  I    1(11)4  1    1707  1    1717  I    172)1  1    173.'.  1    174.".  1    17.'i3  1    17.'il)  1    17(17  1    177.'.  1    1781  IHI 

05  1    1(130  1    1(143  1    U..'..-.  1    1(1(1.'.  1    l(17r>  1    1(18-1  1    1(11)3  1    l70l  1    1708  1    171(1  1    1723  1    1721)  I).'. 

100  1    l.-.7>.)  1    I.V.d  1    1)104  1    1(111  I    1(123  1    1(133  1    1(112  I    l(i.'.()  1    1(1.'.7  1    1(1(1.'.  1    1(172  1    1(178  1(N) 

105  1    1.128  1    l.MO  1    l.V,2  1    l.-.i.:;  I    l.-,72  1    1.-..S1  1    l.-,l)l  1    101)11  1    1110(1  I    1013  1    1(120  I    1(127  10.'. 

110  1.147(1  1    1  isi)  1    l.VII  1    l.-.ll  I    1,-,2I  1    I.'.:i0  1    l.'.3i)  1    1.V17  I    1.-..-.3  I    1.'H12  1    l.'.dl)  1    l.-.7.'>  110 

115  1.142.'.  1    1437  1    14.VI  I    IKlii  I    11)11)  1    117!)  1    1488  I    111)(i  1    1.-,(I3  I    l.'.ll  1    l.'>18  1    l.',24  115 

120  1    1371  1    138(1  "1    1398  I    I  l(l!i  1    1118  1    1127  1    113(1  1    144.'.  I    I  1.-.2  I    14.'>i)  1    140(1  I    1472  120 

12o  1    1322  I    133.".  1    1317  I    l.i.-.7  I    13(1(1  1    137)1  I    138.'.  1    13!)3  1    illio  1    1108  1,141.'.  1    1421  125 

130  1    1271  1    1283  1    120.'.  1    130(1  1    131.-.  1    1324  1.1334  1    1342  1    1.34!)  1    l.'i.'.d  l.l.'ifiS  1    1.370  130 

135  1    121!)  1    1232  1    1244  1    IJ.'.I  1    12(11  1    1273  1.1282  1    I2!)0  1    121)8  1    i:«).'.  1.1312  1    1318  13.', 

140  1    lids  1    1180  1    111)3  1    I2II3  1    1212  1    1221  1    1231  1    123!)  1    121(1  1    12.'.3  1    12(11  1    12(17  140 

145  1    111(1  I    112!)  1    1141  1    ll.'il  1    11(11  1    1170  1    117!)  1    1188  1    11!).'.  1    1202  1    120!)  1    121.'.  14.', 

150  1    10(1.'.  1    1077  1    1()!)0  I    lUHi  1    llllii  1    111!)  1    1128  1    113(1  1    1113  1    ll.W  1    ll.-,8  1    IUi4  1.10 

155  11013  1    102)1  1    1038  1    1048  1    10.".8  1    1007  1    107(1  1    108.'.  1    1002  1    1000  1    110(1  1    1112  M.i 

160  1   (>iid2  1    0!)74  1   ()!)87  1.0!)97  1    lUOO  1    101.".  1    102.".  1    1033  1    1040  1    1047  I    10.'..".  1    10(il  HIO 

165  1   ll!llo  1   0!)23  1   Oi)3.'.  1  094.'.  1  OO.i.'.  1   ()9).4  1   ()!I73  1   0!)81  1   0989  1099)1  I    1(K)3  1    KHH)  1B5 

170  1  ()8.">Ii  ■  1   0871  1   ()8.S3  10894  10903  10912  10922  1    11930  1    0937  1   0911  1   l)9.'il  1   0<).',8  170 

171  1.0818  1    (18111  1  0873  1   0883  10803  1O902  10911  1    1)920  1    0927  1    11931  I    ll<lll  1    1H)17  171 

172  1,0838  1   08.-.1)  1   0803  1.0873  1.0882  1  0892  1O901  1    (1909  1    091(1  1    (1921  I    11931  1    (H)37  172 

173  1 0828  1    ll.vlO  1 08.')3  1.0803  1,0872  1    0881  10891  1    OS!)!)  1   090(1  1   0913  1   0921  1   0927  173 

174  1   ('817  1   083(1  I   0812  1.08.13  1  0802  1   0871  1    08811  1   (I8.S9  1  O890  1   0903  1O910  1   091(1  174 

175  10,807  1   0820  1    1)832  10812  1  0852  1   1)8(11  1   08711  1    11878  1O880  10803  1   0000  1   0900  17.5 
170  1 0797  1   080!)  1  0822  1,0832  1.0841  1   118.".(l  1080(1  1   118(18  1087.',  1,0882  1   0890  1   0800  170 

177  1.0780  1   0709  1.0811  1.0822  1.0831  1   0840  1  0849  1   08,',8  1    1)80,">  I   0872  1  0879  1  0885  177 

178  1.0770  10789  1.0801  1,0811  1.0820  10830  10839  10847  108,'>4  10802  1 O809  10875  178 

179  1  0700  1  0778  10791  10801  10810  10819  1   0829  1   0837  1  0844  1   0851  1  0859  1  0865  179 

180  1  07.',0  1.0708  10780  1   0791  10800  1   0809  1   0818  1   0827  1 0834  1   0841  10848  1.0854  180 

181  1  0745  1  0758  1O770  1   0780  1   0790  1   0709  1  0808  1   0810  10824  1   0831  1.0838  1  0844  181 

182  1 0735  1.0747  1.0700  1  0770  1  0779  1 0788  1   0798  1   0800  1  0813  1   0820  10828  1  0834  182 

183  1  0725  1.0737  1.0749  10700  10709  1  0778  1.0787  1 O700  10803  10810  10817  1  0823  183 

184  1.0714  1.0727  1  0730  1.0749  1.0759  1  0708  1.0777  1 0785  1   0793  1   0800  1   0807  10813  184 

185  1.0701  10710  1.0720  1.07.39  1.0748  1,07.58  1,0707  10775  1   0782  10789  1   0797  1.0803  185 

186  1.0094  lllTOO  1,0718  1,0729  1.0738  1,0747  1,07.50  1,0705  1,0772  1   0779  1,0780  1.0793  180              ,1 

187  1.0083  1.0(190  1.0708  1.0718  1.0728  1  0737  1,0740  1.0754  1.0702  1   0769  1.0776  1.0782  187 

188  1.0073  1   0085  1.0098  1,0708  1.0717  10727  10730  1.0744  1.0751  1  07.58  1  0706  1.0772  188 

189  1O003  10075  1.0087  1.0098  1.0707  10710  10725  1.0734  1.0741  10748  1.0755  1.0702  189 

190  10052  1   )J005  1.0077  1.0687  1   0697  1  0700  1   0715  1.0723  1   0731  10738  1.0745  1.0751  190 

191  10042  1.0054  1.0007  1.0077  10080  1.0695  1.0705  1.0713  1   0720  1   0727  1.0735  1.0741  191 

192  1  0032  1.0044  1.00.50  1.0007  1.0670  1.0085  1.0694  1.0703  10710  1   0717  1.0724  1  0731  192 

193  1.0621  1.0634  1.0646  1.0656  1.0060  1  0075  1  0084  1.0602  1  0700  1   0707  1.0714  1.0720  193 

194  1.0611  1.0623  1.0636  1.0640  1.0655  1  0664  1.0674  1.0682  1  0689  1  0696  1.0704  1.0710  194 

195  1.0601  1.0613  1.0625  1.0636  1.0645  1.0654  1.0663  1.0672  1.0679  1 0686  1.0693  1.0700  195 

196  1  0590  1.0603  1.0615  1.0625  1.0635  1  0644  1.0653  1.0661  1.0669  10676  1.0083  1.0689  100 

197  1   0.580  1.0592  1.0605  1.0615  1.0624  1.0633  1.0643  1   0651  10058  1   0005  1.0073  1.0679  197 

198  1   0570  1.05.82  1.0594  1.0605  1.0614  1.0623  1.0632  1,0041  1   0048  1   00.55  1,0662  1  0668  108 

199  105.59  10572  1,0584  1.0594  10603  1.0613  10622  1.0630  10637  10045  100.52  10658  109 

200  1   0549  1  0561  1.0574  1.0584  1.0593  1.0602  1,0612  1  0620  1 O027  1  0634  1.0642  1.0648  200 

201  1 05;?9  10551  1.0563  10574  1.0584  10.592  10601  10010  10017  10624  1,0631  10637  201 

■202  1,0.528  1  0541  1.0553  1  0563  1  0572  1  0582  1  0591  1  0599  1  0000  1   0614  1  0621  1   0627  202 

203  1.0518  1.0530  10543  1   0.5.53  1  0562  10571  1.0581  1.0589  1  0596  1O603  1   0611  1   0617  203 

204  1  0507  1.0520  1.0532  1.0542  1.0552  1  0561  1  0570  1  0579  1   0586  1   0.503  1  0600  1   0606  204 

205  1  0497  1  0509  1.0522  1  0532  1.0541  10551  1.0560  1.0568  10575  1  0583  1   0.590  1  0590  205 

206  10487  1.0499  1.0511  1.0522  1.0531  10540  10550  10558  10.505  1 0.572  1 0.579  10580  200 

207  i  0476  1  0489  1  0501  1.0511  1.0521  1  0.530  1  0539  1   0548  1   0555  1  0.502  1  0.509  1  0575  207 

208  1.0466  1.0478  10491  1.0501  10510  1  0520  1  0529  10537  1  0.544  1   0552  1  0.5.59  1.0565  208 

209  1.0456  1.0468  1  0480  10491  1  0500  1  0509  1.0519  1  0527  1  0534  1   0541  1  0548  1.0555  209 

210  1  0445  1.0458  1.0470  1.0480  1  0490  1   0499  1  0508  1  0516  1  0524  1   0531  1  0.538  1.0544  210 
212  10425  10437  10449  1.0460  10469  10478  10487  10496  10.503  10510  1.0517  1.0523  212 

215  1  0.394  1  0406  10418  1.0429  1  0438  1  0447  10457  1   0405  1   0472  10479  1   0486  1  0493  215 

220  1  0341  1  03.53  1  0300  1  0370  1  0385  1   0395  1O404  10412  1  0419  10427  10434  1.0440  220 

225  1  0290  1.0302  1.0314  1.0325  1  0334  1  0343  1  0352  10361  1  0368  1.0375  1  0382  1.0388  225 

230  1  0237  1.0249  1.0202  1.0272  10281  10291  1  0300  1.0308  1  0315  1.0323  1  0330  1.0330  230 

235  1  0185  1.0198  1.0210  1   0221  1O230  1  0239  1   0248  1   02.57  1  0204  1   0271  1  0278  1.0284  235 

240  1   0133  1  0145  1  0158  1   0108  1   0177  1  0187  1   0190  1   0204  1  0211  1   0218  1  0220  1.0232  240 

245  1 O080  1  0093  1  0105  1  0115  10125  10134  1   0143  1  0151  10159  1   0100  1   0173  1.0179  245 

250  1 O028  1  0040  1.0053  1.0003  1.0072  1.0081  1O091  1  0099  10100  1  0113  1  0121  1.0127  2.50 

255  0  9976  0.9989  1.0001  1.0011  1.0021  1.0030  10039  1O047  1  0055  1  0062  1.0069  1.0075  255 

260  0.9924  0.9936  0.9948  0.9959  0  9968  0  9977  0  9987  0  9995  1  0002  1   0009  1.0016  1.0023  260 

265  0.9871  0  9884  0  9896  0  9906  0  9915  0  9925  0  99.34  0  9942  0  9950  0  99.57  0.0964  0  9970  265 

270  0  9819  0  9831  0  9843  0  9854  0  9863  0  0872  0.9881  0  9890  0  9897  0  9904  0.9911  0  9918  270 

275  0  9766  0.9778  0  9791  0  9801  0  9810  0  9820  0  9829  0  9837  0  9844  0.9852  0.9859  0  9865  275 

280  0.9714  0  9726  0.9738  0.9749  0  97o8  0  9767  0.9776  0.9785  0  9792  0.9799  0.9806  0  9812  280 

285  0  9660  0  9672  0.9685  0.9695  0.9704  0.9714  0  9723  0.9731  0.9738  0.9745  0.9753  0  9759  285 

290  0  9607  0  9620  0.9632  0.9642  0.9652  0.9661  0  9670  0.9678  0  9686  0.9693  0.9700  0.9706  290 

295  0  9.555  0  9.567  0.9580  0.9590  0.9599  0  9608  0.9018  0  9626  0.9633  0.9640  0  9648  0.9654  295 

300  0  9501  0  9514  0.9526  0.9536  0.9546  0  95.55  0.9504  0  9572  0.9580  0.9587  0.9594  0.9600  300 
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j!  long  to  iiiakt'  tlic  water  into  steam  after  it  be 
1  as  to  heat  it  to  the  hoiliii"-  point,     'i'liis  eva 


nearly  tive  and  one-half  times  as  much  heat  would  be  re- 
quired to  boil  it  away.  If  the  flask  absorbed  iieat  at  the 
same  rate  all   the  time  it  would   take  over  five  times  as 

began  to  boil 
point.  I'liis  evaporation  is 
taking  place  "froni  and  at  'i]2  deg.,'"  i.e.,  from  feed 
water  of  2l5i  deg.  temperature  into  steam  of  313  deg. 
temperature  and  14.7  lb.  pressure,  and  this  evaporation 
from  and  at  2]'2  deg.  inquiring  970.4  B.t.ii.  pei-  lb.  is 
the  standard  \n  whicb  evapoi'ations  from  otlici'  tempera- 
tures of  feed  a  id  at  (ilhci'  pi'cssurc  arc  refei'red  lor  com- 
parison. 

We  have  seen  above  that  it  takes  1027.88  B.t.u.  to 
make  a  pound  of  steam  under  the  conditions  of  the  su|)- 
posed  test.  'I'hen  each  [lonnd  of  steam  made  under  these 
conditions  takes 

103:. 88  -^  970.4  =  1.0593 
times  as  much  heat  as  it  does  to  make  a  pound  of  steam 
"from  and  at  313  deg."  This  figure  1.0593  is  called  the 
"factor  of  evajjoration"'  for  fhe  given  condition.  Tables 
of  them  are  to  be  found  in  most  oigineers'  reference 
books.  The  accompanying  table  is  I'eproduced  from 
Power  of  May  10,  1910,  at  which  time  it  was  calculated 
for  the  then  new  values  of  the  Marks-Davis  tables.  The 
factors  are  found  by  dividing  the  difference  between  the 
total  heat  H  of  the  steam  at  the  given  pressure  and  the 
heat  of  the  licpiid  /(  at  the  feed-water  temperature,  by 
970.4. 


fcivlur  (if  era/iufufion 


H  —  h 

^r7oy4^ 


We  have  found  above  that  the  boiler  under  test  evap- 
orated 13,283.453  lb.  of  water  per  hour  from  196  deg. 
and  at  123.6  lb.     This  would  be  equivalent  to 

13,383.453  X  1.0593  ==  14,068.774  lb. 
from  and  at  313  deg. 

The  evaporation  of  34.5  lb.  ]X'r  hour  from  and  at  313 
deg.  is  the  requirement  ]icr  boiler  horsepower.  The  horse- 
power developed  by  the  boiici-  on  test  was  therefore 


14,068.774 
34.5 


4U7.79  Ijiiilcr  Inirsfpitiri'r 


This  boiler  horsepower  corresponds   to   the  a1)sorption 

|}f  33,478.8  H.t.u.  per  hour.  The  horsepower  could  be  found 

ifhen  by  multiplying  the  evaporation  in  pounds  per  hour 

i     the  British  thermal  units  required  per  pound  evap- 

.ited,  and  dividing  the  number  of  British  thermal  units 

-iirbed  per  hour  thus  found  by  33.478.8  thus: 


13,282.451  X  1U27.88 


407.8  hdilcr  hursi'pinvcr 


•33,478.8 

The  fundamental  basis  for  the  horsepower  is  that 
ulopted  by  the  Committee  on  Boiler  Tests  of  the  Cen- 
cfinial  E.\])osition  of  1876,  30  lb.  from  100  deg.  into 
I  cam  of  70-lb.  gage  w-hich  requires  1115.33  B.t.u.  per 
b. ;  and  the  evaporation  of  30  lb.  under  these  condi- 
tions   requires 

1115.33  X   30  =  33.159.9 
)r  dropping  the    fraction   33.4()0   B.t.u.  per  hour,   which 
■orresponds  to 

^^^  =  34.48 /J. 

rem  and  at  212  di-g.     The  Committee  of  Boiler  Tests 
JL  the  American  Society  of  Mechanical    Engineers  rec- 


(Hiunended    that    this   shall    be   consideix'd    equal    to   34.5 
lb.    from   and   at    313. 

To  determine  the  ])erceiitage  of  the  rated  capacity 
divide  the  hoi-sepower  as  (let(;rmined  by  the  test  by  the 
rated  horsepower  and  multij)ly  by  100.  Thus  if  the 
boiler  in  the  above  test  were  rated  at  3.50  hp.  it  would 
have  been  running  at 


407.79  X  100 
350 


=  1  16. 51  per  ci'tit. 


of  its  rated  capacity  or  16.51   per  cent,  above  its  rating. 
If  it  were  rated  at  50(»  hp.  it  would  have  been  running 
at 


407.79  X  100 


=  81.50  per  rent. 


■   500 
of  its  rated  ca])acity,  or    '^  "" 

U-i\  --  ,si.5(i  =  18.44  per  rent. 
l)(do\\-  its  rating. 

With  S-pkrheated  Htea.m 

If  the  steam  were  superheated  instead  of  moist  it 
would  be  necessary  only  to  use  the  value  for  the  total 
heat  of  the  superheated  steam  (which  may  be  found  in 
the  Marks-Davis  table  for  superheated  steam)  in  the 
same  process  as  above,  e.xcept,  of  course,  that  there  is  no 
correction  for  quality.  Suppose,  for  example,  the  condi- 
tions and  results  were  the  same  as  before,  except  that  the 
steam  instead  of  having  the  quality  96.5  per  cent.,  i.e., 
carrying  3.5  per  cent,  moisture,  were  superheated  100 
deg. 

The  table  shows  that  to  make  a  pound  of  steam  of  137 
lb.  pressure,  superheated  100  deg.  from  feed  water  of 
33  would  take  1347.4  B.t.u.  The  feed  water  at  196  deg. 
has  already  in  it  163.92  B.t.u.  above  32.  The  heat  re- 
quired per  pound  is  therefore 

1347.4  —  163.92  =  1083.48  B.t.i/. 
In  this  case  all  the  water  fed  to  the  boilers 

137,643  ^  10  =  13,764.3  lb.  per  hour 
was  e\a])orated.     The  boiler,  therefore,  absorbed 
13.:  64.2    X    ln83.48   =   14,913,235.416    Ji.f.n.   per   hour 
whicli  is  eifuivalent  to 

14,913,335.416        ,.,.,.,       , 

.,.-,   ,,.-: =  445.1  iJdiler  InirsciHiiiH'r 

33,4b()  ' 

CORHECiTINM)    FOR     LEAKAGE 

Su])po?e  that  du  ing  the  test  the  boiler  or  some  of  its 
connections  bdow  tin;  water  line,  as  the  blowoff  valve  or 
f)ipe,  commence  to  leak.  It  does  not  make  any  difference 
if  the  leak  is  where  it  will  blow  steam.  If  the  boiler  has 
made  the  steam,  that  is  all  we  want.  We  do  not  care,, 
so  far  as  the  purpose  of  the  test  is  concerned,  whether  the 
steam  blows  out  of  the  safety  valve,  or  out  of  a  leaky 
joint  or  goes  to  a  coiulenser  directly  or  through  an  en- 
gine. But  if  some  of  the  water,  which  has  been  credited 
to  the  boiler  is  got  rid  of  by  leakage  instead  of  by  evap- 
oration, less  heat  has  been  absorbed  and  a  c-orrection  must 
be  made  for  it. 

To  make  this  corn-clion  llic  amount  of  leakage  and  the 
average  temperature  of  the  leaking  water  should  be 
known.  If  the  temperatui-e  is  above  312,  some  of  the 
water  will  turn  into  steam  as  soon  as  it  gets  outside  the 
boiler  and  it  may  he  necessary  to  measure  the  quantitv 
by  measuring  the  <l'-op  of  the  water  lin(>  in  a  given  time, 
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wlii'ii  III)  siniin  is  lniii;^  liikiM  rnuii  llii-  lioilci'  iiiid  (In- 
|ii'('hKiirc  is  I'linstanI  iit  (Inil  nf  llir  ti-sl.  or  llit>  rale  of  Iri'il 
iKHOSsarv  to  kcop  up  widi  Ihc  leak.  It  iiiav  Im-  lianl  In 
ilctcnniiu'  the  tciii|icra(iiit'  (if  the  twaiiiii^'  walcr.  ulii.  h 
iiiav  not  lie  tlial  diir  to  tin-  picssiirc  of  llic  slcaiii.  iSul 
lliis  articli'  is  ii|toii  working  up  a  l>oilrr  test,  not  upon 
inakiiijj  one.  Assiiiniii^'  a  tt-st  with  n-sults  as  ^ivt-n  aliovr. 
l(l(t  (U'}f.  supcrlifat.  SSO  111.  Icaka^'c;  tcinpfiatiirc  ol'  Icak- 
'iig  water.  :\[0  dcfi. :  what  is  the  hor,si'|)ow('r? 

W'l'  imist  siihtrait    I'lnm  Ihc  watrr  iicdilcci  Id  the  lioilcr 
this  I'^Sl)  111.  which  it  did  iioi  cvapointc. 

i:i:.<ir.'       SSO  =  i;!(;. :(;•.>  ///. 

cxaponilcd  in  ll>  hr..  or  1.'i,(!7<i.'^  Ih.,  ))cr  hr.  W C  roiiiid 
■iIhi\c  thill  il  rc(|nii'cd  |(is;!.|,s  15.1. n.  jicr  |mmiihI  >u  lh:il 
jhc  walcr  cvapiiialcd   rcpi-cscnts. 

Ki.ii:!;.-?  X  ins.-i.is  -•  I  i,m;.ss:i.i;(;  /;././/. 

Kill  in  addition  (he  Imilcr  ah-nrlicd  ihc  heal,  which  was 
used   Id  heal   ihc  walcr  w  hich   leaked 

1  III    Ml  :tH>  ilci!.  iiirrirs  :tl  1   (II)  li.i.ii.  iibovf  M 
1  M)    Ml   nili  (IcK.  ourrie!!  103  92  H.t.u.  above  32 

147  OS  H  t  II    added 

Tlic  SS  11).  leaked  ])or  iionr  would  then  have  taken  oiil 
of  tiie  holier  more  tlian  tliev  l)roii<rht  in 


in.ow  y  8ft  — .  12.!m:{.(M  //./.». 

The  lioiler  lias  ahsorlied  the  heat  and  when  the  leak  i( 
stopped  il  will  he  iiselMl  lor  niakinj:  steam.  If  we  waul 
to  know  the  eapa<ilv  of  the  hoihi-  when  it  is  no!  leaking 
we  must  credit   it   with  this  heat 

I4.H17.MMII   171)  n  I  u    iiM-d  in  f'V»i».r»tM.i. 
I2.U43  (M     M  t  11    l<»l  l>y  linkiiiK 

.'i3,47NN  )   II.KIII,ll4r>J3(l  lit. It    nl>»,rl>-il  ,^t  hour 
1422       Ixiiii-r  l.p 

III  Ihc  cas(!  of  the  hoiler  makin;,'  moist  stean.,  some  ol 
tlie  heal  which  is  aiisorhed  liv  tin-  hoiler  fines  off  in  iIk 
entrained  water  which  is  iieated  fioin  ihc  Iced  Id  |||( 
steam  tenipcraliire.  if  the  steam  is  to  he  iisctl  fordrivinji 
a  liirhiiie  {ii-  cn;.'inc  this  moisture  is  worsi'  than  iiselem 
and  I  lie  hdiler  should  {,'et  no  creclil  for  lhi-  heat,  which  il 
(allies  oil'.  11  the  steam  is  used  for-  heating  or  f)roccss»i( 
lliis  heal  may  he  as  useful  as  any  other,  and  will  \ie 
credilcd  l(>  Ihc  hoiler  or  not,  accordinj;  to  what  you  arc 
tiyiiij;'  Id  detennine  hy   tile  test. 

When  we  come  to  makiri(j  up  a  heal  lialarice  and  liiid- 
\\\fX  ont  what  has  hccoine  of  all  the  heat  in  the  fuel  thin 
item  will  lia\o  to  he  I'eckoncd  with,  hut  that  is  another 
storv. 


Toim  M^imtlero  MoistlniniE  EimRlimeeir 


llv   W  \i;i;i;\   (•.    Ii(i(;i:i;- 


S]'.\()rslS — Smiir  intrrpsliii;/  boiler  iiislalliifi'ui.-:  on' 
j'ltiniil.  Mniiii  of  Ihi-  hoiler  f iiniiurs  irrrr  ei/iii ji/xil  icitli 
iii-siriiHiiiiti  /irr-iloors  irlii(li  fire  ii  safei/iuird  lo  llif  pre- 
inen.  Tlir  n/i/n'iiniini'  of  one  eiHjiiic  room  is  a  siirpnxc. 
hecaiisr  of  ils  iiciihirss  (111(1  (/('iieral  layoul :  the  rnj/iiiecr 
rcldlcs  Ihc  -slorji  of  his  life." 
'M 
Travelinji  ahoiil  the  mines  with  Hunter,  together  with 
the  visits  made  ahuie.  had  given  me  a  pretty  good  insight 
regarding  the  mechanical  end  o\'  mining  coal.  I  found 
that   at    antliracite-mine    hoiler    plants    hand    firing    was 


used  altogether,  as  hiickwhcat  coal  was  hiirned.  .V  geB' 
cral  jiracticc  is  lo  have  wooden  coal  hunkers  huilt  thi; 
length  of  the  hoiler  house  in  front  of  the  hollers  with 
o|)enings  at  the  hotloni,  thi-oiigji  which  the  coal  comes  out 
oi;to  tile  hoilci'-rodiii  fhior  handy  for  the  fireman.  This  it 
shown  in  Fig.  1. 

On  many  of  the  hoiler  runiaccs  weighted,  tilting  doore 
are  used,  wliich  are  a  safeguard  to  some  extent  against 
injury  fioiii  hursting  tulies.  hecause  if  one  does  fail  the 
p7-essurc  in  the  furnace  tends  to  shut  the  doors  tighter, 
and  they  cannot  hlow  open.     Of  course,  if  a  tube  hursts 


Fig.  1.     Boiler  Boom  wn  Woodkx  Coal  Buxkeks 


Fig.  i.     'i'uo   Kimls  oi    Flknack   Dooh.-- 
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while  UiL'  fireman  is  working  on  the  fires,  he  is  almost  overhead  l)unker,  the  coal  supply  of  which  was  main- 
sure  to  be  severely  burned  or  killed.  'I'he  value  of  these  tained  i)y  a  belt  eonveyor.  Coal  fresh  from  the  mine  was 
doors  is  indicated  by  the  comparison  of  two  kinds  of  (lumped  into  (lie  cnisliiuir  n)lls  before  reaching  the  coii- 
furnace  -doors,   shown    in    Fig.    2.      '^Phere    is    nofiiing    to  xcyor. 

prevent  the  doors  sliown  on  the  M'cond  boiler  front   from  in  Fig.  5  is  shown  :i   view  behind  a  set  of  water-lube 

blowing  open  in  case  a  tube  shouki  burst.  boilers.     This  boilei-  |)l:iut    was  kept  e.xceptionally  clean. 

The  boilers  shown  in  Fig.  3  are  of  the  locomotive  type,  as  irulicated.     .\  ironub  was  made  in  the  cement  flooring 

each   of  350-hp.   capacity,  carrying  a   steam    pressure  of  along  the  length  ni'  hnilers  to  take  care  of  waste  water. 


Kiti.  ;i.      i>Ar'ri;i;Y  oi-    Locomotivk-Typk  Boilkr; 


FlU.      4.        \\'A(K1;-Ti  HK     linll.iI;>     AMI      MlAHANKAI. 

Stokeiis 


Fk;.  5.     ll\:-\\i  of  .\  B.vttkuy  of  Boilkijs 


Fin.  ().     CoiiLjss  I'^xcixK.s  at  a  Colliery 


11-')  lb.  The  furnaces  are  (Itled  with  shaking  grates  and 
liuckwheat  coal  is  used.  Tt  is  clnimed  by  those  in  charge 
that  they  give  very  good  results,  but  from  the  color  of 
the  iron  smoke-stack  it  would  appear  that  the  gases  escap- 
ing to  the  atmosphere  were  at  a  very  high  temperatui-e. 
-Vs  in  other  boiler  plants  using  anthracite  coal,  the  sup- 
ply was  kept  in  a  wooden  hunker  built  in  front  of  the 
boilers.  In  another  boiler  plant  at  a  soft-coal  mine  F 
found  stokers  in  use.   Fig.  4,  the  fuel  feedimr  from   an. 


and  the  blowoff  )iipes  from  each  boiler  were  placed  in  a 
trough  which  ran  at  right  angles  to  the  first.  These 
troughs  carried  away  any  leakage  Avater  and  permitted  of 
washing  down  the  floor  with  dispatch. 

The  clothes  a  man  wears  do  not  indicate  the  kind  of  a 
nuin  inside  of  them.  Xeither  does  the  housing  of  a  power 
])lant  designate  the  kind  of  machinery  likely  to  be  found 
inside.  In  one  instance  the  power  house  was  built  of 
wood,  painted  I'cd.     There  was  no  outside  indication  that 


i;  I 
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iiii\  tliiii;;  liiit  llu'  jii'iicral  inn  oT  dirlv,  iioisv  ihii<liiii<'iv 
would  lie  I'linnd  inside.  1 1  was.  llicn'roiT,  smni'Mlinl  of  a 
-nrprist'  to  liinl  a  well  laid-oni  plaiil  cuiitainiii;;  Iwu  li'> 
and  2(!  liv  Iv'-in.  and  one  22  and  MH  l>y  I'v'-in.  cniss- 
(■i)ni|)ound.  noutotidcnsiMj!;  Corliss  I'li^^incs,  radi  dircctlv 
lonnwtcd  to  altt'rnalin^i-currcnl  ficncrators.  'I'luii  llicrc 
was  n  motoi'-iirivcn  exciter  unit,  also  a  sleain-iliixin  i\- 
(  itt  r.  The  l>oiler  plant  contained  six  v'>i'-ii|i.  wMlcr-lulie 
l)oiiers,  earn  inj;  Hill  Hi.  pressure.  Kij;.  li  is  a  view  of  ilie 
eiifjine  room. 

.Ml  of  the  machines  were  painted  maroon  color  and 
were  kept  clean  and  hri',dil  liv  lietiuent  wiping'.  The 
lloorin;.^  althoufjli  ol'  hoards,  Wiis  washed  clean.  sIiowiiil; 
that  tile  eiifiineer  in  charge  liad  piide  in  the  appcaranrc 
id'  tile  plant., 

.Mter  fidtinji;  accpiainted  wit.h  the  enfiineer  and  liis 
i!ssist:int.  1  lu'pin  asking  personal  (piestioiis.  Brinijini,' 
.uit  a  couple  of  ever-ready  cij^ars  and  <i:ettiii<;  them  |)rop- 
rrly  hurninji.  1  asked  Mr.  Kug-ineer  how  he  iiapponed  to 
iict  into  the  game. 

"It's  the  sami'  in  my  i-ase  as  in  tliat  of  otliers."  said 
ho.  "I  hegan  working  ahout  a  mine  long  i)efore  1  shuiild 
have  left  school.  My  lirst  jol)  was  as  trapper  hoy.  lend- 
ing entry  doors.  When  it  came  time  to  go  home  at  nigiit. 
I  used  to  stop  in  at  tlie  pump  rooms  which  were  near  tlie 
foot  of  tlie  shaft,  and  wateli  the  men." 

"TJiat  showed  you  had  the  engineering  genu.  Most 
l)oys  would  ha\('  hustled  to  the  surface  to  play  l)all  or  go 
fisliing." 

"Yes,  I  sujiposc  so.  As  a  result  I  linally  got  a  chance 
to  care  for  a  small  ])ump  located  in  a  narrow,  dark,  dirty 
hole.  l)Ut    for  all   that    it   was  the  oreatest   dav  of  mv  life 


u  III  II  I  was  lii'sl  left  aliiiie  with  liial  pump.  I  fell  as  if 
li nlire  mine  operation  rested  upon  my  shoiildei-K. 

'■This  advaiK'c  opened  my  eyes  and  I  huw  liial  if  I  did 
not  know  more  than  I  did  at  that  lime  I  would  linish  hh 
a  piim|i  runner.  I  had  ollen  hioked  with  longing  (>yeH 
at  llie  engines  in  the  aliove-groiind  plant,  hut  the  ciigi- 
iieir  iie\(  r  allowed  us  hoys  inside.  Kinully  a  new  man 
<  ame  on  iIh'  joli  and  !  suppose  my  frecpieiil  visits  to  the 
cngiiie-iuoiii  door  showed  that  I  was  considerahly  in- 
terested, aiil  on  otie  occasion  he  asked  me  to  eoiix;  in. 
(lee.  that  was  a  treat.  The  engineer  answered  my  thous- 
and and  one  (piestions  readily  and  <piile  a  friendship 
sprang  up  hetweeii  us." 

"It  vvasn"!  long  hefore  1  dclermined  to  h-coiiie  a  sla- 
iioiiary  engineer  and  I  ix'gan  lo  study  iiighls,  |)iok  up  a 
little  information  here  and  a  little  there,  finally  I  got 
in  with  my  engineer  friend  as  assistant  engiii(!er,  after 
serving  a  time  as  a  fireman,  and,  some  years  later,  whe-i 
my  chief  left  to  go  to  a  l).'tter  joi).  his  place  was  ofTereil 
lo  inc.  w  liirh  I  did  nol  refuse,  you  may  rest  assured.  But 
if  it  liad  111)1  liecii  for  the  instruction  my  chic^f  had  given 
while  willi  liiiii  ihe  joh  would  have  heen  Ix^yond  nie.  I 
was  ill  that  plant  until  this  one  was  huilt,  when  I  came 
here,  as  you  see.  That's  ahout  all  there  is  to  it;  lots  of 
hard  work,  knocks  and  a  determination  to  he  something 
hesides  a  miner's  helper." 

It  was  dark  hefore  I  left  the  plant,  and  as  I  carefully 
j)icked  my  way  over  the  rough  ground  toward  the  village. 
I  realized  more  tli:in  ever  that  it  is  not  luck  that  places  a 
man  in  a  position,  hut  that  it  is  the  determination  to 
make  something  of  himself  that  helps  him  to  win  out  in 
the   struggle. 


nmx  Jrnp 


In  the  Wtsroiisiii  Eiii/iiiccr  for  Xovemher,  I'rof.  D.  K. 
Foster  gave  an  interesting  chart  for  determining  tlie  size 
of  steam  pipes.  The  chart,  wliich  was  hased  on  a  for- 
mnla  by  A.  E.  Berggren,  is  reproduced  herewitli. 

As  a  general  rule,  the  engineer  has  a  machine  demand- 
ing a  certain  quantity  of  steam,  located  at  a  given  dis- 
tance from  the  source  of  supply,  the  initial  pressure  of 
which  is  a  fixed  quantity,  and  he  wishes  to  allow  a  cer- 
Uiin  drop  of  pressure  between  the  source  and  the  ma- 
chine, riiis  drop  is  generally  between  to  and  4  lb.  per 
1(11)  ft.  of  pipe.  \\'ith  these  data  at  hand,  he  must  deter- 
mine the  size  of  the  required  pi])e.  Su])p()se  that  2300 
lb.  of  steam  are  required  at  a  machine  500  ft.  away  from 
a  boiler  under  a  pressure  of  115  lb.  abs.,  and  that  the 
total  drop  is  to  be  10  lb.,  or  2  lb.  per  100  ft.  The  aver- 
age pressure  in  the  pipe  line  then  will  be  110  lb. 

Referring  to  the  chart,  the  intersection  of  a  horizontal 
representing  2300  lb.  of  steam  with  a  vertical  represent- 
ing 110  lb.  average  pressure  in  the  pipe  line  will  deter- 
mine a  diagonal.  The  intersection  of  this  diagonal  with 
a  second  vertical,  determined  by  the  intersection  of  a 
second  horizontal  representing  10  lb.  total  loss  of  pres- 
sure, and  a  second  diagonal  representing  500  ft.  of  pipe 
line,  will  determine  a  third  horizontal  giving  12  in.  as 
the  proper  size  of  pipe.  The  solution  of  this  problem 
has  been  indicated  on  the  chart  by  dotted  lines  and  ar- 
rows. 

The  chart  mav  be  used  to  determine  quantity  when  the 


other  four  factors  arc  known  or  assumed.  Suppose  that 
the  demand  in  the  problem  given  above  be  increased  in 
the  future  to  .i'.'oo  lb.  by  the  installation  of  a  larger 
mac  bine.  If  the  initial  pressure  remains  the  same,  the 
drop  in  pressure  will  have  to  be  increased.  In  this  case 
the  drop  must  be  estimated.  If  it  be  assumed  to  be  18 
lb.,  the  average  pipe-line  pressure  will  ije  i)  lb.  less  than 
the  boiler  pressure,  or  106  lb.  Following  through  the 
chart  as  before,  the  probable  loss  will  be  17  lb.  Thi^ 
value  is  so  close  to  the  assumed  value  that  it  will  be  un- 
necessary to  check  it. 

As  another  example,  assume  that  the  demand  be  in- 
creased to  5000  lb.  per  min.,  that  the  pressure  at  the 
machine  be  increased  to  140  lb.,  and  that  the  initial 
]n-essure  necessary  to  deliver  this  quantity  is  desired.  It 
will  be  seen  that  the  drop  in  this  case  is  also  unkno\vn : 
lu'uce  the  probable  loss  will  have  to  be  estimated.  As- 
suming that  it  will  be  20  lb.,  the  average  pipe-line  pres- 
sure will  be  150  lb.  Using  these  data,  the  corresponding 
loss  is  25  to  26  lb.,  which  indicates  that  the  initial  pres- 
sure should  be  about  165  lb.  Taking  an  average  pipe-line 
pressure  of  152.5  lb.,  a  further  check  shows  that  this 
figure  is  about  right. 

In  the  first  problem  the  solution  gave  12  in.  exactly. 
Generally  speaking,  however,  the  solution  of  such  a  prob- 
lem will  give  a  size  other  than  standard,  in  which  case 
either  the  size  above  is  selected,  and  the  pressure  loss 
is  decreased,  or  the  size  below  and  this  loss  increased. 
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AVERAGE  ABSOLUTE  PRESSURE   IN  PIPE  LINE 
5222. 9     9      9        2  Ho>»«~ 


•,\76 


I'o  w  !•;  i{ 


\..i.  ;i!i,  \(..  II 


Groondinig    MeHEnodls  sumdl  ji)^^' vuces 


U^  .luiiv  A.  Kandiiiiii 


S)  XOl'SIS  'I'lir  ticirssUji  fur  (/loitniliiu/,  nictlinils  aiiii- 
iiKiiilj/  niiiiliit/ril  (tiiil  tlir  iirfctitilioiis  to  he  olisrrrrd. 
•X 
'I'lic  siilijccl  (if  >;i(iiiiiiliii^'  is  siiMpli'  from  llic  cDii.^t  iiic- 
lioii  sliiiul|i(iinl.  bill  it  iii'M'illii'ifss  ic(|iiii('S  iiaiclul  iit- 
li'iilii)ii  ami  Uiivsi^lil  il'  liic  !)■.•* I  results  arc  to  be  ol)- 
laiiK'd.  in  goiu'ral.  tlu'io  art-  two  piuposea  for  wliicli 
-rroiiiuling  is  (.■mplovud,  nami'ly,  to  provide  an  indiH- 
pi-nsabk'  part  of  the  working  ciriuit,  as  in  the  liglitning 
arrt'sli'r,  the  ground  dctoctor  and  various  ground  return 
systems;  and  for  protection,  as  in  the  case  of  all  grounded 
lahle  sheathings.  pipes,  IrameworUs.  three-wire  neutrals 
and  transformer  secondaries.  Il  is  important  that  the 
grounding  connections  and  circuits  provided  for  both  of 
these  general  fumtions  he  in  good  working  order  at  all 
times.  However,  on  purely  protective  systems,  it  is  pos- 
sible for  faults  to  pass  unnoticed  indefinitely  unless  the 
svsteni  is  given  careful  attention.  The  existence  of  a 
fault  on  such  a  system  may  result  in  serious  accident  by 
preventing  the  operation  of  the  sysiem.  There  is  always 
the  possil)ility  of  a  breakdown  in  the  insulation  of  a  wire 
or  cable  which  may  cause  the  sheathing,  piping  or  other 
adjacent  metallic  parts  to  become  alive.  With  these  parts 
well  grounded,  there  is  little  danger  of  accident,  as  the 
ground  connection  will  form  a  siiort-circuit  which  will 
either  operate  the  fuses  or  automatic  cuteuts  on  the 
faulty  circuit  or  by  providing  a  continuous  path  of  low 
resistance  to  the  escaping  current,  will  afford  a  safeguard 
to  life  and  property  which  would  otherwise  be  endan- 
geared  bv  contact  with  the  live  parts. 


Fk;.  1.  Showing  MKTHon  of  (iROUxnixci  TiiANsroKMER 

These  protective  measures  should  be  carried  out  not 
only  on  the  conductors  themselves  and  their  adjacent 
metallic  parts,  but  on  all  metallic  sheathings,  piping, 
framework,  casings  and  details  which  may  form  a  part 
of  the  structure  or  apparatus  used  in  the  control  and  dis- 
tribution of  high-voltage  currents  and  which  are  so  lo- 
cated that  tliey  could  possil)ly  become  alive  through  the 
breakdown  of  insulation  on  the  working  circuit.  This 
includes  all  oil-switch  steelwork,  current-transformer 
supports  and  the  casings  of  potential  transformers.  More- 
over, where  step-up  or  step-down  transformers  dre  used, 
their  casings  and  supporting  steelwork,  if  any,  together 
with  any  cable  supports  of  steel,  should  be  grounded  un- 
less already  rendered  safe  by  in'^ulation.  A  convenient 
means    of    sronnding    transformer    casings    is    shown    in 


i'"ig.  i.  Tins  injunction  mIho  applies  to  generators,  motors, 
rotary  converters  and  otiit-i'  macliiiu;ry  wiiicli  ma\  li' 
carrying  dangerous   voltiigcs. 

M  :  •ni()n>  oi    (ii;()(  Nr)i\(i 

There  are  three  fundamental  rcquisilcB  to  consifler  in 
j)rovi(ling  a  ground:  First,  it  slioidd  be  permanent  and 
stable;  .second,  it  should  liave  low  resiRtance,  and,  third, 
it  should  be  of  such  a  nature  as  not  to  Biitrer  r(!adily  from 
deterioi'ation.      .No  gi-ound  >bould   i)c  used   which   is  likely 
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Two   W.w.s  OK   SKcntiNG   (iiiorxn   Wihk  to   Pipe 

to  be  disturbed  for  any  reason.  Furthermore,  grounds 
should  be  avoided  which  will  offer  appreciable  resistance 
to  any  currents  wliich  are  likely  to  flow  through  them. 
For  this  reason,  long  lengths  of  small  water  pipes  should 
be  avoided,  as  should  also  any  devices  wliich,  on  account 
of  corrosion,  a  lack  of  earth  moisture,  or  for  other  rea- 
sons show  a  high  resistance.  Reliability  at  all  times  to- 
gether with  a  minimum  of  care  and  inconvenience  is  the 
prerequisite  of  all  such  systems. 

A^arious  methods  are  employed  in  grounding,  but  it 
may  be  said  that  in  general,  they  can  all  be  classified  un- 
der the  following  headings :  Those  making  use  of  the 
building  steel;  those  in  which  the  ground  conductor  is 
connected  to  pipe  lines,  rails  or  other  existing  metallic 
circuits,  and  lastly  those  employing  plates,  pipes  or  othet 
devices  buried  in  the  earth  and  used  exclusively  for 
grounding. 

Grounding  to  the  Building  Steel 

The  grounding  circuit  in  this  case  should  be  connected 
to  the  steel  at  the  nearest  point,  long  runs  being  avoided 
in  order  to  reduce  as  far  as  possible  the  danger  of  a  break 
in  the  circuit  from  outside  causes.  The  conductor  should 
be  rigidly  fastened  to  the  steel  by  bolts,  the  surface  of  the 
steel  at  the  point  of  contact  having  first  been  scraped 
clean  of  all  paint  or  corrosion.  An  area  of  contact  should 
be  provided  between  the  conductor  and  steel  sufficient  to 
render  the  resistance  as  low  as  possible.  Where  the  con- 
ductor consists  of  wire  or  cable,  lugs  should  be  used  at 
the  grounding  points. 

Groi'xding  to  Pipe  Linf.s 

When  the  ground  connection  is  made  to  pipe  lines, 
water  pipes  should  be  used  if  possible.     The  pipe  must 
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be  large  enough  to  carrv  any  currents  which  may  flow 
Mnd  the  k)cation  of  the  connection  should  be  such  that 
tbe  likelihood  of  a  disconnection  of  that  portion  of  the 
pipe  for  repairs  or  other  purposes  is  remote.  For  this 
reason  liie  conductor  should  be  connected  outside  the 
water  meter  if  the  public  mains  are  used.  In  all  cases, 
the  connection  should  be  made 'as  near  as  possible  to  the 
point  where  the  pipe  enters  the  earth.  The  connection 
may  be  nuule  by  a  clam])  or  by  a  brass  plug  into  which 
the  conductor  has  been  firmly  soldered.  If  a  clamp  is 
used,  it  should  be  so  constructed  that  by  turning  up  on 
bolts  or  screws,  it  can  be  made  to  (it  the  pipe  snugly.  It 
should  further  be  designed  to  afford  a  proper  connection 
with  the  conductor  either  by  a  lug,  if  the  conductor  is 
of  large  cross-section,  as  shown  in  Fig.  2,  or  by  a  loop 
into  which  the  conductor  can  be  soldered,  if  of  small 
cross-section,  as  shown  in  Fig.  3.  The  pipe,  at  the  point 
of  connection,  should  be  scraped  clean  of  rust,  paint  or 
other  foreign  matter  before  the  clamp  is  attached,  in 
order  that  the  best  possible  contact  may  be  made.  The 
material  for  the  clamp  should  be  rolled  copper.  With 
such  a  clamp,  the  area  of  contact  should  be  figured  for 
a  carrying  capacity  of  150  amp.  per  sq.in.  For  the  cross- 
section,  a  capacity  of  1000  amp.  per  sq.in.  may  be  used. 
If  plugs  are  used  they  should  be  screwed  tightly  into 
a  pipe  fitting  or  into  a  hole  tapped  into  the  pipe  itself 
if  the  latter  is  of  cast  iron.  The  practice  of  grounding 
to  rails  is  so  common  as  to  call  for  but  passing  comment. 
It  finds  its  chief  application  in  the  grounded  return  cir- 
cuit of  electric-railway  systems.  On  such  a  system  the 
rails  may  also  be  used  for  protective  grounding. 

GiiocxD  Plates 

In  the  use  of  devices  employed  exclusively  for  ground- 
ing, the  construction  depends  largely  upon  the  condition 
of  the  soil,  upon  the  jjroximity  to  a  body  of  water,  upon 
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the  nature  and  extent  of  the  various  circuits  connected 
thereto,  and  upon  the  personal  tastes  of  the  designer.  One 
of  the  most  widely  used  and  approved  devices  consists 
|)i'imarily  of  a  copper  plate,  as  shown  in  Fig.  4.  It  should 
1h'  of  a  thickness  sufficient  to  jirevent  it  from  soon  being 
ilostroyed  by  corrosion  and  also  to  afford  sufficient  me- 
banical  strengtli.  A  thickness  of  from  y^  to  %  in.  will 
■iufHce  for  most  cases.  For  the  best  results,  the  plate 
■liould  be  located,  if  possible,  in  a  place  where  the  earth 
s  pennanently  damp,  and  placed  about  eight  feet  below 
lie  surface.  Around  the  plate  on  all  sides  should  be 
ilaced  a  quantity  of  crushed  coke,  and  to  the  plate  should 
»e  securely  fastened,  preferably  by  rivets,  a  piece  of  cop- 


per bar  or  cable  of  a  length  sufficient  to  allow  it  to  pro- 
trude a  short  distance  above  the  surface  of  the  earth. 
Iron  pipe  should  never  be  used  for  a  covering  of  this 
conductor  if  the  latter  is  to  be  connected  to  lightning 
arresters.  This  is  because  of  the  impedance  oi'  choking 
effect  which  the  iron  pipe  would  exercise  against  oscillat- 
ing currents.  If  pipe  is  used  at  all,  it  should  be  of  brass. 
After  the  coke  has  been  placed  around  the  plate,  it  should 
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be  thoroughly  moistened  before  the  hole  is  filled  with 
earth. 

Another  method  of  grounding  by  a  plate  in  locations 
where  a  stream  or  other  body  of  water  is  available,  con- 
sists in  [jlacing  a  copper  or  iron  plate  in  the  mud  at  the 
bottom  or  along  the  banks,  as  in  Fig  ."J.  The  plate  should 
be  buried  to  a  depth  sufficient  to  prevent  it  from  being 
disturbed.  Rocky  bottoms  should  be  avoided  if  possible. 
The  plate  should  never  be  suspended  nor  should  it  be  al- 
lowed to  rest  lightly  on  stones  or  gravel. 

Another  method  in  common  practice  consists  in  the 
use  of  iron  pipes  driven  into  the  earth  for  a  distance  of 
about  eight  feet.  The  earth  should  be  as  moist  as  pos- 
sible. To  insure  a  good  contact,  it  is  well  to  pour  a 
quantity  of  salt  water  around  the  pipe.  This  procedure 
can  be  facilitated  by  having  the  lower  end  pointed  and 
perforated.  The  salt  water  can  then  be  poured  into  the 
pipe  and  diffused  into  the  earth  about  the  lower  end  of 
the  pipe  which  is  difficult  to  reach  otherwise.  In  the 
use  of  pipes  it  should  be  borne  in  mind  that  enameled 
conduit  ought  never  to  be  employed  because  of  its  in- 
sulated condition. 

Ground  Cones 

A  device  for  which  good  results  are  claimed  consists 
of  the  ground  cone,  a  leading  form  of  which  is  con- 
structed as  shown  in  Fig.  6.  It  consists  essentially  of  a 
perforated  hollow  copper  cone  filled  with  fine  coke  or 
charcoal  and  having  at  its  apex  a  copper  point  to  which 
is  attached  a  copper  cable.  A  copper  cap  fits  over  the 
top  of  the  device,  as  shown.  The  ground  conductor  is 
soldered  to  the  cable.  A  quantity  of  coke  placed  around 
the  cone  improves  the  efficiency,  but  is  not  absolutely  nee- 
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i'H«nrv.     Tlu"  liiiulioii  ol    llic  ilmnnai  or  coke  vvidiiii   iIh'  is  to  reduce  mh  I'ai'  as  poHHiltle  the  (laiij,'er  to  life  nod  oroD- 

coiU'  is  to  almorli  moisture   from    the  siirroiindiiif,'  i-artii.  ertv   wlmli  olliervvise  would  result    Irom  a   l)real<d<)wii  oi' 

tliiis  insuring  >;ood  eonlact.     Tlic  perforations  allttw   this  insidation    and    the   eonseiinenl    erossing    of    transfornier 

j'iri'ulation    of    moistuic    and    ai-<o    render    a    more    jno-  pi'irrniries  and   secondaries. 

nounced  contact   Im'Iwccii   the  r(.|i|icr  ami   its  surroumlinj;  'riie   usual    |)roceduri'  on  Hystems  employing  a   neutral 

elements.  js  in  ground  the  latter.     On  a  single-phase  system  with  a 

(ii!ofM)iN(;  ui-  Si:r()Ni)Ai{ii:s  three-wire  secondary,  this  can  he  done,  as  shown  in   Kig. 

'I'liis  .-ulijecl   has  heen  miuli  discussed   in   recent  years,  T,   where  oiu'   translornier  is   used,  or,  as  shown   in    Fig. 
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owing  to  the  varied  oi)inions  as  to  the  advisahility  of  the 
proce<luri'.  However,  it  is  now  coninionly  conceded  that 
the  grounding  of  transfornier  secondaries  which  supply 
current  to  customers  and  which  carry  voltages  of  150 
or  less  should  be  nuindatory  and  that  beyond  that  voltage, 
it  may  be  permitted  up  to  a  voltage  of  2.-)U.     The  object 


8,  if  two  transformers  are  used.  If  a  neutral  is  not  avail- 
able, one  side  of  the  system  should  be  grounded,  as  in 
Fig.  9.  In  Fig.  10  is  shown  a  grounding  connection  for 
a  two-wire,  single-phase  system  witli  two  transformers 
whose  primaries  are  connected  in  series  and  the  second- 
aries in  multiple. 
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Tlie  fornuition  of  smolvc  is  due  to  failure  to  burn  tlu; 
combustible  gases  which  are  driven  olf  from  fresh  bitumi- 
nous coal  (or  other  fuel  of  similar  characteristics)  when 
it  is  exposed  to  the  heat  of  the  furnace.  These  gases  are 
a  complex  mixture  of  various  hydrocarbons,  from  some 
of  which  carbon  separates  on  cooling,  in  the  form  of  lamp- 
black or  soot.  The  smokier  fuels  also  give  off  tarry  vapors, 
whicli  condense  and  help  to  gatlier  tlie  carbon  particles  in- 
to flakes  or  "smuts." 

For  the  burning  of  these  gases  as  they  are  evolved  from 
the  coal,  three  conditions  must  exist:  Air  must  be  sup- 
plied above  tlie  fuel  bed,  the  temperature  must  be  high 
enougli  to  insure  ignition,  and  there  must  be  time  or 
space  for  combustion  before  the  mixing  currents  of  gas 
and  air  are  cooled  by  flowing  into  or  among  the  tubes  of 
the  boiler. 

The  surest  way  not  to  meet  these  requirements  is  to  Are 
coal  in  large  quantities  at  a  time.  This  causes  the  tem- 
porary production  of  so  much  gas  that  neither  air  sup- 
ply nor  combustion  space  can  possibly  be  sufficient  for  its 
burning ;  it  also  aggravates  the  trouble  by  cooling  the 
furnace  below  the  temperature  of  assured  ignition. 

With  ordinary  hand-fired  furnaces,  the  formation  of 
smoke  can  be  greatly  diminislied,  if  not  almost  prevented, 
bv  putting  on  coal  in  small  amounts  at  short  intervals, 
with  proper  regulation  of  air  supply.  Much  depends  upon 
the  kind  of  furnace.  A  roomy  one,  with  brick  walls  and 
perhaps  a  brick  arch  roof  (these  being  hot  enough,  in 
service,  to  ignite  gas),  is  inherently  less  likely  to  give 
off  smoke  than  a  low  furnace,  especially  if  it  has  the 
water-cooled  walls  found  in  internallv  fired  boilers. 


The  rate  of  combustion  has  an  iniluence  similar  to  that 
of  tlie  size  of  the  combustion  space.  Then  as  a  boiler  is 
more  heavily  loaded,  there  is  more  chance  for  benefit  from 
some  one  of  the  many  schemes  that  have  been  proposed 
for  injecting  jets  of  air  above  the  fire.  The  action  of 
these  jets  in  stirring  and  mixing  air  and  gas  favors  rapid 
combustion. 

There  is  a  limit  to  frequency  of  firing  by  hand,  in  the 
strain  it  entails  upon  the  fireman  and  in  the  undesirability 
of  having  the  furnace  doors  open  so  much  of  the  time.  The 
necessity  of  compromise  Avitli  these  elements  is  eliminated 
by  the  use  of  mechanical  stokers,  wliich  offer  an  effective 
means  for  securing  and  maintaining  proper  conditions  of 
combustion. 

On  general  principles,  it  matters  but  little  whether  the 
stoker  is  of  the  back-feed  type,  with  the  bed  of  fire  slowly 
moving  forward,  or  of  the  underfeed  type.  The  essential 
thing  is  the  continuous  supplying  of  coal,  without  disturb- 
ance of  draft  conditions  (by  opening  of  doors)  and  with 
but  small  and  slow  variations  in  requirements  as  to 
proper  air  supply. 


Coke-Oven  Gas  for  Steam  Generation — Extensions  are  to 
be  made  to  the  Uunston  Power  Station,  near  Newcastle-on- 
Tyne,  which  will  be  remembered  in  connection  with  some  of 
the  best  turbine  efficiencies  that  we  have  published.  An 
agreement  has  been  entered  into  by  the  Newcastle-on-Tyne 
Electric  Supply  Co.,  Ltd.,  with  the  Teams  By-Products  Co., 
Ltd.,  to  purchase  the  surplus  coke-oven  gas  from  a  large 
battery  of  ovens  situated  about  1%  miles  from  the  Dunston 
Station.  The  gas  will  be  used  as  fuel  under  the  boilers.  Ex- 
tensions to  the  generator  plant  will  consist  of  a  12,000-kw. 
turbo  alternator,  built  by  Brown,  Boveri  &  Co.,  and  run  by  a 
Richardson-Westgarth    &    Co.'s   turbine. 
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111  the  cartoon  this  wvvk  is  iiidicatcd  a  j^oud  conihiiia- 
tion  to  assist  to  success  the  chap  wlio  is  not  afraid  to 
shoulder  a  little  responsibility.  It  used  to  be  thought  that 
theory  and  practice  were  about  as  harmonious  as  a  losing 
baseball  team  is  with  the  umpire.  It  was  thought  that 
"theoretically"  and  "practically"  referred  to  two  entirely 
different   conditions   and   were   in    two    different  worlds. 

The  beetle-browed  practical  man  of  the  old  school — 
"no  school"  would  perhaps  be  a  better  term — noticed 
that  the  textbooks  began  a  severely  practical  question 
with  such  words  as  "disregarding  friction."  It  also  came 
under  his  observation  that  machines  have  an  unshaken 
determination  to  regard  friction.  So  he  considered  the 
theory  to  be  wrong  and  worthless. 

If  this  old  scholar — or  "no  scholar" — had  an  engine 
with  its  valve-gear  removed,  he  would  not  junk  it  as 
worthless.  But  that  is  what  he  is  doing  with  his  theory 
when  he  discards  it  simply  because  it  is  incomplete.  For- 
tunately, the  junk  heap  is  more  littered  with  specimens 
of  his  kind   than   with   discarded   theory. 

Nowadays  the  man  on  the  job  is  more  or  less  of  a  the- 
oretician or  a  failure.  Even  the  dyed-in-the-wool  prac- 
tical man,  if  successful,  knows  more  theory  than  many  a 
college  cub. 

Don't  junk  your  theory,  even  if,  at  the  time,  it  doesn't 
deliver  just  the  goods  wanted.  Save  it  until  you  can  use 
it. 

m 


When  fuel  is  burned  under  a  boiler  more  or  less  of  the 
heat  is  dissipated  before  it  gets  into  the  water,  and  the 
products  of  combustion,  bearing  more  or  less  heat,  have  to 
pass  off  by  the  chimney.  In  the  Briinler  system,  de- 
scinbed  by  Geheimrath  Jaeger  in  the  Zeitschrift  filr 
Dampfkessel  und  Mascliinenhetrieh ,  the  fuel,  coal  tar,  is 
burned  under  water  and  under  pressure,  the  products  of 
combustion  going  with  the  steam  into  the  engine.  Air 
for  combustion  must,  of  course,  be  supplied  under  pres- 
sure, but  by  expansion  in  the  engine  or  turbine  it  gives 
back  the  work  required  to  com])ress  it. 

Another  startling  suggestion  is  to  substitute  mercury 
for  water  as  the  working  fluid  of  a  heat  engine.  The  effi- 
ciency of  a  heat  engine  is  measured  by  the  temperature 
range  through  which  it  can  be  worked,  and  as  the  at- 
tainable low  temperature  is  fixed  by  our  environment, 
high  efficiency  involves  a  high  initial  temperature.  With 
water,  the  pressure  goes  up  rapidly  with  increasing  tem- 
peratures, being  200  pounds  for  s'sg  degrees,  nearly  250 
pounds  for  400  degrees,  421  jiounds  for  450  degrees.  684 
pounds  for  500  degrees,  etc.  With  such  a  rapid  increase 
in  the  ])ressure,  per  additional  degree,  a  practical  limit 
of  pressure  is  reached  at  a  comparativelv  low  tempera- 
ture. 

The  boiling  point  of  mercury,  however,  is  680  degrees 
at  atmospheric  pressure.    The  idea  is  to  generate  mercurv 


\ap()r  under  ])ressure,  work  it  in  an  engine,  pybaust  it 
lliiough  a  heater,  where  it  is  still  hot  enough  to  make 
steam  of  considerable  pressure,  but  in  wliicli  it  will  l)e 
condensed.     The  steam  is  used  in  a  turbine. 

This  constitutes  a  binary  vapor  engine  with  water  as 
the  lower  pressure  fluid,  whereas  in  that  of  Professor  Josse 
the  water  is  llie  higher  pressure  fluid,  a:id  bisulphide 
of  carbon  or  some  other  fluid  having  a  low  boiling 
])oint  the  secondary. 

'I'he  water  or  mercury  vapor  could  itself  be  expanded 
to  the  lowest  available  exhaust  temperature,  but  it  would 
take  on  a  volume  which  M'ould  be  impracticable  to  handle. 
This  lower  volume  at  low  pressure  is,  in  the  Josse  engine, 
made  to  pass  its  heat  to  the  volatile  fluid,  which,  with  the 
same  heat  at  the  same  temperature,  generates  a  small  vol- 
ume of  vapor  at  a  high  pressure,  available  for  further  ex- 
pansion in  a  cylinder  of  practicable  dimensions. 


TecIhEaaca.1  Me^Ihiodls  aia  Bonier" 
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More  and  more  attention  is  being  given  to  steam  gen- 
eration, for  power-plant  officials  and  owners  are  gradually 
realizing  that  in  the  boiler  room  is  spent  the  greater 
part  of  the  cost  of  power  production. 

That  power-plant  men  have  arrived  at  this  point  and 
are  adopting  more  scientific  and  uptodate  methods,  are 
hopeful  signs  of  the  progress  being  made  in  power-plant 
engineering.  Yet,  it  may  be  asked,  "What  percentage  of 
the  power  plants  throughout  the  country  of  any  consider- 
able size  are  properly  equipped  to  take  advantage  of  tech- 
nical methods  of  operation? 

While  the  subject  of  combustion  has  received  more  or 
less  consideration,  still  it  is  safe  to  assert  that  not  10 
per  cent,  of  the  chief  engineers  in  the  United  States  are 
able  to  operate  an  Orsat  apparatus  for  the  analysis  of  the 
gases  passing  through  the  flue.  This  condition  is  not 
past  mending,  as  the  signs  of  the  time  are  toward  con- 
stant betterment  and  a  rise  in  the  technical  status  of 
engineers.  Those  of  the  rising  generation  are  qualify- 
ing themselves  by  study  and  investigation  to  bring  the 
engineering  profession  to  the  high  level  where  it  rightly 
belongs. 

No  engineer  is  fully  competent  to  manage  a  boiler 
plant,  particularly  a  large  one,  who  is  unable  to  manipu- 
late an  Orsat  apparatus  and  correctly  interpret  the  in- 
formation obtained  from  it.  He  should  be  able  to  deter- 
mine the  British  thermal  units  per  pound  of  fuel  by  the 
use  of  a  calorimeter,  and  also  the  percentage  of  moisture, 
ash,  sulphur,  etc.  He  should  know  how  to  make  a  quan- 
titative, or  at  least  a  qualitative,  analysis  of  the  boiler- 
feed  water  and  of  the  scale  found  in  the  boilers,  and  to 
at  least  provide  suitable  temporary  treatment.  These 
requirements  may  appear  excessive,  yet,  with  diligent 
study  these  things  may  be  accomj>lished  in  a  short  time 
by  any  man  of  the  caliber  required  for  this  inijiottant 
branch  of  steam  engineering. 
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'I'lic  iinalvsis  and  Irfalnuiit  nl  liuiliT-rccil  wairr  ilocs 
mil  alwavs  rc«|uirf  llu-  wi-rvicrs  of  a  tlicmiHt  vcrxnl  in  all 
tlu>  liraMclics  of  (ii-<;ani('  and  inorj^anic  clicinistrv,  and  tin- 
8ani('  liolds  ^jood  willi  llic  Icstiiifi  and  analv/iiii;  (d"  I'licl. 
An  cMfiiMfcr  at  picscnl  in  tliaiifc  of  a  larj;«-  ixiiU'r  plant 
tiM)k  nj)  llic  study  •>!'  these  iiranciu's  sit?ne  three  years 
a,ir<>.  anil  was  aide  to  make  his  ainilyses  check  closelv  willi 
those  of   the   |)r(d'essi(inal   chemists. 

'These  teclinical  nicthods  of  |)lant  conlrnl  are  of  jiroved 
value  lo  llic  ciiunii'cr. 


Al  a  recent  uatlicnni;-  of  cn^inccis.  a  distinpuislu'd  dc- 
ei-iner  of  eUx'lric  niacliincry  <i|icncd  his  private  records 
and  data  and  discussed  frankly  llic  w  icck  of  a  generator. 
for  the  desifin.  construction  and  test  of  which  lie  was 
solely  responsihle.  The  spi'aker  showed  photographs  of 
tlie  plant  hel'ore  and  after  the  disaster,  lantern  slides  of 
the  machine's  construction,  a  typical  iwlejjiece  lamination 
and  other  details  of  inten>st,  practically  laying  bare  every 
circumstance  associated  with  the  unfortunate  event  and 
magnanimously  assuming  the  lion's  sliare  of  the  blame 
for  what  miglit  have  been  a  terrible  fataUty.  Plainly 
evervone  present  was  im])ressed  with  a  realization  that  the 
lessons  of  failures  and  operating  troubles  are  invaluable 
to  all  who  are  striving  for  perfection  in  their  tasks  and 
that  the  responsibilities  which  must  be  carried  by  every 
designer,  builder  and  user  of  high-powered  generating  ma- 
chinery are  great. 

Terrific  forces  are  held  in  leash  in  a  generator  of  th(> 
size  involved  in  this  accident,  !)()(>0  kilowatts.  Built  for  op- 
eration by  a  waterwheel  at  ;!<)()  revolutions  per  minute, 
the  peripheral  velocity  of  the  rotor  was  about  175  feet 
per  second,  which,  at  the  time  the  generator  was  designed, 
was  daring.  The  rotor  was  a  solid  disk,  a  nickel- 
steel  forging,  bolted  to  two  shaft  or  journal  ends.  On 
each  side  of  the  solid  disk  was  bolted  an  annular  nickel- 
steel  forging  about  nine  inches  wide  and  into  the  rotor 
were  dovetailed  ten  polepieces  weighing  5000  pounds  each. 
The  radial  force  on  one  of  these  polepieces  reached  the 
enormous  total  of  nearly  tliree  million  pounds  with  the 
nuichine  operating  at  normal  load  and  spe«d.  During 
the  test  the  unit  was  being  speeded  toward  the  specified 
maximum  of  500  revolutions  per  minute,  when,  at  460 
turns,  one  of  the  rotor  forgings  burst  and  the  machine 
was  wrecked,  fortunately  with  no  loss  of  life. 

The  accident  afforded  nuiny  lessons  for  the  designing 
engineer,  which  the  operating  engineer  also  may  take  to 
heart  in  dealing  with  the  important  problems  of  pur- 
chasing apparatus  and  supplies. 

What  precautions  are  needed  to  avoid  recurrences  of 
this  sort?  First,  in  dealing  with  high-speed  machinery, 
whether  on  the  designing  board  or  in  the  plant,  whether 
in  process  in  the  factory  or  assembled  in  the  test  room, 
the  limitations  of  employees  having  to  do  with  such  ap- 
paratus should  be  knowTi  by  the  man  finally  responsible. 
Some  one  solely  responsible  should  see  that  the  .calcula- 
tions of  the  designer  are  checked  by  the  highest  authority 
obtainable,  that  the  quality  of  materials  furnished  is 
equal  to  that  demanded  by  the  specifications,  and  that  the 
fabrication  of  material  subjected  to  heavy  mechanical  or 
electrical  strains   accords   with   the  latest  knowledge   re- 


garding the  ell'ects  of  nniiii|iidat ion,  heating,  cooling  and 
tooling  ujion  the  material  dealt  with. 

Where  heavy  high-speed  machinery  is  involved  no  di'- 
tail  of  working  tin-  Htock  which  goes  into  its  structure  i- 
lieneath  the  attention  of  the  wise  purcliaHer.  Sucli  an 
apparently  trilling  detail  as  the  omission  <if  )•  fillet  oi 
(he  nuirring  of  a  bulky  nickel-Hleel  casting  by  tool  mark- 
may  lead  to  disastrous  rcHulls.  Too  much  faith  in  the  a^ 
suiances  of  the  nuinufacturer  as  to  \\w  reliability  of  parl^ 
or  material  to  Ite  used  in  lines  outside  those  immediatel\ 
familiar  to  him  is  likely  to  lead  the  engineer  astray,  and 
an  easy-going  dependence  upon  fornu-r  practice  without 
independent  criticism  of  its  adaptability  lo  the  new  <'on- 
dilions   is   rash. 

The  engineering  industry  owes  a  debt  lo  science  for 
the  fundamentals  of  its  progress  and  in  the  intense  com- 
nieicialism  of  the  present  day  it  needs  more  of  the  trui; 
s(  ii  iitific  spirit  in  attacking  new  and  ditlicult  problems 
which  never  can  be  solved  on  the  bargain-ccninter  basis. 
This  does  not  mean  that  reliance  cannot  be  placed  upon 
manufacturing  concerns  of  long-established  reputation  in 
filling  the  reciuiremcnts  of  the  ojierating  engineer,  but  it 
does  mean  that  where  very  striking  departures  from  previ- 
ous practice  are  indicated  as  desirable,  either  in  method, 
design,  size  of  equipment,  factory  treatment  or  acce])tan(  i 
trials,  sole  dependence  safely  cannot  l)e  ])laced  upon  tin 
organization  supplying  the  a])par:ilus.  Either  one  of  tin 
purcha.'ier's  staff,  or  his  consulting  engineer,  should  in- 
vestigate the  problem,  not  u])on  the  ba.sis  of  "who  is 
right  aiid  who  is  wrong,"  but  upon  the  much  more  im- 
portant guidance  of  ''what  is  right  and  what   is  wrong." 


Tlhe  ILasa^^SiS 
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How  easy  it  is  not  to  say  what  one  means  is  instanced 
by  the  first  section  of  an  ordinance  recently  adopted  by 
tiie  council  of  the  city  of  Reading,  Penn.,  providing  for 
the  inspection  of  steam  boilers  and  the  examination  and 
licensing  of  engineers. 

BE  IT  ORDAINED  BY  THE  COUNCIL  OF  THE  CITY  OF 
READING,  that  the  office  of  boiler  inspector  be  and  is  hereby 
created,  whose  duty  it  shall  be  to  issue  a  license  to  any  appli- 
cant therefor  who  has  charge  of  or  operates  a  steam  boiler 
or  steam  engine  over  10  hp.  in  the  city  of  Reading,  etc. 

To  say  nothing  of  the  fact  that  the  "whose"  refers,  in 
the  letter — but  not  in  the  intent — of  the  ordinance,  to  the 
office  instead  of  the  inspector,  the  section  as  read  makes 
it  the  duty  of  the  inspector  to  issue  a  license  to  any  ap- 
plicant therefor,  and  the  succeeding  sections  do  not  make 
this  any  less  mandatory.  The  second  section  says  that  it 
shall  be  unlawful,  etc.,  for  one  to  run  a  boiler  or  engine, 
unless  such  persons  shall,  on  or  before  Feb.  1,  1914,  apply 
to  the  boiler  inspector  of  the  City  of  Ecading  for  a  license, 
who  (tlie  license  ?)  shall  upon  a  proper  examination  of 
the  applicant,  grant  him  a  license  for  the  term  fixed  by 
said  act. 

^Miile  the  intent  of  the  act  is  perfectly  clear,  it  would 
have  been  better  to  have  expressed  that  intent  grammati- 
cally and  precisely.  The  salary  of  the  inspector  is  fixed 
at  the  sum  of  $1500  per  annum.  It  is  to  presume  that 
this  is  simply  an  office  which  can  be  filled  in  connection 
with  other  duties.  To  specify  such  a  salary  as  compen- 
sation for  the  full  time  of  a  man  who  is  in  supervisory 
charge  of  all  the  engineers  in  Reading,  would  be  to  set 
a  miserably  low  standard  for  the  wages  of  the  craft  in 
that  communitv. 


.\lnivli    17,  1914 
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lEsspsiirasaOia    C®fill© 

The  opinions  in  llie  Feb.  7  i.snue  a.s  to  the  merits 
and  demerits  of  thawing  refrigerator  coils  with  hot 
gas  as  described  by  Mr.  Thurston,  in  the  Jan.  6  issue, 
were  interesting.  I  have  used  this  method  for  over  fif- 
teen years  and  have  made  provision  for  it  in  every  plant 
of  which  I  had  charge,  including  packing-houses,  cold- 
storage,  brewery  and  ice  plants.  It  is  not  only  the  most 
effective  but  also  the  clieapest  and  quickest  way  of  thaw- 
ing all  direct-expansion  coils;  it  is  also  safer,  if  the  sys- 
tem is  installed  and  operated  properly,  than  knocking 
or  scraping  off  the  ice. 

If  the  plant  is  large,  the  main  hot-gas  pipe  should  be 
of  2-m.  size  and  the  branch  pijjcs  1^/4  in-  in  diameter 
between  the  expansion  valve  and  the  cooling  coil.  If  the 
main  line  is  of  considerable  length  or  runs  through  cold 
rooms,  it  should  be  insulated.  In  our  plant,  I  have  in- 
stalled two  hot-gas  main  lines,  150  ft.  long,  2  in.  in 
diameter.  They  are  not  insulated  pipes  and  the  loss  of 
heat  before  entering  the  2-in.  coils  is  not  enough  to 
warrant  the  expense  of  insulation.  There  is  little  heat 
lost  because  the  gas  is  superheated. 

To  thaw  ice  from  the  coils,  I  first  close  the  expansion 
and  the  return  valves,  then  open  the  li/4-in.  valve  grad- 
ually to  avoid  the  hammering  in  the  coil  caused  by  the 
oil  and  foul  liquids  which  are  present  in  almost  all  coils. 
While  the  hot  gas  is  slowly  flowing  into  the  coils  I  open 
the  return  valve  and  regulate  it  so  that  the  suction  pres- 
sure increases  not  over  2  lb.  above  the  usual  pressure. 
This  increase  of  pressure,  and  therefore  increase  of  tem- 
perature, of  the  ammonia  within  the  system  from  which 
the  coils  are  cut  off,  will  not  seriously  affect  the  tem- 
peratures in  the  other  coolers.  I  have  not  had  as  much  as 
l/2-deg.  F.  increase  in  any  room  during  the  thawing. 

Wherever  practical,  the  freezing  coils  in  the  differ- 
ent rooms  should  be  divided  into  two  or  more  separate 
coils,  thus  keeping  the  one  coil  going  while  thawing  the 
other.  Mr.  Solomon's  practice  of  knocking  or  scraping 
off  the  ice  is  dangerous,  for  the  coils  may  be  corroded, 
and  serious  leaks  result  from  this  practice.  This  cannot 
happen  if  hot  gas  is  properly  used. 

AViLLIAM    SCHLIiarANN. 

Washington,    D.C. 


Replying  to  Mr.  Ohphuls'  comment,  I  willingly  ac- 
knowledge that  frost  nniy  be  removed  with  hot  gas,  but 
I  contend  that  it  is  a  poor  way  of  doing  it. 

Su])])ose  an  ice  machine  is  working  on  six  freezer  rooms 
to  be  kept  10  deg.  F.  above  zero,  and  they  are  piped  with 
2-in.  direct-expansion  coils  having  a  coating  of  hard 
frost  about  an  inch  thick.  It  is  decided  to  thaw  the 
frost  from  the  coils  in  one  room  with  hot  gas.  The  suc- 
tion valve  is  first  closed  and  the  hot  gas  allowed  to  en- 
ter the  coil.  This  gas  will  condense  into  a  liquid  as 
soon  as  it  enters  the  frosted  coil  in  the  cold  room.  The 
liquid  will  again  evaporate  as  it  travels  through  the  pipe 


and  will  not  have  done  any  thawing  so  far.  The  tem- 
])erature  in  the  coil  will  have  to  l)c  raised  to  cause  thaw- 
ing, and  to  get  this  sufficiently  high  temperature,  the 
])ressure  will  ha\'c  1o  be  about  50-lb.  gage  in  the  coil. 
To  get  this  pressure  in  a  cold  room,  the  coil  will  have  to 
be  nearly  filled  with  liquid;  then,  aiul  not  before,  tlir 
frost  will  begin  to  drop  off. 

How  much  work  will  the  ammonia  compressor  be  do- 
ing on  the  other  five  rooms?  Not  much,  for  the  working 
charge  of  ammonia  will  be  so  small  that  the  machine 
might  just  as  well  be  shut  down  entirely.  It  will  take 
quite  a  long  time  to  fill  the  coil  with  liquid  by  using 
hot  gas  and,  as  that  is  what  must  be  done  in  the  end,  I 
think  that  the  quickest  way  will  be  to  use  liquid  from  the 
receiver  through  the  regular  expansion  valve.  Do  not 
expect  to  work  the  expansion  valves  on  the  other  rooms 
while  nearly  all  the  ammonia  is  working  as  a  frost  re- 
mover. 

My  experience  teaches  me  that  the  best  way  to  com- 
bat the  frost  evil  in  cold  rooms  is  to  clean  the  frost  off 
at  i-^gular  intervals  with  scrapers.  Do  not  let  the  frost 
beconu'  heavy  as  it  will  act  as  an  insulator.  When  the 
frost  is  an  inch  thick,  at  the  most,  it  is  time  to  clean  it 
ott'.  A  steel  scraper  bent  to  fit  the  pipe  will  do  the  clean- 
ing quickly,  cheaply  and  safely.  Do  not  hammer  the 
coils,  for  leaks  are  likely  to  develop  in  the  pipe  seams. 

A.  G.  Soi.oMox. 

Chicago,   111. 


I  had  a  large  boilor-fecd  pump,  the  valves  and  scats  of 
which  were  badly  scoivd.  The  seats  were  merely  round 
l)ushings  of  brass,  which  I  attempted  to  remove  and  dress 
in  the  lathe,  but  not  having  the  proper  tools,  I  had  to 
do  the  job  another  way,  which  I  will  try  to  describe. 

I  first  found  a  cast-iron  disk  514XII/4  in.  and  faced 
one  side  off  in  the  lathe,  then  drilled  and  tapped  it  for 
a  %-in.  bolt  with  a  long  thread  and  locknut  on  the  top 
side.  I  then  fastened  to  it  a  piece  of  %-in.  pine  board  and 
turned  it  down  to  a  disk  4  in.  in  diameter  to  serve  as  a 
guide.  In  the  side  of  this  board  next  to  the  disk  I  cut 
a  groove  IV^  in.  wide  by  y^  in.  deep,  shown  in  Fig.  1.     I 


V.VLVE-SeAT    DnESSER 

next  broke  oif  Iavo  pieces  of  a  bastard  file  each  21/1  in. 
long  and  clamped  them  in  place  as  shown.  At  first  I  tried 
to  use  a  tee  handle,  but  found  it  unhandy,  so  I  ground 
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ilu>  holt  down  In  III  iiilo  ii  Ml  lii'iuc,  mid  il  worked  Ix'ttcr. 
Tin-  lilfs  well"  iiHcd  lor  llu'  riMi;;li  nil.  llii-ii  disks  (d' 
liii'dimii  fiiicrv  chdli  were  siilirttitiili'il  lo  liiiisli  llic  joli 
willi.  .Xricr  1  liiid  raced  olV  llic  iiictid  \id\cs,  llic  juh  was 
BUtitil'ai'loiv  ami   the  msl  small. 

W.  I'].  ('II  \M)i.i:i!. 


Worii'sler,   Miis,s. 


y. 


Testlimigg  Valve  for  LeaRai^e 

Mr.  Uac  says  on  |'.  '•'•;,  .laii.  'Jit.  liial  llic  pri'ssiirr 
ilropiU'd  froin  H.""!  In  ^O  II).  llic  lirsl  dav  u  Ihmi  lir  closrfi 
tlu'  top  valvo  oil  the  water  f,dass.  M_v  npinioii  is  lliai 
there  imist  liave  lu-en  a  little  loakajje  of  air  or  water, 
vliieli  would  make  the  iire.ssiire  i!r()|i.  Tliere  was  no  ieak- 
Jigc  in  the  f^lass  eolimiii.  tlier(d'ore  tiie  air  would  force  llic 
walcr  (lilt  (if  the  ,i;iass  iiild  Ihc  iycci\ci'  niilil  the  pressures 
ill  Ihe  rccei\er  and  ^las,-  hahinced.  .\>  llic  drop  nf  pres- 
sure was  1.")  ill.,  ail  llie  water  and  .some  of  the  air  would 
gCi  into  the  receiver  hefore  equilihriuin  was  estahlished. 

Ill  the  .second  tests,  there  was  no  leak  to  sjieak  of  in 
tlie  chaiiiiier,  hut  the  air  in  the  fila.ss  column  must  have 
<'seai>ed  and  the  pressure  in  the  chanihor  forced  the  water 
to  fill  the  whole  jjlass.  Had  the  gland  nut  at  L  heeii 
tight  in  the  second  test,  the  water  would  have  rt'inained 
at  its  normal  level,  provided  the  chamber  lost  no  pressure. 

J.advsmith,  K  C.,  Can.  ^^'-  '^-  ^'""i^" 


The  following  rule  for  belt  capacity  has  heeii  going  the 
rounds  of  the  technical  press: 

Muliiphj  ihe  belt  speed  in  feet  per  ininiitf  hij  llir  icidlli 
in  incites:.  The  resnlt  will  be  the  euer(/jj  in  irnll.<  that 
the  belt  inn  snfrh/  he  rrlirti  upon  to  fninsmif. 


wliicli  the   rule  allows.     The  pholognipli  hIiowh   that   tho 
hell   is  carrving  this  load  easily  anil  with  plcmty  of  slack. 

.Another  hell  in  a  Canadian  plant,  also  driving  an  air 
compres.sor,  is  carrying  (il,"J(M)  watts,  iiiHlead  of  only  the 
:ii),(M)()  waits  which  the  rule  would  allow. 

It  is  ti'iu'  that  when  the  lirsl  hell  was  run  tight,  tlio 
tension  heing  secured  hy  turning  up  the  screws  in  the 
hasc  of  the  motor,  it  slipped  and  hiirned.  J^iil  these  two 
cases  (and  we  can  refer  to  nunu'roiis  (dheis)  hear  out  our 
('(inleiition  that  a  hell  so  treated  that  it  can  hi;  run  loose 
and  y<'l  lia\c  sullicienl  adhesion  Id  the  pulh-y,  will  give 
miire  ami  lietler  service  than  a  hard,  slippery  hell  under 
I'Nccssive   tension. 

\\ii,i,i\.\i    I).   Voij.vo. 

i'.nllalo.  .\.  V.  Cling-Surface  Co. 

Tlhread  Leakaf^e  Fs^eveir&ted 

.\iiiong  engineers  there  arises  discussion  an  to  how  to 
prevent   thread   leaks  at  the  ]n\H'  end   which   is  screwed 


A  16-Ix.  Double  Belt  Traxsmittixg  74.6  Kw.  Eux- 
xixG  Slack 

According  to  this  rule,  a  Ki-in.  belt,  running  at  3200 
ft.  per  min.,  ^vould  transmit  only  some  51  kw.  The  ac- 
companying photograph  shows  a  dbuble  leather  belt  16 
in.  ^vide,  running  in  the  plant  of  tlie  Woodbury  Granite 
Co.,  Bethel,  Yt.,  between  the  13-in.  pulley  of  a  Westing- 
house  motor  which  runs  900  r.p.m.,  to  the  78-i-n.  pulley 
of  an  air  compressor,  and  pulling  74.600  watts  (when 
photographed)  instead  of  the 


Lead  Filleh 

into  the  hub  of  the  flange.  F.  H.  Maw's  idea,  page  932, 
Dec.  30  issue,  is  not  bad,  but  I  do  not  think  it  Avill  ans\s-er 
for  all  uses  and  temperature  changes,  especially  where  the 
line  is  run  outside  and  without  covering. 

The  illustration  shows  a  flange  which,  when  properly 
made,  will  stand  a  pressure  of  steam  or  boiling  oil  in  any 
temperature;  the  flange  has  a  recess  wdiich  is  tilled  with 
lead.  Setscrews  are  provided  according  to  the  size  of 
the  flange  (one,  two  or  three),  and  when  the  pipe  is 
screwed  into  it  the  setscrews  are  tightened  up,  so  that  the 
lead  is  forced  into  the  threads  witli^considerable  pressure, 
making  them  leakproof. 

J.  G.  Koppel. 

Sault  Ste.  Marie,  Ont.,  Canada. 

[There  are  similar  fittings  on  the  market. — Editor.] 

I*] 

There  ap])eaTS  to  be  something  wrong  with  R.  C.  Hay's 
diagrams.  Figs.  2  and  3,  in  the  Feb.  3  issue  (herewith 


Fig.   2.     Diacjram   Takex  before  Changing 
Elbow  in  Muffler 
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ivproduced).  In  Fif(.  2  the  exhaust  stroke  is  considerably 
longer  than  the  compression  stroke  and  in  Fig.  3  the 
exhaust  stroke  is  shorter.  This  is  impossible  in  most 
modern  gas  and  gasoline  engines.  I  can  understand  why 
Fig.  3  might  have  been  as  it  is,  but  1  cannot  account  for 


Fig.   3. 


DiAGJiAM    AFTER    CHANGE    IN     lUuFFLER 


the  diagram  in  Fig.  2.     A  similar  diagram  appears  on 
page  241,  of  the  Feb.  17  issue. 

Furthermore,  I  cannot  see  why  there  should  be  a  dif- 
ference in  the  peaks  and  in  the  compression  curves  as 
Mr.  Hay  shows.  To  me,  both  should  be  either  pointed, 
like  Fig.  3,  or  rounded,  like  Fig.  2. 

S.  F.  Wilson. 

New  York  City. 


aim 


^lasLaim© 


A  Corliss  engine  pounded  badly  at  the  crankpin,  and 
tightening  the  adjusting  screws  or  giving  more  or  less 
compression  had  no  effect.  The  puzzling  part  was  that 
we  could  draw  up  tightly  on  the  adjusting  wedge  and  the 
bearing  would  not  heat.  At  the  first  opportunity  the 
bearing  was  taken  apart  and  it  was  found  that  as  a 
shoulder  had  formed  on  the  back  of  the  brass,  the  adjust- 
ing wedge  could  not  be  pulled  up  past  it. 

H.  A.  Jahnke. 

Milwaukee,  Wis. 


Henry  W.  Wetgen's  article,  in  the  Dec.  16  issue,  re- 
calls my  experience  while  employed  in  a  machine  shop. 
We  had  to  rebabbitt  the  quarter  boxes  of  the  main  bear- 


.TOUKNAL 


ing  of  an  engine.  The  boxes  were  finished  and  delivered, 
but  in  a  short  time  one  of  the  side  quarter  boxes  was 
returned  with  orders  to  plane  s\  in.  off  the  back.  We 
were  told  that  we  had  put  in  too  much  babbitt,  so  that 
the  two  side  boxes  could  not  be  entered.  As  we  were 
sure  the  babbitting  was  all  right,  we  sent  a  man  over. 
He  fouiul  that  no  scraping  had  been  done  on  any  of  the 


four  boxes  to  make  a  good  fit  on  the  sliaft.  There  also 
was  a  high  point  on  the  shaft  on  both  ends  of  the  bear- 
ing due  to  wear,  as  shown  in  the  illustration.  After 
the  boxes  were  scraped  to  a  good  fit  they  were  i)ut  into 
place   without   trouble. 

H.  Jahnke. 

Milwaukee,  Wis. 

Those  interested  may  be  pleased  to  know  of  a  sim])le 
device  for  removing  inimp-valve  seats.    It  requires  no  skill 


^ 


Tool  fok  Eemoving  Pump- Valve  Seats 

in  ii-on  working  to  make  it,  but  a  furnace  fire,  a  grindstone 
or  file,  and  a  hammer  are  needed.  Bend  a  piece  of  1-in. 
iron  U-sha])e,  as  shown.  Take  two  bolts  and  file  one  side 
of  each  head,  as  shown  at  .1  and  B,  the  diameter  of  the 
bolts  to  be  a  snug  fit  in  the  space  0.  Place  the  U-shaped 
iron  over  one  corner  of  the  valve  chamber  as  at  D.  Put 
the  bolt  heads  down  through  the  ports  EE.  Let  the  side  F 
go  under  the  two  inside  rims  of  the  valve  seat.  Put  the 
nuts  on  the  other  ends  of  the  bolts,  screw  them  on  and  the 
valve  seat  will  come  out. 


Toronto.  Out.,  C*anada. 


James  E.  Noble. 


Does  Grsiplhnfte  Sialffl^eiac©  Cor^ 

The  bottom  of  tin  buckets  m  which  I  mix  boiler 
graphite  and  water,  I  find  soon  rust  or  corrode  through. 
Can  some  reader  tell  why  this  is  thus  ? 

R.  G.  Lovell. 
Courtland,  Ariz. 


1  disagree  with  F.  I{.  jMaw,  page  !»3-3,  I>ec.  30  issue, 
as  to  his  soldered  joint.  If  there  should  be  a  slight  vi- 
bration of  the  pipe  it  will  tend  to  work  the-  solder  loose 
and  then  more  calking  will  be  necessary. 

In  my  experience  around  steel  and  iron  mills,  I  find 
that  the  following  method  is  used  with  good  results. 
Countersink  the  face  side  of  the  flange  i/s  of  an  inch, 
screw  the  pipe  in  until  it  comes  flush  with  the  face  of 
the  flange  (if  the  end  of  the  pipe  should  project  through 
the  flange  in  making  it  up  trim  it  off  with  a  chisel),  and 
with  a  ball  peen  hammer  peen  the  end  of  the  pipe  out 
until  it  fills  the  countersink  all  the  way  around.  I  never 
saw  any  leaky  joints  when  put  up  in  this  way. 

St.  Cloud,  Fla.  F.  M.  BiiNJAMiN. 


384 


l'<)  W  I',  If  V„l.  ;t!»,   \,,.    11 

l>i«iiiuiiiiiiiiiiiiniiniiiiiHiiiiiiiiiiiiiiii)iiiiiiiiiiiiiiiiiiiiiiMiiiiiiinnniiiniiiiiiiiiiiiiniiminiiiiiiiiiiiniiiiiiiiiiMiiMiirij|iir»uuiiiiiiiMiiiii»iiiiiiii^ 


Iimqjtiiries  of  G^' 


Ml  )\^'  '.^Tf^M-A 


)[  ]I  Interest 


iiiiiiiiiiiiiiiiiiiiiuiiinHimiiiiiiniiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiH 


KInt  <°iini|M>niiil<-il  <.<-ii<Tiitor  Wln-ii  Is  :i  kciki  iiloi-  huIiI  Id 
III'   tial   I'liiniioiiiuli'il  ' 

V.    S. 

WluMi  ItH  Hhunl  aiul  HcrlcH  coIIh  iiro  »ci  iinipiiilliini-d  lliiil 
till'  voltiiKi'  ri'iiiiiliiH  prnctlciilly  conHtiint  at  all  ImnlH  wllliiii 
a    pi'edi'ti'i'iiiiiii'd    raiiKi' 

Air  C'hnnilirr  on  l>uni|i  Siir<lfiu — What  is  tlir  |>ur|iosi'  of 
placing    an    air    iliaiiilicr   uii    tin'    Miiitioii    slele   of   a    pump'.' 

H.   I).   N. 

'I'll  olitalii  uM  air  ciisliloii  for  prevcntliiK  water  hainincr 
I'aiised  by  suddoii  chiH'kliiij;  of  the.  velocity  of  tlu'  suction  wa- 
ter when   the  pump  piston  stops  or  reverses. 


I  ne  of  KortlfylnK  I'ommutntorM — Why  arc  not  rectifying 
commutators   used    more   extensively'.' 

A.    F.    M. 

With  heavy  currents  and  hlph  voltages  their  use  is  accom- 
panied by  excessive  sparking  at  the  brushes  and  their  eni- 
ploynient    is   limited   to  small   currents  at   mo<lerate   voltages. 


Itaillutluu  of  Heat  from  Oily  SurfneeM — What  is  the  relative 
loss  of  heat  by  radiation  from  the  polished  surface  of  a  cyl- 
inder head  whether  oiled  or  dry'.' 

C.    n. 

The  loss  of  heat  from  polished  cast-Iron  cylinder  head  is 
about  2H  times  as  much  per  minute  when  moist  with  oil  as 
when  wiped  perfectly  dry. 


Draft  iiuKe  ConneetionM  MuHt  Be  TiKlit — Should  draft  Kane 
connections  be  made  by  straight  pipes  or  may  they  be  made 
with   pipe   bends   and    elbow   fittinss'.* 

I.    C. 

As  there  is  no  How  through  the  connections  they  may  be 
made  with  bends  and  fittinBS,  but  for  correct  draft-ffage 
indications   all   Joints   must   be   perfectly   draft    tight. 

Clearance  of  Vnlve  with  Pre«Nure  Plate — What  should  the 
clearance  be   for   a   balanced   slide   valve   with   pressure   plate'.' 

C.  S. 

The  clearance  should  be  only  enough  to  compensate  for  any 
inequalities  of  expansion  and  for  that  purpose  the  distance 
pieces  supporting  the  pressure  plate  are  usually  made  about 
two  one-thousandths  of  an   inch  thicker  than  the  valve. 


Pressure  on  Disoharjje  Side  of  Induced  Draft  Fan — Should 
not  the  pressure  on  the  discharge  side  of  the  fan  in  an  induced 
draft  system  indicate  a  pressure  above  atmosphere  because  of 
the  fan  forcing  the  gases  up  the  stack? 

J.   S. 
The  pressure  may  be  greater  or  less  than   that  of  the  at- 
mosphere depending,  for  the  given  capacity  of  the  fan,  on  the 
temperature  of  the  gases  and  the  size  and  height  of  the  stack. 


Joints  of  Brine  Tanlis — What  is  the  object  of  using  tarred 
paper  between  the  joints  of  a  steel-plate  brine  tank  and  how- 
do   such   joints   compare   with   ordinary   riveted   joints? 

S.  W.   X. 

In  erecting  brine  tanks  tarred  paper  is  sometimes  used  as 
packing  placed  between  the  lap  of  joints  that  are  bolted  to- 
gether, but  such  joints  are  not  as  good  nor  as  durable  af 
hot  riveted  joints  made  tight  by  calking  the  edges  of  the 
plates. 


Ratio    of    Heating    Surface     for     Factory     Buildings — How 

many   cubic   feet   of  space  are   usually   allowed   per   square  foot 
of  «team  pipe  radiating  surface  for  warming  factory  buildings 

S.  R. 
For  average  winter  weather  requirements  of  the  northern 
states,  and  -with  average  brick  construction  of  factory  build- 
ings, ordinary  exposures  and  good  distribution  of  radiating 
surfaces,  it  is  usual  to  allow  a  ratio  of  80  to  90  cu.ft.  of  space 
to  one  square  foot  of  pipe  radiating  surface,  varying  accord- 
ing to  the  exposure  and  uses  made  of  the  rooms  which  are 
heated. 


Compressibility   of  'Water — How   much    would    a    given    vol- 
ume of  Waaler  be  compressed  if  subjected  to  a  pressure  of  100 

lb.    per   sq.in.? 

E.  R. 


The  ccniiiri'MMilillHy  of  water  Is  from  0.00004  to  (i  (tO'i  > 
its  original  volume  for  n  preMHiire  of  one  atinospheie,  ii 
easing  Willi  increase  of  teiiiperHtun-.  Allowing  avcrur,' 
mpresMiblllty  of  0.000045  of  volume  for  a  pressure  of  ono 
mosphere  and  one  atmosphere  as  e<|ulvulent  to  14.7  lb.  pnr 
In.  Ilieii  for  HiO  lb.  pressure  per  sq.lli.  u  given  volume  of 
ilei     Wdiilii    111'    I'liinpreHSi'd 

100     y     0.0UO04.'> 


14.7 

or   about  '/nw;  "f    Us   original    volume. 

Stack  Size  I  hIuk  Oil  Fuel — In  a  case  where  a  4K-in.  diameter 
stack  lio  ri.  high  is  suitable  for  a  350-hp.  boiler  burning  bitu- 
mlMoiis  eoal.  for  what  increase  of  boiler  capaelt.v  would  the 
.'iaine   slack    be   suitable   using   oil   as   fuel? 

J.  a.  a. 
In  burning  oil  owing  to  the  smaller  volume  of  gas  formed 
as  compared  with  coal,  the  forced-draft  action  of  oil  burners 
and  the  absence  of  obstruction  to  draft  by  grates  and  a  bed 
of  solid  fuel,  it  has  been  found  that  for  the  same  boiler 
capacity  a  stack  of  about  BO  per  cent,  capacity  is  Bufflcient 
when  burning  oil.  Therefore,  a  stack  suitable  for  develop- 
ment of  350  boiler-horsepower  burning  bituminous  coal  with 
natural   draft   should    be   adequate    for 

350 

=   583 

0.60 
boiler-horsepower   when   oil   is   used   as   fuel. 


Holler  Horsepower  of   Stenm  Keiiuired   for  Steam   Kettles — 

Without  allowance  for  losses  of  heat  by  radiation  or  by  evap- 
oration from  the  surface  of  the  water,  what  number  of  boiler- 
horsepower  would  be  required  for  heating  in  steam  jacketed 
kettles.   3000  lb.  of  water  per  hour,  from  62  to  212  deg.   F. ? 

E.    C. 
Each  pound  of  water  would  require  212  —  62   —   150   B.t.u., 
and  for  heating   3000   lb.   there  would   be   required 

aOOO     X     150     =     450,000    B.t.u. 
As  one  boiler-horsepower  is  equivalent  to  the  evaporation  of 
34 Vi  lb.  of  water  per  hour  from  and  at  212  deg.  F.,  each  pound 
requiring   for   the   latent   heat   of   evaporation   970.4    B.t.u.,   one 
boiler-horsepower  is  therefore  equivalent  to 

34  V4     X    970.4    -    33,4  79    B.t.u.    per    hour, 
hence  to  heat   3000  lb.   of  water  per   hour   under  the  conditions 
stated  would  require 

450,000    ^    33,479    =    13.4  r     boiler-horsepower. 


HorsepfMver   per    Square    Inch    of   Indicator   Diagram — 'U'hen 

a  numijer  of  indicator  diagrams  are  of  the  same  length  and 
taken  with  the  same  scale  of  spring,  how  would  the  horse- 
power constant  be  found  per  square  inch  of  area  of  the  dia- 
grams obtained  by  a  planimeter? 

H.  J. 
The  mean  effective  pressure  of  a  diagram  being  its  area  In 
square   inches   divided   by   its   length   in   inches  and   multiplied 
by   the  scale   of  the  indicator   spring,  or 

a    X    s 
mean   effective    pressure    =    


I 


then   in   the   ordinary   formula 

P  X  L  X  A  X  N 

hp.    = 

33.000 

by    substituting    the    value    of    the    mean    effective    pressure   for 
P  we   would   have 


X   L  X   A  X  N 


1 


hp.  = 


/s  X 
=  ax(— 


X   I-  X   A   X   X- 


33,000  ^       1  X  33,000        / 

and  by   making  a   =    1,   the   formula  becomes: 

S  X  L  X  A  X  X 
hp.   for   1   sq.in.    of   diagram    =   —-_-—_ 

i  e.,  the  number  of  horsepower  per  square  inch  of  area  of  the 
diagram  is  found  by  multiplying  together  the  scale  of  the 
indicator  spring  and  the  length  of  the  stroke  in  feet  by  the 
area  of  the  engine  piston  in  square  inches  and  the  number  of 
strokes  per  minute,  and  dividing  by  the  product  of  the  length 
of  the  diagram   in  inches  and  33,000. 
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Cusrve  FIlotMiag=«=SHH 

From  the  preceding  lessons  we  can  conclude  that  all 
quantities  may  be  divided  into  two  classes:  constants  and 
variables.  A  constant  (|uantity  is  one  that  maintains  a 
fixed  value,  for  example,  the  length  of  the  stroke  of  an 
engine  does  not  change.  'I'he  speed  and  the  load  may 
change  but  the  stroke  remains  the  same  under  all  condi- 
tions. A  variable  is  a  quantity  wliose  value  is  changing. 
Variables  may  be  subdivided  into  dependent  and  indi'- 
pendent  variables.  Thus  the  mean  elfective  steam  pres- 
sure in  an  engine  cylinder  is  a  dependent  variable,  for 
its  value  is  determined  by  the  load  on  the  engine.     The 


coiiskint.     Tliis  is  the  approximate  law  I'oi-  the  e\j)ansion 
of  steam  in  the  engine  cylinder. 

For  every  ])ressure,  saturated  steam  has  a  definite  vol- 
ume, and  a  fixed  temperature.  These  values  liave  been 
determined  largely  from  experiment.  The  following 
table  gives  the  values  of  the  volume  for  certain  pressures: 


Absolute 

Pressure 
Volume,     cub 

feet    38.3!!    20. US    13.74    10.49   8.51 


10 


30 


Fig.  8. 


,     Cubic 
lOCu.Ft 

PT?KSSUUK-V0Ll'irK   CrfiVE 


load  on  the  engine  is  an  independent  variable,  for  it  can 
be  changed  at  will.  (In  a  sense  the  load  is  a  dependent 
variable,  as  it  is  limited  by  the  power  of  the  engine.) 

As  explained  in  the  second  lesson,  a  physical  law  may 
be  stated  in  the  form  of  an  algebraic  equation,  or  it  may 
be  represented  graphically  by  the  aid  of  a  curve  or  graph,, 
md  in  most  cases  the  latter  method  will  give  a  clearer 
idea  of  the  law  of  variation  than  will  a  mere  setting  down 
it  the  equation.  Take,  for  example,  the  law  of  the  ex- 
oansion  of  gases  which  states  that  the  product  of  the 
ihsolute  pressure  times  the  volvnie  w  equal  to  the  lueight 
)f  the  gas  times  the  absolute  temperature  of  the  gas. 
'imes  a  constant  vhich  is  dependent  upon  the  gas.  Stated 
n  the  form  of  an  equation  there  results, 

PV  =  WRT 
\ssume  W  as  unity  and  let  T  remain  constant,  and  we 
lave  the  well  Icnown  isothermal  law  that  if  the  tempera- 
ure  of  a  gas  remain  constant  then  the  product  of  the  ah- 
olute  pressure  and  volume  of  the  gas  will  also  remain 


;o      70      80        90      100 
17    6.2    5.47    4.89    4.43 

Frequently  tlie  engineer  desires  values  not  given  in 
the  table  and  is  at  a  loss  to  know  how  to  determine  them. 
This  gives  rise  to  another  useful  application  of  curves, 
namely,  the  determining  of  intermediate  values  not  given 
in  the  table.  Let  us  now  plot  the  curve  showing  the 
relation  between  the  pressure  and  the  volume  of  saturated 
steam.  Let  distances  (abscissas)  measured  along  the 
line  OX,  Fig.  8,  represent  the  volume  in  cubic  feet  to  a 
definite  scale;  let  distances  measured  along  the  vertical 
OY  represent  pressure,  to  another  scale.  Lay  off  an 
ordinate  equal  to  10  lb.  From  the  table  the  volume  for 
this  pressure  is  38.38  cu.ft.  These  two  values  give  us  the 
first  point  on  our  curve  and  similarly  other  points  can 
be  plotted.  Through  the  points  thus  plotted  draw  a 
smooth  curve  and  we  have  a  graphical  relation  between 
the  volume  and  pressure  of  saturated  steam.  Suppose 
the  volume  is  desired  at  62  lb.  pressure.  This  can  be 
found  from  tlie  curve  as  follows: 

Lay  off  the  distance  OA  (to  scale)  to  represent  63  lb., 
draw  the  horizontal  line  AB ;  at  the  point  of  intersection 
B  with  the  curve  drop  a  perpendicular  BO,  cutting  the 
\olume  axis  at  C.  Then  the  line  OC 
multiplied  by  the  volume  scale  gives 
the  desired  volume  which  in  this  case 
is    6.95   cu.ft. 

Another  instance  where  a  knowledge 
"of  curve  plotting  is  es.sential  is  in  the 
testing  of  boilers,  engines,  generators, 
motors,  etc.  A  mere  tabulation  of  the 
data  taken  during  the  test  is  of  lit- 
tle value  in  giving  a  general  conception  of  the  perform- 
ance of  the  given  unit.  The  following  table  gives  the 
results  of  a  series  of  tests  on  a  four-cylinder  four-cycle 
Diesel  oil  engine. 

12  3  4  5  6 


Test  No.  1 

Kw 31  71 

Net    b.hp 2  50  111 

R.p.m 171  169  167 

Pounds      of      fuel      per 

b.hp.    hour 0,77  0.48 

Thermal    efficiency M.AJ,  27.8'" 


ion 

163 
164 


150 
220 
165 


169 
246 
162 


0.45        0.44     0.444 
29.5%    30.3%    30.2% 

In  Fig.  9  let  distances  along  the  axis  OX  represent  the 
net  brake  horsepower  (b.hp.)  to  an  assumed  scale.  Let 
the  ordinates  along  OY  equal  the  revolutions  per  minute 
to  a  definite  scale.  From  the  values  given  in  tlie  table 
locate  the  necessary  points  and  plot  the  curve  .47?  which 
shows  at  a  glance  tlie  variation  in  speed  of  the  engine  as 
the  load  is  increased  or  decreased. 

It  is  often  desirable  to  have  on  the  same  chart  a  series 
of  curves  showing  the  relation  between  the  dependent 
and   the   independent  variables.      In   a   commercial   test 
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(Ijc  liiinl  JH  lakt'ii  iiH  till'  iiuU'pt'iidcnt  varinl)Io.  In 
I'liKi'  we  will  liikc  M|HTil,  (luTiiial  ciruiciu y  and  i'lii'l 
8uni|)ti(>n  as  llio  (Iciicndcnt  variablcH.  To  jtlot  tlit-Hc 
furvi's  till'  Hanu-  aiiMcissas  (Uiad)  can  lie  usfd,  liul 
viTlii-al  wales  must  lu-  assnnu'd.  At  ilic  rii,'lil  of 
1)  lot  dislancfs  aloiij,^  .V)''   n'i)n'si'ni    I  hernial   ciricir 
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in  por  cent,  to  an  assnnu'ii  scale — one  unit  on  this  lin(! 
will  necessarily  mean  something  entirely  different  from 
one  unit  on  the  line  OY.  Next  take  the  values  of  the  effi- 
ciencies from  the  table  corresponding  to  the  brake  loads ; 
locate  a  new  set  of  points  and  through  them  draw  tlie 
curve  CD.  From  this  curve  we  find  that  the  maximum 
elTieiency  occurs  when  the  load  is  220  b.hp.  The  curve 
also  shows  how  the  efficiency  decreases  under  light  loads 
and  also  on  the  overloads. 

There  remains  the  fui'l-consumption  curve.  Here, 
again,  a  new  vertical  scale  must  be  assumed  and  will 
represent  pounds  of  fuel  per  brake  horsepower  per  hour. 
To  avoid  confusion  it  is  well  to  mark  the  values  for  fuel 


^" 

"^ 

^ 

Fig.  10. 

inside  the  line  OY  and  keep  the  values  of  speed  outside 
the  line  OY.  Taking  the  necessary  values  from  the  table 
and  plotting  the  points  there  results  the  curve  GH.  Still 
further  curves  might  be  plotted  on  this  same  chart.  The 
student  is  urged  to  plot  these  same  curves  to  different 
scales  and  compare  the  results. 

By  a  careful  study  of  the  curves  shown  in  Fig.  9  pre- 
dictions can  be  made  as  to  the  probable  values  under 
other  conditions  of  load.  Thus  if  the  net  brake  horse- 
power were  run  up  to  270  (provided  the  engine  would 
carry  such  a  load)  the  efficiency  would  likely  drop  to  the 
point  E  or  about  27  per  cent.  This  value  is  found  by 
extending  the  curve  to  the  point  E  by  following  the  gen- 
eral outline  of  the  curve  CD. 

In  plotting  curves  of  this  type  great  care  must  be  taken 
to  select  suitable  scales  or  false  dediictions  may  be  drawn 
from  the  results.     No  definite  rules  can  be  given  as  to 


what  units  should  be  used  liul  it  is  hardly  probabli-  (lui 
we  would  lake,  say,  seven  or  nine  units  per  inch  bu 
rather  four  or  eight,  or  still  bi-tter  multiples  of  ten.  I: 
choosing  the  seales  two  things  should  be  borne  in  mind 
(1)  'I'hal  the  scales  should  be  large  enough  to  give  ih 
reipiired  degree  of  accuracy  and  (2)  that  they  shoul 
not  be  so  large  as  to  separate  the  points  of  observation  b 
great  distances  or  to  represent  a  degree  of  accurae 
greater  than  the  origiiuil  figures.  In  all  such  cases  th 
scales  should  be  clearly  marked  u|)on  the  axes  and  hot 
scales  should  start  with  0  vahu;  at  flic  origin  or  the  U 
tersection  of  the  axes  of  A'  and   )'. 

.\t  times  when  an  attempt  is  made  to  ])lot  a  curv 
between  two  variables  it  will  Ik;  I'ouiuI  that  a  smooth  curv 
cannot  be  drawn  that  will  touch  or  pass  through  all  th 
points  of  ob.servation,  due,  perhaps,  to  unavoidable  inai 
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Fig.  11. 


curacies  in  the  readings.  In  such  ca.ses  (see  Fig.  10 
locate  all  the  points  and  mark  them  by  a  o  or  +,  an 
then  draw  a  smooth  curve,  as  shown,  to  touch  on  the  a^ 
erage  values  or  pass  as  near  to  them  as  possible. 

As  a  final  application  let  us  consider  the  case  of  a  ga 
engine.  It  is  desired  to  find  the  probable  pressure  at  tli 
end  of  the  compression  stroke.  The  approximate  law  c 
compression  is 

PV*  =  coiiyfunt 
Let  the  clearance  volume  erjual  1\  and  the  total  cylindc 
volume  (piston  displacement  plus  clearance)  equal  7 
Let  Pi  equal  the  pressure  at  the  end  of  compression  an 
P^  equal  14.7  equal  the  pressure  at  the  beginning  of  com 
pression.    Then 

P 


1" 


P 


;  =  (R)' 


This  makes  a  hard  equation  to  solve  and  to  facilitate  com 
putations  of  this  character  curves  are  plotted  giving  th 
ratio  between  pressures  for  given  volume  ratios.  If  th 
clearance  is  33^  per  cent,  the  volume  ratio  is  then  4  an' 
from  the  curve,  Fig.  11  (plotted  from  computed  data 
the  pressure  ratio  is  approximately  seven.  Therefore,  th 
pressure  at  the  end  of  compression  equals 

7  X  14.7  =  102.9  Ih.  ahs.  =  88.2  Ih.  gar/e. 
From  these  illustrations  we  see  that  the  plotting  o 
curves  is  very  useful  to  the  engineer  in  helping  him  t' 
interpret  data  from  tests,  to  predict  results  under  otbe 
conditions,  to  find  intermediate  values  not  given  in  table 
and  to  aid  in  the  solution  of  complicated  ratios. 
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JUST  J  i;  S  T  S,  J  A  B  S,  .1 0  S  H  E  S  A  N  D   JUMBLES 


The  editor  of  a  Michigan  paper,  says  "Factory,"  apologised 
for    Its    late    appearance    as    follows: 

"The  Times  is  late  this  week  because  our  gasoline  engine 
got  a  cranky  streak.  The  more  we  cranked  it  the  crankier 
It  got.  We  unscrewed  the  umbilicus  and  took  out  the  trajec- 
tory. This  seemed  to  be  all  light  and  we  concluded  that  there 
might  have  been  a  leakage  of  the  synovial  fluid  through  the 
pyloric  orifloe  into  the  appendix.  We  had  a  deuce  of  a  time 
removing  the  appendix  with  a  monkey  wrench  and  a  cold 
chisel.  There  was  nothing  in  it.  There  is  a  pipe  that  runs 
from  the  engine  up  through  the  roof  of  the  press  room.  We 
had  noticed  when  the  engine  was  running  that  this  pipe  said 
'kapunk'  every  time  the  clapper  of  the  engine  said  'kapeet.' 
We  examined  the  kapunker  and  found  that  a  swallow  had 
built  a  nest  in  it.  This  solved  the  mystery.  The  engine 
couldn't    "kapeet'    because    the    kapunker    couldn't    'kapunk.'  " 

Don't  be  too  humble — everybody  steps  on  the  doormat — 
"Obermayer   Bulletin." 

True  for  you,  Sammy,  but  don't  be  too  cocky,  either,  for 
many  a   man  has  gone  to  the  mat   foi-  just  this  thing. 


An  Efficient  Check  Valve 

"You  don't  pass  this  door  tonight,  George  William.  This 
I  liiht    work    is    ruinin'    your   health." 

w. 

Wonder  how  an  engineer  was  appointed  as  a  master  in 
(  lancery  to  determine  what  are  the  rights  of  the  Arkansas 
Water  Co.  The  lawyers  had  better  look  into  this.  They 
know  little  or  nothing  of  engineering,  but  they  get  nearly  all 
the  fat  jobs  that  pay  anything.  No,  we're  mistaken.  Two 
photographers,  a  printer  and  an  insurance  collector  have  re- 
rontly  civil-serviced   into  a   municipal   ferry   as   deckhands. 


Xovv    and    again,    some   power-plant   man's   Wife   writes   ua: 

F'lr    my    sake,    do    not    send    the    paper   any    more;    we    can't 

■  1   pay   our   household    debts.      Besides,   Hubby    never   opens 

It  seems   that   Hubby   is   a   fireman   and   gets  $'^2   a   week. 

'1    wife!     But  ding  bust  you.   Hubby!     Probably  "If  you  had 

upd  the  paper  and  let  some  of  it  sink  into  your  ivory  top- 

'',   by   this  time  you   might  be  an   engineer — a  i^pgrular  fel- 

>>  .  with  real  wages.  _-, 

^  •-"  ■    ''    ■' 

Spizzerwinktum" — Now  don't  laugh!  That's  a  real  word, 
M DT-ding  to  the  latest  "Standard  Dictionary."  It's  a  good 
v'Mil,  too,  because  it  means  vim.  ginger,  energy,  and  all  those 
liiiiys.  and   then  some. 


A  simple  and  efficient  fire  extinguisiier,  the  J-M  Fyro, 
(liscliai'gcs,  by  means  of  compressed  air,  a  liquid  gas  said 
to  be  40  times  as  effective  as  water.  Ko  mechanical  force 
is  required  to  operate  it.  It  is  only  necessary  to  hold  it 
upright  and  turn  a  small  valve  wheel. 

This  little  fire-fighter,  which  is  made  by  the  IT.  W. 
Johns-Manville  Co.,  Madison  Ave.  and  Forty-first  St., 
New  York  City,  measures  but  3.\15  in.  It  throws  a 
spray  as  well  as  a  stream ;  the  spray  can  be  thrown  a  dis- 
tance of  10  ft.,  the  stream  25  ft.  The  spray  is  most  ef- 
fective on  small  fires,  which  are  scattered  over  a  com- 
paratively large  area ;  the  stream  is  usually  best  for  small, 
concentrated  fires. 

The  advantage  of  the  spray  is  that  it  will  cover  the 
blaze  oi'  the  average  incipient  fire  so  that  all  of  the  licjuid 
gas  volatilizes.  In  so  doing,  the  gas  forms  a  dense  com- 
bustion-arresting blanket  five  times  as  heavy  as  air.  Be- 
cause of  its  density  and  weight  it  quickly  envelops  the 
flames,  displaces  the  oxygen  and  extinguishes  the  fire. 

As  the  extinguishing  fluid  contains  no  water,  it  is  a 
nonconductor  of  electricity  and  can  accordingly  be  used 
in  electric  fires  without  danger  of  short-circuits.  The 
fluid  can  also  be  used  on  gasoline  and  electric  fires.  As 
the  fluid  is  noncorrosive,  it  does  not  cause  rust,  and  will 
not  injure  the  skin  nor  harm  delicate  fabrics  or  furnish- 
ings. 

c^tSia^   Eiagfliaes 
By  John  S.  Leese 

A  plant  of  interest  is  that  at  the  Ban*?  -^Wbod  'MfUs, 
Stalybri^e,  Eng.  | 

The  poVer  house  contains  four  engines;  jSTos.  1  ai^d  2 
are  geared^  to  a  common  shaft  frony, which  one  section  of 
the  mill  i^driven,  and  Nos.  3  and  J^.to  a  shaft  transmit- 
ting powei!;,to  the  rest  of  the  mill.  '*!Engiue  No.  2'i-runs  at 
high  pressiip  to  engine  No.  1,  forming-  a  compound  unit, 

and  engine'No.  4  runs  at  high  i)r^|9^q-c   ^^  '-'  ^''^    " 

making  a^feecond  compound  unit.,?''  ,,.<• 

All  the  engines  are  old.  Biigine'^o.  -w,,.  „„.,l;  ,i. 
1865.  is  of  the  true  vertical  type  wim'-the 'trankstiaft 
above  the  c^'linders,  the  head  ends  of  which  were  bojted 
to  the  fqaindation  plate.  The  two  double-acting  cylin(|lers 
are  16-in.  bore  by  30-in.  stroke,  and  the  engine  speed  is 
80  r.p.m.  Engine  No.  1  was  installed  in  1833,  by  James 
Watt  &  Co.,  of  Soho  Ironworks,  Birmingham  (formerly 
Boulton  &  Watt).  It  is  an  old-pattern  side-lever  marine 
engine,  with  two  double-acting  cylinders,  42-in.  borci  by 
48-in.  stroke,  and  having  a  speed  of  38  r.p.m.  The 'fly- 
wheels of  both  engines  have  toothed  racks  cut  around  their 
peripheries,  and  both  are  geared  wi|}i,  wheels  on  one  of 
the  mill  main  line-shafts.  Steam  at  120  lb.  is  supplied 
to  both  cylinders  of  No.  2,  which  exhaust  into  a  receiver 
from  which  the  steam  passes  to  both  cylinders  of  Nd.  1, 
the  receiver  pressure  being  about  IS  lb.  Vacuum  is  main- 
tained by  a  jet  condenser  at  about  25  in.  \ 

No.  4  engine  was  a  two-cylinder,  horizontal  Corliss 
type,  with  17-in.  cylinders  and  30-in.  stT'oke,  runnin,^  at 
80  r.p.m.  This  machine  was  originally  installed  in  l)*>fi4, 
but  in  1892  it  was  practically  rebuilt.  Whether  it  Lid 
Corliss  valves  originally.  I  do  not  know.  I  was-told  (hat 
the  only   parts   of   the   original   engine   which   had  been 


to  engirife  Nd.  3 
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iclnlncd  \v(>ro  tlic  rrnnksliaft.  i-oiinciling-rodK  and  ll.v- 
wIh'cI.  Noliody  knew  the  naiiic  of  tlii'  oi'ij,'inal  nnikciH, 
llidii^'h  il  wa.-i  said  to  liaNc  lin-ii  an  Anit'iican  nia- 
cliiiif.  Mnjs'inc  .'t  wa.s  in.^talli'd  in  IHITi  l)y  Hick  &  Cu.. 
(if  Uolton  (now  Hick,  Ilal'^'l'cavc,^  \'  Co.,  Ltd.),  and  is  a 
(wo-cvlindcr,  iloiililc-actin^'  licani  cn;;inc,  'lO-in.  Ihmc  liy 
Sl-in.  stroke,  lunniiif^  at  VM  r.p.ni.  It  is  of  interest  in 
tlujt  it  is  provided  with  sleani-jaeketed  cylinders,  and  lias 


as  a  low-prPBHuro  side  of  n  compound  unit.  The  beam 
en;;ine  e.vliaiists  into  a  jet  condenser  niaintainiiiK  27  in. 
vaciiiiiii. 

Tile  iiiill  manager  saiil  llial  the  avei'a;;c  coal  conKiiiiip- 
tion  of  the  |dant  was  alioiil  :t  Ih.  per  i.lip.-hi. ;  not  a  Imd 
ecoMoiiiy  for  a  lot  of  eii;,Miie.'^  of  their  af,'e  and  con- 
dilioii. 

The  novelty  of  tiiis  old  plant   is  that   in  each  case,  two 


tlie  old  ty|H'  of  packed  D-slide  vahos.  Kn<,'ine  .\o.  I  re-  twin-cylinder  engines  runiiinf;  at  dillerenl  speeds  and  of 
eeivcs  steam  at  120  Ih.,  exhausts  into  a  receiver  at  ahout  alto^'ether  diirereiit  types,  run  as  hi;,di-  and  iow-jiroHBure 
1(1  11).  and  "uns  as  hif^Ii  ])rtssnre,  tlie  lieam  eiif^ine  working      ,<iiles  of  a   lonipoiind   unit. 


comioinm^  of  RoMinmg  MiM  Reversmg; 


S).\()I'SIS — 'I'lir  rnni iiclilinn  hrhrrcn  steaw  niid  clcc- 
trir  drill's  for  mills  has  hi'vn  a  hciillluj  slimuliis  lo  I  he 
desiijn  of  sl<-aiii-ri'versin(j  i-nf/incs  for  rolling  mills,  with 
the  rrsiill  Ihal  the  ecotiomij  of  such  niginos  has  hcpii 
f/rfatli/  imp^roved. 

Iniiiroved  economy  lor  llie  typo  is  shown  in  the  fe.?ult.s 
from  losts  of  a  46  and  76  hy  60-in.  twin,  tandem,  com- 
pound, reversing  engijie,  Fig.  1,  huilt  hy  the  Mesta  Ma- 
chine Co.,  Pittshurglv,  for  tlie  Youngstown  Sheet  &  Tuhe 
Co.  Although  this  engine  has  heen  hriefly  descrihcd  in 
a  previous  article,  it  is  desirable  to  give  in  detail  those 
features  which  have  made  this  steam  economy  possible. 


From  Fig.  2^  't  will  be  noticed  that  there  is  but  one 
controlling  lever  A,  and  that  it  operates  the  relay  valvp 
which,  in  turn,  controls  both  the  reversing  links  and 
llii(ilth'.  W'iicii  the  main  reversing  lever  is  in  position 
H  or  ('.  the  ihrotlle  i>  wide  ojjcn  ;  in  position  I),  it  in 
clo.se(l.  The  .steam  jiressun?  and  the  cutoff  with  which 
the  engine  works  are  therefore  so  interconnected,  that 
at  light  and  medium-heavy  loads,  the  operator  must 
work  with  a  combination  of  throttle  and  cutoff  control. 

While  operation  with  cutoff  is  theoretically  possililc 
with  any  two-lever  reversing  engine,  it  would  require 
almost  superhuman  attention  and  skill  from  the  operator 
and    is    therefore    practically    imi)ossible.     Investigation 


Fif!.  L  Mesta  46  and  76  by  60-Ix.  Eeversixg  Engine  at  Plant  of  the  Youngstown  Sheet  and  Tube  Co. 
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shows  (hat  iiiosi  (ipci-ators  g'wv  inaxiiuiiin  cvitoll'  at  llio 
beginning  oi'  the  })a,ss  and  then  control  by  the  throttle 
alone.  The  fact  that  cutoff  is  attained  with  the  single- 
lever  control  is  furnished  by  Fig.  3,  which  shows  indi- 
cator cards  selected  at  random  from  those  taken  dur- 
ing the  test  which  is  herewith  described. 

The  opening  of  the  throttle  is  not  simultaneous  with 
the  movement  of  the  reversing  lever  from  the  point   /), 


20  and  22  lb.,  depending  somcwliat   upon  the  method  of 
rolling,  so  that  21  lb.  may  Ije  taken  as  the  average. 

To  make  sure  that  the  new  method  of  control  would 
allow  sutficiently  quick  handling  of  the  engine,  the  time 
lor  reversal  was  repeatedly  tested.  The  average  time  of 
change  from  60  r.p.m.  in  one  direction  to  20  r.p.m.  in 
the  other  was  found  to  be  2-fij  sec.  Since  these  speeds  are 
ordinarily  fouiul  at  the  end  and  at  the  beginning  of  the 


Fig.  2.  Outlixe  ok  46  and  76  by  60-Ix.  Twix  Tandem  Compound  Reversing  Engine,  Showing  Single  Lever 

Control 


or  there  is  a  certain  idle  stroke  of  the  throttle  valve. 
When  the  throttle  opens,  steam  is  admitted  through  the 
auxiliary  ports  in  the  bushings  of  the  main  piston  valveg. 
This  combination  of  idle  throttle-valve  travel  and  aux- 
iliary ports  makes  possible  smooth  and  certain  starting 
in  any  position  of  the  cranks.  These  auxiliary  ports 
admit  steam  during  the  regular  operation  of  the  engine — 
that  is,  during  the  rolling  process — but  while  they  are 

arge  enough  for  quick  starting,  they  are  too  small  to 
affect  the  shape  of  the  regular  indicator  cards  or  the 
-team  consumption  of  the  engine. 

The  success  of  the  engine  depends  not  so  much  upon 
ihc  mere  presence  of  the  auxiliary  ports  as  it  does  upon 

he  careful  proportioning  of  the  throw  of  the  eccentrics, 


I 


!<;.   3.     Indh'atoi!    Diagkams   fik)M    Hkui-   and  Low- 
J'lMv.ssriiK   Cylinders  •■" 

ir    length    of    the    links,    the    size    and    location    of   the 

ixiliary  ports  and  the  shape  of  the  steam  ports  in  the 

isliing  of  the  main   throttle  valves. 

On  Nov.  28  and  29,  1913,  a  test  was  made  by  en- 
Mieers  of  the  Youngstown  Sheet  &  Tube  Co.,  the  Car- 
I'uie  Steel  Co.,  the  Mesta  Machine  Co.,  and  by  professors 

I'l  students  of  the  Carnegie  Institute  of  Technology.  The 
data  and  results  were  checked  by  all  of  the  inter- 

i'  d  parties  so  that  there  could  be  no  possibility  of  error. 

The  .steam  consumption  of  the  engine  per  indicated 
ursepoA\er  hour  was  found  to  be  between  the  limits  of 


Fig.   4. 


Chart    Showing    Slight    Variation 
VAcurM 


passes  respectively,  2  f„  sec-,  may  be  calletl  the  mean  in- 
terval required  by  the  engine  for  reversal.  As  a  rule, 
the  manipulation  of  the  ingot  takes  a  longer  period  than 
that  required  l)y  the  engine  for  reversal. 

In  connection  with  these  test  data,  it  may  be  of  in- 
terest to  note  that  obtaining  them  required  simultane- 
ous readings  by  15  observers;  eight  at  the  continuous 
indicators ;  three  on  the  pulpit ;  one  for  observing  the 
temperature  of  the  steel,  two  for  observing  the  elonga- 
tion of  the  steel,  and  one  for  taking  measurements  at 
the  condenser.     In  addition,  there  was  one  general  over- 
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HfiT  (if  lilt'  Ic.-t,  wlnlc  tlu'  \\('i;;lil   iiiiil   llic  (Ih'iiiiiiiI  coin-      cDiitiiiiis    IVwcr    iiidmii;;  jniuls    tlinti    tin-  i-o-dillrd    i.|iiii<l- 
|i()sili()ii   ol'   \\\)H)\    well'  (ililniiH'd    I'roiii   the   mill   and    tlu-      ai'd.  niniplc   n-vcrsin^  engine  and   llial    ('onM-qiicnlly  llm 

lalioialuiv.      Slcani    cn^'incns   an<l    nillin;.'-niill    men    an-      cost  of  rcpairK  and  attendance  lian  I n  eorreH|M)ndin;.'ly 

reduced.  In  lacl,  no  keviii^  up  M-llinf;  up,  or  i'e|)airin;f 
have  liecn  done  on  the  en;;ine  since  it  was  started  in 
.Inly.   1!M;1. 

Anotlicr   nolcworlliy    realnre  of   llie   in>lallalioii    is  lli<- 
condenser,   wliicli   was  also  built  l)y   tiic    Vlesta    Mac  li 
Co.      Diirinjf   the   heaviest    rollinji,    vacunni    never    le:i 
I  he    Piin^^e   hclween   27  and    vH    in.   of    nieniiry    ( refer  red 
lo  .'ill   in.   I)ar<inieter ) .      Ki;,'.    I   shows   Ihc   xaciiiini    ui    iIk? 
(■(in(lcn>cr  during:  its   r'e;;idiir-  operation. 


indehled  to  tlie  V(inn;;stn\\  n  Sheet  it  Tnhe  Co.,  for  the 
fienerons  nnuiiicr  in  which  it  has  made  possilile  the  rnn- 
nin^r  of  such  a  lest  and  for  the  imliiu  nlion  of  the  re- 
Kults. 

'i'lie  results  of  lhi>  Icsi  show  conclusively  that  the 
reversinj;  engine,  when  correctly  desiiriu'd.  need  not  fear 
the  competition  of  electric  driven,  particularly  simc  ihc 
remarkal)le  economy  has  liccii  nttaincil  without  comi|iIi- 
cation.     The    Mcsta    Macliiiic  Co.  stales  that    the  eni^'inc 


AppIliicatlioiniS  of  Conimlbniniedl  S^wnmij 
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SYXOPSllS — Describes  Ihc  various  applications  of  the 
siriiifj-f/atp  and  check-  vaJre  as  used  in  modern  systems 
of  pipin<i. 

m 

'Pho  refinonient  which  is  taking  place  in  power-planl 
oquipnieiil  ha.s  spread,  not  only  to  the  methods  of  power 
generation  and  transmission,  but  also  to  the  smallest  tech- 
nical constructive  detail  connected  with  power-])lant  o])- 
eration.  While  it  is  important  that  economy  be  considered 
in  the  design  of  any  plant,  it  is  also  necessary  to  con- 
sider the  safety  details  of  eacli  piece  of  apparatus  used. 

Among  some  of  the  power-plant  safety  devices  are  the 
safety  stop,  wliicli  is  designed  to  prevent  an  engine  from 


running  away;  the  safety  gage  cock,  v.hich  operates  when 
the  gage-glass  is  broken;  the  automatic  relief  valve,  the 
check  valve,  and  the  nonreturn  gate  valve. 

The  swinging-gate  and  check  valve  is  a  safety  device 
which  is  being  used  extensively  to  prevent  disaster  lo  the 
steam  turbine,  engine,  pumj),  hammer,  elevator  and  other 
types  of  steam  and  hydraulic  apparatus.  This  type  acts 
as  a  safety  valve  on  any  pipe  line  where  it  is  necessary 
that  the  flow  through  the  pipe  sliall  l)e  in  one  direction, 
and  where  disastrous  results  would  lollow  if  the  mediiini 
were  allowed  to  flow  into  the  pump  or  engine  cylinder  in 
a  'direction  contrary  to  the  normal   flow. 

The    extensive    use    of    the    condenser    and    feed-\vater 


Fig.  1.    Three  Views  of  the  Swixg-Gate  Check  Valve 
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heater  has  made  the  connecting-pipe  lines  and  valves  mat- 
ters of  importance,  because  in  tlie  oi)eration  of  a  steam 
plant  much  damage  can  be  done  if  the  wrong  valve  is 
manipulated  or  tlio  proper  valves  are  not  operated  when 
starting  and  stopping. 

It  is  also  often  necessary  to  remove  from  the  current 
of  the  water  or  steam,  the  checking  device,  thus  allow- 
ing continuity  of  flow  without  any  restrictions  which 
would  cause  back  pressure  or  allow  sediment  to  collect,  as 
well  as  permitting  the  current  to  be  reversed  under  ])res- 
sure. 

These  advantages  are  attained  by  one  pjecu  ui'  apparalut-. 


One  of  the  interesting  applications  of  the  swing-gate 
valve  is  shown  in  Fig.  2.  Not  only  do  these  valves  jjcrmit 
the  oj)eration  of  either  cylinder  singly,  but  they  also  allow 
running  cross-condensing  or  noncondensing.  'J'he  swing- 
gate  valve  A  protects  the  high-pressure  cylinder;  the  valve 
B  closes  the  receiver  from  the  atmosphere;  the  swing-gate 
valve  C  acts  as  an  automatic  relief  between  the  condenser 
and  low-pressure  cylinder,  and  the  valve  I)  prevents  water 
from  flowing  from  the  condenser  into  the  low-pressure 
cylinder.  S\ich  an  arrangement  guards  the  engine  from 
any  possible  action  which  may  be  caused  by  negligence  of 
oiJeratiou. 


Fig.  2.    Method  of  Safkguardixg  a  Compound, 
CoNDENSixG  Engine 
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How  THE  Valve  Protects  a  jSTon- 

CONDENSING    EnGINE 


To  Atmosphere 


Open  Heater- 


Fig.  4.    vSwing-Gate  Valve  Applied  to  an 
Open  Heater 
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Fig.  5.   Application  of  the  Valve  to  a  Mixed- 
Flow  TaRBiNK  Plant 


111'  Nelson-Erwood  swing-gate  valve,  Fig.  1.  It  embodies 
111'  features  of  a  gate  and  check  valve  in  one,  and  is  cap- 
able of  performing  the  functions  of  either.  The  action  of 
he  swing  gate  is  controlled  by  a  spring  outside  of  the 
alve  casing,  the  tension  of  which  is  regulated  by  the  pres- 
ure  desired.  The  action  of  the  gate  valve  is  controlled 
IV  the  handwheel,  which  raises  the  gate  aliove  the  valve 
•pcning,  thus  giving  a  straightway  opening,  with  no 
ii)struction  in  the  pipe.  The  face  of  the  bronze  gate  and 
he  seat  ring  are  flat.  The  valve  is  positive  in  its  action, 
s  the  gate  and  seat  are  self-cleaning  by  the  action  of  rais- 
ng  and  lowering  the  gate,  which  will  wipe  or  shear  off 
nv  foreign  matter  which  would  otherwise  prevent  its 
losing. 


When  used  as  a  back-pressure  valve  on  an  open  heater 
or  exhaust-steam  system,  it  may  be  placed  in  any  position 
and  thrown  in  or  out  of  service  without  changing  its 
adjustment.  The  position  of  the  swing-gate  valve  does 
not  affect  its  operation  in  service.  It  may  also  be  placed 
in  any  exposed  position,  as  there  arc  no  dashpots  or 
cushions  rerpiiring  attention  and  no  water  cavities  to 
freeze  u]). 

The  ap])lication  of  this  safety  principle  to  a  single  non- 
condensing  engine  is  shown  in  Fig.  3.  The  engine  is  pro- 
tected when  the  swing-gate  valve  A  is  closed  at  noon,  and 
by  the  valve  C  during  the  night.  The  swing-gate  valve  B 
is  closed  against  the  atmosphere,  and  is  set  for  the  desired 
back  pressure.     When  connected  to  a  heating  main  Z> 
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llic  swiiifi-^jiilc  viilvc  r  is  Sft  against  the  |)i'cssiiif-rt'f;iiial- 
iiijj  vahi'  K,  and  prcvfiits  Itws  of  Hloam  tlirmiirli  llir  \.il\i' 
li,  in  lasi'  the  ii'fjiilator  dot's  not  work  jJioiH'rly. 

With  a  swing-gale  salve  on  llic  c.xlianst  pipe,  Kig.  :{, 
the  engine  ean  i)e  stniieil  ii|i  witli  tiic  valve  closed.  If 
the  engine  slionld  he  started  ii.v  mistake  without  ojtening 
tlio  valve,  (he  inipnlse  of  tlie  piston  will  drive  the  exiiausi 
and  eondensation  liiroiigh  the  valve  until  sueh  time  as 
the  evlinder  is  thoroughly  warm,  thus  preventing  any  ne- 
eident  to  the  cylinder. 

In  these  various  applications  to  the  cNhiiust  lines  of 
steam  engines,  etc.,  tlie  swing-gate  valve  siu)uld  he  kept 
(•losed,  as  tlie  steam  apparatus  can  he  started  or  stopped 
bv  opening  the  steam  \al\c.  'i'hcn  the  exhaust  from  one 
engine  or  \)\\m\)  caniu)!  back  up  and  Hood  tlu"  cylinder  of 
another  when  running  slowly  "or  when  stojjped.  'I'his  is 
important  wlien  several  units  are  connected  io  the  same 
line,  giving  freedom  from  accident  under  various  op- 
erating conditions. 

The  swing-gate  valve  will  prevent  acciilents  in  pump 
service.  When  cutting  a  pumj)  in  or  out  of  service,  it  is 
generallv  necessary  to  close  two  valves  on  the  steam  side 
and  two  valves  on  the  water  side.  When  the  swing-gate 
valve  is  installed  in  place  of  the  usual  valves,  any  pump 
can  be  readily  cut  in  or  out  of  service  by  operating  the 
tiirottle  valve.  As  the  steam  starts  the  pump,  the  swing- 
gate  valves  open  accordingly.  If  the  pump  is  to  continue 
in  operation  any  lengtli  of  time,  tlie  swing-gate  valves  can 
be  thrown  out  of  service  if  desired  by  tlic  operation  of  the 
handwhcel,  as  in  an  ordinary  gate  valve. 

When  used  with  an  open  heater,  Fig.  4,  it  removes  any 
danger  to  the  engine  arising  from  a  flooded  heater.  The 
swing  valve  is  closed,  and  an  engine  can  be  started  np 
without  danger,  even  if  the  heater"  is  flooded  with  cold 
water.  Often  when  used  with  an  open  lieater,  as  a  back- 
pressure valve  or  atmospheric  relief,  it  is  placed  on  top, 
many  feet  above  the  operating  floor ;  in  such  cases  a  chain 
wheel  and  chain  reaching  to  the  floor  make  it  easy  to 
operate. 

In  actual  practice,  engineers  frequently  get  a  call  to 
reduce  the  temperature  in  the  heating  system.  This  can 
be  promptly  done  by  "cracking"  the  swing-gate  valve 
off  its  seat  with  the  handwheel,  thus  reducing  the  back 
pressure  in  the  system,  as  will  be  shown  by  the  back-pres- 
sure gage.  As  no  change  lias  been  made  in  the  spring 
adjustment  of  the  valve,  liy  closing  the  valve  with  the 
handwheel,  the  original  back  ])ressure  and  temperature  are 
again  restored.  When  used  in  condenser  service,  as  in 
Fig.  2,  it  prevents  any  water  from  flowing  into  the  engine 
from  the  condenser,  althougli  the  latter  may  be  flooded 
and  the  engine  is  started  before  the  condenser  vacuum  has 
lieen  created. 

In  steam-turbine  practice,  the  swing-gate  valve  has  par- 
ticular application  when  low-pressure  or  mixed-flow  tur- 
bines are  used.  As  in  Fig.  5,  they  are  placed  between 
the  low-pressure  inlet  to  the  turbine  and  the  engine-ex- 
haust piping,  to  prevent  a  vacuum  backing  up  into  the 
exhaust  piping  and  drawing  in  air  through  leaks  and  the 
piston-rod  and  valve-stem  packings.  The  swing-gate  valve 
is  so  set  that  whenever  the  pressure  in  the  engine-exhaust 
piping  falls  below  1  lb.  above  the  atmosphere,  it  closes  and 
remains  so  until  the  pressure  rises  above  this  point.  In 
all  applications  the  valve  can  be  placed  in  any  position, 
the  spring  action  controlling  the  pressure  at  which  it  is 
desired  to  operate  the  valve. 


Standardization   of  Flanged 
Fittings 

A  iKiUilili*  Kiitlii-i  liiK  took  pliiri)  on  Haliiriliiy.  .Miiich  7, 
I!il4.  wlilcli  II  Ih  <'<>iill<U-nlly  li«li«vv<l  will  ifHUlt  In  tlit-  ii<l<t|i- 
tloii  of  11  Sclic-duli;  of  Sliinilard  VVuIkIU  iiinl  ICxtni  llciivy 
l''li>iiK>'<l  I'^itllnKH  anil  KIiiiikch,  and  ItH  unlvciHal  aci'niil- 
iincc    li.v    all    iiai'llcH    InlorrHtud    In    the    lualter'. 

On  the  Invitation  of  the  Niitlnnal  AMHOclatl->ii  of  MaMti-i 
Steam  and  Hut  Water  KIttorH  thvio  nHMCnililed  ut  the  II' 
KuIciKh,  In  VVuHhlnKton,  I).  C,  roprcHcntatlveH  of  the  Am 
lean  Society  of  Mechanical  lOnKlneera,  Aniorlcan  Society  oi 
llcalInK  and  VentllatInK  lOnK'nceiM,  American  Water  Work* 
.V.sHOclation,  New  ICiiKland  Water  Wf>rkH  AHHOclatloii,  Ahho- 
clated  Factory  Mutual  Klie  InMuraiKc  ConipanieH,  I'ndei- 
wrlterH"  LahoratiirlcH,  Inc.,  ('ommlttce  of  .ManufacturerH  on 
.Standardization  of  l-'lttiriKH  anri  V.-iIvoh  and  reproHentativcB 
of  certain  dcparlmcntH  of  the  United  .StatcH  CSovernment. 

All  dlffeiences  helween  "The  1!>I2  II.  .S.  .Standard,"  iHHued 
some  two  yearw  nxo  V)y  the  American  Society  of  Mechanical 
lOnffineerH,  the  Natlonjil  AHHOciatlon  of  Mawter  Steam  and  Hot 
W;itcr  Fitters  and  the  American  Society  of  HeatInK  and 
Ventllatinvf  ICnKineerH,  and  the  "American"  .Schedule,  iHHueil 
by  the  .Manufacturer.s'  Committee,  were  taken  up  Hcrlatiin 
and  fully  and  frankly  dlHcuHHcd.  It  wan  founil  possible  to 
finally  adjust  nearly  all  of  these  differences  by  unanimous 
consent.  On  the  most  important  and  radical  difference  be- 
tween the  two  schedules,  the  elimination  of  the  short  body 
fitting-,  a  vote  by  societies  showed  five  in  favor  of  such  elim- 
ination, one  opposed  and  one  neutral. 

It  was  arranKed  that  the  Committees  of  the  American  .So- 
ciety of  Mechanical  Engineers,  the  National  Association  of 
Ma.ster  Steam  and  Hot  Water  Fitters  and  the  Manufacturers' 
Committee  shall  meet,  and  within  sixt.v  days  put  into  con- 
ciete  form  the  decisions  of  the  conference  in  the  production 
of  a  schedule  which  shall  meet  with  the  favor  and  acceptance 
of  all  concerned. 

The  conference  was  presided  over  by  Dr.  S.  W^.  Stratton, 
Director  of  the  Bureau  of  Standards,  of  the  United  States 
Government,  whose  very  able  and  fair  rulings  were  of  great 
assistance  in  arriving  at  difinilf  results. 


Aca  Ordlnirasiiace 

Creating  the  office  of  boiler  inspector  of  the  city  of  Read- 
ing, Penn.,  providing-  for  the  licensing  of  all  persons  having 
charge  of  or  operating  a  steam  boiler  or  steam  engine  over 
10  hp.  in  the  city,  and  fixing  the  salary  and  term  of  oflice  of 
such   inspector. 

SECTION  1.  BE  IT  ORDAINED  BY  THE  COUNCIL  OF 
THE  CITY  OF  READING:  That  the  office  of  boiler  inspector 
be  and  is  hereby  created  whose  duty  it  shall  be  to  issue  a 
license  to  any  applicant  therefor  who  has  charge  of  or  oper- 
ates a  steam  "boiler  or  steam  engine  over  10  hp.  in  the  city  of 
Reading,  in  accordance  with  the  provisions  of  the  Act  of  As- 
sembly approved  Apr.  4,  1905,  P.  L.  102,  and  the  amendments 
or  supplements  thereto. 

SECTION  2.  That  no  person  shall  have  charge  of  or  oper- 
ate a  steam  boiler  or  steam  engine  over  10  hp.  in  the  city  of 
Reading,  except  locomotive  boilers  used  in  transportation  and 
steam  engine  and  steam  boilers  carrying  less  than  15  lb.  pres- 
sure per  square  inch,  unless  such  person  shall,  on  or  before 
Feb.  1,  1914.  apply  to  the  boiler  inspector  of  the  city  of  Read- 
ing for  a  license,  who  shall  upon  a  proper  examination  of  the 
applicant,  and  the  compliance  by  such  applicant  with  the 
provisions  of  the  Act  of  Assembly  of  Apr.  4,  1905,  aforesaid, 
grant  him   a  license  for  the  term  fixed  by  said  act. 

SECTION  3.  That  Council  shall  appoint  on  the  first  day 
of  January,  1914,  or  as  soon  thereafter  as  may  be  practicable, 
a  suitable'  and  competent  person  as  boiler  inspector  -whose 
term  of  office  shall  be  for  a  period  of  two  years  from  said 
date  and  whose  successor  shall  be  elected  on  or  before  the 
first  day  of  January  of  each  even  numbered  year  for  a  term 
of  two  vears. 

SECTION  4.  That  the  salary  of  the  said  boiler  inspector 
is  fixed  at  the  sum  of  fifteen  hundred  dollars  per  annum,  to 
be  paid  semimonthly  as  the  salaries  of  other  city  officials  are 
paid  and  before  assuming  the  duties  of  his  office  he  shall  give 
a  Ijond  with  surety  to  be  approved  by  council  in  the  sum  of 
three  thousand  dollars  for  the  faithful  performance  of  the 
duties   of   his    office. 

(Passed  Council.  Dec.  24.  1913.) 
(Signed)   IRA  'U'.   STRATTON,  Mayor. 

\ttest;    CHARLES  ]MARKS.    Citv   Clerk. 


nlpo    Inls^dlifO^IElectlipac 

For  three  minutes  Monday  evening.  February  16,  the  city 
of  Augusta,  Ga.,  was  in  darkness.  When  the  lights  of  the 
city  flashed  on  again,  at  the  touch  of  a  switch  on  a  plat- 
form erected  for  the  occasion  in  the  center  of  the  business 
section,  it  marked  the  passing  of  the  old  steam-made  electrical 
supply  for  the  homes  and  industries  in  Augusta,  and  the 
surrounding  country. 
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Big  plans  had  been  made  to  celebrate  the  opening  of  the 
hydro-electric  power  plant  on  the  Savannah  River  nine  miles 
above  -the  city  of  Augusta  where  a  dam  2000  ft.  long  and  27 
ft.  high,  that  holds  back  a  pond  with  a  surface  area  of  4000 
acres,  has  been  completed.  There  were  speeches  in  the  even- 
ing in  front  of  one  of  the  city's  finest  monuments  by  Governor 
.siaton,  of  Georgia,  and  municipal  officials,  members  of  the 
Merchants  &  Manufacturers  Association  of  Augusta  and  I'ep- 
r  t'sentatives  of  the  J.  (J.  White  Engineering  Corporation  of 
\i'\v  Yorl<,  which  has  done  the  designing,  engineering  and 
.  i.iistruction   worlt   on   the   new  project. 

The  day  itself  was  a  busy  one.  In  the  morning  the  visit- 
ing guests  and  prominent  citizens  of  Augusta  took  a  trip  to 
tlie  site  of  the  dam  and  power  house  at  the  invitation  of 
I  lie  Augusta-Aiken  Railway  and  Electric  Corporation.  The 
iKiity  had  an  opportunity  to  inspect  the  dam  and  the  power 
louse  from  which  power  will  be  carried  down  to  the  city 
if  Augusta.  This  power  will  be  transmitted  at  44,000  volts 
oil  a  great  span  of  wires  across  the  Savannali  River  to  feed 
iHjwer  to  additional  mills  and  industries  in  South  Carolina. 

A  great  barbecue  was  arranged  at  Stevens  Creek — served 
in  the  old  Georgia  style,  after  which  the  party  returned  to 
the  city  for  the  evening's  formal  opening  to  he  followed  by  a 
lianquet. 

The  opening  of  tliis  development  marlvs  the  beginning  of 
a  new  era  of  industrial  development  of  this  section  of  the 
.South. 


French   and   Geiman.      Address   the   United   States   Civil   Service 
Commission,  Washington,  D.  C. 


TRANSFORMER  PRACTICE.  By  William  T.  Taylor.  Second 
edition.  Published  by  the  McGraw-Hill  Book  Co.,  New 
York.  Size,  6x9  in.;  271  pages,  illustrated.  Price,  $2.50, 
net. 

This  book  represents  one  of  the  few  successful  attempts 
to  cover  tlie  subject  of  transformer  practice  with  a  view  to 
meeting  the  needs  of  the  man  installing  and  operating  trans- 
formers. Hence,  outside  of  the  fundamental  principles  and 
equations,  little  space  is  devoted  to  design,  except  such  gen- 
eral statements  as  will  enable  engineers  to  provide  for  the 
proper   installation    of  transformers. 

Various  combinations  are  descriljed  for  obtaining  different 
voltages,  as  well  as  directions  for  connecting  up,  phasing 
out,  etc.  Operating  ditliculties  are  also  talten  up  and  the 
solutions  pointed  out.  Especially  useful  in  this  respect  are 
the  suggestions  for  helping  operators  to  secure  the  necessary 
service,  by  temporary  arrangements,  when  short  of  the  right 
apparatus. 

Space  is  devoted  to  constant-.^cUrrent  and  series  transform- 
ers and  regulators,  and  several  chapters  cover  methods  of 
Installation,  cooling,  drying  out,  grounding  and  practical 
testing  of  transformers,  concluding  with  transformer  speci- 
fications. ■  '  v 


The  new  edition  of  the  Simplex  Manual,  published  by  the 
.Simplex  Wire  &  Cable  Co.,  of  J3oston,  is  ready  for  distribu- 
tion (free)  to  anyone  who  ask's  for  it.  The  92  pages  are 
full  of  tables  and  other  information  pertaining  to  insulated 
conductors    and    other    electrical    matter.<s. 


C()MI'I;T1TIVE  examinations  /.«-  tin  cinl-senire  positions 
named  hetow  will  h';  held  on  the  dates  f/z-rn.  Applicatio?is  and  fur- 
ther information  maybe  had  by  addrtssini;  the  respective  commissions. 
Candidates  must  be  citizens  of  the  United  States  and  residents  of  the  cities 
in  ejuestion,    and    at    least    21    years   of  afje,    unless   othericise  specified. 


l!}nKineer  ami  Fireman — The  New  York  State  Civil  Ser- 
vice Commission  will  hold  an  examination  for  the  position  of 
engineer  and  fireman  of  the  Rensselaer  (^ounty  Court  House. 
Mar.  2S,  1914.  Salary,  $1000  a  year.  Residents  of  the  county 
will  be  preferred  in  the  appointment.  Applicants  should  have 
had  practical  experience  in  the  operation  of  steam  plants. 
.\pplieations  must  be  filed  on  or  before  Mar.  20.  ."Vddre.ss  the- 
State  Civil   Service   Commission,    Albany,   N.    Y. 

Sanitary  Ensrlnet-r — The  United  States  Civil  Service  Com- 
mission will  hold  an  examination,  Api'.  6,  1914,  for  this  position 
in  the  Public  Health  Service.  Salaries,  $2000  to  $2500  per 
!  ar.  Duties:  To  engage  in  research  work  in  connection  with 
lield  investigations  of  stream  pollution,  water  purification  and 
the  treatment  and  disposal  of  sewage  and  industrial  wastes. 
Subjects:  General  education  and  technical  training;  technical 
;ind  professional  experience  and  fitness;  publications  or  thesis. 
Applicants  must  be  between  25  and  35  years  old.  college  grad- 
;iates  in  a  scientific  course,  or  the  equivalent,  have  had  two 
\ears'    laboratory    and    field    experience    and    preferably    know 


When  you  get  six  such  stars  as  John  F.  Sparrow,  Engi- 
neer of  the  New  York  Edison  Co.,  New  York,  I.  E.  Moultrop 
and  James  H.  Andrew,  of  the  Edison  Electric  Illuminating 
Co.,  of  Boston,  J.  W.  I'arker,  of  the  Detroit  Edison  Co.,  John 
Hunter,  of  the  Union  Electric  Light  &  Power  Co.,  of  St. 
Louis,  and  W.  L.  Abbott,  of  the  Commonwealth-Edison  Co., 
to  discuss  Large  Steam  Power  Plants,  there  is  bound  to  be 
something  interesting  brought  out,  and  this  is  the  program 
for  the  tliird  dinner  meeting  of  the  Chicago  section  of  the 
American  Society  of  Mechanical  Engineers.  The  meeting  will 
take  place  in  the  Crystal  Room  of  the  Sherman  House  on 
Wednesday,  Mar.  18,  at  6:30.  Paul  P.  Bird,  of  120  West  Adams 
St.,  is  the  Chairman  of  the  section,  and  C.  W.  Naylor,  121 
North   State    St.,   Secretary. 


About  250  of  the  local  members  of  the  American  Institute 
of  Electrical  Engineers  and  the  American  Society  of  Me- 
chanical Engineers  and  the  Boston  Society  of  Civil  Engineers 
held  their  fifth  annual  banquet  at  the  Boston  City  Club  in 
Boston,  Mass.,  Mar.  4,  1914.  The  speakers  were  Guy  E.  Tripp, 
of  the  Westinghouse  Electric  &  Manufacturing  Co.,  who  con- 
sidered some  of  the  good  and  bad  features  of  pending  national 
legislation  concerning  the  control  and  regulation  of  business; 
Dr.  A.  E.  Kennelly,  Harvard  University,  who  discussed  some 
of  the  good  work  which  has  been  accomplished  by  the  Inter- 
national Electrotechnical  Commission  toward  bringing  about 
uniformity  of  electrical  standards  and  nomenclature;  C.  O. 
Mailloux,  president  of  the  American  Institute  of  Electrical 
Engineers;  James  Hartness,  president  of  the  American 
Society  of  Mechanical  Engineers,  and  Dr.  M.  W.  Franklin,  of 
the  Sprague  Electric  AVorks  of  the  General  Electric  Co.  Prof. 
H.  E.  Clifford,  Harvard  University,  acted  as  toastmaster.  The 
arrangements  were  in  the  hands  of  a  committee  headed  by 
N.    J.    Neale,    chairman. 


Something  over  three-quarters  of  the  space  has  already 
been  contracted  for  at  the  Power  Show,  to  be  held  in  Boston, 
Mass.,  Apr.  27  to  May  2,  under  the  auspices  of  the  New  Eng- 
land Association  of  Commercial  Engineers  in  connection  with 
the  Fourth  National  Textile  Exhibition,  to  be  held  in  the 
Mechanics'  Building,  under  the  auspices  of  the  Textile  Ex- 
hibitors' Association.  Among  those  who  have  made  reserva- 
tions are: 

Albany  Lubricating  Co.;  American  Steam  Gauge  &  Valve 
Manufacturing  Co.;  Ames,  B.  L. ;  Anderson,  V.  D. ;  Ashton 
Valve  Co.,  The;  Bowser  &  Co.,  Inc.,  S.  F.;  Buckeye  Engine 
Co.;  Chesterton  Co.,  A.  AV.;  Cling-Surface  Co.;  Dearborn  Chem- 
ical Co.;  Fairbanks  Co.,  The;  Foster  &  Sons  Co.,  F.  AV.;  Gar- 
lock  Packing  Co.,  General  Electric  Co.;  Graton  &  Knight 
Manufacturing  Co.,  Griscom-Russell  Co.;  Harrison  Safety 
Boiler  Works;  Hill  Publishing  Co.  ("Power");  IngersoU-Rand 
Co..  Jenkins  Brothers,  Keystone  Lubricating  Co.;  Lagonda 
Manufacturing  Co.;  Lunkenheimer  Co.;  Mason  Regulator  Co.; 
McClave-Brooks  Co.;  McLeod  &  Henry  Co.;  Nashua  Machine 
Co.;  "National  Engineer";  National  Tube  Co.;  Roto  Co.,  The; 
AVarren- Webster  &  Co.;  Westinghouse  Electric  &  Manufac- 
turing Co. 

Those  desiring  space  who  have  not  yet  arranged  for  it 
are  urged  to  do  so  without  delay  as  there  is  certain  to  be 
insufficient  to  accommodate  all. 


AVednesday  evening.  Mar.  IS.  will  be  observed  as  A'isitor.'/ 
night  in  the  School  of  Science  and  Technology  of  Pratt  In- 
stitute, Brooklyn,  N.  V.  From  eight  to  nine  o'clock  all  its 
shops,  laboratories  and  drawing  rooms  will  be  open  to  the 
public.  All  persons  interested  in  industrial  education  will  be 
given  an  opportunity  not  only  of  viewing  the  students  at  work 
in  the  various  courses,  but  also  of  inspecting  both  the  results 
and  methods  as  well  as  the  equipment  and  general  facilities 
of  the  Institute  for  conducting  this  kind  of  industrial  training. 
The  School  of  Science  and  Technology  provides  instruction  in 
industrial  electricity,  technical  chemistry,  mechanical  draw- 
ing and  machine  design,  strength  of  materials,  stationary 
engineering  and  power-plant  machinery,  machine  work  and 
tool  making,  carpentry  and  building,  pattern  making,  sheet- 
metal  work,  plumbing  and  trade  teaching  for  the  training  of 
skilled  workmen  who  desire  to  prepare  themselves  for  teach- 
ing their  trades.  Practically  all  of  the  thousand  students  in 
the  evening  classes  are  men  who  are  regularly  employed  in 
their  several  vocations,  and  who  use  these  courses  as  a  means 
to  prepare   themselves  for   more  efficient  service. 
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Tllr  New  IOmkIiiiuI  Socli'ly  of  .Sii|«'i  liil  I'lullliK  KlIttllii'Pi'H  lu'lil 
ItH  ri'Kiiliir  iiiDiithly  iikhiIIiik  ixuI  iIIiiih'I  iit  t)i«  ,\iiiitIi'Iiii 
lloiiHt',  MoHtixi,  on  the  i<vi<iiIiik  o(  Knii.  2tl,  iit  which  thi'  fiil- 
luwIiiK  iii'wly  i-li-cti'it  odlciM'N  wori<  ItiHtallcfl:  rrcMldriil.  h.  II. 
nrowii,  I'hiff  t'liKliK'cr,  Ituy  Stuto  Slii'i-I  l{y.  Ci),.  I.,yiiii,  Mumh.: 
vl>'i<-|>i  I'Hidcnt.  'I'hoiiiiiH  Airtmlriini,'.  ilili'f  i>ii|{lni'iT,  lloBtoii  .Saf.' 
l><l>o»ll  &  TiuMl  i'o.,  llnHtiiii;  MciTftury .  .Slrphi'ii  llarrialiy.  chli-f 
I'liKliii'or,  ('ii|>l<'y-l'l<>>''>>  lloti'l.  lloHloii.  Tlu>  liiHtalliiUdii  wax 
>'<>ii(lii('U<d  by  l'aMl-l'ri-Hl<l'iil  (Jcoik:"'  W.  Walxli.  Thi'  Hpfuki-i- 
iif  Ihi'  I'Vi'iiliiK  wiiH  Ml-.  I.rach.  ItoMtdii  nuiiiaKiT  of  thi'  Ann-il- 
raii  1CiikIii<'<'>'IiiK  I'l'-.  who  Kiivt-  un  llluMtrutcd  li-clure  on  iiilto- 
niiillc  HloUorn  and  the  Hniokidi-HH  ••omlniBtlon  of  fuel,  and  F.  I... 
Kalibanks.  clil.-f  I'linlm-.r  of  Ihr  giiliii  y  Market  Cold  Storage 
t"o.,  also  Kavr  an  lllu.Mt nitrd  Ucluif  on  lln-  illlclrncy  of  inultl- 
MtUKc   f>-nlilfu>;al    |ninip« 


PERSOHALS 


been    put    In    charge    of   the    Tndianapoli.s 
t    O.    Klectric    &    ManufacturlnR    Co.,    (Jar- 


F.  A.  Say  lor 
territory  of  tin 
wood,  N.  J. 

Henry  Madison  has  been  appointed  chief  electrician  of 
the  new  municipal  lighting  plant  at  Franklin,  N.  J.  Mr. 
Madison  was  formerly  with  the  Newton  Gas  &  Electric  Co., 
Newton,   N.  J. 

J.  B.  Anderson,  for  many  years  engineer  of  power  sta- 
tions of  the  Savannah  (Ga.)  Electric  Co.,  has  been  trans- 
ferred to  the  Baton  Rouge  (Ija.)  Electric  Co.  He  became  su- 
perintendent  of  lighting  in  Baton  Rouge  on  March   1. 

Sir  William  Willcocks,  the  famous  English  engineer,  who  is 
known  as  the  builder  of  the  Assuan  Dam  across  the  Nile,  will 
make  his  first  visit  to  the  United  States  in  April  to  attend  the 
fourth  annual  meeting  of  the  National  Drainage  Congress  at 
Savannah.  Ga.,  where  he  will  deliver  an  illustrated  address  on 
"River  Regulation  and  Control  in  Antiquity." 

T.  E.  Keegan  has  been  appointed  assistant  manager  of  the 
Tyler  Underground  Heating  System,  Pittsburgh,  Ponn.  Mr. 
Keegan  is  said  to  be  one  of  the  best  posted  heating  men  in 
the  United  States.  He  was  with  the  Atlas  Engine  Co.  and  the 
American  Stoker  Co.,  with  the  Consolidated  Engineering  Co., 
Chicago,  for  nine  years,  and  the  last  two  years  was  with  the 
Open    Coil    Heater   &    Purifier   Co. 


PROF.    EDWIN    J.    HOUSTON 

Prof.  Edwin  J.  Houston,  who  with  Prof.  Ellhu  Thomson, 
invented  the  first  successful  arc-lighting  system,  died  of 
heart  disease  at  his  home,  Philadelphia,  Mar.  1.  He  was  born 
in    Alexandria,    Va.,    July    9,    1S47. 

He  was  educated  in  the  public  schools  of  Philadelphia, 
and  later  served  the  Central  High  School  of  that  city  as 
professor  of  physical  geography  and  natural  philosophy  and 
previous  to  this  occupied  the  chair  of  civil  engineering.  In 
1879  he  and  Professor  Thomson  began  electrical  experiments 
and  later  developed  the  Thomson-Houston  dynamo,  the  arc- 
lighting  system  bearing  their  names  and  other  inventions. 
Professor  Houston  wrote  many  books  on  electrical  and  scien- 
tific  subjects,    and    devoted    considerable    time    to   lecturing. 

From  1893  to  1895  Professor  Houston  was  president  of 
the  American  Institute  of  Electrical  Engineers.  He  was  a 
member  of  the  American  Institute  of  Mining  Engineers,  the 
New  York  Electrical  Society,  the  American  Philosophical 
Society,  the  Electrotherapeutic  Society,  the  American  His- 
torical   Society   and    other    organizations. 

He  was  unmarried  and  is  survived  by  a  brother  and  two 
sisters. 

COLUMBUS  DILL 

Columbus  Dill  was  born  in  Tully,  N.  T.,  Aug.  12,  1840,  and 
died  at  his  home,  99  St.  James  Ave.,  Boston,  Mar.  4,  1914. 

At  12  years  of  age  he  started  on  a  sea-faring  life  with  his 
uncle,  serving  as  cabin  boy  on  one  of  the  trade  vessels  of  the 
Weld  Line,  which  were  at  that  time  plying  between  Boston 
and  various  foreign  ports.  He  rapidly  worked  up  to  the  posi- 
tion of  chief  officer,  in  which  capacity  he  served  on  such 
boats  as  the   "Rainbow"   and   the    "William   H.    Thorndike." 

In  1876  he  left  the  sea,  and  took  up  stationary  engineering 
as  a  profession,   being  employed   as  an   engineer   for   about  a 


year  III  the  I'erUliiM  InMtllule  rur  the  lllliid  al  South  ItoHlon, 
afterward  koIiik  with  the  Natlniuil  Tube  WurkM,  tlion  ut  ICuRt 
JiiiMtiin,   when-   he  Herved   mh  chief  enKlnecr   for  Mevdrul   yearn. 

lie  next  took  a  poMltloii  with  John  I'oNt,  Jr.,  &  Co.,  of  Hon- 
toM,  liandllnK  their  Injector  IniMlnitMH,  after  which  he  beciitno 
coiiiHcleil  with  the  Coiiimon  Si'liHe  Metallic  I'uckInK  <-'"..  a» 
11  traveling;  HiileHinan. 

From  1K))9  until  the  time  of  bin  di-iith  he  wan  connect<-<l 
with  the  AHhIon  Valve  Co.,  of  llunton.  lie  traveled  nxteiiHlvely 
while  In  this  liuMlneHH,  going  uh  fur  Went  uh  KiinHiiH  t'lly  and 
South  to  Now  OrleaiiM,  giving  Hperlal  attention  to  power-plant 
work,  and  to  the  Htatlonary  I'nglneerH  operating  them,  among 
whom    he    had   a    himt    of    frIendH   and   aei|ualiitaiiceM. 

lie  w:iH  a  charter  member  of  the  National  AHHoclutlon  ot 
Stationary  I';iiginei'r.s,  No.  1,  of  ItoHtoii,  and  waH  electted  a* 
delegate  to  reiireaent  this  asHOciutlon  to  the  national  coiiven- 


CoLUiiBus  Dill 

tions  for  many  years.  He  also  served  as  United  States  deputy 
of  the  N.  A.  S.  E.  for  many  years,  which  position  he  held  at 
the  time  of  his  death. 

He  was  a  member  of  the  E.  P.  Carpenter  Post  No.  91, 
G  A.  R.,  several  Masonic  bodies,  the  Engineers'  Blue  Room 
Club,  of  Boston,  and  the  New  England  Association  of  Commer- 
cial  Engineers. 

For  the  past  two  years  he  was  not  very  active,  although 
his  health  was  fairly  good  up  to  within  three  days  of  his 
death  when  he  was  taken  with  an  attack  of  indigestion,  which 
suddenly  and  wholly  unexpectedly  terminated  with  apoplexy. 
His  funeral  services,  held  Mar.  6,  were  attended  by  many  of 
his   engineer   friends  and   business   acquaintances. 

He  leaves  a  widow,  who  usually  accompanied  him,  of  late 
years,  on  his  extended  trips,  and  who  has  been  an  active 
worker  in  the  Ladies  Auxiliary  of  the  N.  A.  S.  E.  and  in  the 
order  of  the   Eastern  Star. 

Mr.  Dill  was  probably  one  of  the  best  known  travelers 
among  engineers  in  this  country,  and  was  always  exception- 
ally prominent  and  influential  at  the  national  conventions  of 
the  N.  A.  S.  E.  He  was  zealous  and  untiring  in  business,  and 
had  a  kind-hearted  and  genial  disposition,  which  easily  won 
friends,  and  an  uprightness  of  character  that  was  beyond 
reproach. 
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C^T-?  Greece  fir  /Hu^  r~ 

j  DON'T    WITHHOLD    THE    CREDIT    THESE    CHAPS    DESERVE 

^  When  we  are  pitying  ourselves  for  all  the  hardships  we  have  to  undergo  in 
:his  trying  winter  weather  to  keep  the  "juice"  in  the  line  so  that  others  can  get 
:o  their  homes  and  there  enjoy  light  and  comfort,  let  us  not  forget  that  there  are 
:)thers  who  suffer  and  sacrifice  for  the  public  weal  in  still  humbler  positions. 

And,  another  thought!  If  these  horses  could  talk,  wouldn't  they  say,  "Do 
nake  this  load  last  as  long  as  you  can?"  Coal  economy  has  its  humanitarian 
element,  also;  at  times. 
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Comitiinieinitall  MoUoir  Mfg,  Coo's  Po^wer 
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15\     il  \I1I1V    ('.    Sl'll.I.MAN 


SyyOI'SIS—A  noo-hi'..a.  capanln  planl  coiiUiiiiiiKj 
failures  not  tfriH'ralli/  found  in  a  plant  of  Us  size.  Ver- 
tiral  boilers  sii/iph/  sleniii  to  two  eni/ines.  Coal  is  handled 
1)1/  a  monorail  (jrab-hurket  si/slein.  'The  finish  of  the  en- 
yine  room   is  on  I  of  the  ordinarij. 

Till'  lU'w  powiT  plant  of  the  C'ontinontnl  Motor  Manu- 
facturing Co.,  Detroit,  Midi.,  lias  a  number  of  interesting,' 
features  for  a  ])Iant  of  !)()()  kv.-a.  capacity.  Every  detail 
has  been  carefully  worked  out  to  make  the  jilant  eco- 
nomical in  operation  and  attractive  in  appearance.  TIk' 
aivhitecture  of  the  building,  Fig.  1,  was  given  consider- 


1 

f 

II 

1 

^MT 

'^^^  ^'Hi 

I^H 

^^^^^H 

^L 

(f^-'W^ 

^s 

^I^H 

^^^^ 

:; 

Hr"0 

^^Hi 

1 

flH 

|i 

^KT  '- 

"°';TT 

w 

iW 

■■ 

^Ufe 

l^lil 

? 

^ 

M. 

ExTKiaoH    OF   THE    PoWKI!    PlANT 


al)le  thought  and  it  is.  figuratively  speaking,  built  around 
the  equipment.  The  building  is  made  fireproof  by  struc- 
tural steel  framework  encased  in  masonry,  steel  sashes, 
reinforced  concrete  and  tile  floors  and  a  concrete  roof 
supported  on  I-beams.  It  is  flooded  with  daylight  by 
large  windows  reaching  nearly  to  the  roof  which  can  be 
opened  and  closed  with  sash  operators.  The  exterior  is 
made  attractive  by  using  pressed  brick  and  the  clever  in- 
troduction of  cement-plaster  panels  worked  in  the 
masonry. 

The  150-ft.  stack  is  designed  to  take  care  of  the  future 
growth  of  the  plant,  having  an  internal  fine  8  ft.  6  in. 
in  diameter.  It  is  of  reinforced  concrete  with  an  ex- 
terior and  interior  facing  of  dark-brown  glazed  tile  cap- 
able of  withstanding  1200  deg.  F.  without  cracking,  and 
has  a  cast-iron  cap.  This  style  of  chimney  has  all  the 
advantages  of  the  reinforced-concrete  stack  with  the  at- 
tractive features  of  a  tile  chimney.  The  word  "Con- 
tinental" is  laid  in  white  enamel  tile  which  project  1  in. 
beyond  the  face  of  the  stack :  this  projection  allows  the 
rain  to  strike  the  letters  and  keep  them  clean.  • 

Boiler  Eoom 

There  are  three  vertical  water-tnbe  boilers,  each  having 
2500  sq.ft.  of  heating  surface,  and  steam  is  generated  at 
150  lb.    Each  boiler  is  equipped  with  a  mechanical  stoker 


designed  to  l)urn  bituniinons  nut,  pen  and  Hlack  coal.  A 
Hoot  blower  is  also  attarhed  to  racli  lioiltM'  for  cleuniiig 
boiler  tul)e8. 

Two  10  and  fi  by  12-in.  steam-driven,  dii|)lc,v,  oulsidc 
center-f)acke(l  j)liingci'  pumps  designed  for  'Z'yi)  11).  work- 
ing |)rcssure  supply  tlic  boiler-feed  water.  Kacli  jiump  is 
lifted  with  a  force-feed  cylinder  lubricator,  and  the 
l)ump8  discharge  into  a  (i-in.  feed  line  with  feed  valves 
located  at  a  central  jioint. 

Coal  is  handled  by  a  cab-ojieratcd,  monorail  conveyor, 
and  single-rope  gral)  bucket  with  a  capacity  of  1200  lb. 
of  coal;  se(>  Fig.  2.  The  runway  continues  for  22  ft.  be- 
yond the  ])ower  house  and  is  supported  on  a  trestle  which 
spans  the  railroad  siding.  This  allows  the  monorail  con- 
veyoi-  to  unload  the  cars  and  either  store  the  coal  in  the 
yard  or  dej)osit  it  in  the  metal  bins  over  the  boilers.  A 
switch  on  the  monorail  track  permits  the  same  conveyor 
to  take  care  of  the  asiies,  wliicb  tlie  fireman  pulls  into  the 
large  pits  located  in  front  of  llie  boilers. 

FlI'ING 

All  piping  was  designed  with  ample  allowance  for  ex- 
jiansion  and  future  extension  of  the  plant.  The  accessibil- 
ity of  the  valves  and  all  fittings  was  given  careful  thought 
and  special  iron  gratings  ai'e  installed  wherever  neces- 
sary to  carry  out  this  scheme.  Metal  gratings  with  lad- 
ders are  also  installed  around  the  water  columns  of  the 
boilers. 

The  steam  header  is  supported  from  the  fire  wall  near 
the  top  of  the  boilers  and  runs  the  length  of  the  boiler 


Fig.    2.     Moxo!>aii,   Coal  Conveyor 

room.  The  ends  turn  down  into  the  basement  where 
they  connect,  making  a  loop  system.  Valves  are  placed 
at  intervals  in  the  header,  which  allows  any  section  to 
be  shut  off  for  repairs  without  interfering  with  the  op- 
eration of  the  plant.  The  hranch  lines  for  the  engine 
room  are  taken  from  the  header  in  the  hasement.  This 
makes  a  flexible  arrangement  and  the  steam  loop  can  be 
easily  extended  with  the  growth  of  the  plant. 

All  drip  pipes  are  connected  to  steam  traps  which  dis- 
charge into  a  feed-water  heater  placed  near  the  stack  in 
the  boiler  room.  The  exhaust  from  the  two  engines  and 
auxiliary  equipment  leads  into  a  24-in.  exhaust  line.  One 
12-in.  branch   is  connected  to  the   1500-hp.   feed-wateT 
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heater  and  the  Ifi-in.  branch  feeds  tlie  vacuum-heating 
system.  The  blowoff  piping  is  also  located  in  the  base- 
ment with  the  extension  stems  on  the  valves  projecting 
through  the  boiler-room  floor. 

As  indicated  by  Fig.  3,  tlie  engine  room  is  free  from 
piping,  wires,  pumps  and  other  auxiliary  equipment.  It 
contains  only  the  generating  units,  exciters  and  switch- 
board. The  floor  is  covered  with  ()x9-in.  red  quarry  tile 
laid  in  white  mortar  and  the  side  walls  are  wainscoated 
with  white  enamel  brick  6  ft.  high,  with  pale-yellow 
jiiL'ssed  brick  above.  The  engine  pits  are  lined  with  3- 
and  6-in.  white  bathroom  tile  and  the  sub-bases  of  the 
engine  above  the  floor  line  are  covered  with  3x()-in.  red 
tile  laid  with  tight  joints.  The  railings  are  of  steel  tub- 
ing enameled  black  with  polished  brass  fittings,  and  the 
equipment  is  painted  a  light  pearl  gray  to  harmonize 
with  the  surroundings. 

Unit  No.  1  is  a  20  and  30  by  36-in.  cross-compound, 
heavy-duty  Corliss  engine,  running  at  120  r.p.m.,  directly 


hand-power  traveling  crane,  having  a  25-ft.  lift  and  a 
two-speed  hoist  and  automatic  brake.  Cables  are  used  on 
this  crane  instead  of  chains. 

Switchboard 

The  leads  connecting  the  generators  to  the  switchboard 
are  made  up  of  I4x4-in.  laminated  copper  bars  covered 
with  tape  and  supported  on  brackets.  Each  generator 
panel  has  an  alternating-current  ammeter  in  each  phase, 
a  voltmeter  with  a  three-point  switch,  one  indicating 
wattmeter,  a  direct-current  ammeter  for  the  field  circuit, 
and  a  recording  wattmeter,  besides  the  necessary  switches. 

Two  panels  are  given  up  to  the  power  feeders;  each 
building  having  a  separate  circuit  for  power  which  is  pro- 
tected by  a  three-pole,  double-coil,  circuit-breaker,  non- 
closable  on  overloads. 

The  lighting  circuits  are  located  on  the  end  panel.  Each 
circuit  has  a  three-pole,  single-throw  switch  with  a  fuse 
panel  on  the  rear  of  the  board.     By  means  of  balance 


Fio.  3.     Oknickal  Yikw  of  thk  Engine  "Room,   Showing  Absence  of  Piping 


mnected  to  a  r)00-kv.-a.  generator.  Unit  No.  2  is  a 
'  ;ind  20  by  27-in.  horizontal,  side-crank,  cross-com- 
'  iiid  engine  directly  connected  to  a  iOO-kv.-a.  generator 
pning  at  150  r.p.m.,  and  is  equipped  with  non releasing 
ulti-j)orted  Corliss  valves.  Both  generators  are  three- 
iise,  60-cycle,  240-volt,  alternating-current  machines 
mI  are  guaranteed  to  carry  a  50  per  cent,  continuous 
<ierload  without  injury. 

E.xcitation  is  maintained  by  a  25-k\v.,  125-volt,  direct- 
innectcd.  tui-l)o-gencrator  unit,  running  at  3500  r.p.m. 
I,  is  used  for  starting  only  and  after  the  nuiin  units  are 
ii  operation  the  excitation  is  thrown  onto  a  125-volt 
t)tor-generator  set,  of  40  kw.  capacity  This  exciter  also 
Imishes  the  necessary  direct  current  for  the  magnetic 
eticks  and  storage  batteries  in  the  factory. 
Both  engines  are  furnished  with  a  continuous  supply 
fiioil  from  a  gravity-oiling  system  which  filters  the  oil 
tji  automatically  returns  it  to  a  gravity  tank  by  means 
fla  small  steam  pump. 
The     engine-room     floor     is     spanned     by     a     15-ton 


coils,  110-volt,  single-phase  current  is  used  for  illumina- 
tion. The  exciter  panel  carries  a  direct-current  volt- 
meter with  a  plug  switch,  two  direct-current  ammeters 
and  the  necessary  switches. 

The  plant  is  illuminated  with  Cooper-Hewitt  lamps 
having  red  reflectors  which  changes  the  green  rays  to  n 
lighter  shade  and  makes  an  excellent  illumination.  Floo:- 
and  wall  outlets  are  scattered  throughout  the  plant,  al- 
lowing tile  use  of  extension  lamps  when  making  repairs. 

The  entire  equipment  was  purchased  under  high  effi- 
ciency guarantees.  The  stokers  and  boilers  are  covered 
with  a  guarantee  to  evaporate  10  lb.  of  water  from  and 
at  212  deg.  F.,  with  bituminous  nut,  pea  and  slack  coal 
containing  not  less  than  13,500  B.t.u.  nor  more  than  8 
per  cent.  ash.  The  Corliss  engine  has  a  guarantee  that 
the  steam  consumption  will  not  exceed  20  lb.  per  i.hp 
when  operating  at  full  load.  The  other  engine  is  guar- 
anteed to  work  at  full  load  with  a  steam  consumption  not 
exceeding  17.9  lb.  per  i.hp.  Both  generators  show  an 
efficiency  of  94.5  per  cent,  at  full  load. 
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SV.\OrSIS~Aii  iiili'i-ricir  in  irliirli  Mr.  Slull  /(//s 
which  cla-is  of  prime  inovvr — high- pressure  turbine  nr 
reciprocal  in;/  en(/ine-loiv-pressure  turbine — would  be. 
more  economical  in  a  new  plant.  Why  law-pressure  tur- 
bines were  in.'italletl  in  the  '>Uth  Street  Station  and  high- 
pressure  turbines  were  .^elected  to  di-tplace  the  reciprocat- 
in(j  entjincs  at  the  IJfth  Street  Station. 

8iiur  tlio  installation  of-  tho  lo\v-])rossurc  turbines 
connectod  to  tlie  TTjOO-kw.  an^lc  i(>nii)oiind  i-nginc  at  tiio 
5!)tli  Street  Station  of  the  Interhorough  Rai)i(l  Transit 
Company,  of  New  York,  nnicli  interest,  l)olh  here  and 
abroad,  has  centered  in  these  eonil)ine(l  units.  It  is 
the  higii  economy  of  these  prime  movers  tliat  lias  excited 
interest.  The  fuel  consumption  per  kw.-lir.  of  the  com- 
bined unit  is  less  than  2  lb.  of  coal  having  1  l,oU()  B.t.u. 
The  installation  and  remarkable  results  obtained  at  this 
station,  and  the  knowledge  that  reciprocating  engines 
were  to  be  scrapped  to  make  way  for  three  3(),()00-kw. 
high-pressure  turbines  at  the  74th  Street  Station  of 
the  same  company,  has  caused  many  to  inquire:  Why, 
with  the  extraordinary  results  obtained  with  the  com- 
bined units  at  the  afith  Street  Station,  were  com])icte 
expansion  or  high-pressure  turbines  selected  for  the  74th 
Street  Station?  What  would  be  the  more  economical 
unit  to  install  in  a  new  plant,  combined  engine-low-pres- 
sure  turbine,  or  a   high-pre.^sure   turbine? 

In  a  paper  on  the  selection  of  prime  movers,  read  be- 
for  the  joint  meeting  of  the  New  York  members  of  the 
American  Society  of  Mechanical  Engineers,  the  Amer- 
ican Institute  of  Electrical  Engineers,  and  the  American 
Electrochemical  Society,  II.  E.  Longwell,  referring  to 
Henry  G.  Stott,  superintendent  of  motive  power  of  the 
Interhorough  Eapid  Transit  Co.,  said :  "If  Mr.  Stott^ 
•W|0uld  be  willing  to  say  whether  or  not  in  an  ab- 
solutely new  plant  he  would  seriously  contemplate  the 
installation  of  combination  reciprocating  cngir.js  and 
low-pressure  turbines,  such  a  pronouncement  would  be 
far  more  convincing  than  volumes  of  arguments  based 
purely  on  theoretical  grounds." 

With  these  questions  in  mind,  1  asked  Mr.  Stott  to 
express,  through  Power,  the  opinion  for  which  Mr. 
Longwell  wished;  and  to  explain  the  considerations 
which  had  led  to  the  failure  to  repeat  at  74th  St.,  the 
course  which  had  been  so  successful  at  59th  St. 

Mr.  Stott  says  that  a  complete  expansion  turbine  w^ill 
prove  most  economical  for  a  new  plant  because  its  first 
cost  .is  much  lower  than  that  of  a  reciprocating  engine- 
low-pressure  turbine  unit,  and  because  the  maintenance 
and  operating  charges  are  less.  Complete  expansion  tur- 
bines (turbine  and  generator  combined)  of  large  power 
— 20,000  kw.  or  so — may  be  purchased  for  $8  per  kw., 
the  price  increasing  as  the  capacity  of  the  uiiit  becomes 
less.  Combination  reciprocating  engine-low-pressure 
turbine  units  of  large  power  will  cost  in  the  neighbor- 
hood of  $40  per  kw.  The  interest  on  the  capital  in- 
vested is,  therefore,  considerably  higher  in  the  case  of  the 


hiltcr  kind   of   unit.     Obviously,  the  cost  of  attcnduiict', 
supplies  and    maintenance  will  also  be  greater. 

'I'he  steam  consumption  of  tlu!  combined  units  at 
r)!)tli  Street  Station  is  about  11.2  lb.  per  kw.-hr.,  and 
during  the  test*  reported  by  Mr.  Stott,  the  overall  '•*■ 
ficiency,  as  shown  by  one  test,  was  721/2  |K;r  ceni 
the  total  availablc^  energy  between  the  steam  entering  m.; 
engine  and  the  recorded  e.xhaust  pressure  of  tiie  turbine. 
This  was  an  improvement  in  economy  of  13  per  <(iit. 
over  the  best  high-|iressure  turbine  results  obtained  at 
that  time  (1909).  In  this  connection,  the  prediction  of 
0.  .Junggren,  turl)ine  engineer  of  the  (Jeneral  Electric 
Company,  in  commenting  on  Mr.  Stott's  paper,  that  ''a 
high-jircssurc  turbine  woidd  be  considerably  chea|)er 
than  the  combined  unit,  and,  in  the  near  future,  high- 
])rcssurc  turbines  will  lie  made  having  as  high  efficiency 
as  the  combined  unit  and  still  be  cheaper  than  a  com- 
bination of  engine  and  turbine"  is  interesting. 

Mr.  Junggren  knew  what  he  was  talking  about,  for 
the  guaranteed  steam  consumi)tion  of  the  30,000-kw. 
turbines  for  the  74th  Street  Station  is  11  lb.  per  kw.-hr. 
at  150  deg.  E.  superheat.  Such  an  increase  in  economy 
of  the  high-pressure  turbine  compared  to  that  oV)taiiied 
with  such  units  contemporaneous  with  the  installation 
of  the  low-pressure  turbines  at  o9th  Street  has  occurred, 
that  the  question  of  which  kind  of  unit  would  be  best  to 
install  in  a  new  plant  is  no  longer  a  question.  The  com- 
plete expansion  turbine  has  the  advantage,  as  Mr.  Stott 
savs,  of  a  much  lower  first  co.st  combined  with  lower  main- 
tenance and  operating  costs.  So  much  for  the  selection 
of  a  prime  mover  for  a  new^  plant. 

As  far  back  as  1908,  the  rapidly  increasing  traffic  in 
the  subway  made  necessary  much  additional  power  to 
be  available  during  the  winter  of  1909-10.  Space  ad- 
mitted installing  three  high-pressure  turbines,  each  with 
a  capacity  (7500  kw!  maximum)  equal  to  that  of  each 
engine,  or  of  connecting  a  low-pressure  turbine  to  each 
of  the  nine  engines.  So  space  or  real  estate  values  were 
not  determining  factors  in  the  selection  of  prime  movers 
to  meet  this  increased  demand.  The  saving  in  invest- 
ment, made  possible  by  using  the  reciprocating  engines, 
was  the  chief  determining  factor.  These  engines  were 
in  excellent  physical  condition.  They  were  designed  for 
200  lb.  pressure,  and  the  42-in.  horizontal  high-pres- 
sure cylinders  are  provided  with  poppet  valves  which  are 
capable  of  handling  high  pressure  and  temperature  with- 
out distortion.  .With  these  valves,  the  steam  leakage  is 
less,  and  there  are  fewer  lubrication  troubles  than  with 
large  Corliss  valves.  The  high  initial  pressure  and  the 
ability  of  the  engine  to  successfully  use  it,  made  the 
low-pressure  turbine  inevitable  for  this  station,  con- 
sidering the  saving  on  the  capital  invested  to  secure  the 
increased  capacity. 

A.11  this  is  not  true  of  the  74th  Street  Station.  The 
engines  were  designed  for  an  initial  pressure  of  only  160 
lb.     All  of  the  cylinders  have  Corliss  valves,  which  are 
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very  large  and  subject  to  the  troubles  mentioned.  The 
engines  are  in  a  much  less  perfect  physical  condition 
than  those  at  59th  Street.  Space  is  valuable  and  lim- 
ited at  the  74tli  Street  Station,  and  the  needed  increase 
in  capacity  is  such  that  a  low-pressure  turbine  installa- 
tion is  disadvantageous  both  because  of  lack  of  space 
and  because  of  the  comparatively  low  initial  pressure 
for  the  engine.     The  high-pressure  turbine,  therefore,  is 


better  adapted  to  the  conditions,  because  it  is  more  econ- 
omical, more  compact,  capable  of  using  high  superiicat 
and  the  operating  aiul  maintenance  charges  are  less  tluui 
with  the  engine-low-pressure  turbine  unit. 

The  state  of  the  art  of  engineering,  the  physical  con- 
dition of  the  engines,  available  space — all  favored  the 
low-pressure  turbine  for  the  59th  Street  Station,  while 
they  prohibit  it  for  the  74th  Street  Station. 


By  W.  L.  Duhand 


oEimi 


In  many  modern  city-building  power  plants  the  en- 
gines are  rarely  tested  after  they  are  installed.  In  some 
instances  the  lack  of  facilities  makes  it  impossible  to  test 
the  engines  for  steam  consumption  without  considerable 
preparation.  In  other  cases  where  it  might  be  possible 
to  test  one  engine  with  the  rest  of  the  plant  idle,  it  is 
not  feasible,  as  when  the  engines  are  ready  the  demands 
require  that  one  or  more  be  kept  running. 

Eeliability  of  service  is  of  such  importance  that  it  is 
necessary  to  duplicate  the  plant  in  the  most  essential  fea- 
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tures.  Where  this  is  done  it  is  easy  to  so  arrange  the 
piping  that  the  engines  and  boilers  may  be  run  as  two 
independent  plants;  with  one  pump,  one  boiler  and  one 
engine  arranged  for  testing  and  the  other  pump  and  the 
rest  of  the  boilers  and  engines  for  carrying  the"  building 
load.  The  units  forming  these  combinations  can  be  varied 
as  desired  so  that  all  of  the  engines  can  be  tested.  One 
method  of  arranging  the  steam-  and  boiler-feed  piping  is 
shown  in  Figs.  1  aiul  2. 

The  easiest  and  most  accurate  means  of  weighing  the 
water  is  by  the  two-barrel  method.  From  the  lower  bar- 
rel a  line  is  run  to  the  suction  side  of  the  feed  ])umps, 
both  of  which  should  have  a  globe  valve  with  which  to 
connect.     The  water  level  in  the  boiler  should  be  at  the 


same  level  at  the  beginning  and  the  end  of  the  test,  and 
the  amount  of  condensation  in  the  steam  piping  should 
be  determined  and  subtracted  from  the  total  amount  of 
steam  to  obtain  the  correct  amount  delivered  to  the  engine. 
This  may  be  done  without  interfering  with  the  opera- 
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Fig.  2.  Feed-Water  Piping 

From  Separators  From  tiam  Header 


Fig.  3.  Drip  Piping  for  Line  Condensation 

tion  of  the  drips  from  the  rest  of  the  plant  by  arranging 
drip  piping  as  a  part  of  the  permanent  equipment  so  that 
it  is  possible  to  test  an  engine  at  any  time. 

As  in  Figs.  1  and  3,  each  half  of  the  header  is  dripped 
and  a  separate  line  is  run  to  the  receiving  tank ;  a  sep- 
arate line  is  also  run  from  each  engine  separator.  Trap 
No.  1  has  a  valve  from  which  connection  to  a  tank  on  a 
scale  may  be  made.  In  making  the  test  the  drijjs  from 
the  half  of  the  header  and  from  the  separator  on  the  en- 
gine under  test  are  run  to  trap  No.  1  and  weighed ;  the 
drips  from  the  other  engines  and  half  of  the  header  go 
to  trap  No.  3  and  are  discharged  into  the  feed-water 
heater.  In  Fig.  3  it  may  be  seen  what  combinations  of 
valves  are  closed  in  order  to  operate  the  system. 
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By  I'.   R.   Low 

When  usitiK  a  slide  rule  or  caknilatiiiK  maehine  one  cannot  always  point  ofT  in  the  usual  way,  because  the 
right-lianil  end  of  the  answer  is  often  iaekinj^,  and  it  is  desirai)le  to  i)c  able  to  point  ofT  from  tlie  left-hand  end, i.e. 
to  set  olT  the  integer  instead  of  the  decimal  places.  In  ai)plying  the  following  rules  count  as  having  a  minus  num- 
ber of  integer  places  those  which  have,  so  to  speak,  less  than  none;   thus 

78.54  has        2  integer  places  0.07854       has  -      1  integer  place 

7.854  has         1  integer  ])lace  0.007854     has        2  integer  places 

0.7S54        has        0  integer  i)laces  0.0007854  has        3  integer  places 

Notice  that  the  minus  figure  is  indicated  Ijy  the  number  of  O's  between  the  first  figure  and  the  decimal  point; 
as  0.007854  =  -  2  because  there  are  two  O's  between  the  7  and  the  point.  The  "first  figure"  of  a  number,  as 
used  in  the  followiug  rules,  means  the  first  left-hand  figure  other  than  0;  as  the  7  in  all  of  the  above  instances. 
When  "first  figures"  require  to  be  compared  and  are  identical,  compare  the  first  two,  as  in  the  second  example 
under  the  hrst  rule.      If  the  first  two  are  alike  take  in  the  3d,  etc. 

In  order  to  avoid  rei)etition  let  me  indicate  by  "sum"  the  total  number  of  integer  jjlaces  in  both  factors;  and 
bv  "difference"  the  result  obtained  by  subtracting  the  number  of  integer  places  in  the  divisor  from  that  of  those 
in  the  dividend.  This  last  quantity  may  be  minus.  In  adding  and  subtracting  the  plus  and  minus  quantities 
remember  that  in  addition  you  take  the  sum  of  the  two  quantities  only  when  they  have  the  same  sign,  giving 
that  sign  to  the  sum;  but  if  they  have  different  signs  you  take  the  difference  for  the  sum,  giving  to  it  the  sign  of 
the  greater  quantity.  Thus  the  sum  of  -f  2  and  —  5  =  —  3.  In  subtraction  you  change  the  sign  of  the  subtra- 
hend, or  quantity  to  be  subtracted  and  proceed  as  in  addition.     A  number  which  has  no  sign  is  plus. 

We  will  also  indicate  by  n  the  number  of  integer  places  in  the  product  or  quotient. 

MULTIPLICATION 

When  the  first  figure  of  the  product  is  LIiSS  than  that  of  the  factor  having  the  greater  first  figure,  n  =  Sum 

999  =  3  pic  999  =  3  pic  3.1416  =  1  pic  4.3946  =  +  1  pic 

11=2  pic  99  =  2  pic  42.9  =  2  pic  0.0031  =  —  2  pic 


10989        5  =  sum  98901        5  =  sum  134.77+       3  =  sum  0.0136  H 1   =  sum 

1  <9  .-.  w   =  sum  =  5*  OS   C  99    ■-  n  =  sum   =  .')  1  ■  '  4  .  .  n   =  sum   =  3  1       4     .  n  =  sum  =  — 1 

When  the  first  figure  of  the  product  isGREATER  than  that  of  the  factor  having  the  greater  first  figure,  n  =  Sum  —  1 

273  =  3  pic  1001   =4  pic  3.1416  =   1  pic  0.7854=        0  pic 

32  =  2  pic  999  =  3  pic  29.8  =  2  pic  0.0125  =  — 1  pic 


8736        5  =  sum  999999        7   =  sum  93.61968      3  =  sum  0.009817H 1  sum 

8  >  3       h"  =  5  —  1   =4  9999    -  9990     .  h    =   7  —  1   =  6  9  >  .3  ..  n  =  .3  —  1  =  2  9  >  7  ..  n  =  — 1  — 1  =  — 2 

DIVISION 

When  the  first  figure  of  the  dividend  is  LESS  than  that  of  the  divisor,  n  =  Difference 

\P\-      II^  =  7,S+  JSc     ^'  =  0.7854  -  5^1^^,214^  =  0.00096129 

3  pic      231         ' -^^^  1  pic  4  +  2  pic     15  ,3 

1  dif.  0  dif  —  3  dif. 

1<  2  .-.  »   =  dif    =1  3  <  4  .-.  H  =  dif.  =0  U  <  In  .  .  n   =  dif    =  —3 

When  the  first  figure  of  the  dividend  isGREATER  than  that  of  the  divisor,  n  =  Difference  +  1 

3  pic         969        ._  +2  pic  62.34        ...,,,,  —  2  plc  0^00823   _ 

2  pic         17   =  "'  -  1  Plc  OTS  =^  ^*6^-^^+  +2  pic     76.42     "  «  00010769  + 

1   =  dif.  +  3  dif.  —  4  dif. 

9>  1  .-.  n  =    1  +  1   =  2  (1>1  .-.  n  =  3  -I-  1  =  4  8  >  7  ..  h  =  — 4  + 1  =  — 3 

A  consideration  of  why  the  product  should  have  a  greater  number  of  places  when  its  first  figure  is  lower  may 
serve  to  fix  the  rules  in  mind. 

4X2=8  4X3   =   12 

Here  the  "first  figure"  of  the  product  is  greater  than  Here  the  first  figure  of  the  product  is  less  than  that 

that  of  the  factor  having  the  larger  first  figure,  because  of  the   factor   having  the   larger  first   figure,    because 

the  multiplication  of  4  bv  2  leaves  it  still  under  10  and  multiplying  by  3  carries  it  over  10,  but  the  greatest 

keeps  it  still  a  1 -place  number  but  larger  than  it  was  value  that  the  first  figure  of  this  product  can  have  is 

to  start  with.  4  X  999 ....   which  will  be  less  than  4. 

So  wnth  the  greater  first  figure  the  product  has  the  So  with  the  lesser  first  figure  the  product  has  the 

lesser  number  of  places.  greater  number  of  places. 


*\  is  less  than  (<)  9.  hence  (.'.)  the  number  (n)  of  integer  places  in  the  product  equals  the  sum  of  those  in  the  2  factors,  in  thi.s  case  . 
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When  both  of  the  factors  commence  with  3  the  product  will  commence  with  either  1  or  9.  When  it  commences 
with  I,  n  =  sum,  when  with  9,  n  =  sum  —  1. 

With  this  exception  the  product  will  carry  over  whenever  both  factors  commence  with  a  number  greater  than 
2;  so  that  whenever  neither  oj  the  factors  commence  with  I  or  2,  n  =  sum,  except  when  both  commence  with  3.  If 
we  have  67.49  X  78.327  for  example  we  know  offhand  (since  neither  of  them  commences  with  a  1  or  a  2  nor  both 
with  3)  that  their  product  will  be  a  9-place  number  of  which  5  will  be  decimals  leaving  4  integers. 

Both  of  these  cases  come  under  the  general  rules  given  at  first. 

In  the  case  of  division  the  reason  for  the  rules  is  equally  obvious,  and  being  understood  will  enable  one  to  re- 
construct them  by  a  trial  with  simple  figures. 


24)8928(3 
72 

If,  as  here,  the  first  figure  of  the  divisor  is  less  than 
that  of  the  dividend  the  number  (72)  first  subtracted 
from  the  dividend  will  have  the  same  number  of  places 
as  the  divisor.  The  number  of  figures  in  the  dividend 
still  to  be  brought  down  is  equal  to  the  "difference" 
between  those  in  the  dividend  and  those  in  the  divisor. 
Each  of  these  means  a  place  in  the  quotient  and  to 
their  number  must  be  added  1  for  the  figure  already 
there. 

So  when  the  first  figure  of  the  dividend  is  greater 
than  that  of  the  divisor 

n  =  difference  +  1 


36)1728(4 
144 


36)1028(2 
72 


If,  as  here,  the  first  figure  of  the  divisor  is  greater 
than  that  of  the  dividend  the  number  first  subtracted 
from  the  dividend  (144  or  72)  will  extend  under  one 
more  place  in  the  dividend  than  there  are  places  in 
the  divisor.  This  leaves  one  place  less  than  the 
"difference"  still  to  be  brought  down  and  produce 
places  in  the  quotient,  and  this  1  less  place  plus  1  for 
the  figure  already  there  makes  the  number  of  places 
in  the  quotient  equal  to  the  difference. 

So  when  the  first  figure  of  the  dividend  is  less  than 
that  of  the  divisor 

n  =  difference 


By  a.  G.  SoLO.Mo.x 


In  the  course  of  years  of  erecting,  operating  and  re- 
pairing machinery  of  different  kinds,  the  writer  has  foimd 
that  usually  the  air  oonipressor  is  neglected  and  abused 
more  than  any  other  machine  in  the  plant. 


/nli:t  water 


Cooling- W.\TEi!  C'oxxections 

A  case  of  poor  location  for  two  air  compressors  and 
several  pumps  once  came  to  my  notice  in  a  Southern  ice 
plant  which  had  a  light  engine  room  containing  the  am- 
monia compressors  and   some   smaller  machinery.      The 


air  compressors  and  i)inii|)s  liad  liccn  jjlaced  outside,  with 
no  walls  around  them  and  a  poor  roof. 

There  was  not  much  trouble  until  the  cold  v\;,eather  sejt 
in.  The  plant  was  run  only  in  the  daytime, '  a'lul  everj' 
evening  it  required  a  good  hour's  work  to  drain  the  ma- 
chines. The  drains  from  the  steam  cylinders  and  valve 
chambers  of  the  air  compressors  and  pumps  were  piped 
into  a  3-in.  header  discharging  to  the  sewer.  One  morn- 
ing a  steam  cylinder  on  a  pum])  was  found  cracked,  and 
it  was  discovered  that  the  drain  from  this  cylinder  had 
become  filled  with  cylinder  oil  which  was  thick  from  the 
cold  and  acted  as  a  plug  to  hold  back  the  water. 

Another  freeze-up  was  caused  in  an  unusual  way.  The 
drains  were  always  opened  from  the  water  jackets  to  let 
the  water  run  on  the  ground.  A  cracked  jacket  was 
caused  by  sand  collecting  in  the  narrow  spaces  and  con- 
taining enough  moisture  to  expand  when  freezing.  After 
that,  the  sand  and  sediment  were  loosened  regularly 
with  a  bent  piece  of  flat  iron  so  that  the  water  could  wash 
them  out. 

A  cross-connection  between  the  water  iidet  and  outlet 
will  permit  reversal  of  flow  of  the  cooling  water  for  a  few 
minutes  every  day,  thus  washing  out  nuicli  of  the  sedi- 
ment which  would  otherwise  settle  and  perhaps  cause 
trouble.    The  sketch  shows  the  arrangement. 

In  compressors  of  the  two-stage  type  the  intercooler 
between  the  low-  and  high-pressure  air  cylinders  must 
I)e  watched  closely  for  leaks  in  the  water  tubes  and  the 
gaskets.  When  the  pressure  on  the  cooling  water  is  high, 
water  will  find  its  way  into  the  high-pressure  air  cylinder 
and,  even  in  small  amount,  it  will  wash  ofl'  the  oil  and 
cause  wear  of  the  cylinder,  the  piston  rings  and  the 
valves.  If  the  water  pressure  is  low  there  will  be  a  loss 
of  capacity,  as  the  air  will  escape  into  the  water.     There 
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iin-  sfxcral  arniiim'iiu'iils  fur  iiitcniMilcrs,  l)iil.  Iciika;,'!' 
«an  I'f  loiiki'd  for  in  any  <>f  llu-ni. 

Mv  I'xiK'ricntr  witli  tlic  valvi-  wttinj?  for  Btraighl-line 
iiitii|>r('ssins  luis  lu'tMi  varii'il.  I)iil  I  do  not  helicvc  lliat  lliu 
indicator  diaj^ranis  n.s  ordinarily  taken  from  the  Btt'iim 
(vlindtT  will  ovor  Ih'  lu'rfcct.  Ah  the  jiowor  cxt-rtcd  on  tlio 
sli'ani  piston  is  ;,Mt'ati'st  wlu-n  the  least  amount  of  work 
is  lieinp  done,  the  steam  valves  should  he  set  late  instead 
of  >rivinjr  them  lead  as  is  the  eonnnon  pracliec. 

The  ener^7  in  the  llywheel  is  sutlieieiit  to  carry  the 
machine  a  good  ways  over  the  center.  The  ever-increas- 
infj;  \oad  in  the  air  cylinder  will  give  all  the  comjjression 
needed,  so  that  the  exhaust  valves  should  bo  set  witiiout 


allowin;;  lor  any  comprcHsion  in  the  steam  cylinder;  tlien 
tile  machine  will  lie  found  to  run  Km(H)thly  with  cool 
hearings. 

1  ran  across  an  annoying  occurrence  in  an  air  com 
pressor  having  the  suction  valves  in  tiic  piston.  At  tiiiH 
this  nuichine  would  act  as  if  a  suction  valve  were  hroktii. 
I  o|)cncd  the  cylinder  one  S\inday  and  foumi  that  three 
of  the  live  slots  for  receiving  pins  to  hold  the  suction 
valve  in  place  were  worn  to  twice  their  original  length. 
This  caused  the  valve  to  cock  sideways  and  stick.  The 
pins  were  unusually  hard  and  had  not  worn  at  all.  Noth- 
ing could  he  done  at  tin;  lime  but  order  a  new  valve  si'iit 
by  exjJresH. 


H 


Record  imi  B^aMiiinig    ]Le\rg<^  Emij 


amies 


SYXOPSIS — Jiiiildiiig  a  si ea in-driven  ah-  coin[)re.'<s()r 
with  (i/Iindcrs  4S  and  SJ,  by  00  in.  in  SS  days  is  a  record. 
A  second  unit  of  Vie  same  size  was  huiU  in  59  days.  One 
nnit  required  1(1  cars  jar  tran.si)ortalion.  The  engines 
weighed  1,S00,000  lb.,  or  900  tons,  and  contained  10,210 
pieces,  the  lightest  weighing  l/i  oz.,  the  heaviest  9^,550  lb. 

What  is  believed  to  be  the  world's  record  in  building 
large  engines  was  rei'ently  accomplished  by  the  Mesta 
Machine  Co.,  of  Pittsburgh,  I'eiin.,  in  building  two  hori- 


size  and  type  arc  built  on  special  orders  only.  Work  on 
these  engines  was  started  Monday  morning,  Nov.  17,  the 
time  when  the  order  was  received  at  the  works. 

On  Dec.  22,  the  first  engine  was  completely  assembled 
on  the  erecting  floor.  On  Dec.  23  at  about  6  p.m.,  the 
engine  was  loaded  on  16  cars  ready  for  shipment,  just  38 
days  from  the  time  tiie  contract  was  signed  at  Woodward, 
Ala.  The  engine  was  thus  completed  53  days  ahead  of 
tiie  time  called  for  in  the  contract. 


Fig.  1.  Mesta  48,  84  axd  84  by  60-Ty.  rnoss-roMPOUND 
Blowing  Exgixe 

zontal.  cross-compoimd  l)lowing  engines  for  the  Woodward 
Iron  Co.,  Woodward,  Ala.  The  first  engine  wv^s  completed 
and  loaded  on  cars  at  the  Mesta  works  in  38  days,  and  the 
second  one  in  59  days  from  the  date  of  signing  the  con- 
tract at  Woodward,  Ala.  Each  engine  consists  of  a  high- 
pressure  and  low-pressure  steam  cylinder  48  and  84  in. 
in.  diameter,  and  two  air  cylinders  84  in.  in  diameter; 
stroke,  60  in.  The  :Mesta  new  type  of  horizontal,  cross- 
compound  blowing  engine,  Fig.  1,  is  equipped  with  their 
new  automatic  plate  valves  (Tversen  patent)  as  shown  in 
Fig.  2. 

On  Nov.  15,  1913,  a  contract  was  signed,  the  first  en- 
gine to  be  loaded  for  shipment  in  90  days  and  the  second 
engine  in  120  days ;  the  contract  contained  a  bonus  and 
penalty  clause,  as  the  Woodward  Iron  Co.  were  doubtful 
that  the  Mesta  Machine  Co.  conld  make  delivery  on  the 
dates  specified. 

There  were  no  engines  in  stock,  as  all  engines  of  this 


Fig.  3.  How  the  Air  Receivers  Are  Mouxted  above 
Air  Cylinders 

Arrangements  were  made  with  the  Pennsylvania  E.R. 
to  run  the  16  cars  as  a  special  train  to  Cincinnati  and  with 
the  L.  &  N.  E.R.  to  take  it  through  as  a  special  from 
Cincinnati  to  Woodward,  Ala.  The  train  arrived  at 
Woodward  on  the  morning  of  Dec.  27,  three  days  from  the 
time  it  left  the  Mesta  plant.    It  is  believed  that  this  is  not 
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only  the  world's  record  in  building  engines  of  this  size, 
but  in  delivering  900,000  lb.  of  niiichinery  a  distance  of 
834  miles  in  three  days. 

The  second  engine  was  completed  on  the  erecting  floor 
Jan.  12,  1914.  It  was  loaded  on  the  cars  which  left  the 
plant  Jan.  13,  just  59  days  from  the  date  of  signing  the 
contract  and  was  less  than  half  the  time  called  for  in  the 
contract,  namely,  120  days.  It  was  delivered  at  Wood-, 
ward  in  just  57  hours  after  shipment. 

The  magnitude  of  the  task  is  better  realized  by  a  state- 
ment showing  the  work  handled.  The  engines  weighed 
1,800,000  lb.,  and  contain  10,210  pieces.  The  lightest 
piece  weighs  i/4  o^-j  the  heaviest  piece  94,550  lb. 


Description  op  the  Engines 
The  engines  are  built  with  the  air  cylinders  placed  back 
of  the  steam  cylinders,  Fig.  2.  Both  the  high-  and  low- 
pressure  steam  cylinders  are  equipped  with  Corliss  valve- 
gears  and  the  air  end  with  Mesta  automatic  inlet  and  out- 
let valves;  they  require  no  valvo-gcar.  A  large  receiver 
is  placed  over  each  air  cylinder,  which  practically  elim- 
inates vibration  in  the  air  lines  to  the  furnace.  Fig.  3,  a 
rear-end  view  of  one  of  the  engines  on  the  erecting  floor, 
shows  the  massive  but  simple  construction  of  the  air 
end  of  the  blowing  engines.  The  engines  are  designed  for 
30  lb.  of  air  pressure  and  to  run  at  a  speed  of  80  r.p.m. 


p   o: 


By  a.  L.  H.  Street 


The  legal  right  of  an  owner  of  land  bordering  a  stream 
to  use  water  from  it  in  generating  power  for  mechanical 
or  manufacturing  purposes,  by  developing  water  power 
on  the  stream,  has  been  defined  by  the  appellate  courts  of 
the  country.  These  decisions  establish  the  following  prin- 
cipal limitations  upon  the  right:  The  use  must  be  reason- 
able, and  whether  there  is  a  reasonable  use  in  a  particular 
instance  depends  upon  the  volume  of  the  stream  and  the 
needs  of  other  land  owners  whose  property  adjoins.  The 
riiiht  of  owners  to  use  the  waters  for  domestic  purposes 
IS  superior  to  that  of  other  owners  to  use  them  to  develop 
power.  Water  not  necessarily  consumed  in  mechanical 
use  must  be  returned  to  the  stream  for  the  benefit  of  lower 
nwners. 

What  is  here  said  will  be  understood  as  applying  to 
( aaes  where  the  principles  stated  are  not  controlled  by  a 
special  grant  of  water  privileges,  by  the  acquisition  of 
rights  by  the  long-continued  adverse  user,  or  by  the  law  ap- 
plicable to  appropriation  of  water  flowing  through  public 
lands. 

Under  the  principle  that  the  right  to  use  a  stream  in 
generating  power  must  depend,  partly,  upon  the  needs 
of  other  riparian  owners,  it  has  been  held  that  the  right 
to  make  such  use  in  operating  a  mill  is  not  to  be  meas- 
ured merely  by  the  amount  of  grain  which  the  owner  may 
have  to  grind.  (Clark  vs.  Eockland  Water  Power  Co.,  52 
Vfiine  Supreme  Judicial  Court  Reports  fi8.)  The  right 
of  a  company  to  utilize  the  Niagara  River  for  manufac- 
turing purposes  was  declared  by  the  ISTew  York  courts  in 
the  case  of  People  vs.  Smith  (75  New  York  Supplement 
1100.)  Their  decision  grants  the  right  to  divert  waters 
for  that  purpose,  on  condition  that  unconsumed  -water 
Ih'  i-eturned  to  the  river,  but  the  New  York  Court  of  Ap- 
peals has  denied  the  right  of  a  riparian  owner  to  sell  a 
water  supply  to  the  prejudice  of  lower  owners.  (73  North- 
enstern  Reporter  5()fi.) 

An  Ixterksting  California  DKrisiox 
In  sustaining  the  right  of  a  company  which  owned  land 
along  a  stream  to  use  water  therefrom  to  operate  an  elec- 
iric  power  plant,  the  California  Supreme  Court  said,  in 
(lie  case  of  the  Mentone  Irrigation  Co.  vs.  the  Pedlands 
jElectric  Light  &  Power  Co.,  (100  Pacific  Reporter  1082)  : 
''The  plaintifi^  makes  the  novel  proposition  that  the  use 
if  the  water  to  generate  electric  power  by  a  power  house 
■n  riparian  land  is  not  a  use  within  the  scope  of  the 
■i Parian  rights  which  attach  to  the  land,  unless  the  elec- 


tric power  is  not  only  generated  upon  that  land  but  is, 
also,  applied  and  used  within  its  confines.  There  is  no 
merit  in  this  proposition.  The  riparian  owner,  by  reason 
of  the  situation  of  his  land,  has  the  right  to  make  any 
use  beneficial  to  himself  on  the  riparian  land  which  his 
situation  enables  him  to  make,  except  that,  if  his  use  in- 
volves a  consumption  of  the  water,  he  may  not  use  more 
than  his  reasonable  share  as  compared  with  other  owners, 
and  that  he  must  not  pollute  the  water  to  the  injury  of 
others  entitled  to  it,  and  that  the  water  he  does  not  con- 
sume must  be  returned  before  it  passes  his  land.  .  .  . 
The  theory  of  the  plaintiff  on  this  point  would  seem  to 
come  to  this :  That  in  the  process  the  water  is  in  some  way 
transformed  into  electricity,  and  in  that  form  is  carried 
away  and  used  on  nonriparian  land.  .  .  .  But  no  such 
thing  occurs.  The  water  is  not  changed  into  electricity, 
nor  carried  away  by  the  process.  ...  It  is  the  force  of 
gravity  which  turns  the  wheels,  and,  being  converted  into 
electric  power,  is  carried  away  on  the  wires,  the  water  it- 
self being  turned  back  into  the  stream,  as  is  the  case  of  its 
use  to  turn  an  ordinary  mill  wheel." 

The  right  to  divert  the  water  through  an  artificial  chan- 
nel on  the  company's  lands  was  recognized  in  this  case, 
the  same  as  in  the  New  York  case  mentioned,  subject  to 
the  duty  to  avoid  unduly  impairing  its  use  by  other  owners 
interested. 

Eight  Subordinate  to  Domestic  Use 
"The  right  to  the  use  of  water  for  domestic  purposes  is 
primary,  and  the  right  to  its  use  as  a  mechanical  power 
is  secondary ;  and  to  the  extent  that  the  two  rights  con- 
flict, its  use  as  a  mechanical  power  must  be  surrendered. 
Water  for  use  as  power  should  receive  reasonable  protec- 
tion. Water  for  domestic  use,  and  by  which  the  health 
and  cleanliness  of  the  people,  and  protection  against  fires 
are  to  be  secured,  is,  also,  important."  (Maine  Supreme 
Judicial  Court,  City  of  Auburn  vs.  Union  Water  Power 
Co.,  38  Atlantic  Reporter  561.)  If  a  stream  has  so  small 
a  volume  that  it  does  not  furnish  more  water  than  is  re- 
quired for  domestic  use  by  the  owners  of  land  bordering 
the  stream,  none  of  them  can  consume  this  water  to  create 
mechanical  power.  If  the  water  is  not  used  for  domestic 
purposes,  no  owner  can  use  it  all  for  manufacturing  pur- 
poses, to  the  exclusion  of  others  who  may  desire  to  make 
a  similar  use.  In  such  a  case  the  water  is  to  be  equitably 
divided,  according  to  the  requirements  of  the  several 
parties. 
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l^arffest  Keeler  Boiler  Ever  Built 

'I'lif  Nicliols  l'o|)|H'r  Co..  I-onj;  Isltiiul  City,  N.  V., 
ha8  till'  tiistiiution  of  o|)i'nitinf;  tin-  larjjfHl  K('<>1it  walii- 
tulK>  lioiliT  cvor  iiuilt.  Tho  lioilcr 
is  set  nlxivi"  tlic  ik-w  jrverlu'ra- 
torv  fiiniact',  a>  in  Fij,'.  1.  'I'iiu 
ti'in|)<'ralaiire  of  tiic  i'lirnacc  ga.sog 
piiiig  to  tlu'  l)oil('r  is  approximately 
ir)0(t  (K'K.  'I'lii'  (iri'i)o.\  of  the  l)oiifr 
is  coiinei'ti'd  to  the  rovorlxTatory  fur- 
nacos  l)y  a  duct  I'litoriiifj;  at  tlic  hot- 
loin  of  tiic  lioiltT  furiuuc  and  is  the 
width  of  the  lioiliT.  'Pile  iiisiih-  wall 
of  the  hot-jias  duct  extends  above  the 
furnace  liottom  to  form  a  liridgc-wall. 

Fijr.  'i. 

In  Kiff.  1.  is  shown  the  nu'lliod  of 
connecting  the  10-ft.  smoke  Hue  at 
tlie  rear  end  ol'  llic  boiler.  The 
l)reariiing  rests  on  llic  hrick  work  and 
forms  a  saddle  for  the  flue,  which 
drops  at  the  rear  end  of  the  boiler 
setting  and  connects  with  the  chim- 
ney. Fig.  I{  gives  an  idea  of  the  con- 
struction of  the  riveted  smoke  flue, 
and  of  the  damper  arrangement,  the 
damper  being  operated  by  hand,  by  a 
chain  from  the  deck  below  by  the  at- 
tendant. 

The  boiler  is  of  r<iS(l  hj).  capacity, 
contains  12,780  sq.ft.  of  heating  sur- 
face, and  is  designed  to  carry  230  lb. 
])ressure.  There  are  three  steam  drums, 
each  48  in.  in  diameter,  and  23  ft.  9 
in.  long.  The  578  four-inch  seamless  tubes  are  20  ft. 
long,  and  are  made  of  Xo.  !)  gage  steel.  The  drum  shells 
are  j%  in.   thick,   with   triple-riveted,  butt-strap  joints, 


anil  are  litled  willi  heads  %  in.  thnk.  \  Tj-in.  wifety 
\ai\e  is  atlached  to  each  drum,  which  Iuik  an  H-in.  hteaiii 
lei.      The  boiler  coiiii)letc   weighs   20(1. dOO   lb. 
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Design  of  Boiler  Furnace 
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Fig.  1.     Boiler  Setting  over  Reverberatory  Furnace         Fig.  3.  Construction  of  the  10-Ft.  Smoke  Flue 
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Turfeine-'Driveiii  Rotar^^  Coimi' 


By  Dr.  Alfred  Gradenwitz 


A  short  time  ago,  a  remarkable  turbo-compressor  was 
completed  at  the  Allgemeine  Elektricitats  Gesellschaft 
turbine  factory,  which  is  capable  of  delivering  the  enor- 
mous quantity  of  3,531,400  cu.ft.  of  free  air  per  hour  at  a 
pressure  of  140-170  lb.  per  sq.in.  This  output  corre- 
sponds to  a  power  input  of  12,000-13,000  b.hp. 

This  is  one  of  three  compressors  of  the  same  output  to 
be  supplied  to  the  Victoria  Falls  &  Transvaal  Power  Co. 
This  company  was  the  first  to  avail  itself  of  the  advant- 
ages afforded  by  large-size  turbo-compressors  and .  to 
adopt  the  transmission  of  power  in  the  form  of  com- 
pressed air  on  a  large  scale.  The  company  already  has 
twelve  4000-hp.  turbo-compressors  in  commission  in  its 


power  stations,  situated  close  to  Johannesburg.  The  com- 
pressed air  generated  by  these  machines  is  transmitted 
through  a  pipe  line  18. G  miles  in  length  and  supplies  17 
mines,  for  operating  rock  drills  and  other  compressed-air 
tools.  The  installation  of  the  three  new  comjiressors  will 
raise  the  total  amount  of  energy  transmitted  in  the  form 
of  compressed  air  to  84,000  hp. 

Fig.  1  shows  the  general  arrangement  of  the  compressor 
referred  to  in  the  foregoing.  On  the  left-hand  side  is 
the  steam  turbine,  designed  for  high-pressure,  super- 
heated steam,  and  fitted  with  automatic  nozzle  regula- 
tion. This  is  the  first  turbine  built  to  give  an  output  of 
12,000  hp.  at  a  speed  of  3000  r.p.m. 
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Fig.  1.  General  Arrangement  of  the  Compressor 
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Compressor  on  the  Testing  Bed 
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'I'lic  roiuiu'cssor,  cDtiHislinf;  of  llircc  cn  liiidcis,  in  coii- 
nwtiMl  to  till'  slt'iun  tiirl)iiH'  l).v  a  llcxililc  ii(ii|ilin;;.  'I'lu- 
low-prrssiirc  air  fvlintlt-r  is  iicnI  In  lln'  tiirliiiic,  and  in 
view  of  llu'  larj^r  t|nanlitv  oT  air  liainlli'd.  is  (lcHi;,M'<'d  lo 
draw  in  air  on  liolli  sides,  'riic  .iir  jiassfH  rroni  llu-  main 
smlion  pipe,  tlic  siinaiv  section  of  wliieli  is  visible  in  Kif,'s. 
1  and  v'.  into  the  two  ends  o\'  llie  low-pressure  compressor, 
passing  ont  to  the  intermediate  cooler.  slif,ditl.v  com- 
pressed at  a  temperature  of  aixiul  lUd  dej;.  ('.,  in  wliicli 
it  is  cooled  to  aliout  :{()  dejj;.  V. 

The  intermediate  cylinder,  throujih  which  the  air  next 
passes,  is  constructed  with  an  intake  on  one  side  only,  as 
the  volume  of  air  has  heen  so  reduced  that  it  is  no  lon^^er 
nwossarv  to  divide  tiie  air  current  on  account  of  the  sec- 
tion of  tlie  im])ellers.  The  air  compression  is  further  in- 
creased in  this  cylinder,  and  the  air  passes  ont  of  i!  in 
a  hijjhlv  heated  condition,  to  he  cooled  again  in  a  sec- 
ond cooler,  Fi<;.  1,  whereupon  it  enters  the  hifih-pressiire 
cylinder  for  final   compression  and   is  then  discliarged  to 


Ihe  pijie  line  through  the  pressure  pipe  hIiowii  in  l'"if,'.  I, 
on  the  rii^dil. 

As  tile  coidiiij,'  ell'ect  ill  Ihe  intermediate  coolers  is  not 
siiilicieni  to  jiermit  the  process  of  coniiircHsion  to  he  car- 
ried out  economically,  tlit!  compressor  cylinders  tlieui- 
selvcs  are  water  cooled.  The  pipe  lines  tliroiif^h  wlii(  li 
this  water  is  hrou{,'lit  is  shown  in  Flu.  '4,  which  is  a  view 
<>(  the  compressor  on  tlie  test  hed. 

The  li;.dit  foundations  upon  which  the  turho-conipri'ssor 
is  erecteil  are  esja'cially  noteworthy,  'i'hey  j)ermit  the 
intermediate  coolers  with  their  pipinj^  and  the  condenser 
plaiil  for  the  tiirhine  to  he  installtMl  conveniently  below 
liiem   in  the  hasement. 

This  first  12,00()-hp.  compressor,  on  test,  satisfied  the 
f,Miaiaiitee  conditions  for  steam  eon8uni|)tion,  whicli  were 
iiKire  severe  than  would  have  heen  thfiuj^ht  ])ossihle  for 
units  of  KXH)  to  L^lHtO  jiji.  The  units  ran  on  tlie  test  hed 
for  scncimI  iiouis  wilii  ;i  load  up  to  12,000  ]ip.,  corre- 
s|ion(liii;,^   lo  normiil    workinj^  conditions. 


NoEnpsiirenll  Umis^Ilsiftiinig  Birnciri 


This  type  ol'  hrick  is  used  to  li;u  k  n\)  lirehric  k  where 
the  retention  of  heat  is  desirahle,  and  not  as  a  substi- 
tute for  firebrick.  It  is  conii)osed  of  diatomaceous  earth, 
minute  skeleton  shell  plants,  of  almost  pure  silica,  finely 
ground  cork  and  clay.  When  the  brick  is  fired  the  cork 
is  first  carbonized  and  then  gradually  burned  out,  which 
leaves  the  brick  porous.  Each  brick  is  9  and  4  by  2y2 
in.  in  size.  It  is  suitable  for  use  in  boiler  settings,  gas 
producers,  or  in  the  construction  of  any  type  of  heating 
furnace,  ovens  or  kilns,  etc.  A  brick  weiglis  but  IV2  'b. 
but  will  readily  withstand  a  crushing  strain  of  140  lb. 
per  sq.in. 


Fig.  1.  Nonpareil  Brick  as  Used  in  a  Boiler  Furnace 

The  bricks  are  laid  in  a  special  insulating  cement,  re- 
quiring 400  lb.  per  1000  bricks.  They  may  be  laid  in  sev- 
eral ways,  outside  of  the  firebrick  and  the  common  brick 
of  a  boiler  setting,  Fig.  1.  When  placed  outside  the  com- 
mon brick,  the  exposed  surface  may  be  finished  off -with  a 
coat  of  cement  plaster.  Fig.  2.  In  any  case,  an  inner  lining 
of  firebrick  must  be  used,  for  the  insulating  brick  is  not 
a  refractory  material  and  will  not  withstand  the  abra- 
sion to  which  firebrick  are  subjected. 

To  hold  the  courses  of  different  brick  together,  metal 


ties  extending  through  the  common  lirick  to  tlie  firebrick 
can  be  utilized,  as  in  Fig.  3,  or  the  brick  can  be  tied  to- 
gether in  the  ordinary  manner.  The  two,  however,  make 
a  serviceable  setting. 

These  bricks,  made  by  the  Armstrong  Cork  Co.,  Pitts- 
burgh, Penn.,  require  six  to  the  square  foot  for  a  4-in. 
wall.  They  are  shipped  in  crates  holding  88  bricks  or  in 
any  increased  quantity. 


Common.Brick 


Fig.  2.  Insulating  Brick 
AND  Cement 
Coating 


Fig.  3.  Method  Em- 
ployed IN'  Tying 
Courses  of  Brick 


Pro^nilenoe  Hotel  to  Operate  a  Plant — The  Narragansett 
Hotel,  in  riovidence.  R.  I.,  has.  after  a  long  contest  between 
the  isolated  and  central-station  advocates,  decided  to  put  in 
a  plant  of  its  own.  Even  when  the  isolated  plant  was  handi- 
capped with  a  fixed  charge  of  16  per  cent,  and  a  steam  rate 
of  29  lb.  per  indicated  horsepower-hour,  the  resulting  aver- 
age cost  per  year  was  under  two  cents  per  kilowatt-hour 
at  the  switchboard.  They  are  now  paying  about  three  times 
that  rate  to  the  electric  company,  the  load  being  mostly 
lighting.  Two  Ideal  Corliss-valve  engines  will  be  used, 
guaranteed  to  produce  an  indicated-horsepower-hour  under 
25  lb.  As  the  boilers  were  already  installed,  and  as  the 
hotel  has  considerable  use  for  exhaust  steam,  the  addi- 
tional cost  for  light  and  power  should  be  very  low. 
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limM  Arc^ILMIhi^  Cnrcmi 


Hy  Jamios   Brakks,  .Jr. 


SYNOPSIS— Diirrtioiif;  for  Irstiiu/  for  hrraks  and 
(jromtds  on  (trc-lifjht  circuiis  hi/  iiii'diis  of  a  iinujncto 
and  hell. 

.Siiuv  .stu'c't  iuv-ligliting  circuits  are  generally  long, 
( oiisiderably  oxposeil  and  of  comparatively  small  wire, 
iliey  always  give  more  or  less  trouble  on  account  of 
grounds,  breaks  and  crosses. 

(irounds  are  most  likely  to  occui-  around  the  fronts  of 
>i()res  where  wires  are  run  in  proximity  to  iron  awning 
I  ranies  or  fittings.  Also,  where  the  lines  run  through 
trees,  there  will  always  he  more  or  less  of  a  ground,  es- 
peeially  in  wet  weather.  In  this  ease,  however,  the  trouble 
would  he  more  correctly  tei'med  a,  leak,  as  it  is  due  to 
ilet'ective  insulation  and  does  not  constitute  a  direct  con- 
nection to  the  ground,  as  would  happen,  for  example,  if 
line  of  the  lines  came  in  contact  with  an  iron  pole  or  a 
u;is  or  water  pipe. 

All  arc  lines  should  he  tostetl  at  intervals  during  the 
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Oround 
Locating   Rkeak  by   Mkaxs  of   a    Magnkto 


(lay  to  see  if  any  faults  have  developed,  so  that  they  can 
he  looked  up  and  remedied,  if  possible,  before  it  is  time 
to  start  up  in  the  evening.  This  may  be  done  in  various 
ways,  but  in  many  cases  grounds  and  breaks  are  located 
by  the  use  of  an  ordinary  magneto  bell.  This  is  able 
to  ring  through  a  long  length  of  line,  and  is  easily  carried 
luound  from  place  to  place. 

LoC'ATlXCi  RrI: AKS 

Series    arc    circuits    should    he    tested    freciacntly    for 

ireaks  by  connecting  a  magneto  to  the  terminals  of  the 

ircuit  at  the  station,   and   ringing  through   it.      If  the 

"II  fails  to  ring,  it  shows  that  the  circuit  is  broken  some- 

^he^e  and  the  break  should  be  looked  up  at  once.     If  the 

circuit  is  arranged  in  loops  that  can  lie  cut  out  by  means 

of  switches  on  the  poles,  the  first  thing  to  he  done  is  to 

[cut  out  the  loops  in  succession  until  a   ring  is  obtained. 

This  will  show  in  which  looj)  the  break  is,  and  the  fault 

can  then  be  further  located,  but  in  many  cases   it   may 

be  found  by  a  sim])le  inspection.     In  general,  however, 

the  problem  will  be  to  locate  a  break  on  a  simple  series 

circuit,  such  as  that  represented  in  Fig.  1. 

Assume  that  it  is  found  by  ringing  up  between  ah  and 
the  station  terminals,  that  there  is  a  break  in  the  circuit. 
First  connect  n  and  h  together  and  ground  them,  as  shown 
by  the  dotted  lines.  Then  go  to  point  c  as  near  the  mid- 
dle of  the  circuit  as  possible,  and  open  the  circuit  by  low- 
ering a  lamp  and  removing  the  wires,  or  in  any  other 
v\'av  that  mav  be  convenient,    (rround  one  terminal  of  the 


testing  magneto,  hy  connecting  it  with  a  hydrant  or  other 
ground  connection,  and  attach  the  other  terminal  to  one 
end  of  the  circuit  d.  Ring  through,  and  if  the  bell  rings, 
it  shows  that  the  part  of  the  circuit  from  d  around  to  the 
station  is  all  right  and  that  the  break  is  in  the  other  half. 
Now  close  the  circuit  at  c  and  move  on  to  /,  about  half- 
way between  r  and  the  station.  The  circuit  is  now  opened 
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Fig.  'I.     Ij.i.csTKArixG   Grouxd  ix  Arc-Lighting 
Circuit 

and  the  magneto  connected  as  liefore.  If  a  ring  is  ob- 
tained when  the  bell  is  connected  to  the  left-hand  end 
of  the  line,  it  shows  that  the  stretch  of  circuit  fgh  is  in- 
tact; while,  if  the  bell  does  not  ring  when  connected  to 
the  right-hand  side,  it  shows  that  the  break  is  between  f 
aiul  c,  as  at  c,  because  the  previous  test  showed  that  the 
part  d\a  was  all  right.  In  this  way,  by  making  a  few 
tests,  the  stretch  of  a  circuit  in  which  the  break  occurs 
can  be  located  within  narrow  limits,  and  the  break  itself 
can  then  usually  be  found  by  a  careful  inspection. 

When  a  line  becomes  grounded  at  any  point  g,  as  indi- 
cated in  Fig.  2,  the  ground  may  be  located  by  using  a 
magneto,  in  which  case  the  ends  of  the  line  ah  at  the 
station  are  left  open,  instead  of  being  grounded  as  when 
testing  for  breaks.    The  line  is  then  ojiened  at  c  near  the 
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Locating  (iROT'xn  ry   Means  of  Yolt:\ifti;r 


middle  point  autl  each  side  is  rung  uj),  one  terminal  of 
the  magneto  being  connected  to  the  ground.  The  side 
on  which  a  ring  is  obtained  is  the  one  on  which  the 
ground  exists.  The  half  on  which  the  ground  is  located 
is  then  opened  at  its  middle  j)oint,  and  in  this  way  the 
part  of  the  line  that  is  grounded  is  soon  located  within 
luirrow  limits. 

Locating  GRorxns  by  Means  of  a  Voltmeter 

If  a  high-reading  voltmeter  is  available,  it  can  bo  used 
for  locating  grounds  on  an  arc  circuit  as  indicated  in 
Fig.  3. 
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III   lliis  nisc,  llicrc  arc,  say,   l"i  Iniiips  oiicratcd  cm   tin-  f.;r<)iiii(l,   a    rciiiiiiif^   will    indicati'   a   f^rdiinil   on    tlic   line. 
fiivuit.     Ia'I  tlie  total  picssurc  j;i'iu'rut(>(l  by  tiic  (lyiiaino  Siipposc,   tor  (•xaiiij)lc,  that  llicic   Ik  a  j^roiiiid  on   tlie 

Ik*  1.')  X  •'"'(•  —  I-''"  volts,  allowiiif,'  .'lO  volts  per  lamp  (in-  liiii-  at    '/' ,    tlic   voltiiictcr  will    llicii   lie  (.•oniicctwl  ucroBB 

tliicliii}^  its  proportion  of  tlir  liiU'  drop).     'I'lic  dilTcri'iico  four  lamps,  and  will  give  a  rciKliiif^  of  uhoul  21)0  volt*, 

of  potential  lu'twivii  till'  iicf,'ativt' side  of  lamp  No.   1 .  and  Tlic  voltiiiclcr   rcadiiif^.   Ilicrcforc,   indicates  how   far  the 

a  is  .')0  volts.     Between  the  ncj;ativc  side  of  No.  '..'  and  a,  f^ioiind  is  out  on  the  line.     If  a  readiiif,'  of  ahout  100  volts 

100    volts,    and    so   on,    as    indicated.       If    one    terminal  is  ohtained,    it    is   known   that    the  ground   ih  HomuwhtTe 

of    the    \ollmclcr    is    connccled    to    ii    and    Ihe    otlirr    to  hetwccn   the  second  and   third   lamps. 
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S)'.\0I'S1S — Hi/  meany  of  the  chart,  the  iemjienttiire 
airri-.ipoudiiig  la  any  r/ireii  coinpressioii  prexsure  may  he 
foiiiai;  also  the  necessary  clearance  voluinc  to  produce 
tJiis  pressure  and  temperature. 


Some  time  ago,  the  writer  was  called  upon  to  assist 
in  the  design  of  a  75-hp.  Diesel  engine,  together  with  a 
two-stage  air  com])ressor,  which  was  to  furni.sh  air  at 
1000  11).  f(ir  fuel  injection.  Accordingly,  a  set  of  com- 
pression and  temjjerature  curves  were  laid  down,  that 
would  scr\e  as  a  liandy  reference  in  present  and  future 
calculations.  iSijice  the  curves  were  got  out,  many  oc- 
casions have  arisen  for  their  use  in  connection  with  gas- 
engine,  oil-engine  and  compressor  work,  and  they  have 
saved  much  repetition  of  calculations.  They  cover  a 
range  of  compression  from  atmosi)heric  pressure  to  1000 
lb.  absolute,  and  for  varying  conditions  from  adiabatic  to 
isothermal. 

The  bottom  scale  represents  volumes,  while  at  the  left 
the  absolute  pressures  are  shown  both  in  pounds  per 
square  inch  and  in  atmospheres.  At  the  top  are  divisions 
representing  temperatures  (Fahrenheit).  It  will  be  un- 
necessary to  use  these  divisions,  however,  as  the  tempera- 
tures are  all  carried  out  at  the  right  of  the  curves  and 
can  be  read  directly. 

Corresponding  to  each  compression  curve,  are  two  tem- 
perature curves — one  for  32  deg.  initial  temperature, 
and  the  other  for  60  deg.  initial  temperature. 

It  will  also  be  noticed  that  there  are  four  compression 
(volume)  curves  giving  a  range,  as  stated,  from  adiabatic 
to  isothermal.  In  laying  down  these  curves,  it  was 
thought  best  to  cover  the  two  extreme  conditions  and  then 
lay  down  between  them  the  two  curves  1.3  and  1.35, 
which  would  cover  the  conditions  to  be  expected  in  actual 
practice.  The  numbers  1.30  and  1.35  represent  the  ex- 
ponents of  the  Py  curve  under  these  intermediate  con- 
ditions and  1.41  that  with  adiabatic  compression.  Curve 
1.35  would  represent  the  conditions  with  fair  cooling  of 
the  cylinder,  while  curve  1.3  would  represent  conditions 
imder  still  better  cooling. 

An  example  will  best  show  how  to  use  the  chart.  Sup- 
pose it  is  desired  to  know  the  volume  and  temperature 
at  the  end  of  the  compression  stroke  in  a  Diesel  engine, 
assuming  that  air  is  taken  in  at  32  deg.  F.,  and  that  the 
compression  pressure  is  550  lb.  absolute.  Assume  that 
the  cooling  is  fair,  hence  choose  the  curve  marked  1.35. 

Following  up  the  left-hand  column,  we  come  to  550 
lb.    ISTow  pass  to  the  right,  as  shown  by  the  broken  lines, 


until  the  1.35-32  deg.  heat  curve  is  reached.  Follow  ver- 
tically from  this  point  to  the  top  scale,  where  we  will 
find  a  corresponding  temperature  of  797  deg.  or  we  can 
l)ass  horizontally  to  the   1.3.")  column  and   find   7!)7  deg. 

To  find  the  correspoiuling  volume,  start  at  550  lb. 
again  and  pass  along  the  horizontal  line  to  the  right  to 
the  1.35  compression  curve.  Directly  below  and  on  the 
base  line  is  found  0.06!),  which  means  that  the  quantity 
of  air  taken  into  the  cylinder  has  been  compressed  into  a 
space  0.069,  or  6.!)  per  cent,  of  its  original  volume.  From 
this  volume,  one  is  enabled  to  calculate  the  necessary 
clearance  space  in  the  engine  cylinder. 

It  might  be  mentioned  that  in  practice  this  clearance 
volume  is  usually  made  somewhat  less  than  the  table 
shows,  as  the  volumetric  efficiency  never  reaches  100  per 
cent. 

In  the  foregoing  example,  if  the  initial  air  temperature 
had  been  60  deg.  F.,  instead  of  32  deg.  F.,  it  would  have 
been  necessary  to  pass  along  the  horizontal  line  from  550 
lb.  to  the  column  headed  1.35  and  60  deg.  initial  tempera- 
ture and  the  result  would  have  been  868  deg.  or  a  rise  of 
71  deg.  for  a  difference  of  30  deg.  in  the  intake  tempera- 
ture. 

The  question  has  already  been  raised  by  Mr.  Went- 
worth,  in  Power,  of  raising  the  initial  temperature  of  the 
air  in  the  Diesel  engine  and  thereby  lowering  the  com- 
pression pressure.  In  the  fir.st  example  mentioned,  the 
compression  was  550  lb.  absolute,  the  intake  32  deg. 
and  the  final  temperature  797  deg.  Suppose  that  this 
temperature  is  sufficient  for  complete  combustion  in  a 
Diesel  engine  cylinder.  Assume  that  air  is  taken  into  the 
cylinder  at  60  deg.  instead  of  32  deg.  and  see  what  com- 
pression is  necessary  to  produce  this  temperature.  First, 
look  under  the  column  marked  60  deg.  initial  tempera- 
ture and  1.35,  and  we  will  find  800  deg.,  which  is  near 
enough  to  797  deg.  for  practical  purposes.  Now,  follow 
the  horizontal  line  from  800  deg.  to  the  left  and  we  find 
450  lb.  absolute,  the  compression  pressure  necessary  to 
produce  this  temperature.  This  shows  that  the  compres- 
sion has  dropped  from  550  to  450  lb.,  with  practically 
the  same  final  temperature. 

The  above  example  shows  that  Mr.  Wentworth's  theory 
is  not  without  foundation.  It  .should  be  mentioned,  how- 
ever, that  by  raising  the  temperature  of  the  intake  air, 
the  weight  which  can  be  taken  into  the  cylinder  is  de- 
creased. This  is  so  because  the  volume  of  air  so  heated 
is  increa.«:ed,  and  this  increase  is  in  direct  proportion  to 
the  absolute  temperatures.  In  other  words,  the  volu- 
metric efficiency  is  decreased. 
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Pressure-Temperature- Volume  Diagram  for  Different  Degrees  of  Compression 
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I'o  w  !■:  i{ 


Vol.  :j:».  So.  I'<J 


Trnp  Vallve 


An  clc-ilriiallv  (i|M'iali'il  cmcr^^ciK  y  trip  valve  in  illiis- 
liaU'il  luTcwilli.  It  :-  inlcnilcil  ii>  an  cincrjiciicy  slnilolT 
or  »'iif;iiu'  slop  \al\f.  iIimI  in.i\  also  he  operated  liv  liainl. 
or  l»y  ail  electrical  solcimul  and  piisli  Imtton  from  any 
part  of  tlie  plant.  Tlii.-  valve  is  hiiilt  liy  the  (loldcii- 
Aiiderstin  \'al\e  Sjieciaity  Co.,  1  v  1 '  l''ullnn  iiiiildin^i, 
I'ittshnr^li.    Penii. 

Till'  sectional  \ic\\  .vIkpu."-  iIic  ('(n'lis>  doiililcda-lipot 
nicllioii  of  ciishioiiiiiLi  llic  \al\e  disk,  the  daslipdl  nc- 
ciiliyiiiii  the  ii)ipci'  part  ol'  llic  \al\e  laxly.  This  I'ealni'e 
insures  a  cushion  in  Ihc  opcniiii;  and  closing:;  of  tiie 
\al\e  disks,  and  liiini;^  tliciii  in  aliuiinicnt  with  the  >eats 
when  closiiii;,  rcizardlos  ol'  the  position  of  the  xahc 
The  inside  dashpot  i>  sliown  at  .1.  attached  to  tiic  vahc 
8|)iii(lle  I).  The  outside  hi'on/.c  dashpot  H  acts  as  a 
cylinder  and    i>   hehl    in   place   hy  cap  holts. 

A  hvpass  is  made  thidiiuli  the  \al\e  stem  I'ldin  the 
under  side  of  tlic  \al\c  di.-k.  which  is  under  hoih'r  pres- 
,-iire.  to  the  iippci'  side  of  the  dashj)ot  A.  throu<iii  the 
|)orts  I'l'.  A  port  at  ('  also  admits  steam  at  hoiler  ]ncs- 
sure.  wiiicli  halances  the  dashpot  .1. 

As  may  he  seen  in  the  semi-sectional  view  of  the  vahc, 
an  exhaust  port  commiinicales  with  the  spaee  hetween 
the  two  dashpots  and    leads  to  the  pilot  valve   V. 

\\'lien  the  pilot  \al\e  is  tripped  the  .steam  ])ressure 
hetween  the  two  dashpots  escapes  throufjh  the  drip  pipe 
/•'  and  allows  the  \al\e  to  close,  thus  .shuttiiif;^  off  the 
flow  of  steam  throii;^li  the  \al\c.  When  this  occurs  the 
(louhle-cushi(ui    feature    ^ives    an    instantaneous   drop    to 


witiiin  l/s-in.  t<\'  (he  .■^eal,  and  then  cIohch  eawily  iMxlcr 
the  control  of  the  secondary  da.slipot.  Hy  luriiinj(  the 
liandw  hcil,  ihc  >tcm  may  he  .M-rewed  onto  llie  top  of  the 
\al\e  stem,  thus  making  a  steani-li;:ht  joint  aiirl  eansiiij.' 


SiuTiox.s  OK  THE  Emkhcjkxcv  Ti;ii>  \ai,vk 

a  iiermanent  (losiire  of  the  valve.  The  valve  V  is 
controlled  hy  an  electric  soleiKjid  connected  to  either  di- 
rect or  alternating  current  for  cuutiuuuus  or  interniit- 
tent  service. 


IRefrlgeratioim-Fllainit 


By  William  S.  LrcKi:xBACH 


t^l'NOrSIS — I  in /III  rl  Hex  in  the  feed  irntrr  mai/  carry 
over  wilh  the  steam  in  a  disiilled-wuier  ire  plant  anil 
serioushj  affect  the  ice.  A  bypass  from,  the  weah-liquor 
pipe  to  the  ammonia  pump  may  he  used  to  relieve  the  gas 
in  the  pump.  Condenser  coils  exposed  to  the  svn'.T  heat 
should  be  shaded;  the  covering  also  creates  a  draft  be- 
tween the  coils.  Thermometers  in  the  liquor  anhydrous 
pipe  near  the  receiver,  in  the  weak-liquor  pipe  near  the 
absorber,  and  in  the  water  line,  if  an  ice  plant,  are  as  im- 
portant as  the  brine  thermometer.  Suggestions  on  clean- 
ing equipment. 

The  season  is  at  hand  when  every  owner  and  engineer 
dealing  with  ice-making  and  refrigerating  plants  should 
endeavor  to  improve  on  last  season's  output  without  ex- 
]iensive  alterations. 

A  surface  blowoff  should  he  used  when  ice  is  made  from 
distilled  water.  A  heater  and  purifier  to  heat  the  water 
to  not  less  than  210  deg.  F.  should  be  used,  when  ice 
making  is  the  object,  because  at  that  temperature  the 
larger  portion  of  the  impurities  in  the  water  will  be 
precipitated  before  leaving  the  heater.  The  less  impurities 


forced  into  thf  hoiler  the  less  there  is  to  blow  out.  or 
form  scale;  the  less  the  blowoff  is  used  the  less  hot  water 
goes  to  tlie  sewer,  less  fuel  is  wasted  and  there  is  less  work 
for  the  fireman.  A  high-  and  low-water  alarm  is  an 
advantage,  especially  the  high  alarm,  where  distilled 
water  is  used  for  making  ice,  for  if  the  water  in  the 
boiler  should  get  too  high  the  steam  might  carry  some 
impurities  with  it,  and  should  the  filter  not  be  capable 
of  cleaning  properly  the  foreign  matter  would  pass  into 
the  cans  and  possibly  48  hr.  later  one  would  find  bad  ice 
without  being  able  to  account  for  it.  .\  water-level  alann 
tends  to  make  the  fireman  more  ])articular  about  tin 
water  level. 

Plill'S 

See  that  the  clearance  of  all  liinmonia  pumps  is  small 
to  prevent  the  pump  getting  gas  bound.  'I'o  quickly 
remedy  trouble  of  this  kind  have  a  permanent  bypass  of. 
say,  1-in.  pipe  from  the  weak-liquor  pipe  to  the  pump 
suction  with  a  valve  connected  in  the  lines.  If  gas  ac- 
cumulates in  the  pump,  open  this  valve  and  allow  \lie 
weak  liquor  to  enter  the  pump  and  absorb  the  accumu- 
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latccl  f^'iis,  after  which  chjse  tlie  valve  and  run  as  \isual. 

Should  the  wattT  supply  be  from  a  river  or  well,  be 
sure  the  cheek  valve  on  the  end  of  the  suction  is  working 
rightly,  and  that  it  will  not  fail  during  the  Imsy  season 
when  tons  of  ice  may  he  (piickly  lost.  Do  not  stand  on 
the  hank  of  tiie  river  nv  top  of  the  well  and  guess  it  will 
last  anotiicr  season,  but  liitch  a  chain  l)lock  to  it  and  get 
the  valve  out  and  examine  it.  One  will  have  plenty  to 
worry  about  dui'ing  the  season  without  courting  a  job 
like  this. 

In  ease  of  an  alisorption  uiaehine,  the  generator  coils 
or  tubes  should  be  cleaned,  as  there  is  frequently  some 
impurity  in  the  aqna  aiumonia  which  adheres  to  the 
pipes  and  forms  a  nonconductor  of  heat,  especially  is  this 
necessary  where  low-])ressure  or  exhaust  steam  is  used  in 
the  generator.  Sup])]y  the  generator  with  strong  aqua 
amiuonia,  because  the  stronger  it  is  the  less  heat  is  re- 
quired to  liberate  gas,  and  as  there  will  be  less  heat  in  the 
gas  when  reaching  the  condenser  there  will  be  less  cool- 
ing water  needed. 

COXDEXSKK     AND     Wl  AK-TjIQUOI!     CoILS 

The  condensing  coils  for  both  the  weak  li(|U()r  and 
liquid  anhydrous,  whether  of  the  ordinary  atmospheric  or 
double-pipe  type,  should  be  ample  to  allow  both  liquors 
to  leave  the,  coils  at  or  near  the  t;emperature  of  the  cool- 
ing water.  To  save  cooling  water  have  the  coils  in  the 
open  and  get  the  benefit  of  a  breeze  from  any  quarter.  It 
is  common  to  see  condensing  coils  on  the  roof  without 
protection  of  any  kind  from  the  heat  of  the  sun.  A  sim- 
ple canvass  covering  would  not  only  reduce  the  heat,  but 
create  a  draft  through  the  coils  and  help  lower  the  tem- 
perature of  the  cooling  water  by  evaporation. 


Eecepta(;le  for  Testing 

The  weak-liquor  ])ipe  leading  from  the  cooling  coils 
to  the  absorber,  and  the  liquid  anhydrous  pipe  leading 
to  the  receiver  or  expansion  valve,  should  be  run  through 
the  coolest  part  of  the  building  to  maintain  a  tempei'a- 
ture  approximately  the  same  as  that  at  the  condenser 
outlet.  If  this  cannot  be  done,  it  would  pay  to  cover 
the  pipes  to  ])rotect  them  from  the  warm  surrounding 
!   atmos])here. 

deferring  to  the  standard  table  of  properties  of  satu- 
rated ammonia,  we  find  that  1  cu.ft.  of  liquid  aiuuionia 
at,  say,  85  deg.  (lfiT.4  lb.  pressure)  weighs  37.10  lb.,  and 
;  1  cu.ft.  of  gas  weighs  0..^r)i).5  lb.     Therefore,  a  cubic  foot 
of  liquid  at  85  deg.  F.  expands  37.10  -^  0.5595  =  6().3 
times.     Liquid  anhydrous  at  65  deg.  F.    (118.1  lb.  pres- 
'  sure)    weighs  38.09  lb.,  while  a  cid)ic  foot  of  vaporized 
I  .nmnionia  at  this  temperature  weighs  0.3990  II).,  and  the 
i  volume  of  tras  will  be  3S.09  -h  0.399fi  =  95.2  tinu's  that 


of  the  liquid.  The  ammonia  at  85  —  fi5  =  20  deg. 
lower  temperature  expands  28.9  additional  times  and  ex- 
tracts a  proportionately  greater  amount  of  heat  from  the 
brine. 

Thermometers 

The  more  general  use  of  thermometers  in  ice  plants 
regardless  of  the  kind  of  system,  but  especially  in  the  al)- 
sorj)tion  plant,  should  be  advocated.  There  should  be  one 
on  the  feed  pipe  between  the  feed  pump  and  steam  boiler. 
"When  the  heater  becomes  dirty  and  the  absorption  of  heat 
is  slower,  the  thermometer  will  indicate  the  condition. 
Thermometers  in  the  weak-liquor  pipe  near  the  absorber 
and  in  the  liquid  anhydrous  pipe  near  the  receiver  or 
expansion  valve  assist  greatly  in  getting  economical  re- 
sults from  the  plant.  Suppose  the  normal  temperature 
of  the  liquid  ammonia  at  the  expansion  valve  was  70 
deg.  F.,  and  that  of  the  brine  10  deg.  F.  The  engineer 
in  glancing  at  the  thermometer  notices  a  rise  in  tempera- 
ture of  7  deg.  F.  He  knows  that  the  gas  at  the  higher 
temperature  will  absorb  less  heat  from  the  brine  and  re- 
sult in  an  increase  in  the  brine  temperature.  With  the 
thermometer  in  front  of  him  there  is  no  good  reason  why 
the  brine  temperature  should  increase  several  degrees  and 
why  he  should  tramp  around  and  wonder  what  caused  it. 
He  will  know  at  once  that  there  are  only  two  causes, 
either  too  little  cooling  water  for  the  condenser,  or  that 
the  coils  need  cleaning,  or  that  it  is  due  to  a  combination 
of  both.  If  an  ice  plant,  the  water  to  be  frozen  needs 
the  same  attention.  Any  rise  in  its  temperature  means 
that  a  correspondingly  greater  number  of  heat  units  must 
be  extracted  by  the  brine.  The  practice  of  feeling  the 
water  pipe  to  determine  temperature  variations  is  poor. 
Not  one  in  50  can  detect  a  difference  of  8  or  10  deg.  in 
temperature.  It  would  be  just  as  sensible  to  discard  the 
brine  thermometer  and  rely  on  getting  the  correct  tem- 
perature by  dii)ping  the  hands  in  the  brine.  Another 
matter  of  importance  is  to  insert  near  the  expansion  valve 
on  the  high-pressure  side,  a  valve  through  which  liquid 
anhydrous  can  be  drawn  off  and  tested  for  its  purity.  The 
test  is  made  by  using  a  cup  made  of  1-in.  pipe  plugged  at 
one  end  and  with  a  handle  attached.  A  tube  or  nipple 
from  the  test  valve  should  reach  nearly  to  the  bottom  of 
the  test  cup.  Draw  a  little  liquor  into  the  cup.  If  the 
ammonia  evapoi-ates  clean  and  dry,  it  may  be  considered 
])ractically  ])ure. 

The  .\bsorbiu 

All  absorbers  operate  to  produce  one  result,  i.e.,  to  have 
the  expanded  gas  from  the  brine  tank  absorbed  by  the 
weak  liquid  from  the  generator,  to  get  the  original 
strength  of  the  ammonia.  AVhile  the  liquor  will  readily 
absorb  the  gas,  it  must  l)e  cold  enough  to  absorb  the 
quantity  necessary  for  the  li(|uor  to  regain  its  original 
strength.  Therefore,  the  tubes  or  coils  in  the  absorber 
must  be  clear  and  clean  so  that  the  exchange  of  heat 
between  the  cooling  water  and  weak  liquor  will  be  rapid. 
When  the  absori)er  cannot  be  shut  down  for  long  the 
tubes  may  be  cleaned  with  water  or  steam  at  high  pres- 
sure. Steam  cuts  the  scum  fi'om  the  coils  better  than 
water,  but  it  also  raises  the  temperature  of  the  absorber, 
but  by  doing  the  cleaning  when  there  is  a  lai'ge  amount 
of  ice  on  hand,  half  of  the  coils  may  be  cleaned  at  one 
time  without  considerably  decreasing  the  output. 
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RniNi;  Tank 

If  the  liriiii'  tiink  has  not  ln'cn  clcani'd  for  a  few  sea- 
sons it  should  iu'  clniiu'd  as  soon  as  possililr  In  avoid 
nislinp.  Have  tlu«  roils  disconnected  lop  nixl  l.ciiciii 
and  hlow  mil  each  coil  separately  with  sleain.  lollciurd 
with  air  or  apply  heat  to  evaporate  any  water  left  in  I  he 
pip(>.  In  freezing  weather,  linisli  one  euil  nnnplelr  he- 
fore  lilowinjj  the  next,  and  i,Mve  all  coils  a  |)rcssiire  test. 
'I'hcy  should  stand  :100  Ih.  ])n>8sure.  In  connoctin<;  the 
coils  use  only  the  best  quality  of  rnhher  for  llansc  .ioints, 
because  many  of  these  joints  are  dillieidt  to  jret  at  when 
tlie  plant  is  in  operation.  Have  all  nuts  run  loose  on  the 
bolts,  and  .see  that  the  nuts  do  not  jam  into  the  body  of 
the  holt  as  leaks  nuiy  follow. 


IMri;  AM)  Fi'iTikoH 

Uho  o.xtra-hoHvy  pipe  and  fittings  on  the  aninionia  Hys- 
lem.  In  cultiii);  pipe  it  frecpiently  hajipens  that  tlieciit- 
Icis  depress  Hie  pi|ie,  I'cduce  the  area  and  leave  raffed 
('(!;,'(■.-  nil  which  \'nrf[iri\  suhstances  ^father.  Do  not  iih(;  a 
Mipple  or  piece  of  pipe  without  looking  through  it  for 
blisters  and  olistructioiiH,  as  this  precaution  may  save 
much  trouble  later  on.  In  making  screwed  ammonia 
joints  do  not  use  pasty  substance  of  any  kind,  as  the  par- 
ticles j,'et  jamnu'd  l)etween  tiic  threads  and,  wiiilo  tin; 
joint  nuiy  i)e  ti^dit,  it  will  he  only  a  shr)rt  time  when  the 
ammonia  will  leak  tiirouf,'h  at  a  time  when  one  has  plenty 
of  other  urj^ent  matters  on  hand.  The  first  rer)uiHitc  is 
a  good,  clean  thnmd  on  both  pipe  and  fitting,  then  dij) 
them  in  a  mixture  of  lul)ricating  oil  and  graphite. 


Mow  e\  M^imncipa]!  Stts^ttnoim  Was  Ms^de 

tO)  Fay 


By  JosiiiMi  A.  Jkckki.t, 


SYNOPSIS— The  author  describes  how  hv.  rporfjanized 
a  niuiiicipol  electric  station  which  was  losing  monci/  and 
made  it  produce  current  at  the  lowest  cost  in  England. 
The  plant  is  now  paying  over  13  per  cent,  on  the  capital 
invested  and  selling  current  at  an  average  rate  of  2.12 
cents  per  l-ilowatt-hour. 

In  i;)01  tlie  writer  took  liohi,  as  manager  and  engi- 
neer, of  the  electricity  works,  a  nmnicipal  undertaking, 
in  the  city  of  Coventry,  England,  having  a  i)opnlation 
of  110,000. 

Tliis  undertaking  had  l)een  in  operation  six  years  and 
each  year  there  was  a  loss  after  tlie  capital  charges  had 
been  paid,  as  in  Britain  the  interest  and  sinking  fund  on 
the  capital  have  to  he  met  year  by  year  and  if  not  pro- 
vided by  the  undertaking  have  to  be  put  on  the  local 
taxes. 

In  1901  the  plant  consisted  of  four  T>ancas1iire  boilers. 
four  compound  jet  condensing  engines,  driving  by  ropes ; 
four  single  alternators.  87  cycles.  2000  volts  generated, 
200  volts  distributed  from  sui)stations.  Cajjacity  of  plant, 

550  kw. 

The  station  was  situated  on  a  canal  whence  the  con- 
densing water  was  drawn. 

Coal,  11,000  B.t.u.,  cost  $2  per  long  ton.  All  mains 
were  concentric  and  laid  underground. 

The  gas  works  were  also  owned  by  the  municipality 
and  were  a  very  flourishing  concern,  especially  as  nearly 
all  the  works  in  the  city  were  driven  by  gas  engines  sup- 
plied by  gas  from  the  municipal  works  at  -lOc.  per  thou- 
sand. 

The  powerful  gas  committee,  perhaps  naturally,  placed 
every  possible  difficulty  in  the  way  of  pushing  electricity 
sales,  and  as  the  gas  undertaking  was  the  "Old  Love," 
the  council  took  the  same  view  and  would  not  even  allow 
the  writer  a  salesman,  so  not  to  be  beaten,  he  added 
these  duties  to  those  of  manager  and  engineer  and  did 
the  selling  himself. 

On  taking  hold  the  writer  determined  at  once  to  change 
the  whole  system  to  two-phase,  50  cycles.  Two-phase 
was  chosen  as  thereby  the  single-phase  mains  could  be 


utilized.  Lighting  was  supplied  single-phase  and  motors 
two-phase. 

This  necessitated  scrap])ing  the  engines  and  alternators 
and  a  large  proportion  of  tin;  transformers  and  meters. 
It  would  have  been  more  advantageous  to  liave  at  once 
scrapped  the  boiler-house  plant  as  well,  but  the  com- 
mittee would  not  hear  of  tliis.  Britishers  are  not  good 
scrappers.  Moreover,  owing  to  the  timidity  of  the  coun- 
cil, the  work  was  only  allowed  to  be  done  piecemeal  and 
each  addition  had  to  ])e  shown  to  have  paid  before  the 
ne.xt  one  was  sanctioned,  thus  delaying  by  several  years 
the  results  eventually  attained. 

The  writer  decided  u])on  the  same  kind  of  steam  plant 
as  lie  had  installed  at  South  Shields,  where  he  had  pre- 
viously designed  and  erected  the  plant.  This  plant  was 
triple-ex])ansion,  slow-s]ieed,  open-type  vertical  marine 
engines,  surface  condensing,  direct  coupled  to  the  alter- 
nator and  exciter.  The  air  ])umps  and  circulating  pumps 
w-ere  driven  from  the  intermediate  crosshead,  thus  doing 
away  with  auxiliaries  which  are  so  frequently  costly  in 
steam  consum])tion  and  iii)kccp.  The  cylinders  were 
steam-jacketed. 

In  many  stations  there  are  found  quite  a  number 
of  different-sized  engines  and  in  not  a  few,  different  types 
of  engines.  In  fact,  some  stations  look  like  museums 
more  than  works  for  the  efficient  production  of  power. 

The  writer  arranged  to  have  all  the  engines  the  same 
tvpe  and  same  size.  But  as  they  would  have  to  work  on 
light  loads  as  well  as  heavy,  he  looked  for  an  engine  which 
had  a  large  range  of  economy  and  the  above  type  was 
found  to  most  nearly  approximate  his  requirements.  He 
specified  that  the  steam  consumption  should  be  taken  at 
Vz  to  %  and  full  loads  and  gave  a  bonus  for  each  and 
every  pound  under  the  specified  amount  as  the  average 
of  these  three  loads,  but  before  deciding  on  this  type  he 
exhaustively  tested  the  engines  at  various  loads  on  the 
brake  at  the  maker's  works.  He  was  the  first  engineer 
in  Britain  to  install  this  type  of  engine  for  generating 
electricity. 

Surface  condensing  was  chosen  as  leaks  can  be  so  much 
better  detected  than  when  jet  condensing  is  used. 
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Till'  londensed  water  after  having  the  grease  extracted 
by  chemical  means  was  returned  to  the  boilers. 

A  water  softener  was  used  to  provide  nuike-up  feed,  so 
that  nothing  but  absolutely  pure  water  was  used,  which 
is  so  essential  if  the  best  service  is  to  be  obtained  from 
the  boilers,  especially  with  water-tube  ones. 

The  coal  obtainable  was  carefully  tested  and  that  which 
contained  most  heat  per  dollar  was  chosen.  (Jrates  and 
stokers  were  installed  on  the  boilers  suitable  for  this 
particular  kind  of  coal.  The  writer  found  that  by  in- 
stalling the  grate  and  stoker  most  suitable  he  obtained  an 
increased  capacity  of  17  per  cent.,  and  a  decreased  cost 
of  evaporation  of  54  per  cent. 

Six  sets,  700  kw.  each,  of  this  type  of  plant  were  in- 
stalled in  the  existing  building  with  additional  Lan- 
cashire boilers  as  the  load  required. 

Afterward  the  writer  designed  a  new  station,  20,000 
kw.,  with  water-tube  boilers,  superheat,  overhead  bunk- 
ers, coal-conveying  plant,  etc.,  with  3000-kw.  turbines, 
which  was  erected  in  sections  as  the  demand  for  power 
increased. 

The  sales  were  pushed  as  much  as  possible,  but  due  to 
the  action  of  the  gas  committee  in  maintaining  incandes- 
cent-gas mantles  at  a  nominal  price  not  so  much  progress 
was  made  in  the  direction  of  lighting  as  might  have  been 
expected.  The  force  was,  therefore,  concentrated  on  the 
supply  of  power.  Motors  were  kept  in  stock  and  loaned 
out  with  a  fair  purchase  clause  so  that  as  soon  as  the 
customer  was  satisfied  he  was  in  a  position  to  purchase 
his   motor. 

Slip-ring  motors  were  used  where  the  demand  was 
small,  but  where  it  was  considerable,  a  substation  was 
built  on  the  consumer's  premises  and  he  was  supplied 
with  squirrel-cage  motors.  Where  possible,  motors  were 
installed  with  2000  volts  on  the  stator,  thus  doing  awaj' 
Avith  the  cost  of  transformers  and  the  loss  in  them  when 
the  motors  were  idle. 

Ordinary  house  wiring  was  not  carried  out  by  the  elec- 
tricity department,  tliis  being  left  to  the  contractors  who 
were  therel)y  induced  to  canvas  for  customers  to  the 
mains.  The  department,  however,  did  the  wiring  for  the 
motors  as  at  first  the  contractors  were  not  skilled  in  this 
work. 

A  special  system  of  wiring,  designed  by  the  writer,. was 
used  whereby  the  cost  of  wiring  was  reduced  one-third. 
This  system  was  also  passed  by  the  Board  of  Trade  for 
wiring  to  the  motors. 

Two  single-phase  meters  were  installed  to  each  motor, 
•,lius  only  single-])hase  meters  were  stocked.  This  enabled 
a  motor  whose  phases  were  not  evenly  balanced  to  be  at 
once  detected  and  it  was  replaced  l)efore  a  complaint  was 
received.  The  MTiter  considered  that  a  satisfied  consumer 
was  the  best  canvasser  he  could  have. 

FiXAKCIAL    PrOPOSITIOX 

This  was  naturally  the  most  important  of  all,  as  it  was 
the  crux  of  the  whole  situation,  the  main  object  being 
to  make  the  undertaking  a  financial  success,  whereas  up 
to  1901  it  had  been  a  ghastly  failure.  The  first  thing  the 
writer  did  was  to  design  a  ledger  which  would  show  at  a 
glance  where  the  costs  were  too  high,  the  accounts  of  all 
other  undertakings  being  at  the  writer's  disposal. 

A  ledger  was  designed,  containing  the  Board  of  Trade 
headings,  amplified  as  suited  the  special  circumstances 
of  the  case.    This  ledger  contained  52  weeks,  12  months, 


four  ([uarters,  two  half  years  and  a  year,  a  page  being 
devoted  to  each.  The  weeks  were  carried  forward  to  the 
months,  the  months  to  the  quarters,  etc.  The  results  for 
the  current  period  were  entered  on  the  right-hand  page, 
the  last  year's  results  being  posted  on  the  left-hand  side, 
so  that  on  opening  the  ledger  anywhere  the  results  of  the 
current  period  could  at  a  glance  be  compared  with  those 
of  last  year.  This  enabled  the  writer  to  keep  an  absolute 
check  on  the  expenditure  under  each  heading.  The  costs 
were  worked  out  for  each  item  to  one  five-hundredth  of  a 
cent  per  kilowatt  sold. 

The  consumer's  meters  were  read  every  three  months 
and  the  ledger  brought  out  automatically  a  balance  every 
three  months.  This  method  of  easy  comparison,  rendered 
possible  by  the  ledger,  enabled  a  vast  number  of  economies 
to  be  carried  out  at  the  works,  thus  reducing  the  cost  of 
manufacture  considerably  as  is  evidenced  by  the  fact  that 
the  total  cost,  exclusive  of  capital  charges,  was  $21,790 
in  1901  for  341,810  kw.-hr.  sold;  and  in  1904,  was  only 
$22,420  for  920,192  kw.-hr.  sold. 

As  is  usual  in  the  British  Isles,  part  of  the  books  were 
kept  at  the  electricity  works  and  part  by  the  city  treas- 
urer. Chartered  accountants  were  called  in  and  recom- 
mended that  all  books  be  kept  by  the  writer.  This  method 
was  adopted  and  thenceforth  he  kept  all  the  books  and 
prepared  the  balance  sheets,  all  the  accounts  being  audited 
by  chartered  accountants  who  conducted  a  continuous 
audit  all  the  year. 

Immediately  a  surplus  was  made,  the  rate  payers  clam- 
ored for  a  contribution  to  be  made  to  the  local  taxes,  as 
they  had  to  raise  so  much  money  formerly  to  make  good 
the  deficit  on- the  electricity  works;  $61,250  had  been 
added  to  the  local  taxes  to  meet  the  deficit  charged  to 
the  works.  As  a  "sop  to  Cerlierus,"  $5000  was  paid  to 
the  taxes  in  1907.  This  was  increased  gradually  until 
this  year  $25,000  was  paid  over,  the  total  to  date  being 
$86,500. 

The  writer,  however,  very  strongly  urged  the  building 
up  of  a  large  reserve  fund,  especially  in  view  of  the  fact 
that  there  were  a  great  number  of  liabilities  standing  in 
the  books  with  no  liquid  asset  to  represent  them.  The 
outstanding  debt  on  all  plant  scrapped  by  the  writer,  not 
provided  by  the  sinking  fund,  was  found  out  of  revenue. 
This  was  sanctioned  and  the  amount  already  placed  to  the 
reserve  fund  is  $300,000. 

In  order  to  place  the  undertaking  on  an  absolutely 
sound  basis,  the  writer  examined  all  the  accounts,  which 
had  been  charged  to  capital  since  the  undertaking  was 
started,  and  wrote  off  all  those  items  not  represented  by 
a  liquid  as.set.  It  was  found  that  these  totaled  $135,000 
Moreover,  there  was  $200,000  worth  of  plant  which  might 
have  to  be  scrapped  before  the  time  the  loans  granted  for 
it  were  extinguished  by  the  sinking  fund,  the  original 
life  allowed  being  too  long,  hence  the  extreme  desirability 
of  Imilding  up  a  reserve  fund  as  rapidly  as  possible 
which  could  be  used  for  this  purpose. 

The  life  of  all  parts  of  the  plant  was  estimated,  with 
the  years  run  and  the  years  to  run,  and  it  was  found  that 
at  the  then  rate,  the  sinking  fund  would  extinguish  the 
loans  many  years  before  they  would  be  liquidated  by  or- 
dinary depreciation,  though  in  the  earlier  years  consider- 
able sums  might  be  required  as  aforesaid.  This  report  re- 
ceived the  unqualified  apjiroval  of  the  special  financial 
electrical  expert  of  the  British  government.     Doubtless 
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A  new  type  of  coiiliiuious-recording  instrument  fur  use 
as  an  electrieal  pyrometer  for  rceording  temperatures, 
and  also  as  a  recording  voltmeter  or  ammeter  has  recently 
heen  placed  on  the  market  by  the  Brown  Instrument  Co., 
and  the  Keystone  Electrical  Instrument  Co.,  Philadel- 
phia, Penn.  The  instrument  is  simple  in  construction 
and  compact  in  form.  The  case  is  15  in.  high  by  <S  in. 
wide,  and  projects  from  the  switchboard  or  wall  7  in. 
The  space  occupied  by  the  in.strument  has  been  largely 
reduced  by  placing  the  clock  mechanism  behind  the  rec- 
m-d  chart  instead  of  to  one  side,  and  the  record  chart  is 
the  only  part  shown  on  the  face. 

A  two-months'  roll  of  record  paper  is  used.  It  is 
necessary  to  wind  the  clock  once  a  week.  The  complete 
instrument  with  a  record  on  the  recording  chart  is  il- 
lustrated herewith.  One  scale  is  placed  above  the  record 
.<o  that  the  indications  are  visible  at  all  times,  and  the 
scale  is  printed  on  the  paper  for  direct  reading. 

The  paper  runs  over  a  table  at  the  top  and  is  driven 
by  a  clock  mechanism,  the  paper  rolling  out  from  the 
bottom  of  the  instrument.  A  ribbon  similar  to  those  used 
in  typewriters  passes  over  the  record  paper  and  a  mechan- 
ism depresses  the  pointer  against  the  ribbon,  which,  in 
turn,  is  depressed  against  the  record  at  intervals  as  de- 
sired. Dots  forming  the  record  can  be  made  from  5-sec. 
up  to  1-min.  intervals. 

Record  paper  can  also  be  had  with  a  coated  surface, 
which  does  away  with  the  ribbon,  and  the  pointer-  striking 
the  paper  makes  small  dots  on  this  coated  surface.  This 
is  a  specially  prepared  paper  of  patented  form  which  re- 
quires no  fixitive  solution  to  preserve  the  record,  and 
while  the  record  is  legible  the  paper  cannot  be  smeared  in 
handling. 


1  hi-  riiuiinuous-recording  instninieiit  will  prove  ])ar- 
ticnlaiiy  advantageous  for  use  as  an  electric  pyrometer 
ill  conjunction  with  thermo-couples,  for  resistance  ther- 
mometers for  measuring  low  temperatures,  or  for  record- 
ing volts  or  amperes.  As  the  d'Arsonval  frictionless  type 
of  direct-current  instrument  is  used  to  prevent  lag  in  the 
readings,  a  sensitive  and  accurate  instrument  is  secured 
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Suppose  a  corporation  using  approximately  320,000 
ions  of  coal  a  year  at  $3.50  per  ton  were  to  effect  by  in- 
tilligent  purchase  a  saving  of  25  cents  per  ton.  This 
'.\ould  amount  to  $80,000  per  annum — an  item  worth 
-t riving  for. 

Although  the  conditions  of  price  and  saving  as  given 
above  are  not  true  of  the  purchase  of  coal  by  the  State  of 
Xew  York,  the  coal  consumption  of  its  various  institu- 
tions is  approximately  the  figure  stated. 

One  of  the  channels  through  which  Governor  Glynn 
hopes  to  effect  economy  is  that  of  the  purchase  of  coal 
by  specification  for  all  state  institutions.  Heretofore, 
the  purchasing  committees  of  the  various  state  depart- 
ments have  each  purchased  coal  in  its  own  sweet  way. 
These  committees  have  formed  themselves  into  a  joint 
committee  to  purchase  coal  for  all  institutions.  The  coal 
will  be  Ijought  in  large  amounts,  and  distributed  to  the 
\arious  departments  as  required.  This  should  result  in 
consideralile  saving,  as  those  in  charge  of  most  of  the 
state  departments  are  physicians  who  have  little  knowl- 
edge of  the  im]iortance  of  the  quality  of  fuel  to  say  noth- 
ing of  ap])roved  metiiods  of  purchase. 

Al)out  tvv'o  thirds  of  the  coal  used  is  anthracite.  All 
coal  will  be  bought  by  specification  and  on  a  heat-unit 
basis.  The  ton,  both  long  and  short,  has  been  eliminated, 
and  the  unit  of  weight  on  which  the  heat  value  and  price 
is  based  is  1000  pounds.  No  limit  has  been  placed  on  the 
moisture  content,  Charles  G.  Armstrong,  of  New  York 
City,  who  drew  up  the  siiecification,  claiming  that  this  is 
somethi.'.g  the  miner  or  dealer  cannot  well  control.  For 
II  all  the  anthracite  grades,  the  allowable  limit  of  volatile 
combustible  is  30  per  cent.,  and  the  limit  for  sulphur  is 
two  per  cent.  The  limit  in  percentage  for  ash  is  11  for 
broken  and  egg,  12  for  chestnut,  17  for  pea,  and  18  for 
No.  1,  19  for  No.  2,  and  20  for  No.  3  buckwheat  grades. 
Twenty-two  per  cent,  ash  is  allowed  in  slack  and  refuse. 
The  lowest  allowable  heat  values  vary  from  13,-tOO  B.t.u. 
for  broken  and  vgg,  to  12,000  for  No.  3  buckwheat.  For 
soft  coal  (run  of  mine  and  lump  chestnut)  the  allowable 
limit  of  volatile  matter  is  30  per  cent;  that  of  sulphur, 
2  to  21/^  per  cent.,  and  for  ash,  10  per  cent,  for  all  grades 
3i  soft  coal. 

The  advantage  claimed  for  the  allowalilc  high  volatile 
content  in  soft  coal  is  that  it  broadens  the  field  of  avail- 
ible  supply,  and  will,  therefore,  create  keen  competition 
'or  the  state's  coal  business. 

IThreo  seven-pound  samples  of  each  shi])ment  will  bo 
akei'. ;  one  will  go  to  the  contractor  or  dealer,  one  to  the 
■liero.ist,  and  cue  will  be  retained  for  the  determining 
inalysis  in  case  of  dii^.pute  by  dealer  or  user.  In  case  of 
lispute,  the  Bureau  of  Mines,  at  Washington,  will  make 
his  analysis  which  shall  be  final.  Dealers  will  be  penal- 
?ed  for  shipments  inferior  in  quality  to  that  specified, 
nd  will  receive  a  bonus  when  the  quality  is  l)etter  than 
lalled  for. 


In  addition  lo  the  saving  realized  from  more  intelli- 
gent methods  of  buying,  there  are  other  possibilities  for 
saving:  Nearly  all  of  the  state  plants  now  using  egg  and 
chestnut  coal  can  use  broken  coal  with  equally  good  re- 
sults. The  latter  grade  of  fuel  costs  about  50  cents  per 
ton  less  than  chestnut  -ind  25  cents  per  ton  less  than  egg 
and  stove.  By  using  much  more  broken  coal  an  appreci- 
able saving  will  result.  Many  of  the  state  buildings  are 
in  comparatively  isolated  places,  and  the  boilers  of  many 
have  stokers  or  Dutch-oven  furnaces.  Coal  of  high  vola- 
tile content  and  of  proportionately  lower  cost  may,  there- 
fore, be  used  without  producing  objectionable  smoke. 

The  state  should  follow  up  this  work  by  further 
economizing  in  the  use  of  fuel  by  making  slight  correc- 
tions in  the  boiler-room  practice.  Leaky  settings  may  be 
repaired  and  the  firing  methods  changed  to  advantage. 
Mr.  Armstrong  claims  that  with  proper  attention  to 
boiler-room  j)ractice  in  connection  with  the  intelligent 
purchase  of  coal,  a  saving  of  at  least  $250,000  a  year 
may  be  realized. 

What  state  will  be  next  to  follow  New  York  in  this 
plan  ? 

Pass   Htl   Ouh 

Look  over  the  trade  periodicals  on  your  desk  this  morn- 
ing;  also  step  out  in  the  back  room  where  you  keep  your 
office  supplies  and  take  stock  of  the  publications  you 
have  piled  away  for  future  reference.  There  must  be 
quite  a  stack  of  them  out  there  gathering  dust  and  oc- 
cupying much  needed  space.  How  many  times  have  you 
gone  into  that  supply  room  to  run  through  the  back 
numbers  and  dig  out  an  article  you  recollect  vaguely  of 
having  seen  some  time  or  other?  Not  very  often;  liava 
you  ? 

Again  consider  those  magazines  just  laid  on  your  desk 
among  the  morning's  mail.  Do  you  go  through  them 
carefully?  The  chances  are  that  when  you  pick  up  one, 
you  tuj-n  the  pages  quickly,  noting  only  the  illustrations, 
until  you  come  to  an  article  bearing  on  your  own  par- 
ticular product.  This  you  skim  over  hastily,  or  digest 
carefully,  as  the  importance  of  your  correspondence  al- 
lows. Again  you  move  along  rapidly,  stopping  a  moment 
to  note  market  quotations,  until  finally  you  toss  the  maga- 
zine to  the  back  of  tlie  desk,  with  the  mental  remark  that 
you  will  look  through  it  again  when  you  have  more  time. 

How  many  men  in  your  organization,  or  under  3'our 
orders,  ever  see  that  paper  to  wiiich  you  can  spare  only 
a  scant  quarter  of  an  hour?  Many  of  those  num  are 
ambitious ;  some  are  real  thinkers.  They  may  need  only 
the  word  picture  of  how  other  men  are  solving  problems 
common  to  your  business  to  start  them  to  thinking  about 
the  unconquered  difficulties  right  in  your  own  plant. 

More  than  one  great  manufacturing  organization  of 
the  present  day  owes  its  success  to  the  discovery  of  the 
simple  truth  that  the  more  brains  there  are  focused  on 
certain  problems,  the  better  chance  those  problems  liave 
of  being  quickly  and  surely  solved.     Trade  books  and 
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jiiihluiilmiiH  rto  ilis|)osi'(l  tlinl  llii\V  »'iili  1»'  li»>l«'tl  over  jiikI 
llii'ir  arlii'li'8  of  inti'iVHt  diHriiwHcd  (Iniiiij,'  k-inmv  iim- 
mi'iils,  81kIi  as  tin-  noon  lioiir,  inakt'  oiu"  of  tlio  Iwat  wayn 
ol'  awuki-ning  iiilrivst  in  llii-  work  al  lianil. 

Did  you  ever  think  ol"  llio  tivnu'iidon.s  aiiioiinl  ol'  labor 
rcciiiiri'd  to  analv/.i-  liie  latest  developnienls  and  ideas  in 
a  partienlar  Held;  to  investigate  tlio  newest  a|)i)aratiis  and 
proeesses;  in  short  to  produee  a  useful,  readable  business 
magazine?  That  periodieal  into  wliieh  you  look  for  a 
few  inoments  eontains  the  best  thonglits  of  a  seore  or 
more  of  men  who  are  top-notehers  in  their  lines. 

Has  your  business  got  all  the  benelit  possible  out  of 
that  magazine  whieh  you  will  soon  lay  aside  to  eonlinue 
the  morning's  dictation  ?  Cannot  ^ome  of  those  men,  on 
whom  vou  rely  lor  I  he  >niii()lli  and  iioiselrss  operation  of 
the  busim-ss  machine,  glcuii  niie  iiioi-c  idea  Iruin  its  pages? 
Kven  one  useful  idea  may  mean  llKiiisamls  of  dollars  in 
plant  eeonomii's  or  im|)r()\cil  |u'o(lucl. 

Therefore;  lor  the  inspiration  of  \uur  men  and  llie 
advancement  of  your  business;  after  you  have  read  your 
trade  paper,  pass  il  i/ii. 

Win-kmen  of  all  trades  arc  requireil  to  serve  a  certain 
apprenticeship  before  being  given  the  stamp  of  efifieieney. 
If  a  brick-mason,  a  maehinist  or  a  carpenter  is  needed 
for  a  certain  piece  of  work,  one  is  selected  who  has  ful- 
filled the  apprenticeship  requirements,  and  a  more  or 
less  satisfactory  piece  of  work  can  be  expected.  The  posi- 
tion held  in  the  commercial  world  by  the  stationary 
engineer  is  unicpie.  If  an  engineer  is  needed,  how  differ- 
ent the  melhod  of  pi'ocedurel  Ilis  efficiency  depends 
entirelv  upon  himself,  and  not  upon  a  certain  period  of 
apprenticeship. 

Many  an  engineer,  after  years  of  service  in  one  plant, 
fails  miserably  in  another.  Why?  Because  he  has  not 
fitted  himself  for  any  position  other  than  the  present; 
he  has  become  an  automaton,  with  no  thought  of  the 
future. 

On  the  other  hand,  consider  the  progressive  engineer. 
He  keeps  uptodate  and  is  vastly  different  from  the  ma- 
jority of  men  found  in  the  trades,  although,  in  nearly 
all  cases,  they  are  better  paid.  This  engineer  is  looked 
up  to ;  he  is  "held  in  respect  in  the  large  office  buildings. 
This  is  but  just,  for  in  what  other  profession  is  the  mem- 
ber required  to  keep  so  well  informed  to  meet  its  con- 
stantly  changing  conditions. 

What  are  his  prospects  for  the  future?  We  are  en- 
tering upon  a  stage  where  the  concentration  of  power  has 
its  adherents  as  being  the  more  economical.  If  such  is 
true,  then  T>diat  of  the  future  of  the  engineer?  The 
fact  that  large  stations,  in  a  great  many  instances,  can 
furnish  light  and  power  cheaper  than  can  the  isolated 
plant  has  not  and  can  not  prove  the  bugaboo  to  the 
operating  engineer  as  some  think. 

In  what  respect  will  an  employer  hold  his  engineer 
if  he  will  present  an  impartial  report  concerning  the 
adoption  of  central  station  power,  instead  of  waiting  for 
the  central  station  expert  to  do  it  (as  he  will)  ?  Con- 
sider the  two  positions  of  the  engineer  under  such  con- 
ditions. Which  engineer  "sticks?"  Which  engineer  is 
promoted  to  manager  or  superintendent?  Surely  not 
the  one  who  waited. 


The  .stationary  engineer  of  the  future  need  not  fear 
liie  ciicroai  hments  of  the  central  .station,  for  llie  residtn 
show  that  a  bellcr  |iosilion  awaits  him. 

Enf^iir&eers  air^d  f^nf^ineers 

in  the  corresixtndeiKe  columns  of  our  March  ID  issue, 
\  ietor  Honii  submits  a  eomnieiil  upon  an  editorial  en- 
titled "One-sided  Development,"  which  a|)])eared  in  one 
of  IIk!  .\ugust  issues  of  l'()\vi:ri.  'i'he  theme  of  the  edi- 
torial in  question  ua.-  lliat  professiomil  jjeople  are  ho 
much  absorbed  in  the  details  and  intricacies  of  tlieir 
subject,  that  they  do  not  develop  good  selling  ability  for 
their  own  MTviccs,  and  that  many  of  them  employ  others 
to  conduri  ilii.s  busiiies.s  foi'  llicm.  .\pplying  this  con- 
dition to  the  engineer,  the  editorial   reail : 

Thl.s  arrangement  amoni?  profestlonal  people  has  Ita  \e»- 
Kon  for  tlie  engineer.  The  competent,  elllclent  power-plant 
entiineer  must  have  today  enough  book  knowledKe  to  entitle 
him  to  a  jilace  In  profe.s.slonal  rank.*).  In  order  to  acquire 
this  knowledge,  ho  devote.s  all  hU  spare  time  and  energy 
to  .study  and  exijerlments  nlonK  the  one  line — engineering — 
to  the  exclusion  of  thought  and  culture  along  other  llne», 
including  the  art  of  conducting  business. 

.\o  wonder,  then,  that  he  is  underpaid,  which  means  sim- 
ply that  he  has  not,  as  a  rule,  ac(|ulred  the  business  ability 
needed  to  sell  his  own  services  at  a  price  which  rejiresentii 
their  real  value. 

Mr.  Bonn  suggests  that  it  is  etpially  necessary  to  edu- 
cate the  employer  to  safeguard  his  interest  by  employ- 
ing a  really  competent  engineer,  whieh  is  all  too  true. 
The  power-]ilant  engineer — and  we  mean  here,  the  real 
engineer,  with  that  combination  of  knowledge  of  prin- 
ciples and  experience  in  its  application  which  is  truly 
professiomil — is  a  development  of  the  past  few  years,  and 
power-])lant  owners  generally  have  not  come  to  differen- 
tiate him  from  his  i)rototype,  who  was  simply  a  more  oi 
or  less  skilled  mechanic.  The  observation  does  not  ap- 
ply to  the  man,  who,  as  Mr.  Bonn  says,  drifts  into  firiiif; 
because  he  can  make  a  couple  of  dollars  a  week  more  than 
a  common  lal)orer,  and  is  after  some  years  promoted  t( 
run  the  engine  with  a  little  raise  in  pay.  Such  a  mai.' 
can,  by  study  and  an  intelligent  use  of  the  opportunitief 
afforded  by  his  situation,  make  an  engineer  of  himself 
in  the  sense  in  which  the  term  engineer  was  used  in  th( 
editorial;  but  he  is  not  such  an  engineer  simply  because 
he  turns  steam  into  and  squirts  oil  at  an  engine. 

Some  time  ago.  there  came  an  impatient  'phone  call 
to  the  editor:  "What  kind  of  a  man  was  that  you  sent 
down   to  me?" 

"That  was  a  thoroughly  good,  reliable  Corliss  egineer.' 

"Yes,  I  haven't  any  doubt  that  he  could  run  our  en- 
gine all  right,  hut  we  want  a  man  who  can  run  the  plant.' 

A  striking  in.stance  of  the  difference  between  an  en 
gineer  and  an  engine  runner  is  afforded  by  the  experi- 
ence of  a  friend  of  and  contributor  to  Power,  who  le?^ 
than  a  year  ago,  accepted  a  position  as  engineer  of  s 
company  having  a  number  of  plants.  Instead  of  los- 
ing himself  in  the  petty  details  of  the  situation,  he  got 
out  his  note  book  and  pencil,  inquired  into  the  amount 
of  coal  that  was  being  used,  the  work  that  was  gotten 
out  of  it,  the  price  that  was  paid  for  it.  the  source  of  it? 
supply,  the  number  of  boilers,  square  feet  of  grate  .sur 
face,  etc..  that  was  used  to  burn  it,  with  the  result  thai 
by  a  change  of  supply  and  method  of  u.se.  he  effected  a 
saving  of  over  $100,000  per  year  and  had  his  salar> 
doubled  before  he  had  been  with  the  company  eleven 
months. 
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iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii' 

A  siiuplf  aiul  I'iisily  made  liltci-iiij;'  device  tliat  can  be 
used  I'or  taking-  dirt  or  other  solid  substances  out  of  nearly 
any  kind  of  li((uid  is  horewitli  illustrated.  It  is  made  on 
the  "water-bottle  principle." 

Two  bottles,  a  funnel  and  some  waste  are  all  tliat  that 


D/rfi/  on 


Filtered 
Oil 


a  10  needed,  or  one  bottle,  a  funnel  and  a  pan  woiild  do 
as  well.  Charcoal  or  any  other  filtering  material  com- 
iiumly  used  can  be  placed  in  the  funnel. 

S.   F.  WiLsox. 
Xew  York  City. 

ffilacMoiTs^  s^s  C5^Iaimdl©2=°InI©mdl 

Fre(|uently  the  man  who  runs  a  mill  or  factory  is 
called  upon  to  meet  emergencies  that  make  him  think 
hard  to  figure  the  best  way  out  of  the  difficulty. 

A  case  of  this  kind  came  up  not  long  ago.  The  cyl- 
inder head  of  an  engine  furnishing  ])ower  for  a  lumber 
Diant  blew  out.  and  i1  stop])ed  operations  immediately. 
To  make  matters  worse,  several  rush  orders  for  lumber 
vere  on  hand  and  it  was  imperative  that  the  plant  be  put 
n  operation  again  at  the  earliest  possible  moment. 

The  sui)erint(>ndent  packed  the  broken  cylinder  head 
md  sliipped  it  by  express  to  a  machine  shop  located  in 
.  near-by  city,  with  instructions  to  rush  a  new  head  back 
,t  once.  He  was  informed  that  it  would  ])e  four  or  five 
[lays  !)cforc  shipment  could  be  made  as  the  head  M-ould 
ave  to  be  cast. 

It  was  im])ossii)le  for  the  plant  to  reniaiu  idle  for  th.tt 


length  of  lime,  and  the  engmeei-  realizing  the  necessity 
for  getting  up  steam  again  as  (luickly  as  jjossible,  sug- 
gested that  a  temporary  head  be  made  out  of  a  piece;  of 
liiskory.  The  superintendent  laughed  at  the  idea  but 
finally  decided  to  try  it. 

A  piece  of  well  seasoned  hickory  about  ;]  in.  thick  was 
shaped  and  drilled  and  bolted  on  the  cylinder.  The  hick- 
ory head  was  used  on  the  cylinder  until  a  new  east  head 
could  be  got  from  the  nuichine  sho]),  and  it  was  then  taken 
off  and  laid  aside  to  be  used  for  future  emergencies. 

G.     M.     KlTTELJlEYKli. 

•lackson.  Miss. 

Oim®  Tipsip  D®@s   Woff-M  @f  T^yy® 

This  sketcli  illustrates  how  one  return  steam  traj)  can 
do  the  work  of  two  in  feeding  low-pressure  drips  or  open 
heater  water  into  the  boilers  and  can  be  used  under  any 
pressure  high  or  low.  The  arrangement  consists  of  an 
ordinary  return  trap  which  discharges  into  an  elevated 
tank  of  about  equal  capacity*.     The  tank  should  be  ele- 

Sfeam  Line 
.-Three- wau  Valve 

' ^ 


Tl!A?     COXXKCTED    TO     Do     WoRK 

OF  Two 

vated  sufficiently  to  give  a  slight  static  head  over  the 
water  in  the  boiler.  A  three-way  valve  or  its  equivalent 
alternately  admits  and  releases  the  steam  to  and  from  the 
tank  in  the  same  manner  as  in  the  trap,  but  the  reverse 
(uder  in  point  of  time.     In  the  illustration  the  valve  is 
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opfialctl  liy  llic  return  lilt  trfi|)  hy  mcnns  of  ii  li^flit  md 
or  other  siiiliil>le  arraiigciiieiit.  TliiH  is  coiivenieiil  when 
(lu>  tank  <-an  lie  located  direellv  alxive  tlie  trap  lnit  tlie 
tank  may  Im-  located  at  any  suitable  point  and  the  tliree- 
way  cock  located  at  or  near  llii'  trap  and  connected  to  tin- 
elevated  tank  hy  a  snuill  steam  pi|)e.  The  check  valve« 
in  the  li^ruro  open  in  tlie  direction  ol"  the  snudl  arrow. 
If  applied  to  a  stationary  or  nonliltiiif,'  trap  a  suuill 
steam  pipe  is  connected  fnun  the  top  or  steam  spiice  of 
the  traj)  to  a  diaphra'im-o|)enited  three-way  valve  which 
takes  the  place  of  the  type  of  valve  lirsl  descril)od. 

The  action  in  this  case  is  jis  follows :  When  tiie  sieiim 
])ressuro  is  on  the  trap  in  the  ad  of  discharginj,'  \\u' 
water  from  it,  the  same  ])ressure  is  on  the  diaphragm, 
closing  the  steam  valve  and  releasing  the  jjrossure  from 
the  tank  so  tliat  the  water  from  the  traj)  meets  no  resisi- 
enee  therefrom,  but  as  soon  as  the  trap  is  cini)tied  and  is 
relieved  of  the  steam  pressure  tlie  diaphragm  of  the  valve 
is  also  relieved  of  pressure  and  the  valve  opens  the  steam 
line,  thereby  admitting  steam  pressure  above  the  water 
in  the  tank  and  discharging  it  into  the  boiler.  The  dia- 
phragm-valve construction  is,  of  course,  also  applicable 
to  a  tilt  tra]).  In  either  case  there  is  no  dilliculty  in 
feeding  liigh-pressure  boilers  for  the  reason  that  only  the 
])acking  of  the  one  small  three-way  valve  is  subject  to 
high  pressure,  a  fact  that  will  be  api)reciated  by  all  users. 
Since  there  is  no  motion  or  vibration  the  tank  may  be 
placed  on  any  support  which  will  carry  its  weight  or  even 
suspended  from  the  ceiling  of  the  roof  at  a  considerable 
elevation  above  the  return  traj)  which  elevation  will 
hasten  its  discharge. 


tlia 


•The  engraving  unfortunately  shows  the  tank  much  larger 
v.,„n  the  trap.  They  should  be,  as  our  contributor  says,  "of 
about  equal  capacity."  Otherwise  the  steam  used  to  discharge 
the  water  from  the  tanlv  will  be  excessive  in  proportion  lo  the 
amount  discharged. 

Leon  Lewis. 
Washington.  D.  ('. 


Bini   Waslhes'    tor  CleaiaaEa^ 


The   accom])anying  sketches   show   an   arrangement   a 
fireman   in   our   plaut   made   for   washing   overalls   after 


The  outfit  a>  shown  consiHtB  of  a  barrel  with  an  in- 
jector-like apparatus  whiili  may  be  connected  to  a  stj-am 
main  through  a  flexible  lioHe  coMiiection.  Around  the 
sides  of  the  barrel  is  a  Heri<'S  of  v<'rtical  slats  to  break  up 
the  steady  rotation  of  the  water  which  the  injectftr  action 
gives  and  to  set  up  counter-current,  so  that  the  clotln 
to  be  washed  are  thoroughly  agitated. 

The  barrel  is  an  ordinary  oil  barrel;  the  injector  was 
built  ii|)  of  three  standard  sizes  of  pi|)e  assembled  hh 
shown    in   the  sketch. 

.Viiriii  II   S.    \Vi;i,i,s. 

Ithaca.   N.   V. 

BroRemv  CylimidleTr  Patched 

Figs.  1  and  2  show  how  the  cylimler  of  an  engine  was 
damaged  by  a  follower  l)olt  working  loose  and  being 
jiimmed   between   the  cylinder  and   jiistou.     The  cylinder 


Plan  of  Washer  and  Section  of  Xozze 

considerable   experiment' ng    with    several    similar    ideas, 
none  of  which  was  so  satisfactory  as  this. 


fig. i  fi0.2  fig. 3 

Showing    C'uack   and   Man.\i:i:   of    Hkpaii; 

head  was  also  broken.  It  M'as  at  first  thought  that  a  new 
cylinder  would  have  to  be  purcliased,  but  a  good  repair 
was  made  to  the  broken  one  by  patching  it. 

A  pattern  was  made  and  a  Ijrass  patch  cast.  The  end 
of  the  cylinder  was  dovetailed  to  receive  the  patch  shown 
in  place  in  Fig.  3.  The  patch  was  coated  with  a  mixture 
of  red  lead  and  oil  and  tried  in  the  cylinder  to  get  im- 
jjressions  for  making  a  steam-tigiit  fit.  After  the  face  of 
the  steam  chest  was  drilled  and  tapped  the  patch  was 
driven  in  place  and  bolted.  A  portable  boring  bar  was 
used  to  face  off  the  parts  after  the  patch  was  bolted  on. 
The  patch  was  calked  around  the  joints  and  has  served 
its  purpose  without  trouble. 

Robert  P.  Harris. 

Washington,  I).  C. 

P©saM(0)Ba  (of  Jonsatls  aim  Ssaap 

Tt  would  seem  that  if  snap  rings  were  made  a  good  fit 
in  their  grooves,  and  a  good  fit  to  the  cylinder,  that  they 
should  work  equally  well  with  the  joints  in  any  position, 
whether  it  be  at  the  top,  bottom  or  side  of  the  cylinder. 

Such  is  not  the  case,  however,  especially  after  the  pis- 
ton is  worn;  at  least,  this  has  been  my  experience.  The 
])iston  in  one  cylinder  of  a  two-cylinder,  single-acting 
twin,  gas  engine  leaked  badly.  It  was  supposed  that  a 
ring  was  broken,  but  when  the  piston  was  removed,  the 
rings  were  found  to  be  in  good  condition.  Xeither  could 
anything  be  noticed  that  would  account  for  the  leakage. 
There  was  a  clearance  mark  on  the  piston  rod  and  when 
the  piston  was  replaced,  care  was  taken  that  the  rod  was 
screwed  into  the  crosshead  until  tliis  mark  was  in  proper 
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position.  On  starting  again,  the  hlowing  liail  ceased,  l)ut 
after  a  short  r;ni  it  developed  again. 

The  engine  was  stopped  and  an  examination  showed 
tliat  tlie  piston  and  rod  had  turned  so  the  joints  in  the 
rings  faced  the  side  of  the  cylinder  instead  of  the  bot- 
tom. After  correcting  the  position  to  check  with  the 
original  marking  and  locking  the  rod  securely  in  this 
position,  no   further  trouble  was  experienced. 

I  had  noticed  that  the  joints  in  the  snap  rings  of  hori- 
zontal gas-engine  pistons  were  always  placed  on  the 
bottom  of  the  cylinder  and  I  was  careful  after  cleaning 
to  put  them  in  tliat  position,  but  I  had  never  thought 
that  this  location  of  the  rings  would  make  so  much  dif- 
ference in  their   functioning. 

Upon  reflection  it  is  ])!ain  why  this  condition  should 
be.  The  weight  of  the  piston  holds  it  to  the  bottom  of 
the  cylinder  and  the  rings  lie  completely  in  their  grooves 
at  the  l)ottom  of  the  cylinder  and.  oiit  in  the  grooves  as 
far  as  the  cylinder  will  let  them,  at  the  top. 

This  being  so,  it  can  readily  be  seen  that  when  the 
joints  are  at  the  bottom,  they  are  subject  to  very  little 
pressure,  as  the  piston  makes  a  close  fit  with  the  cylinder 
walls  on  the  bottom,  and  the  rings  make  a  close  fit  with 
the  cylinder  walls  on  the  sides  and  top.  If  the  joints 
were  placed  on  top,  a  path  would  likely  be  found  through 
the  joints. 


Eakl  Pagett. 


Coffevville.  Kan. 


I  noted  in  the  issue  of  Jan.  27  the  report  by  P.  W. 
iJose,  showing  the  costs  in  a  department  store  operating 
its  own  plant  as  compared  with  purchased  power.  The 
costs  for  central-station  service  are  given  but  there  is  no 
note  of  the  kilowatt-hours  furnished  or  any  other  in- 
formation which  will  enal)le  a  ])roper  comparison  to  be 
iniade.  Furthermore,  the  maximum  load  on  the  plant  un- 
jder  central-station  service  and  with  the  isolated  plant 
lis  not  given.  This  is  important  in  comparing  total  costs 
If  or  service. 

In  Table  2  the  expenditures  for  a  year,  whicli  includes 
jpart  of  1912  and  part  of  1913,  are  given  and  there  ap- 
pears to  be  some  marked  discrepancies.  Take  the  item  of 
boal  cost  per  kilowatt-hour  generated.  This  varies  widely 
IS  shown  by  the  following  which  I  have  calculated  from 
he  data  given : 

Sept.  1912,  coal  cost  =  2  35c.  per  kw.-hr. 

Oct.    1912,  coal  cost  =  1.62c.  per  kw.-hr. 

Nov.  1912,  coal  cost  =  2  3f)C.  per  kw.-hr. 

Dec.   1912,  coal  cost  =  1  05c.  per  kw.-hr. 

.Jan.    1913,  coal  cost  =  1.51c.  per  kw.-hr. 

Feb.    1913,  coal  cost  =  2  TOc.  per  kw.-hr. 

Mar.  1913,  coal  cost  =  2  39e.  per  kw.-hr. 

Apr.    1913,  coal  cost  =  1   26c.  per  kw.-hr. 

May  1913,  coal  cost  =  1   03c.  per  kw.-hr. 

.Tune  1913,  coal  cost  =  2.61c.  per  kw.-hr. 

.lulv    1913,  coal  cost  =  0  89c.  per  kw.-hr. 

.\ug.   1913,  coal  cost  =  1  98c.  per  kw.-hr. 

Xote  the  wide  variation  of  these  costs  from  0.89c.  to 
.;Gc.  and  apparently  the  coal  cost  bears  no  relation  what- 
ver  to  the  load  on  the  plant. 
The  statement  is  made  that  only  one  2()()-lip.  boiler  was 
sed  at  any  time  in  the  operation  of  the  plant.     Assum- 
ing this  to  be  correct  and  that  the  resultant  maximum 
|t|lectric  load  would  not  be  over  200  kw.,  the  published  rate 
heet  of  one  of  tlie  large  city  plants  can  be  applied  to 
Ills  installation.     TTmler  this  rate  schedule  referred  to. 
customer  for  200  kw.-hr.  of  maximum  demand  can  ob- 


tain 3" 8,330  kw.-lir.  during  the  year  for  the  net  sum  of 
$10,387.-17;  an  average  rate  of  about  2%c.  per  kw.-hr. 
The  for(>going  calcuhition  is  for  standard  low- tension  di- 
rect-current service.  If  low- tension  alternating  service 
could  be  used,  the  annual  charge  would  be  at  least  10  per 
cent,  lower  than  the  amount  stated. 

In  the  cost  statement  noted  in  Table  3,  the  average 
cost  per  kilowatt-hour  for  the  same  number  of  kilowatt- 
hours  annually,  figures  out  1.37c.  per  kw.-hr. 

In  view  of  this  comparison,  it  seems  that  considerably 
more  information  is  required  in  order  to  .show  any  ])ar- 
ticular  saving  through  the  ownership  of  the  isolated  plant 
in  question,  particularly  if  the  fixed  charges  are  made 
u])  on  a  proper  basis  instead  of  simply  at  legal  interest 
rates. 

G.  E.  Wexdle, 
Lycoming  Edison  Co. 

^A'illianlsport.  Penn. 


In  reply  to  the  criticisms  of  Mr.  Wendle,  I  wish  to  take 
them  up  in  the  order  in  which  he  has  made  them: 

1.  KiLowATT-Horiis  OF  Central-Station  Service 
— Xo  mention  was  made  in  the  original  article  of  the 
kilowatt-hours  used  from  central-station  service,  because 
the  only  year  in  which  the  comparison  would  have  been 
at  all  of  value  was  the  first  year,  and  that  year  the  cur- 
i-ent  was  purchased  under  a  flat  rate,  and  for  the  other 
years  the  current  used  from  central-station  service  M'as 
just  enough  to  keep  above  the  minimum  charge  for  the 
emergency  connection. 

2.  Maximum  Load — No  records  have  been  kept  of 
the  maximum  load,  but  at  no  time  with  the  Saturday- 
night  load,  or  during  the  holiday  season  when  tiie  store 
is  open  evenings,  is  the  200-kw.  unit  overloaded.  Or- 
dinarily, the  smaller  unit  carries  the  load,  which  much 
of  the  time  is  more  than  full-load  rating  of  the  generator, 
often  a  momentary  overload  of  75  per  cent. 

3.  Coal  Cost.s — The  items  under  "cost  of  coal"'  were 
taken  from  the  books  of  the  company  as  the  bills  were 
])aid.  This  will  account  for  the  apparent  discrepancy, 
for  it  does  not  follow  that  the  coal  paid  for  in  anv  one 
month  was  used  in  that  month. 

The  high  coal  cost  for  the  year  1910-1911  was  due  to 
24-hr.  service  being  maintained  for  nine  months,  or 
until  the  emergency  service  was  connected,  and  for 
a  number  of  weeks  during  that  time  the  small  generator 
was  out  of  commission  and  it  was  necessary  to  run  the 
large  unit,  which  was  uneconomical  on  the  small  loads. 

Another  item  which  was  omitted  in  publishing,  was 
that  the  plant  supplied  high-pressure  steam  and  hot  water 
for  two  kitchens  in  the  store. 

4.  Cost  per  KiLOW.VTT-Hori! — In  figuring  the  cost 
per  kilowatt-hour,  Mr.  Wendle  has  not  taken  into  con- 
sideration the  fact  that  this  plant  also  furnishes  heat, 
ventilation,  live  steam  for  the  kitchens  and  hot  and  cold 
water  for  all  purposes,  and  that  in  the  total  costs  of  opera- 
tion are  included  the  maintenance  of  all  the  above  items 
as  well  as  of  the  plumbing  and  of  an  automatic  spriiikl(>r 
system  for  the  entire  store. 

In  the  original  report  no  attem])t  was  made  to  figure 
the  cost  per  kilowatt-hour,  as  in  a  proposition  of  this  kind 
it  is  practically  impossible  to  separate  the  various  items 
so  as  to  arrive  satisfactorily  at  the  cSrrect  cost  per  kilo- 
watt-hour. 
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ir  llir  iitsl  per  kilowalt-lioni-  were  li;;iii'c(l  Ity  takinj; 
llic  "('(isl  Ih'HS  IMmcIimsimI  Ciiiii'iit"  for  llic  vt'iir  I'.H'-i- 
MMM,  mill  takr  rroin  lliis  tlu>  rori-cs|i<)iitliii^r  ^■aHi  (or  iIk' 
yrar  l!t()!i-l!M(i.  tlu'ii  the  char;,'!' af,'aiiist  tlir  ciirn'iil  wiMild 
ill-  $(ir)Hl.(;i.  wliirli  is  ].'2lv.  prr  kw.-lir.  Tins  li;;iiiv. 
which  is  not.  ai)solulrly  corrccl,  is  iiiiuli  iicnici'  tln'  cusl. 
Ihaii   the   4.:i7c.  as  iifiiiri'il  liy   Mr.  Wciidli'. 

'I'lu'  oiilv  salisl'iulorv  way  of  arrixiiij;  ai  comiiaralixc 
»(ists  wliciv  till'  jiciicration  of  I'lcilricity  is  a  liypnuliul, 
so  to  speak,  is  (o  take  the  total  costs  of  the  power  ilcpart- 

MU'lll. 

■  >.  Ki.\i:i)  ('!!  AliiiKs  - 1  will  not  ciilcr  iiilo  a  discussion 
<i''  the  li.xcd  cliar}z:i's,  as  lhci-c  is  a  ;^i-cat  dillcrciicc  of 
opiniou  on  this  suhjcct,  luil  thcri'  arc  a  larfjc  nuinUcr 
of  hiisinoss  liouscs  which  ivcogiiizo  this  as  a  lactor,  hut 
do  not  carry  niorc  tliaii  1"^  per  cent,  on  their  books,  and 
some   not  as   liij,di   as    that. 

K.   W.  UosK. 

Minneapolis,    Minn. 

lElflinmnBasiftaira^  Stle^nim  Vapors 

Steam  iias  a  disaf^reeahle  faculty  of  showing  itself  con- 
s])icuously  to  the  detriment  of  the  i)restige  of  the  engi- 
neer-in-cha'-ge.  One  i)articular  jilaco  is  at  manholes  on 
long  nnderground  systems,  such  as  are  used  in  the  streets 
of  cities,  and  the  grounds  of  large  public  and  private  in- 
stitutions, causing  comment  and  criticism  which  is  not 
often  just.  At  the  jjresent  time,  there  does  not  appear  to 
be  any  system  of  joints  which  will  remain  absolutely  tight 
after  a  year  or  so  of  service,  especially  where  right-angle 
joints  oeeur,  and  it  would  be  foolish  to  endeavor  to  rem- 
edy the  matters  by  taking  up  and  relaying  the  system. 
The  best  thing  for  the  engineer  to  do  is  to  eliminate  the 
steam  where  it  oeeurs.  and  this  can  be  done  by  building 
coi)per  casings  over  them  as  shown  in  the  illustration. 
An  o])ening  is  provided  near  the  top,  as  if  a  small  section 
or  frustrum  of  the  cone  were  removed.  The  manner  of 
securing  this  easing  or  hood  in  place    will  depend  upon 


Steam  Condenser  over 
Manhole 

conditions,  but  in  most  instances  it  is  preferable  to  se- 
curely fasten  it  to  the  surrounding  construction,  and  not 
removably  so,  that  is.  simply  fastening  it  to  the  man- 
hole cover  is  not  desirable. 

This  arrangement  will  effectively  condense  tlie  vapors 
and  steam  coming  into  the  manhole  and  trying  to  escape 
through  the  casing,  mainly  because  a  large  cooling  surface 
is  provided  and  arranged  so  that  all  the  steam  must  make 
contact  with  it.  The  opening  at  the  top  serves  to  provide 
ventilation  for  the  manhole,  to  permit  air  to  circulate  in 


llic  casiiii,'  and  llicreliy  keep  it  cool,  and  also  to  provide  an 
arraiigeiiieiil  whereby  the  coolest  part  of  the  device  Ir  in 
llic  besl  l(Ka(iuii.  The  casing  also  jirovides  ii  relaliveh 
large  surface  fur  (he  wind  or  oiitsidi-  air  to  e(H)l. 

It  is  preferahie  thai  the  casing  be  made  of  copjier  In 
caii.se  of  its  longc\ity  and  also  because  in  aging  it  br-coiiK 
a  'jiccn  color  which  makes  it  lesH  conspiciiouH  on  gra 
I'xnt  tin  or  galvanized  iron  would  in  many  cases  be  jn 
as  siiitalilc.  The  arrangement  is  one  which  can  be  moil 
tied  to  suit  other  places  where  it  is  desired  to  confleii- 
sicaiii  and    will   always   be   loiiiiil   to  be  cIVective. 

A.  I'.  Con. NO  a. 

Washingloii.  I).  ('. 

•r 

L^lhiriciaftninx^   TTuiiplbiBiae    Packing 

.V  steam  turbine-driven  blowi-r  set  had  been  installed 
in  place  of  the  belt-driven  blower  formerly  used  for  draft. 
The  tiirliine  comjiany  by  its  contract  sent  a  man  every  si.x 
iiionlhs  for  a  year  and  a  half  to  examine  the  tur- 
bine.    One  of  the  things  which  be  did  each   lime  was  t" 


Oil  Cup  to  Lubricate  Turbixe  Glanu  1'ackixg 


pack  the  two  stuffing-boxes — one  on  each  side  of  the  unit. 
A  continuous  shaft  passed  the  entire  length  of  the  set 
so  that  one  stuffing-box  came  between  the  turbine  and  the 
blower. 

This  stutfing-box  is  shown  in  the  sketch.  The  packing 
inclosing  the  shaft  revolving  at  high  speed,  needed  lubri- 
cation which  was  furnished  by  a  large  oil  cu]5  set  into 
the  cast-iron  cap  having  a  yV-iu.  hole  leading  from 
it  to  the  packing  space. 

The  factory  men  always  furnished  their  own  packing 
and  never  informed  the  attendants  as  to  its  kind. 
After  the  contract  had  run  out,  the  attendants  had 
occasion  to  pack  the  stuffing-boxes  and  put  in  piston-rod 
packing  such  as  was  used  on  other  engines.  The  stutfing- 
isox  on  the  free  end  of  the  shaft  never  gave  trouble,  but 
the  inside  one  was  an  annoyance  from  the  start. 

To  remedv  the  trouble  a  larger  oil  hole  was  drilled  and 
a  piece  of  brass  tubing  driven  in,  projecting  through  so 
that  it  just  cleared  the  shaft.  The  back  end  of  the  stuff- 
ing-box was  packed  in  the  usual  manner,  then  two  loops 
were  cut  short  and  the  gap  between  the  ends  brought  to 
the  top.  In  this  gap  the  tube  extended  and  carried  oil 
to  the  shaft.     The  oil  then  fed  satisfactorily. 

D.  A.  Hampsox. 

MiddletowTi,  N.  Y. 
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CukinK'   Kire — What    is   meant    bv   a    cokinpr   fire? 

J.    G. 
One   which   is   stoked   at   the   front   and   the   coal    shoved   to 
the  back  when  it  has  become  coked. 

Trjiujs  Safetv  Valve — Ifow  ofttn  should  a  boiler  safety 
valve   be   raised? 

J.    C. 

To  be  assured  that  the  valve  has  not  become  stuck  on  its 
seat,  the  valve  should  be  lifted  or  caused  to  poi)  at  least  once 
every   shift. 


Use  of  Mechanical  Stokcr.s  in  Alariue  Service — What  dif- 
ficulties are  in  the  way  of  using-  mechanical  stokers  on  steam- 
ships? 

E.   T.   D. 

The  principal  difficulties  to  be  encountered  are  in  the 
arrangement  of  conveyors,  lack  of  sufficient  deck  space  and 
head  room  and  disturbance  of  the  fiie  from  the  motion  of  the 
vessel. 


Trouble  n-ith  Rope  Drive — In  starting  up  a  rope  drive  with 
slack  ropes,  the  ropes  run  out  of  the  grooves  of  the  guide 
shieves  used  for  changing  the  direction  of  the  ropes.  What 
may   be   the   cause   and    remedy? 

L.   I 

The  trouble  may  arise  from  delivery  of  the  ropes  on  the 
jpulleys  at  different  inclination  to  the  planes  of  the  pulleys 
jthan  when  the  ropes  are  running  under  tension.  The  remedy 
iprobably  would  be  to  favor  the  sag  by  adjusting  the  pulleys 
to  positions  which   are  more  nearly  vertical. 


Cruniblinjir  of  Firebrick — What   would  cause   crumbling  and 
spawling  of  the   firebrick   lining   of  a   furnace? 

J.  W.  D. 
Crumbling  may  be  due  to  water  contained  in  the  firebiick 
when  laid,  or  to  their  having  become  wet,  or  to  absorption  of 
moisture  from  the  walls  or  the  atmosphere  when  the  boiler 
has  been  out  of  use.  Spawling  and  also  cracking  of  furnace 
jwalls  may  result  from  sudden  cooling  of  the  walls  by  leav- 
|ing  the  furnace  or  draft  doois  and  damper  open  when  the 
jflre  is  so  low  as  to  allow  the  walls  to  cool  down  too  quickly. 

DiMiiifectln^  by  Steam — How   is   steam   used   for  the  disin- 
fection of  bedding,  etc.,  and  what  form  of  apparatus  is  used? 

J.   A.  G. 

The   heat  of  steam   is   used   for  disinfecting   both   by  direct 

application    of    live    steam    and    sterilization    by    radiation    of 

fieat.      The   special   apparatus    employed   for   the   purpose,    and 

which    is   known    as   a    steam    sterilizer,    usually    consists   of   a 

liori/.ontal  shell  of  boiler  plate  surrounded  by  a   steam  jacket 

|5pace,  and  with  a  steam-tight  door  at   each   end.     Tn   the  best 

"iirnis   provision   is  made  for   introducing  steam   to   the   interior 

ifter  sterilization   is   completed   and   the   supply   of  steam 

een    cut  off   from    the   intericjr,   moisture   is   carried    off   by 

.  u  am-jet    exhauster    while    heating    liy    the    steam    jacket    is 

;ontinued. 


Greatest  Movement  of  Valve. — With  a  shaft  15  in.  in  diam- 
l!ter  and  an  eccentric  of  5-in.  throw,  what  is  the  greatest 
iistance  a  valve  could  be  moved  by  turning  the  eccentric  % 
n.  on   the  shaft? 


W.    H.   C. 


The  throw  of 
vould  be  2%  in., 
adius    would    be 


its  eccentricity 
in  diameter  its 
f    the    eccentric 


the    eccentric    being    5    ii 

and   the   shaft   being   15    i 

71/2  in.  The  movement 
iround  the  shaft,  through  a  circumferential  distance  of  Va 
in.,  at  a  radial  distance  of  1  Vz  in.  if  measured  on  the  circum- 
erence  of  the  circle  having  a  radius  equal  to  the  eccentricity 
if  the  eccentric,  would  be 

J_^2S  ^    ,    . 

7i       •■ '  '"• 

nd    this   would    be   practically    the   greatest   distance   a    valve 
ould   be  moved   under   the   conditions   stated. 

lirake  Horsepower  of  an  Rngine — What  is  the  formula  for 
omputing  the  brake  horsepower  of  an  engine  when  using 
he  pronv   brake? 

J.   H.   C. 


The   formula   is: 


brake  horspixiner 


2jrXI.  XNXP 


3,3, ()()() 
in    which 

2  TT  =  2    X    3.1416,    or   6.2832; 

L  :=  The  effective  length  of  the  brake  arm   in   feet,   being 
the    peipendicular    distance    fiom    the    axis    of    rota- 
tion   of    the    brake    wheel    to    the    line    of    resistance 
measured; 
N  =  The   number   of   revolutions   per   minute   made   by    the 

brake    wheel: 
P  =  The  net  resistance  in  pounds  iit  the  distance  L.  from 
the  axis  of  rotation  of  the  brake  wheel,  while  mak- 
ing N   revolutions   per   minute. 


Formula    for   Flow   of   Steam    Through    IMpes — What    is    the 
formula    for    the    flow    of    steam    thiough    pipes.' 

.S.    E.    B. 

Unwin's   foimula,   which    has   been   accepted   after   extensive 
tests,   is    as   follows: 


W  =  87. 


Pyd" 


1.     1  -h  ^' 


3J>\ 
d   I 


in   which 

W  --  The  flow,  in   pounds  per  minute; 

P  =  The   difference   between   the  steam   pressures   in   the 

entrance   end    and    discharge    end    of   the    pipe,    in 

pounds  per  square  inch; 
y  =  The   density   or   weight   per   cubic   foot   of  steam   of 

the  pressure  at  the  entrance   (to  be  obtained  from 

the   steam   tables) ; 
d  =  Diameter   of   the   pipe   in    inches; 
L.  —  Length   of   the   pipe   in    feet. 


Reasons  for  Back  Pressure — What  are  the  ieask,ns  for  back 
presure    on    an    engine? 

S.  U. 

Back  pressure  occurs  from  any  cause  which  prevents  the 
exhaust  from  reduction  to  zero  pressure,  or  perfect  vacuum, 
and  may  be  due  to  one  or  more  of  such  causes  as:  leakage  of 
the  piston  from  the  pressure  side;  leakage  of  the  admission 
valve  during  the  return  stroke  of  the  piston;  insufficient  open- 
ing of  the  exhaust  valve;  closure  of  the  exhaust  valve  before 
completion  of  the  return  stroke;  contracted  exhaust  passages; 
insufficient  size,  obstructions,  fittings  and  friction  of  the  ex- 
haust pipe;  hindrance  to  free  dischai'ge  through  feed-water 
heaters  or  into  an  exhaust  heating  system ;  exhaust  steam  from 
steam  pumps  or  other  engines  discharging  into  the  same  ex- 
haust pipe  or  receiver;  mingling  live  steam  with  an  engine's 
exhaust  for  assisting  an  exhaust  supply  to  a  heating  system; 
back  pressure  of  the  atmosphere  when  working  noncondens- 
ing;  friction  of  exhaust  passages  to  a  condenser  or  through  a 
surface  condenser,  and  imperfection  of  vacuum  obtained  when 
working    condensing. 


Tonductivity  of  M--In.  and  1-ln.  Plates — AA'hat  would  be  the 
practical  difference  in  efficiency  of  conductivity  of  heating 
surfaces  of  a  boiler  whether  composed  of  plates  or  tubes  Vs 
in.   thick   or  1   in.   thick   carrying  150  lb.   pressure? 

A.    C.   L. 

In  operating  a  boiler  under  150-lb.  gage  pressure  the  tem- 
perature of  the  water  is  366  deg.  F.,  and  assuming  the  aver- 
age temperature  of  furnace  and  flue  gases  as  1200  deg.  F., 
the  average  temperature  difference  between  the  water  side 
and  fire  side  of  the  heating  surfaces  would  be  about 

1200  —  366  =  834  deg.  P. 
It  has  been  determined  from  experiments  on  the  transmission 
of  heat  through  plates  of  various  thicknesses  and  allowing 
10  sq.ft.  of  boiler  surface  per  horsepower,  that  the  necessary 
rate  of  transmission  of  heat  through  heating  surfaces  %  in. 
thick  would  require  a  difference  of  temperature  of  12.8  deg. 
P.,  and  for  heating  surfaces  1  in.  thick,  a  difference  of  tem- 
perature of  25.6  deg.  F.  These  differences  are  so  small  com- 
pared with  actual  conditions  as  to  indicate  that  the  conduc- 
tivity of  boiler  plates  and  flues  of  the  thicknesses  ordinarily 
used,   is   practically    the   same   for  all   thicknesses. 
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Klemnieiatary  Meclhainiiics— E 

'I'lio  purpose  of  this  scvlioii  dI'  iIu-  (•o\irs(',  as  of  all  llial 
have  pri'it'tiod  it.  is  to  jrivc  a  workiiij;  knowlcdfrf  of  llic 
fuiulaini'iitals  of  iiiorlianirs  siilliciciU  loi-  all  priulical 
lurds.  For  this  reason.  onl\  an  tlciiiciitaiy  ilisciissioii  of 
iiioclianics  will  he  attcmiiicd. 

'I'o  hofjiii  witli.  a  few  (IcHiiil  ions  will  in-  ^iivon  to  lix 
ilic  meaning  of  such  terms  as  will  he  used  fron\  the  start, 
then  will  follow  simple  i'.\|)lanalions  of  the  |)rineiples 
involved  and  praetieal  applications  of  tliese  principles 
will  he  given  as  examples  or  exercises,  which  will  he  made 
as  pertinent  as  possihle  to  jjower-plant   prohlems. 

To  tlie  a\era<:e  jierson  the  application  of  a  princi])le 
is  mure  interesting  llian  a  niei-e  understanding  of  the 
j)rincij>le  hy  itself.  For  this  I'cason  the  lirst  few  lessons, 
which  will  (leal  with  definitions  and  statements  of  laws, 
may  .seeni  rather  dry.  i)ut  the  student  is  urged  to  follow 
closely  these  introductory  lessons  so  that  he  may  more 
readily  grasj)  the  ap))lications  that  will  come  later.  Many 
will  find  that  much  of  the  early  part  of  the  course  is 
familiar  to  them,  but  to  others  there  will  he  new  terms 
or  at  least  new  light  on  their  nuntning. 

])i:fin  itions 

Mechanics  is  that  branch  of  science  which  has  to  do 
with  forces  and  their  action  on  ijodies  tending  to  produce 
a  state  of  motion,  change  of  motion,  or  condition  of  rest 
of  these  bodies.  At  the  outset  it  is  essential  that  the 
student  clearly  understand  that  he  is  concerned  only  with 
forces  and  that  all  bodies  will  be  considei-ed  as  rigid,  ir- 
respective of  the  forces  acting  upon  them. 

The  study  of  forces  is  divided  into  two  general  sub- 
jects, kinetics  which  deals  with  the  forces  that  produce 
or  change  the  motion  of  bodies  and  statics  which  deals 
with  forces  that  keep  a  body  at  rest  or  in  a  state  of  equi- 
librium. The  term  Jj/nainics  is  commonly  used  to  in- 
clude both  kinetics  and  statics. 

Force  is  that  which  produces,  or  tends  to  produce,  mo- 
tion or  change  of  motion  of  bodies.  It  manifests  itself 
to  the  feelings  by  a  tension  or  pull,  and  by  a  compression 
or  push.  In  other  cases  it  manifests  itself  by  an  attrac- 
tion or  repulsion.  Assume  a  man  pulling  on  a  rope — it  is 
evident  that  the  man  can  exert  no  pull  on  the  rope  unless 
the  rope  be  attached  at  the  other  end  to  a  resistance.  An 
engine  remains  at  rest  on  its  foundation  only  because  the 
foundation  exerts  an  upward  pressure  equal  to  the  weight 
of  the  engine.  Stated  in  the  familiar  law  of  Xewton, 
"to  every  action  there  is  an  opposite  and  equal  reaction." 
Hence  no  single  force  can  be  exerted  without  there  result- 
ing an  equal  and  opposite  reaction.  Another  example  is 
that  of  the  pressure  of  the  steam  in  a  steam  boiler.  Sup- 
pose the  steam  pressure  in  the  boiler  is  100  lb.  per  sq.in. 
This  means  that  on  every  square  inch  of  surface  in  the 
boiler  there  is  a  pressure  of  100  lb.  The  reaction  is  fur- 
ished  bv  the  material  of  the  boiler,  which,  by  virtue 
of  its  strength  for  each  square  inch  is  exerting  a  force 
of  100  lb.  in  resistance  to  rupture. 


(inirili/  is  the  force  hy  wliich  all   iiodicH  are  drawn   ' 
liic  earlh.     The  force  with   which  the  earth  attracts  any 
body  is  called  the  irrii/hl  of  that  body.     Weight  must  not 
111'  (niifnsed   with   muss  which  will  he  discussed   in  a  later 

h'SS.M.. 

The  nnii  n(  foicc  is  the  weight  of  one  pound  or  simply 
llie  pound. 

l''on-es  are  re))resented  gra])hically  hy  straight  lineB; 
the  ilircclloii  of  the  force  hy  an  arrowhead  placed  at  the 
end  of  the  line  and  hy  the  atigle  which  the  force  maJceB 
with  a  given  reference  line;  the  nuii/niliide  of  the  force 


F1G.5 

Gr.vphic  Ekpi?esextatiox  of  Forces 

by  the  length  of  the  line.     Three  things  are  then  neces- 
sary to  completely  determine  a  force : 

(1)  The  point  of  application  of  the  force. 

(2)  The  direction  of  the  force. 

(3)  The  magnitude  of  the  force. 

In  Fig.  1,  0  represents  the  point  of  application  of  the 
force  P.  The  angle  a  gives  the  direction  of  the  force  with 
respect  to  a  horizontal  reference  line  OX,  and  the  arrow- 
head at  B  indicates  that  the  force  is  acting  from  0  to  B 
and  not  from  B  to  0.  The  length  of  the  line  OB  in- 
dicates the  magnitude  of  the  force  P.  Thus  if  1  in.  of 
length  represents  50  lb.  and  the  line  OB  is  2  in.  long, 
then  the  force  is 

i^  =  2  X   50  =   100  Ih. 

COMPOXEN'TS   OF    FORCKS 

The  effect  of  a  force  in  any  given  direction  is  called  the 
component  of  the  force.  For  convenience  in  dealing  with 
problems,  forces  are  generally  resolved  into  their  hori- 
zontal and  vertical  components.  The  component  of  a 
force  can  never  be  greater  than  the  force  itself  and  no 
force  can  have  a  component  at  90  deg.  to  the  line  of 
action  of  the  force.  It  must  be  evident,  then,  that  a 
force  exerts  its  maximum  effort  in  its  own  line  of  action. 
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Wlien  an  engine  is  on  dead  center  the  pr(>ssnre  of  tlie 
steam  on  tlie  })iston  lias  no  component  tending  to  rotate 
the  crankpin  for  the  simple  reason  that  at  tlie  given  in- 
stant the  motion  of  the  crankpin  is  at  right  angles  to  the 
motion  of  the  piston. 

A  force  may  have  an  infinite  number  of  components. 
These  components  may  he  determined  either  graphically 
or  by  the  aid  of  equations. 

In  Fig.  2,  let  OX  and  OY  represent  the  horizontal  and 
vertical  reference  lines  drawn  through  the  point  of  apjjli- 
cation  0  of  the  force  P.    Let  the  length  of  the  line  OS 
represent  the  magnitude  of  the  force  P.    The  components 
of  the  force  P  are  found  gra]ihically  as  follows:     From 
the  point  S  drop  a  perpendicular  SC  onto  the  line  OX 
forming  the  intercept  OC.     The  length  of  this  intercept 
DC  is  the  horizontal  component  of  the  force  P.     In  like 
manner  the  length  of  the  line  OD  represents  the  vertical 
component  of  the  force  P.     It  would  l)e  ^oossible  to  find 
other  components  of  P,  but  for  the  ])resent  only  horizontal 
and  vertical  components  will  be  considered.     Let 
H  =  Horizontal  component  OC  of  the  force  P; 
V  =  "N'ertical  component  OD  of  the  force  P; 
a  =  Angle  which  the  force  P  makes  with  the  hori- 
zontal. 
Then  by  construction  OSCO  is  a  right-angled  triangle  and 
from  the  laws  of  trigonometry  the  values  of  H  and   T^ 
can  be  determined  in  terms  of  the  force  P  and  the  angle 
a,  or 

H  =  P  ros  a  (1) 

and 

V  =  P  sin  a  (2) 

Problem  1 — A  force  of  200  lb.  makes  an  angle  of  30 
deg.  with  the  horizontal.  Find  the  horizontal  and  ver- 
tical components  of  the  force.* 

SoLi'Tiox — In  Fig.  3,  let  OS  represent  the  given  force 
p  =  200  lb.  to  scale ;  let  angle  SOX  =  30  deg. 

Construct  the  rectangle  ONSMO  with  OS  as  one 
diagonal.  Then  the  line  OM  will  represent  the  horizontal 
component  H,  and  the  line  ON  the  vertical  component. 
These  lines  can  be  measured  and  will  give  the  numerical 
value  of  the  components,  or  equations  (1)  and  (2)  can 
be  applied  and  the  components  found.  Thus,  H  ^  P 
cos  a  =  200  X  cos  30°  =  200  X  t'-866  =  173  lb.,  and 
V  =  P  sin  a  =  200  X  sin  30°  =  200  X  0.5  =  100  lb. 

If  the  components  of  a  given  force  are  known  the  mag- 
nitude and  direction  of  the  force  can  be  determined  as 
follows :  In  Fig.  2,  since  OSCO  is  a  right-angled  triangle, 

P2  _  SC  +  OC 

(the  square  of  tlie  hypotenuse  equals  the  sum  of  the 
squares  of  the  other  two  sides),  but  SC  =  OD  =  V  and 
OC  =  // ;  therefore 

P2    =    //2    _^    72 


Tlie  tangent  of  the  angle  is 


tnii  a 


SC       V 


(3) 


(4) 


OC      H 

Prom   the  last  e(iuation   the  angle   itself  may  be  found 
with  tile  aid  of  a  taljle  of  natural  trigonometric  functions. 


1'koblkm  2 — 'i'he  liorizontal  component  of  a  force  is 
30  lb.  and  the  vertical  component  is  40  lb.  Find  the 
direction  and  magnitude  of  the  force. 

SoLUTiox— Lay  off  OD  =  40  lb.  and  OC  =  30  11).  to 
scale,  as  in  Fig.  4. 

Draw  DS  parallel  to  OC  and  CS  ])arral]ei  to  OD  and 
draw    the    line    OS    which    will    represent    llie    unknown 
force  P.     Then 
/'-'  =  OD-  -f  OC-  =  Ai)-  +  30-  =  KiOO 

Therefore, 


!)()0 


2.j00 


P  =  V  2500  =  50  poviuls 
SC       40 

"""  =  nc  =  ^^  =  '■''''''+ 

whose  tangent    is  1.333  is  found  to  be  53 


and  the  aiig 
deg. 

To  aid  in  the  problems  that  will  follow  later  in  the 
course,  all  components  acting  either  to  the  right,  or  \ip- 
ward  will  be  considered  as  jiositive  forces  (-|-),  and  all 
forces  acting  downward,  or  to  the  left  will  be  considered 
as  negative  ( — ),  as  indicated  in  Fig.  5. 

Forces  which  pass  through  a  common  point  are  called 
"con-current  forces,"  and  those  whose  lines  of  action  do 
not  pass  through  a  common  point  are  called  "noncon-cur- 
r I'll  I  forces." 

Study  Questioxs 

1.  What  is  the  broad  term  for  the  action  of  forces  on 
l)odies? 

2.  What  is  force;  how  does  it  manifest  itself? 

3.  When  steam  is  admitted  to  the  cylinder  of  an  en- 
gine, where  does  the  pressure  find  its  reaction? 

4.  What  is  the  component  of  a  force? 

5.  What  is  meant  by  the  terms  gravity  and  weight? 


Old  as  it  is,  there  are  some  who  know  the  venturi  meter 
by  name  better  than  by  principle.  They  are  inclined  to 
think  of  it  as  a  device  with  properties  that  are  a  bit  mys- 
terious, whereas  it  is  really  quite  simple,  when  understood, 
and  not  at  all  difficult  to  understand,  when  analyzed. 

The  venturi  meter  is  a  modern  application  of  a  curious 
j)henomenon  known  for  many  A'ears.  Where  a  jet  of  water 
or  a  stream  is  compelled  by  following  pressure  to  hurry 
through  a  narrowing  passage,  its  tendency  to  exert  lateral 
pressure  is  reduced.  It  is  possible  with  a  well  propor- 
tioned narrowing  throat  actually  to  cut  away  a  pipe,  and 


To  Recorder 


•Note — In  the  solution  of  problems  in  mechanics  the  stu- 
'lent  will  find  the  work  very  much  simplified  if  he  will  make 
i  neat  sketch  showing  the  relative  position  and  magnitude 
of  all   the   forces   involved,   as   well   as   their   direction. 


V^ENTURI    MlvTJR 

the  moving  jet  will  jump  the  guji  and  continue  in  the  pipe 
to  move  against  the  pressure  without  escaping  laterally. 
This  meter  consists  of  a  short  throat  in  a  pipe,  and  is 
joined  to  it  by  conical  lengths,  'i^hese  compel  the  water 
to  travel  gradually  mor(>  rapidly,  and  the  throat  velocity 
is  several  times  that  in  the  pipe  at  each  side  of  it.  Pres- 
sure gages  on  the  pipe  and  on  the  throat  will  show  differ- 
ent pressures,  that  of  the  throat  jet  being  the  lesser.  Tliis 
jiressure  difference  is  recorded  in  terms  of  gallons  passing. 
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OVER  THE  SPHILILWAY 

J  I' ST  JKMTS.  J  A  MS.  JDS  II  KS  AND  .1  U  M  Ul.Kti 


Moil  l>.w!  Til.-  I''ii'liih  l''r;itlui  A»MO(lnll"ii  liilH  IffUMid  (■> 
exhibit  at  the  coniliiK  riiiiiiina-l'niKU-  K\po»ltloii.  IUtch  iiii- 
iithiT  blow  nt  our  llttli-  .show.  Mow  can  we  have  un  i-xhllil- 
tloii  without  a  few  Kifiiih  feathers?  What's  the  mutter. 
Mi'ShIi'UI'  .lacques.  are  zc  petite  birds  tlulnK  ze  moult,  or  il'> 
you  HUffer  3!e  pip  beeaiise  of  your  Onele  Satn'H  roHtrlotloiiH  on 
those  tiear   feathers   Ironi    that   Kay    I'.iree? 


W  «•  Mir  hlMhl,\  liullKnant  that  a  suffraRette  should  have 
smlttiii  with  an  axe  the  rather  speakliiK  likeness  of  MIhs 
Venus  Hokeby,  in  the  London  Ciallery.  No  gent  would  take 
an  axe  to  a  lady,  and  as  we  are  led  to  believe  that  these 
suPferliiK  ladles  want  to  bo  treated  as  real  Rents,  this  violent 
proceedlnR   Is  unBentlenianly. 


The  British  papers  raised  a  bally  rumpus  when  Cousin 
Thornton  crossed  tlie  pond  to  assume  chartte  of  the  Great 
Eastern  Railway.  And  by  jove.  y'know.  'twas  Lord  Clauil 
who  chose  the  bounder!  Now  that  Cousin  Cooper,  because 
of  his  good  work  at  Keokuk,  has  been  selected  by  Sir  Ralph 
to  help  engineer  the  big  Nile  project —  My  word,  old  top, 
there'll  be  war  among  the  engineering  Johnnies  at  home, 
Tin    thinkin".    eh.    what'; 


••Fire  Mnimg"  SpriiaMer    SlKoveJa 

Tlii'Sf  slwiM'ls  liavc  liccii  ilcHifiiii'd  cliiclly  for  l)<)llcr  fir- 
ing, to  iiiHiiro  iK'ttcr  rcsiillH  with  tlicu])  grades  of  IikI. 
I)y  nssisting  llic  fiiTiiiiui  in  Hprinkling  it  thinly  over  ilic 
lire.      Uiik'HS   a    (irriiiini    i.n    cxiicrt,    llic    lufl    leavcK    iIm' 


Two  i'A'iTi;i;N.s  ok  •■Fri;i:  Kino"  Simiin  k  i.kii  Siiovkl 


More  hono.-s  for  astronomic  science!  We  ask  :i  salute  of 
21  guns  for  Annie  .lump  Cannon,  curator  of  astronomy  :it 
Harvard  University.  .\nnie  has  "distini;;uished  the  type  to 
which  a  star  spectrum  belongs."  Easy  to  see  now  why  the 
London  Society  has  bestowed  honorary  membership  upon  her. 
We  would  jump  at  this  ourself  if  we  could.  In  lieu  of  which 
we  are  glad  to  let  Annie  Jump. 


To  the  printers'  art  we  owe  a  great  debt.  Technical  and 
trade  papers,  especially,  owe  their  beauty,  their  typographical 
culture  and  their  clarity  to  this  art.  And  no  one  man  has 
done  so  much  to  develop  and  beautify  it  as  has  Theodore  L. 
De  Vinne,  who  died   recently.      All   honor  to  his  memory! 


The  germers  are  at  it  again.  This  time  it's  the  humble 
sandwich,  which  should  not  be  eaten  on  grounds  of  dietetics 
or  of  economy.  Can't  somebody  discover  a  harmful  germ 
in  the  lubricating  oil  or  a  boll  weevil  in  the  cotton  waste? 
Our  vocation  Is  running  at  slow  speed  with  the  fashionable 
trend. 


sliovcl  in  a  thick  mass,  requiring  several  shovelfuls  to 
eover  the  surface  of  the  fire.  'I'he  result  is  that  the  fire 
is  covered  with  a  thick  hiyer  of  green  fuel,  wliich  cools 
tile  furnace,  and  retards  the  admission  of  air  at  a  time 
wlicn  the  iiiaxiinuni  quantity  is  re(|uii'c(l  for  the  com- 
hustion  of  the  lii)erated  gases. 

Tlie  sprinkler  shovel  is  made  with  six  raised  ribs 
pressed  from  the  steel  plate  of  which  the  shovel  is  made. 
'Pile  I'ibs  are  made  at  an  angle  from  the  center  toward 
the  outsides  and  front  edges  of  the  shovel,  as  shown  in 
IJie  accompanying  illustration.  The  idea  is  that  as  the 
fuel  leaves  the  shovel  the  rihs  give  it  the  spreading  oi 
scattering  effect,  desirable  with  hand  firing. 

'J'his  shovel  is  made  l)y  Clarence  A.  Fell,  Dronfield, 
near  Sheffield,  England,  who  also  holds  the  I'nited  Statefi 
])atent. 


Another  startling  thing,  according  to  the  papers,  is  that 
"marriage  is  a  science."  Poof!  It's  an  exact  science.  We've 
known  this  for  25  years.  If  some  of  you  young  or  soured 
single  engineers  are   skeptical,   try  it.     Trying's   believing. 

"Imperator"   Is  a  New  Ship — Headline. 

Before  her  recent  extensive  alterations  she  was  said  to 
be  "tender"  (likely  to  roll).  It's  pretty  tough  for  a  new  ship 
to  be  so  tender  that  it  takes  a  roll  of  5.000,000  marks  to  keep 
her  from  rolling.  Another  alteration  has  provided  better 
accommodations  for  the  firemen.  That's  real  human  in  a 
world  where  firemen  are  commonly  considered — well,  just  fire- 
men,   until    they    jump    overboard.      Then    they're    crazy. 


I  GEE!!!    FIVE    MmUTES 
TILLBSIXBf    I'LL 
LEAVE    THIS    FOR  THE 
NI6HT  MAN  TO   FINISH. 


Sttes^sna  Kilos© 

If  a  steam  hose  is  not  properly  made,  the  inner  tube 
will  soon  buckle  and  Ijecome  broken,  and,  although  sec- 
tions of  the  hose  may  be  fit  for  use,  the  defective  parts 
condemn  the  whole. 

A  design  of  hose  which  appears  to  be  so  constructed  for 
long  service  is  illustrated  herewith.  It  is  made  with  an 
inner  protection  of  s))iral  wire  embedded  in  rubber,  to 
prevent  collapsing.  Then  comes  a  ply  of  heavy  duck, 
shown  by  the  white  dotted  line.     Next  is  the  tube  proper, 


Looks  Like  the  Night  IMax  Was  Going  to  Have  a 
"Pii'k" 


Cut  Section  Shows  How  the  Hose  Is  Consteucted 
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then  a  secoud  ply  ol'  heavy  duck,  and  a  rubber  cover.  Over  wear  to  which  the  hose  may  be  subjected.  The  spirals 
this  is  placed  an  armor-braided  covering  of  nonrustable,  do  not  ci'owd  together  and  if  they  are  cut  they  will  not 
annealed  steel  wire.    This  covering  will  \\ithstand  a  work-      loo.sen. 


ing  j)ressure  of  over  1000  lb.  per  sq.in.,  and  takes  care 
of  all  strains  due  to  internal  pressure. 

'i'he  braided  covering  is  spirally  wound  with  Jiall-round 
nonrustable  steel  wire,  wliich  takes  care  of  auv  external 


SYNOrSJS — A  hinkt'd  rope  maij  he  sirai(jlii('ncd  bnl 
the  rope  will  be  weakened.  Wlien  (t  running  rope  has  a 
socket  attached  to  the  end,  luater  may  collect  and  causa 
corrosion;  the  remedy.  Rapid  deterioration  of  ropes  is 
often  due  to  corrosion  that  could  liave  been  prevented 
by  tJie  use  of  a  lubricant  which  would  have  reached  and 
protected  the  inside  wires. 

m 

]<].\perience  has  taught  that  tliei'c  are  four  leading 
causes  for  the  destruction  of  wire  rope,  namely,  abrasion, 
overstrain,  undue  bending  and  corrosion.  In  time,  one  or 
more  of  these  causes  will  so  weaken  a  rope  that  it  can  no 
longer  support  the  load  for  which  it  was  designed.  When 
it  fails,  from  any  of  the  above  mentioned  reasons,  the 
cause  can  usually  be  determined  from  the  appearance  of 
the  rope.  If,  for  example,  the  wires  wear  thin  in  a  short 
time,  the  rope  has  been  subject  to  abrasion;  if  the  wires 
are  but  little  worn  and  broken  off  squarely,  usually  stick- 
ing out  all  over  the  rope,  it  has  suffered  from  either 
severe  bending  stress  or  overstrain;  and  if  the  wires  are 
rusty  and  pitted,  corrosion  is  to  blame. 

Catses  of  Abkasiox 

Ai)rasion  in  a  wire  roj)e  is  frequently  the  result  of  one 
of  the  following  causes :  ( 1 )  Faulty  grooves  in  wheels 
that  are  roughly  worn  or  too  small  for  the  rope. 

(2)  Dragging  of  the  rojie  upon  the  ground  or  over 
some  fixed  obstruction. 

(3)  Using  a  ro)ie  under  conditions  for  which  none 
but  the  toughest  steel  (plough  or  improved  plough)  is 
adapted,  and  failing  to  select  ropes  of  such  grades. 

Another  cause  for  sudden  breaking  may  be  excessive 
abrasion  at  some  point.  This  may  occur  to  ropes  run- 
ning on  slopes  over  heavy  knuckle  sheaves.  After  the 
train  has  come  to  a  rest,  if  the  sheave  keeps  on  spinning, 
it  tends  to  wear  the  portion  of  the  rope  resting  upon  it, 
and  that  part  will  slowly  wear  and  liecome  "weak. 

Causes  of  Brokiox  and  Cokroded  Wtres 

Badly  broken  wires,  showing  excessive  bending,  indi- 
cate that  the  wheels  are  too  small  or  too  numerous.  They 
should  be  rearranged  or  a  more  flexible  rope  used. 

iiope  badly  corroded  shows  the  lack  of  proper  lubri- 
cation. Local  corrosion  sometimes  causes  failure.  If, 
in  passing  through  a  place  in  which  water  is  dri]iping 
from  the  roof,  a  rope  is  allowed  to  lie  still  for  a  consider- 
able length  of  time,  the  part  exposed  to  the  drip]ungs 
will  rust  faster  than  the  rest. 

In  addition  to  the  destructive  causes  mentioned  above, 
ropes  sometimes  suddenly  tear  apart.     Such  cases  are  in- 

*Pi'om  the  January  is.sue  of  the  "Employees  Magazine," 
published  l)y  the  Lehlfrh  Valley  Coal  Co.,  from  material  fur- 
nished by  the  John  A.  Roebling-'s  Sons  Co. 


This  hose,  made  by  the  Malconroy  Co.,  722  Arch  St. 
Philadelphia,  Penn..  will  uol  kink  or  collapse.  It  is 
sjjecially  adapted  for  boilei-  lesling,  blowing  tubes,  and 
where  high  steam  or  air  pressure  is  to  be  used. 


Ir4 


©P' 


variably  the  result  of  accidents  to  maclunery  or  appli- 
ances, which  bring  upon  the  rope  a  load  far  beyond  its 
capacity,  or  they  are  due  to  a  serious  weakening  of  the 
lope  at  the  point  of  rupture,  caused  l)y  some  local  abuses. 
Such  abuse  should  by  all  means  be  avoided.  A  new  rope 
made  from  the  materials  and  with  the  care  that  distin- 
guishes "xV-l"  quality,  is  sent  from  the  factory  as  nearly 
perfect  as  a  mechanical  product  can  be  and  the  pur- 
chaser should  protect  the  rope  from  those  injuries  which 
may  with  very  little  care  be  prevented. 


Rope  ix  Sekvtce 

1— Wire  Rope  Used  under  Proper  Conditions,  Shows  Nor- 
mal Wear.  2 — Wire  Rope  that  Has  Been  Subjected  to  Short 
Bends,  Causing-  Broken  AVires.  3  and  4 — Enlarged  Views  of 
Pieces  of  Wire  Taken  from  Badly  Rusted    Rope. 

One  of  the  most  common  of  these  injui'ies  is  the  dam- 
age arising  from  "kinking."  If  for  any  reason  the  rope 
is  allowed  to  form  a  loo]).  and  this  loop  is  drawn  taut, 
a  kink  will  result.  Though  the  kink  may  be  straightened 
out,  it  leaves  a  permanently  damaged  and  weakened  spot 
and  so  should  always  he  avoided. 

When  a  running  rope  has  a  socket  attached  to  the 
end,  constant  vibration  tends  to  weaken  the  wires,  and 
this  weakness  is  increased  if  water  collects  directly  over 
the  end  of  the  socket.  It  is,  therefore,  advisable  every 
three  to  six  months  to  cut  off  a  piece  from  the  end  of 
the  rope  and  reattach  the  socket. 


•rjfi 
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HfsiiU's  I  ho  causes  incut  ioncd,  tlic  clTccts  of  wliicli  arc 
usuallv  revealed  Itv  inspection,  teinporarv  overloads  pro- 
diicinf;  excessive  stresses  are  sonietinies  applied,  and  1)V 
straining  liie  wires  iu'vond  tiieir  elastic  limit  tluw  tend 
ti>  shorten  the  lilc  of  wire  rojjc.  Such  excessive  slresscs 
lire  more  apt  In  (x  i  iir  uiicii'  a  rope  is  slack,  or  \h  attached 
Id  a  short  length  of  slat  k  chain,  and  the  power  to  iil'l 
or  haul  a  load  is  suddenly  ai)plied,  with  the  ri'sult  thai, 
instead  of  the  roju'  gradually  adapting  itself  to  the  re- 
tpiircd  pull,  it  is  sul)jecte(l  to  the  jerk  arising  from  tlie 
full  inertia  of  the  load.  Lifting  tests  made  on  wire 
ropes,  attached  to  chains  having  from  a'/o  in.  to  12  in. 
of  slack,  show  that  when  loads  are  applied  sudden- 
ly, the  stresses  are  from  one  to  four  times  as  great 
as  those  sustained  when  the  same  loads  are  gradually 
applied.  'I'hereforc,  care  shoidd  l)e  taken  to  avoid,  as  far 
as   possible,  sncli    pulls   and  jerks. 

WiKK-U'oi'K   Lriiiiu'  vnox 

W'iicu  a  complaint  is  made  that  a  win*  rope  lias  not 
given  satisfaitory  service,  tlu'  flr^t  ipiestions  asked  by  tlie 
manufacturer  are:  ""How  was  the  rope  lubricated?" 
■"What    is    the    I'ondition    of    tiie    inside    wires?"      Tliese 


(piestions  arise  becatise  the  experienced  wire-ropc!  mid<cr 
fully  appreciates  that  a  wire  rope  iH  ii  eom|)le.\  piece 
of  Miaihinery  and  knows  that  the  imp<(rtanc(!  of  j)roper 
liilMi(iiti(»n  is  too  oft(;n  overlooked.  SomctimcH  a  wire 
rope  is  covered  with  a  compound  too  thick  to  penetrate 
beyond  the  outside  wires.  The  ell'ect  of  this  is  to  leave 
the  inside  strands  withuiil  |)rotection  against  water  and 
jMoisture. 

Kxaminations  of  ropes  that  have  fallen  short  of  the 
j)erio(l  of  good  service,  fre(piently  show  the  outside  wires 
to  he  in  apparently  good  condition,  while!  the  areas  of  the 
inside  wires  have  l)een  materially  reduced  and  the  whole 
rope  weakened.  This  is  due  to  corrosion  tliat  could  liave 
been  prevented  by  tlie  use  of  a  lubricant  whicli  would 
have  reached  and   protected   the  inside  wires. 

A  lubricant  or  j)reservative  should  not  only  pene- 
trate to  tlu!  hemp  center,  in  order  to  saturate  it  and  pre- 
vent absorption  of  water,  i)Ut  it  should  also  coat  thor- 
oughly tlie  inside  wires  of  each  strand.  This  cannot  be 
cxiiectcd  from  thick,  heavy  and  sticky  com})ounds  or  the 
irreases  frecpiently  used  for  the  lubrication  of  wire  ropes, 
which  were  made  jiriiiiarily  for  some  otlier  and  quite 
different  jmrpose. 


By  J.  E.  FuLwuiLER 

"What  gave  you  the  idea  of  building  a  bo.x  for  a  fur-  "It    started    this    way,"    replied    the    engineer,    as    he 

nace  in  front  of  these  boilers?"  asked  the  fireman  of  the      tapped  the  bowd  of  his  favorite  pipe  on  the  heel  of  his 

engineer,  who  had  dropped  in  to  see  how  matters  were      shoe.     "The  boss  had  been  after  me  for  some  time    to 

going  on   in  the  boiler  room.  stop   making   so   much   smoke,   as   the   town   authorities 


'•AA'hat's  the  Joke?"  Asked  the  Ixcredulous  Firejiax.  "Yor  Move  the  Fire  away  from  the 
Boiler  and  Lose  a  Lot  of  Heat  axd  Then  Sat  Yor  Have  Improved  Things." 


March  24,  1914 


POWER 


437 


were  after  him  hard.  I  couldn't  see  mucli  harm  in  smoke, 
but  just  to  please  him  I  tried  sevei'al  scliemes  to  prevent 
it,  and  did  cut  it  down  considerably.  But  when  the  peak 
load  came  on,  tlie  smoke  would  j)our  out  of  the  top  of  tlie 
stack  as  usual. 

"About  that  time  I  decided  to  go  to  night  school  and 
see  if  I  could  learn  anything  from  the  dudes  over  there. 
The  chemical  part  was  interesting,  and  I  began  trying 
to  solve  the  smoke  problem  on  my  own  hook.  I  got  busy 
studying,  and  gradually  got  what  I  was  after." 

"Well,  you  moved  the  fire  away  from  the  boiler  tubes 
out  in  this  dutch-oven  thing,  that's  sure,"  re])lied  Sam 
with  a  dissatisfied  grunt. 

"That  is  right,  but  have  you  noticed  that  you  are  not 
shoveling  as  much  coal  into  the  furnace  as  you  did  be- 
fore the  change,  and  that  there  is  hardly  any  smoke?" 

"N"o,"  said  Sam,  "I  have  been  so  busy  getting  used  to 
the  thing,  but  I  guess  you  are  right  about  the  coal  and 
smoke,  but  we  haven't  had  much  of  a  load  on  this  morn- 
ing." 

"As  a  matter  of  fact,"  said  the  engineer,  "we  have  both 
machines  working  as  hard  as  they  can,  and  the  test  run 
yesterday  showed  a  big  increase  in  economy." 

"What's  the  joke?"  asked  the  incredulous  fireman, 
"you  move  the  fire  away  and  lose  a  lot  of  heat  and  then 
say  you  have  improved  things." 

"That's  right,"  answered  the  engineer,  "the  bituminous 
coal  we  are  using  is  composed  of  moisture,  carbon,  ash 
and  what  are  called  hydrocarbons  or  volatile  matter.  This 
volatile  matter  is  what  you  see  biirning  with  the  long, 
red  flame.  The  carbon  itself  burns  with  a  short,  colorless 
flame.  The  volatile  is  driven  off  as  a  gas  from  the  fresh 
coal  End  Inirns  first,  then  the  coal  becomes  colce  and  burns 
with  a  coi.^dess  flame." 

"Do  you  mean  to  say  that  the  only  difference  between 
coal  and  coke  is  that  coal  contains  gas  and  that  coke  does 
not?  How  do  you  explain  it,  then,  that  coal  is  so  much 
heavier  than  coke;  doesn't  gas  weigh  less  than  nothing?" 

"The  coal  we  are  using  has,  by  weight,  5  per  cent, 
moisture,  27  per  cent,  volatile  carbons,  58  per  cent,  fixed 
carbons  and  10  per  cent,  of  ash.  Coke  contains  about 
87  per  cent,  fixed  carbon,  12  per  cent,  ash  and  1  per  cent, 
sulphur.  As  regards  gas  not  weighing  anything,  you  are 
probably  comparing  it  to  air,  which  you  assume  has  no 
weight. 

"You  would  not  say  that  cork  has  no  weight,  yet  it 
will  float  to  the  surface  if  submerged  in  water,  because 
it  has  less  weight  than,  or  one-fourth  the  specific  gravity 
of  water.  Gas  moves  up  in  air  for  the  same  reason,  be- 
cause it  is  lighter  than  air.  If  you  take  a  large  bottle 
and  pump  the  air  out,  and  weigh  the  bottle  on  a  sensitive 
i  scale  and  then  weigh  it  when  filled  with  gas  and  then 
'  filled  with  air,  you  would  find  that  the  gas  and  air  ]iad 
weight.  In  fact,  13.1  cu.ft.  of  air  at  60  deg.  F.  and  14.7 
11).  abs.  pressure  weighs  1  lb.  As  the  temperature  is  in- 
creased, if  the  air  is  not  inclosed,  it  will  expand  and, 
I  therefore,  weigh  less  per  cubic  foot.  That  is  the  reason 
.  why  hot  air  will  rush  up  the  stack  into  the  cooler  air 

■"Volatile  gases  are  consumed  by  the  chemical  action 
"f  the  oxygen  in  the  air  while  at  high  temperatures,  but 
nv  not  affected  in  the  same  way  when  the  temperatures 
iiic  reduced.  Carbon  and  hydrogen,  in  various  propor- 
tions, are  the  constituents  of  the  volatiles,  and  they  com- 
l)ine  with  oxygen  to  form  water  vapor,  carbon  monoxide 
and    lampblack,    or    carlion    dioxide,    depending    on  the 


proportion    and    temperature    of    the  available    oxygen. 

"The  two  most  common  causes  foi'  ])oor  combustion 
are  insufficient  available  oxygen  and  premature  cooling 
of  the  flames.  You  may  understand  about  the  necessity 
of  a  proper  supply  of  air,  but  you  evidently  haven't 
noticed  the  effect  of  cooling  the  flames  prematurely.  The 
trouble  is  that  if  the  temperature  of  the  combustion  space 
is  low  the  chemical  action  is  retarded,  and,  instead  of  the 
carbon  and  oxygen  uniting  to  form  the  products  of  com- 
bustion, as  carbon  dioxide,  they  will  partly  go  to  form 
carbon  dioxide,  and  carbon  monoxide,  and  part  will  sep- 
arate as  carbon  or  lampblack. 

"You  cannot  see  the  carbon  monoxide  going  to  waste, 
but  fortunately  you  can  see  the  carbon  which  shows  as 
smoke." 

"Then,"  remarked  Sam  with  evident  surprise,  "smoke 
is  part  of  the  coal  going  to  waste." 

"Yes,  you  are  right,  and  when  you  see  smoke  you  may 
be  sure  that  some  carbon  monoxide  is  going  to  waste." 

"But,"  Sam  inquired,  "I  don't  quite  get  you  on  that 
last.    What  good  is  that  stuff?" 

"That  is  the  important  part,"  answered  the  engineer. 
"The  loss  of  the  carbon  monoxide  is  where  the  real  waste 
occurs.  If  the  temperature  surrounding  the  flame  is 
kept  high  and  the  proper  supply  of  air  is  given,  this  car- 
l)on  monoxide  would  have  burned  to  carbon  dioxide, 
which  would  have  produced  additional  heat  in  the  fur- 
nace. It  is  for  that  reason  that  we  moved  the  grate  out 
into  dutch  ovens  or  boxes  as  you  call  them,  so  that  the 
radiant  heat  will  be  reflected  down  from  the  arch  in- 
stead of  being  absorbed  by  the  tubes  overhead,  thus  keep- 
ing the  temperature  of  the  comlmstion  chamber  high  and 
giving  those  long-flamed  gases  a  chance  to  be  consumed 
before  coming  in  contact  with  the  comparatively  cool 
tubes.  The  carbon  that  is  left  in  the  coke  burns  much 
in  the  same  manner  as  coal,  partly  to  carbon  monoxide 
and  partly  to  carbon  dioxide.  The  carbon  monoxide, 
however,  burns  to  carbon  dioxide  when  the  proper  sup- 
l)ly  of  air  comes  into  contact  with  it. 

"With  coke  or  anthracite  coal  the  combustion  is  prac- 
tically complete  to  within  a  few  inches  from  the  surface 
of  the  fire,  so  the  extension  furnace  is  not  quite  so  es- 
sential." 

Wi 

In  commenting  upon  a  remark  by  the  Scientific  Ameri- 
can, to  the  effect  that  "The  capture  of  the  sun's  heat  has 
been  attempted,  but  on  a  very  small  scale,  and  Ijv  an  in- 
effective method,"  Frank  Shuman,  of  Tacony.  Phila- 
delphia, whose  experiments  in  the  direction  of  absorbing 
the  heat  from  the  sun  in  low-pressure  boilers  have  been 
referred  to  several  times  in  Powek,  says :  "Our  sun-power 
plant  of  1911  turned  43  per  cent,  of  the  heat  of  the  sun 
which  reaches  the  earth's  surface  into  steam,  and  our 
present  plant,  tested  during  the  end  of  August,  1913, 
turned  57  per  cent,  into  steam,  an  improvement  of  14 
per  cent,  in  two  years.  .This  record  should  encourage  us 
in  thinking  that  during  the  next  ten  years  we  shall  be 
able  to  reach  the  75  per  cent,  efficiency  of  the  best  modern 
steam  boiler,  and  thereafter  possibly  surpass  it."  [The  best 
modem  steam  boiler  now  does  over  80  per  cent. — Ed.]. 

The  sun's  heat  absorbers  at  Cairo  occupy  less  than  an 
acre  of  space,  and  develop  50  b.hp.  throughout  a  10-hr. 
day.     The  area  of  sunlight  intercepted   is  only    13,269 
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si|.rt.,  or  U'Hs  llinii  iiiH'-tliiiil  ol'  nil  lUii',  Imt  il  is  iifccrtHaiv 
til  |iliU'('  lilt'  lical-alisdi'lici'  iiiiils  siiHiciriills  I'lir  ii|)ail  su 
llial  tlicv  will  Mill  sliailf  cncli  oilier  in  llic  lnrriiuuii  ami 
laU-  ai'lriiiooii.  On  llir  aluivf  liasis  it  wmilil  \>r  iumis- 
sarv  (o  lOMT  :iO,'J.")()  .s(|iiiii('  mill's  of  jjrouiiil  in  llic  Saliaia 
Di'si'il,  witli  tlio  sun  lical-alisorliiii^  iiiiils  spaci'd  as  wide 
aparl  as  llu-y  mr  now  lo  awr  |HT|ti'liialiv  llio  270,000,000 
lip.  rt'i|niivil  111  t'lpial  llial  wiiiiii  wduid  lie  proiiiii'i-il  liy 
all  till'  I'lU'l  iiiini'd  in  l!tO!i.  'I'hr  mca  ol  20,2M  sijiiarr 
mill's  is  practically  niua!  lo  a  s(|UMrr  of  I  l.i  mill's  on  tlir 
side,  wliii'li  is  iiiil\  a  \i'r\  small  pari  of  llii-  Di'SitI  ol' 
Sahara.  Iiom  wliiili  Mr.  Slmman  arf,nu's  llial  llu'  sun 
powiT  laii   lake  laie  ol"  the  luiman  race  for  all   lime. 

In  ii'ply  lo  the  iiuestion,  "How  mncli  will  il  cost  to  do 
this?"  he"  j;ives  the  startlin<;  lif,nire  ol'  $!)8,r)00,0()0,000. 
.\  well  inlDniied  and  iii(le|ieii(l<'iit  eMf;;ineor  estimates  the 
cost  of  loiisliiul  lull  ;ind  eii'ctiiifi  of  llie  TiO-hp.  siin-lieat 
ahsorhers  relVrred  to  iiKom'  at  $;(i()().  The  al(o\e  li;,Mire 
is  ohtained  \>\  propoiimn  I'roni  this  resiill.  ■■lla\iiig 
planted  the  desert  with  sun-heat  absorbers  at  a  cost  of 
ninety-eight  odd  billion  dollars,"  says  Mr.  Sluiman,  "we 
have  a  jilant  that  is  worth  as  murh  as  all  tiie  coal  and  oil 
lields  in  the  \\oi-ld.  beiausi'  it  can  perpetually  fiive  as 
iiuu-h  heal  and  |io\\ri-  as  ail  of  the  coal  lields  and  oil  fields 
of  the  world  put  toiiellicr.  if  luiiicd  at  the  1!)0!)  rate,  and 
thev  are  ccrtaiiiU  worth  \ci'\'  iiiui-h  more  than  niuety- 
eifilil  odd  billion  dollai-s." 

WalE  Oall  Cs^Ea 

The  Will  oil  can,  illustrated  herewith,  is  made  of 
pressed  steel,  with  the  exception  of  the  shaft  connecting 
the  i)hiiiffer  or  piston  with  the  button,  whiih  is  operated 
hv  tlie  thumb.     The  l)ottom  of  tlie  can   is  of  stiff  steel. 
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New  Design  of  Oil  Can 

Thi.s  can,  made  by  the  Will  Manufacturing  Co.,  17-t"2 
Moiiadnock  Block,  Chicago,  111.,  is  operated  by  pressing 
the  button  in  the  center  of  the  bottom,  as  with  the 
flexible-bottom  or  air-cushion  can. 


Till.'-   Iiiilton    is   connected    wilh    a    |iisliin,    packed    with 
leather,  hy  means  ol'  a  sliiifl    incased   in  a   tube  llial    111 
into  an  oil-liglil    cup  nl  Hie  top,   which  elfecliially   pi' 
vents  oil   from   running  out    the  spoiil. 

The   piston   or   plunger  .1    is   furced    iiitii  the  cylind' 
J{,  which  is  a  part  of  the  spout  on  the  inside  of  the  can, 
and    forces    the   oil    out.     'I'liick    oil    can    be    readily    fed 
through  the  spout  as  the  lendeiii y  (o  clog  is  elimimileil. 


Munl<-I|inl  llcKulntlon  iif  KIcctrIf  rowrr  Kntt-N — Thi;  law 
enacli'd  liy  the  .MiH.Moiiii  l<'>?iHlatiii  <?  in  liil.'i,  vi-hIIii(^  jiowcr  In 
tlic  I'uhllc  .Srivlcc  ('oininlMHloii  to  llx  iiitCH  for  MOivlr'c-  af- 
forded hy  i)ul)lio  utllitiex,  waa  lately  held  by  the  .MiMHOuri 
.Supreme  Court  lo  have  nullified  an  ordinance  of  the  city  of 
St.  Louis  which  prescribed  ii  niaximuni  rate  for  electric  cur- 
rent. In  reaching  thiw  dec^iuion,  in  the  case  of  the  I'nioii 
Klectrlc  Lisht  &  Power  Co.  vh.  the  City  of  St.  I-ouis,  the  Sii  • 
inenie  Court  touched  upon  the  reBulatory  powers  of  citii 
The  ordinance  in  <|ueHtion  prescribed  a  niaxlinuin  late  of  !i'; 
per  kw.-hr.  for  electric  current,  and  declareil  that  all  cb' 
trie  companies  .should  be  bound  by  certain  "re«ulationH,"  in- 
cluding  a  I'equirenieiit  that  meters  be  fuinished  free  of  cod 
and  a  prohibition  against  contracts  binding  conHUmers  not 
to  use  other  means  than  electricity  for  light  or  power,  or  to 
u.se  cuirent  for  a  longer  period  than  one  month,  or  to  use  a 
certain   quantity  of  current,   etc. 

The  attorneys  representinB  the  city  conceded  that  It  wan 
beyond  the  ])ower  of  the  city  to  establish  a  niaximuni  lale 
for  electric  service,  as  a  "regulatory"  measure,  but  insisted 
that  the  other  provisions  just  mentioned  weie  valid  as  tend- 
ing to  protect  the  public  against  any  "imijroper  or  harniful 
manner  in  which  the  service  might  have  been  rendered,"  and. 
hence,  were  within  the  jiroper  exercise  of  the  police  power  of 
the  city.  Meeting  this  contention,  .Justice  Hond,  speaking  for 
the  Supreme  Court,  said:  "We  cannot  assent  to  tliat  view. 
An  analysis  of  the  various  regulations  contained  In  Ihi; 
ordinance  discloses  that  each  and  all  of  them  relate  to  the 
question  of  the  price  at  which  the  plaintiff  might  sell  its 
electric  current,  and  do  not  touch  even  remotely  upon  the 
health,  morals,  and  welfare  of  the  public,  or  the  conservation 
of  its  property,  or  upon  any  subject  falling  within  the  just 
protection  of  the  police  power  of  the  city.  Take  for  instance 
the  requirement  of  free  meters;  that  was  evidently  designed 
to  bring  within  the  maximum  rate  all  expense  attendant 
upon  securing  the  service  of  electricity.  In  other  words  it 
was  the  intention  of  the  fiamers  of  the  ordinance  that  all 
meter  cost  should  be  absorbed  in  the  maximum  rate  of 
charge.  That  regulation  bore  no  possible  relation  to  any 
matter  lying  within  the  just  domain   of  the  police  power. 

"The  same  may  be  said  of  the  regulation  as  to  lamp  re- 
newals without  cost  to  the  consumer.  The  other  regulations 
related  to  restrictions  upon  the  power  of  the  plaintiff  to  make 
contracts  with  its  consumers  for  the  purpose  of  securing  the 
payments  of  its  charges;  such  regulations  are  not  only  out- 
side the  police  power,  but  they  are  in  contravention  of  the 
Constitution,  which  guarantees  to  the  citizens  the  right  of 
freedom  of  contract  as  to  any  lawful  subject  matter.  *  •  • 
As  the  city  had  no  power  under  its  charter  to  fix  any  rate 
of  charge  for  the  use  of  electricity,  it  necessarily  was  with- 
out charter  power  to  affect  the  price  at  which  it  was  sold  to 
the  public  by  regulatory  provisions  contrived  solely  to  that 
end,  for  that  would  be  pro  tanto  a  fixing  of  the  price,  and 
this,  as  has  been  seen,  it  had  no  charter  power  to  do." 

The  court  found  that  a  law  which  expressly  conferred 
power  on  the  city  of  St.  Louis  to  fix  rates  for  electric  cur- 
rent was  repealed  by  the  Public  Service  Commission  law- 
above    mentioned. 

I'oner  Privileges  in  Deeds — The  permanent  nature  of  pru 
vision  in  deeds  for  power  privileges  as  an  appurtenance  to 
the  land  conveyed  was  involved  in  the  case  of  Miller  vs.  Clary 
(103  "Northeastern  Reporter,''  111,4),  which  was  recently  be- 
fore the  New  York  Court  of  Appeals.  Many  years  ago,  a  flour- 
milling  company  at  Seneca  Falls  owned  a  tract  of  land  upon 
which  its  mill  was  situated.  It  subdivided  part  of  the  tract 
into  lots  and  sold  them  under  deeds  which  bound  the  company 
to  furnish  "sufficient  power  (subject  to  the  elements)  from  a 
wheel  in  the  Old  Stone  Mills  to  turn  a  shaft  and  propel  ma- 
chinery in  the  basement  of  any  building  to  be  erected  on  the 
premises    hereby    conveyed,    not    requiring    more    than    15    hp." 
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etc.  The  milling-  company  bound  itself  to  keep  the  wheel  in 
good  condition  and  to  maintain  the  shaft  to  the  line  of  the 
lots  conveyed.  The  power  was  furnished  according  to  the 
deeds  for  several  years,  but  later  its  transmission  was  sus- 
pended and  the  appliances  for  conveyinK  it  were  destroyed 
by  the  elements  or  otherwise.  All  the  land  involved  passed  into 
the  hands  of  purchaseis  and  the  question  recently  arose  as  to 
what  were  the  rights  of  the  present  owners  of  the  lots  against 
the  owner  of  the  old  mill  property  on  which  an  electric-power 
plant  is  now  in  operation,  in  which  plant  there  are  water- 
wheels.  On  these  facts,  the  Court  of  Appeals  holds  that  the 
grant  of  "sufficient  pow<'r  ...  to  turn  a  shaft,"  etc.,  was 
permanent  in  the  sense  that  it  passed  to  successive  purchasers 
of  the  lots;  not  being  peisonal  to  the  original  purchasers,  and, 
hence,  they  are  entitled  to  have  power  supplied  to  them  ac- 
cording to  the  deed.  But  the  court  holds  that  the  clause  re- 
quiring the  grantor  to  construct  and  maintain  the  shaft  was 
personal  to  him,  and  was  not  binding  upon  his  successors  in 
ownership.  Accordingly  the  present  owners  of  the  lots  must 
bear  the  expense  of  reconstructing  and  maintaining  the  shaft. 

Rlfcbt  to  I'se  water  for  Mill  Poud — An  owner  of  land  ad- 
jacent to  a  mill  pond,  under  a  deed  giving  title  to  one-half 
the  bed  of  the  stream,  is  entitled  to  a  reasonable  use  of  the 
water  in  the  mill  pond,  for  use  in  generating  power,  if  the 
rights  of  the  mill-dam  owner  are  not  thereby  impaired  to  a 
material  extent.  (Georgia  Supreme  Court,  Rome  Ry.  &  Light 
Co.   vs.   Loeb,   80    "Southeastern   Reporter,"    785.) 


Built  as  part  of  Boston's  new  nine-million-dollar  port  de- 
velopment, the  boiler  house  on  the  Commonwealth  fish  pier 
has  some  unusual  features,  consisting  as  it  does  of  three 
distinct  structures  within  the  four  walls.  For  various  rea- 
sons, including  a  delay  in  the  delivery  of  stiuctural  steel,  the 
reinforced-concrete  walls  of  this  building  were  put  up  and 
completed  by  the  Aberthaw  Construction  Co.,  Boston,  before 
the  steel  was  on  the  ground.  The  structural  members  have 
been  erected  inside  the  walls  to  carry  the  floors  and  the  huge 
coal  pocket,  and  are  independent  completely  of  the  walls  them- 
selves. The  third  structure,  which  also  is  of  reinforced  con- 
crete, is  the  big  chimney  located  in  the  building  near  one 
corner. 

The  outside  dimensions  of  the  concrete  structure  are  5G 
ft.  6  in.  by  70  ft.,  with  a  height  above  the  ground  floor  of 
79  ft.  This  structure  is  virtually  an  enormous  concrete  box 
without  internal  bracing  of  any  sort.  It  is  not  tied  together 
by  the  structural  members,  as  would  have  been  the  case  under 
ordinary  conditicms  of  erection.  It  is  constructed  wholly  of 
concrete  with  steel  reinforcing  bars,  there  being  no  structural 
steel  members  embedded  in  the  concrete,  either  for  wall  col- 
umns or  wall  beams.  All  of  these  are  of  reinforced  concrete 
only,  giving  the  outside  of  the  building  something  of  a 
lattice-work  effect  on  a  huge  scale — an  effect  which  is  en- 
hanced by  the  almost  total  absence  of  windows  and  otiier 
openings. 


period  of  time  covered  by  the  index,  in  about  250  publications, 
reijresenting  17  nations  and  colonies,  and  six  languages.  The 
latest  volume  brings  the  investigator  down  to  the  December, 
1913,  issue  of  the  Engineering  Index  in  thi'  "Engineering  Mag- 
azine, covering  the  serial  literature  of  engineering  up  to  Octo- 
ber,  1913. 


THL  LNCINLLKINC.  KNDKX  A.\.\UAU  L.,  the  Kngineei  .ng 
Magazine,"  New  York.  Cloth;  508  pages,  6%x9%  in. 
I'rice,    $2. 

HOW  TO  BUILD  UP  FURNACE  EFFICIENCY.  By  Jos.  W. 
Hays,  Rogers  Park.  Chicago,  111.  7th  edition;  paper;  126 
pages,  5x7%    in.;   illustrated.     Price,   -tl. 

INDUSTRIAL  CHEMISTRY.  Bv  Henry  K.  Benson.  The  Mac- 
millan  Co.,  New  York.  Cloth;  131  pages,  5x7%  in.;  illus- 
trated;  tables. 

THE  EFFICIENT  MAN.  By  Thomas  D.  West.  The  Gardner 
Printing  Co.,  Cleveland,  Ohio.  330  pages,  5x7 V>  in.;  illus- 
tr.'ited.      Price.    $1.50. 
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THE    ENGINEERING   INDEX   ANNUAL,    1913;    508    pages;    6x9; 

cloth;  The  Engineering  Magazine  Co.,  New  York;  price,  $2. 

The    volume    of    engineering    literature    produced    is    such 

that  it  is  a  serious  task,  even  with   the  specialist,  to  keep   up 

\\  ith  the  contributions  to  his  particular  field  of  activity.     Such 

index  as  that  published  monthly  by  the  "Engineering  Mag- 

iie"  serves  a  very  useful  purpose  to  the  intelligent  user,  and 

I    n    these    indexes   are   aggregated    into   yearly   volumes   one 

-    an    indication   of   and    direction   to   everything  of   moment 

iieh    has    appeared    upon    any    engineering    subject    in    the 
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Rapid  progress  is  being  made  in  working  out  the  final 
program  of  papers  for  the  International  Engineering  Congress 
to  be  held  in  San  Francisco  in  1915. 

The  first  volume  of  the  publication  of  the  Congress  will 
consist  of  a  series  of  articles  descriptive  of  the  various  tech- 
nical features  of  the  design  and  construction  of  the  Panama 
Canal.  This  will  include  22  topics  each  of  which  will  be 
treated  by  an  engineer  who  has  been  responsible  for  the  de- 
sign and  construction  described.  The  introductory  chapter  as 
well  as  the  topic  of  "Dry  Excavation  for  the  Panama  Canal" 
will  be  handled  by  Colonel  Goethals  himself. 

This  volume  will  constitute  practically  an  oflicial  technic'al 
record  of  the  gigantic  engineering  feat  which  is  just  Hearing 
completion  and  will  be  of  interest,  not  only  to  engineers  but 
to    laymen. 

No  similar  volume  has  as  yet  been  prepared  upon  the  canal, 
nor  is  it  probable  that  any  such  will  be  in  the  future.  The 
advantage  is  being  taken  of  the  congress  to  draw  together 
under  one  cover  in  this  way,  the  statements  of  the  men  who 
have  been  responsible  for  the  work. 

The  program  of  papers  for  the  various  sections  of  the 
congress  is  practically  completed  and  notices  of  them  will  be 
published  in  the  near  future.  Subscriptions  to  the  congress 
are  being  received  daily  and  on  Mar.  1  the  number  of  en- 
rollment was  slightly  in  excess  of  1200,  of  which  over  200 
are  from  foreign  countries  and  about  1000  from  the  United 
States.  Subscription  blanks  have  been  mailed  through  the 
various  national  societies  to  many  thousands  of  engineers  in 
this  country  and  through  the  foreign  societies  to  foreign  en- 
gineers. The  response  already  received  is  very  encouraging, 
but  it  is  trusted  that  all  engineers  interested  in  the  success 
of  the  congress  will  not  fail  to  send  in  their  subscriptions  as 
early  as  possible.  Delay  in  so  doing  renders  the  task  of  the 
committee  of  management  more  difficult,  and  makes  it  impos- 
sible to  form  any  just  estimate  of  the  receipts  which  may  be 
expected  and  the  number  of  copies  of  the  volumes  which  have 
to  be  published.  E.  J.  Dupuy,  Foxcroft  Building,  San  Fran- 
cisco,   Calif.,    is   the   executive    secretary. 


GEORGE   WESTINGHOUSE 

George  Westinghouse,  the  well  known  inventor  and  engi- 
neer, died  of  heart  disease  at  his  New  York  City  residence 
on  Mar.  12.  His  health  had  been  failing  for  some  time,  and 
during  the  past  year  or  two,  he  had  withdrawn  from  active 
participation  in  many  of  the  industries  with  which  he  had 
long   been   associated. 

Born  at  Central  Bridge,  N.  Y.,  Oct.  6,  1846,  he  attended  the 
public  schools  of  that  town,  spending  much  of  his  leisure 
time  in  his  father's  machine  shop.  This  early  practical  ex- 
perience proved  of  inestimable  value  in  later  life  when  work- 
ing out  the  details  of  many  of  his  inventions.  He  later 
moved  to  Schenectady  where  his  father  engaged  in  the  man- 
ufacture of  agricultural   machinery. 

At  the  age  of  17  he  enlisted  for  the  Civil  War  in  the  New 
York  National  Guard,  and  later  entered  the  navy  as  third 
assistant  engineer,  where  he  saw  service  with  the  Potomac 
flotilla.  Returning  at  the  close  of  the  war,  young  Westing- 
house  entered  Union  College,  where  he  remained  until  the 
end  of  his  sophomore  year.  He  abandoned  classical  studies. 
however,  for  active  life  to  find  a  wider  sc'ope  for  his  inventive 
genius. 

One  of  his  first  inventions  was  a  rerailing  frog.  The  idea 
of  this  was  suggested  one  day  upon  returning  from  a  trip 
to  Albany  when  the  train  was  delayed  by  the  derailing  of  a 
freight  train  ahead.  He  returned  home,  made  some  frogs, 
and  with  two  other  men  who  furnished  $5000,  started  his  first 
factory  to  manufacture  the  invention.  He  held  the  patent 
in  his  own  name,  however.  When  the  device  was  on  the 
market  the  partners  demanded  that  he  make  over  the  patents 
to  them.  Westinghouse  refused,  and  the  partners  seized  the 
business,  which  without  the  young  inventor  soon  failed.  He 
then    went    to    Pittsburgh,    where    he    became    a    salesman    for 
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AlcxuiuliT  &  WoutU,  a.  atvt'l-i'UHtliiK  coniimiiy.  TIiIh  Hi  mi 
toiik  up  (III'  rcriillliiK  fi°»K  uikI  iiiiulo  It  ii  hiu'ccnh. 

Aliuut  tlilM  tliiic  (111  II  trip  ti>  Truy,  lif  wItiicMMi-d  ii  Inul 
ti'itlii  wi'i-t'U,  dtii'  prliiiiirlly  ti>  rulliiri<  of  the  liuiulliniUrit  to 
opoiati'  III  tliiic.  Till-  Idi'ii  ((ccunril  tu  hlni  tliiit  a  tiriiUu  uiiiIit 
tlu>  control  of  the  onKlMccr  could  hnvc  pruvi-iitcd  the  nccldcnl. 
tip  thtM-i'upon  Hi't  about  to  dcvlac  auch  a  briikc,  cvoIvIiik  tIrMt 
till  automatic  brake  attached  to  the  coupli-rH:  but  this  wiih 
uiLHUcccHMrul,  and  wii.s  followed  by  a  Dti'iiiii  operated  brake, 
which  aldo  proved  uiiHatlHfactory.  ('omprenMed  air  wiiH  n<  xl 
tried,  and  proved  .siiece.MMful,  the  llrst  pali'nt  beln^  obtalMi'd 
Alirll.  ISt;!»,  and  the  West  liiKhoii.He  Air  Ilrake  ("o.  waa  fouinbd 
the  followliiK:  July.  Kroiii  this  time,  many  channeH  and  Im- 
portant Improvements  wi'i-e  made  In  the  air  brake,  and  Mr. 
W'estliiKhouse  spent  seven  years,  from  1X71  to  18>S2,  In  Kuropo 
IntroducliiK  his  Invention  and  adapting  It  to  meet  European 
railroad   coiulltloiisi, 

About  ISSII  Mr.  WeslliiKhoMSe  li,c;ime  Interested  In  the 
Ol'eiation    ol    i.iiluM.\    ^luiKil.s   and    switch. 's    by    coiiipi  .s.sid    air. 


Gkoege  Westinghouse 

and  soon  after  developed  and  patented  the  system  now  manu- 
factured by  the  Union   Switch   &  Signal  Co. 

Six  years  later  the  Westinghouse  Electric  Co.  was  formed 
for  the  manufacture  of  lamps  and  electric-lighting  apparatus. 
This  grew  into  the  "Westinghouse  Electric  &  Manufacturing 
Co.,  which  now  has  extensive  works  at  East  Pittsburgh  and 
employs  over  22,000  people.  Mr.  Westinghouse  was  president 
until  the  panic  of  1907,  when  the  company  became  financially 
involved  and  in  the  reorganization  new  interests  were  put  in 
control. 

In  1892  he  procured  the  contract  for  the  electrical  equip- 
ment of  the  World's  Fair  at  Chicago,  and  a  year  later  the 
contract  for  the  large  generators  at  Niagara  Falls,  both  of 
which  mark  epochs  in  the  progress  of  the  electrical  industry. 
He  was  one  of  the  early  champions  of  alternating-current 
transmission,  and  it  was  due  largely  to  his  persistent  efforts 
in  the  face  of  strong  opposition,  that  this  system  was  intro- 
duced and  developed  in  this  country  at  the   time.        , 

.\mong  the  companies  with  which  Mr.  Westinghouse  was 
Identified  are  the  Westinghouse  Air  Brake  Co.,  the  'U^est- 
inghouse  Machine  Co.,  Nernst  Lamp  Co..  the  Union  Switch 
&  Signal  Co..  Societe  Anonyme  ^\'estinghouse,  of  Paris, 
the  Cooper-Hewitt  Electric  Co.,  Pittsburgh  Meter  Co., 
Societe  Ttaliana  Westinghouse.  Italy,  the  Westinghouse 
Brake     Co..     L,td..     of     London,     the     Westinghouse     Cooper- 


ll.wltt  Co.,  of  London,  nn<i  the  WentliiKhouMe  MetuI  Fllii- 
III'  lit  Lump  Co.,  of  London.  lli-  waia  uIdo  chairman  nr 
the  Hoard  of  Olrectorit  of  the  WestliiKhouMe  Kleetrle  ('.. 
Ltd.,  London,  and  dln-ctor  of  the  WcMtliiKhouHe  Kleclric  ,- 
MunufacturliiK  t;o.,  the  Traction  &  I'owi-r  Hecurlty  Co.,  ani 
the  WestlnKhouse  Metallfaden  Uluhlumpenfabrlk,  Vliiiiia 
Theite  companies  employ  over  60.000  men,  and  have  a  tol.ii 
capitalization   of    $200,000,000. 

AinoiiK  the  hoiiorH  conferred  upon  Mr.  WeHtliiKhouHe  In 
ttcknowledKement  of  his  many  achlevementH  were  the  denri  ■ 
of  doctor  of  philosophy  by  Union  (ViIIdko,  thi-  French  LcKb " 
of  Honor,  the  lt()>al  lliillaii  Order  of  the  Crown,  and  lli 
Order  of  Leopold  of  l!(lKliim.  He  was  Ihi-  recipient  of  He- 
John  Fritz  modal,  also  the  Grashof  medal  prosi-nted  by  the 
Gorman  eiiKlneers;  an  honorary  membir  and  ijaHt-presldent  ol 
the  American  .Society  of  Mechanical  EnKlneers,  and  an  honor- 
ary niiiiiber  of  the  American  Society. 
A  widow  and  one  son  Hurvlve  him. 

JOHN  F.  SHEARMAN 
Older  readers  of  "Power"  will  recall  the  <;ontrlbutions 
of  I'eter  Van  Brock.  Although  this  was  understood  to  be  a 
nom  de  plume,  he  would  give  no  other  particulars  regard- 
ing himself,  and  it  Is  only  with  his  decease,  which  occurred 
at  Hillsdale,  N.  Y.,  on  the  6th  of  thi.s  month,  that  his  Identity 
became  revealed.  His  name  wna  John  F.  .Shearman,  and  he 
was  born  in  London  on  July  1,  1828,  coming  to  America  In 
1844.  His  father  was  John  H.  Shearman,  a  noted  surgeon, 
and  the  son  studied  medicine,  but  gave  It  up  for  the  study 
and  practice  of  mechanical  engineering.  He  was  the  Inven- 
tor of  numerous  mechanical  devices,  also  of  a  gunpowder 
which  he  sent  to  the  James  River  In  18fi5  to  demonstrate.  It 
was  at  .'ibout  this  time  that  he  began  to  write  for  the  me- 
chanical papers  under  the  nom  de  plume  of  Peter  Van  Brock, 
and    only    recently    have    his    contributions    ceased    to    appear. 


John  F.  Sheaeman 
(Petee  VAX  Brock) 

Thomas  G.  Shearman,  deceased,  of  the  law  firm  of  Shearman 
&  Sterling,  in  New  York  City,  and  James  A.  Shearman,  an  artist, 
of  Switzerland,  are  brothers.  In  1905  John  F.  Shearman  moved 
to  Jefferson,  Iowa,  but  returned  in  1912  to  end  his  days  at 
Hillsdale.   N.  Y. 

JAMES  HONOR 
James  Honor,  chief  engineer  at  the  power  plant  of  the 
Altoona  &  Logan  Valley  Electric  Ry.,  Altoona,  Penn.,  is  dead. 
Mr.  Honor  had  been  a  resident  of  Altoona  for  the  last  ten  years. 
He  was  born  in  Schuylkill  County  on  Apr.  10,  1866,  and  was 
educated  in  the  schools  of  that  county,  and  soon  afterward 
entered  upon  an  apprenticeship  in  a  machine  shop.  He 
entered  the  employ  of  the  Logan  Valley  Ry.   In  1904. 
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The  Fireman  s  Complaint 


You  KNOW  that  many  firemen  in  office  and  public  buildings,  factories,  etc. .wonder  why  they  have  to  ivork 
so  hard  nights,  Saturday  afternoons,  Sundays  and  holidays  during  the  winter.  The  power  load  is 
light  and  the  temperature  outside  is  not  lower  than  ordinary,  yet  the  work  is  much  harder  than  it  seems 
it  ought  to  be,  considering  the  light  power  load.  The  fireman  complains  to  you  and  if  you  cannot  satisfactorily 
explain  the  reasons  for  this  seemingly  large  amount  of  extra  work  he  gets  real  peeved.  The  next  time  that  he 
demands  that  you  shut  off  all  live  steam  even  though  there  is  a  vacuum  in  the  system,  hand  him  this  article. 


Any  building  requires  a  given  number  of  heat 
units  to  maintain  a  comfortable  temperature  in 
the  rooms  with  a  given  temperature  of  the  at- 
mosphere. Assume  that  a  particular  building 
requires  about  7,800,000  B.t.u.  to  be  supplied 
every  hour  to  keep  the  rooms  comfortably  warm, 
when  the  temperature  of  the  atmosphere  is  such 
and  such. 

The  engine  (used  for  the  day  load)  is  200-hp. 
noncondensing,  and  is  run  at  about  rated  capaci- 
ty. The  steam  pressure  at  the  throttle  is  150 
lb.  and  the  engine  uses  35  lb.  per  hp.-hr.  and 
exhausts  into  the  heating  system  at  atmospheric 
pressure. 

Steam  at  150-lb.  gage  (165  lb.  absolute)  con- 
tains 1195  B.t.u.  per  lb.  So  there  will  be  sup- 
plied to  the  engine  every  hour 

200  X  35  X   1195   =  8,365,000  B.t.u. 

One  horsepower-hour  equals 

33,000  X  60  =   1,980,000  ft. -lb 

And  one  heat  unit  equals  778  ft.  lb.     So  1  hp- 
1,980,000 


hr.  = 


778 


2545   B.t.u. 


As  the  engine  develops  200  hp.  it  will  convert 
into  work  each  hour  2545  X  200  =  509,000  B.t.u 

But   8,365,000   B.t.u.   is   supplied   to  it   each 
hour,  so  the  balance,  or 

8,365,000-509,000    =    7,856,000   B.t.u. 
will  pass  into  the  heating  system.     If  this  heat 
did  not  pass  on  it  would  remain  in  the  engine 
and  melt  it. 

As  we  need  only  7,800,000  B.t.u.  to  keep  the 
rooms  warm   we   do   not   need   any   live   steam. 


S5 


When  the  fireman  gets  on  the  night  shift  he  ex- 
pects easier  work,  and  when  he  does  not  have  it, 
he  complains  about  the  amount  of  live  steam 


Night  comes,  the  temperature  drops  and  the 
load  decreases  from  200  hp.  to  say  20  hp.,  or  say 
from  130  to  15  kw.,  but  the  building  must  be 
heated  just  the  same.  For  the  night  load  a 
small  engine  is  used  and  we  will  assume  this 
engine  to  use  35  lb.  of  steam  per  hp.-hr.,  the 
same  as  the  large  one. 

Then  there  is  supplied  to  this  engine 
20  X  35  X   1195   =  836,500  B.t.u.  per  hr. 

The  amount  of  heat  converted  into  work  is 
2545   X  20  =  50,900  B.t.u.  per  hr. 

The    difference    or 
836,500  -  50,900  =  785,600  B.tu,  per  hr. 
goes  to  the  heating  system. 

We  need  to  supply  7,800,000  B.t.u.  per  hr. 
to  keep  the  rooms  warm,  so  there  is  a  shortage 
of  7,800,000-  786,310  =  7,013,690  B.t.u.  per  hr. 
which  must  be  supplied  from  the  lioilers.  The 
heat  must  be  furnished  by  the  coal,  and  the  fire- 
man must  shovel  nearly  as  much  at  night  or 
when  the  load  is  light  as  when  the  load  is  heavy 
and  the  weather  just  as  cold.  Of  course,  you  do 
not  make  him  do  so;  the  weather  does,  and  he 
should  register  his  complaint  with  the  weather 
man. 

But,  if  live  steam  is~on  and  is  blowing  to  the 
atmosphere  through  the  back-pressure  valve, 
the  fireman's  complaint  is  justified. 
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SVXOPSTS — Stpaiii-tlrirrii  nulls  nrr  ilisjilnii'il  hij  two 
oil  riKjinrs.  No  t oiii/Mirison  uf  n/icidliiii/  rosis  is  inddr 
ill  tlir  prrfoniitniir  of  the  lirti  liijx's  of  jioirrr  f/rnernlors, 
bill  tlir  (iiillior  hrllrrrs  lliiil  ii  nrir  slriiin  /ildiil  would 
htti'f  been  more  crononiinil .  iiiiil  woiilil  hove  i/lmi  brllrr 
seri'ire  than  oil  eiuiiiirs,  due  to  o/ifnitint/  toiulitions. 
y, 

111  l>crciiil)iT,  IIMV',  tllf  siciuii-iiit  Hilled  clcil  ri( -li^Hil 
mill  water-works  plant  of  DoiuiMsoiivillc,  La.,  IVll  Ik'Toic 
llu'  many  and  repeated  attacks  of  Die  oil  enf;ine,  and  eon- 
traels  were  formally  enteri>d  into  for  ihc  new  niaeliinery. 
'riie  plant  is  iiiunieipally  owned  and  operated,  and  after 
the  many  delays  and  controversies  I'liaracteristic  of  such 
a  decided  ciiange  in  practice,  the  old  plant  was  shut  down 
aiul  the  now  one  placed  in  successful  o])eiation  the  lat- 
ter part  of  August,   l!)l;5. 

In  Fig.  1  is  shown  an  exterior  view  of  tlie  present 
plant ;  Fig.  2  is  a  floor  plan,  showing  the  arrangement 
of  the  various  units. 

Engines 

The  prime  movers  consist  of  two  f  lx21-iii..  three-cyl- 
inder, 170-hp.  oil  engines,  each  directly  connected  to  a 
125-kv.-a.,  2300-volt,  three-phase,  GO-cyclc  alternator. 
The  exciter  of  each  unit  is  hclt  driven  from  a  pulley 
mounted  on  the  engine  crankshaft  hetwecn  the  engine 
flywheel  and  the  rotor  of  the  generator.  The  shaft  is 
extended  beyond  the  crank  case  on  the  other  side  of  the 
engine  to  receive  a  pulley  for  driving  an  air  compressor. 


^ 

p-r 

\ 

■BJ||^J^^I^4a^ 

h 

Fi(i.   1. 


DoN.vi.DsoNviLi.i:,  La. 

AM)    \\'Ari:it-\\'ol!KS 


VjLec.tuic  Light 

I'l.ANT 


One  engine-generator  set  is  suilicieiit  to  carry  the  com- 
mercial and  street-lighting  load,  together  with  the  gen- 
eral service  motor-driven  centrifugal  pump.  To  operate 
the  motor-driven  fire  pumps,  it  is  necessary  to  run  both 
engines.  Fig.  3  shows  one  of  the  main  units  and  both 
air  compressors. 

AlK  CoJll'UKSSOItS 

For  each  engine  there  is  a  lielted  three-stage  straight- 
line  air  compressor,  size  Sx-t  and  2%x5  in.  One  is  placed 
between  the  two  engines  with  its  belt  wheel  so  located 
tliat  it  may  ])e  ])e]t  driven  by  either  engine.     The  other 
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Fio.  3.   One  of  the  Main  Generating  Units  and  the  Air  Compressors 


is  near  the  wall  ol'  the  building  and  belt  driven   by  an 
electric  motor. 

The  object  of  this  arrangement  was  to  permit  starting 
either  engine,  using  the  centrally  located  conipressor,  and 
after  current  was  available,  to  shift  to  the  motor-driven 
compressor.  The  wisdom  of  this  procedure  is  open  to 
question,  for  when  the  shift  is  made  there  occurs  a  loss 
of  about  15  per  cent,  of  the  power  necessary  to  drive  the 
compressor.  This  is  due  to  the  energy-conversion  losses 
in  the  electric  generator  and  motor. 

PUJI  I'S 

The  pumps  include  one  4-iii..  two-stage  centrifu- 
gal pump  directly  connected  to  a  2()-hp.,  2300-volt,  three- 
phase,  GO-cycle  induction  motor  and  four  5-in.,  three- 
stage  centrifugal  pumps  directly  connected  to  75-hp., 
2300-volt,  three-phase,  ()0-cycle  motors.  The  4-in.  pump, 
with  a  capacity  of  250  gal.  per  min.,  is  used  for  com- 
mercial supply;  the  5-in.  ])ump*s,  each  with  a  capacity  of 
500  gal.  per  min.,  are  used  in  case  of  fire  only.  There  is 
no  standpipe  or  elevated  tank,  consequently  the  general 
service  and  fire  pumps  are  directly  connected  to  the  mains 
and  the  regulation  of  the  motor  of  the  former  is  by 
means  of  a  pressure-control  device.  All  pumping  units 
are  in  a  concrete  pit  and  the  suction  and  discharge  noz- 
zles are  connected  to  a  common  suction  and  discharge 
header.  Fig.  4  shows  the  pump  pit  and  Fig.  5  is  a  de- 
tailed drawing  of  the  pipe  connections  in  the  pit.     By 


Fig.  4.    View  of  the  Pump  Pit 


manipulating  the  valves  shown,  one  unit  oi-  all  may  be 
put  in  or  cut  out  of  service. 

AVhen  the  steam  plant  was  in  operation,  two  10-in.  pipe 
lines  connected  the  suction  of  two  direct-acting  steam 
pum])s  with  the  source  of  water  supply  M'hich  is  in  the 
Mississippi  Elver.  \ATien  the  new  plant  was  installed,  in 
order  to  avoid  the  expense  of  a  new  suction  line,  it  was 
decided  to  connect  the  old  lines,  as  shown  in  Fig.  5.  Near 
the  pump-suction  header,  in  the  pit,  a  gate  valve  was 
placed  in  each  ])ipe  line  so  that  cither  may  l)e  cut  out 
or  in  at  will. 

The  old  pipe  lines  were  in  miserable  condition,  being 
badly  corroded,  chocked  with  silt,  and  containing  many 
leaks.  In  consequence,  it  was  difficult  to  start  and  op- 
erate the  pumps  until  after  the  imperfections  were  re- 
moved. This  cost  as  much,  if  not  more,  in  labor,  time 
and  annoyance  than  a  new  15-in.  line  M'ould  have  cost  at 
the  outset. 

The  watei'  level  in  the  river  varies  materially  tlirougli- 
out  the  year,  and  hence  the  static  suction  lift  of  the 
piunps  varies  in  proportion.  This  variation  amounts  to 
nearly  30  ft.  and  consequently  at  low  stage  the  suction 
lift  amounts  to  20  ft.;  at  flood  stage  thei'e  is  a  head  of 
10  ft.  above  the  pump  suction.  A  test  of  the  pumps  was 
made  at  the  lowest  river  stage  and  l)efore  all  the  imper- 
fections of  the  suction  line  had  been  removed.  When 
all  the  pumps  were  in  ojje ration  a  vacuum  gage  in  the 
suction  header  read  25  in.,  showing  a  total  dynamic  suc- 
tion lift  of  approximately  28.2  ft.  The  static  lift  was 
20.5  ft.  and  the  difPerence  between  ibis  and  the  dynamic 
lift  represents  the  loss  by  friction. 

The  seven-panel  switchboard  controls  the  exciters,  gen- 
erators, motors,  four  commercial-lighting  and  three 
street  series-lighting  circuits. 

Cost  and  Opi:i!\Tioy  Ch arc; i:s 

The  cost  of  the  complete  plant,  including  building, 
foundations,  machinery  and  installation  expenses,  was 
$52,000,  and  the  outside  pole  line  cost  $5000.  The  op- 
erating force  consists  of  a  superintendent,  one  night  and 
one  day  operating  engineer,  one  night  and  one  day  oiler, 
one  electrician  and  a  bookkeeper.     The  salaries  paid  to 
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all  total  $37.5  monthly.  Fuel  oil  costs  .5e.  per  gal. ;  cyl- 
inder oil  ;55c. ;  air-compressor  cylinder  oil  50c. ;  engine 
oil  23c. ;  grease  15c.  per  11).  and  waste  10c.  per  lb. 

Superintendent  E.  A.  Tliiliodeaux  has  kept  an  ac- 
curate and  intelligent  record  of  operating  costs  since  the 
starting  of  the  plant.  The  cost  record  for  September, 
October.  November  and  December.  1913,  are  shown  in 
the  table.  The  total  kilowatt-hour  load  for  each  month 
is  also  given.  Cohmm  13  is  tlie  cost  ner  kilowatt-hour  in 
fuel  and  supplies  only;  Column  14,  the  cost  per  kilowatt- 
linur  ill  fuel,  supplies  and  labor,  and  Column  15,  the 
cost  per  kilowatt-hour  in  fuel,  supplies,  labor,  interest 
and   depreciation.      Interest   was   figured   at   6   per  cent. 


and  depreciation  at  10  per  cent.  To  this  possibly  an  ad- 
ditional 5  per  cent,  per  annum  of  the  plant  cost  should 
have  been  included  for  a  sinking  fund  to  redeem  the 
bonds  at  the  end  of  20  years. 

A  comparison  of  this  operating  cost  with  that  of  a 
steam  plant  of  equal  capacity  and  running  under  similar 
load  conditions  would  he  interesting.  It  would  be  un- 
fair, however,  to  make  such  a  performance  comparison 
with  the  old  steam  plant,  because  it  could  in  no  way  be 
considered  as  embodying  anything  like  good  design  or 
modern  practice.  For  one  thing,  all  the  water  wa~ 
formerly  pumped  by  uneconomical  direct-acting  steam 
pumps. 
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In  iinalyziiig  tliesc  cost  datii,  tlirre  arc  two  things  to  be 
remembered:  Tlie  plant  is  ()})erating  considerably  below 
its  economical  output  and  this  is  a  disadvantage.  Then, 
too,  the  plant  is  new,  all  pistons,  cylinders,  valves,  etc., 
are  in  good  condition,  and  the  question  arises  whether, 
when  the  wear'  comes  on,  the  economy  of  o|)eration  will 
be  maintained   for  any  length  of  time. 

For  municipal  water-works  and  electric-lighting  service 
the  type  of  prime  mover  used  in  this  plant  is  not  par- 
ticularly adaptable,  because  of  the  peculiar  requirements. 
One  engine-generator  unit  is  more  than  sufficient  to  carry 
the  lighting  load  and  tiie  small  motor-driven  service 
pump  load.  Now  power  must  always  be  available  to  op- 
erate the  motor-driven  tire  pumps,  but  these  pumps  are 
operated  possibly  but  four  or  five  times  a  year  at  the  out- 
side, but  when  operated,  both  engines  must  be  run  in 
parallel.  This  means  that  practically  one  engine  is  al- 
ways idle,  with  the  interest  and  depreciation  charges  go- 
ing on.  The  other  engine  is  operating  for  the  greater 
part  of  the  day  I'idiculously  underloaded  and,  conse- 
quently, uneconomical  ly. 

Compare  this  with  the  flexible  steam  plant  that  could 
have  been  installed.  Suppose  that  one  50-kv.-a.  and  one 
75-kv.-a.,  tandem-compound,  condensing,  single-valve  au- 
tomatic engine,  each  directly  connected  to  an  alternator; 
a  motor-driven  service  pump,  two  lOOO-gal.  Underwriters 
fire  pumps,  boilers,  switchboard,  and  all  auxiliaries,  had 
bsen  installed  and  all  together,  making  a  simple  steam 
plant.  The  whole  j)lant  complete,  including  machinery, 
building,  foundations,  pipe  work  and  erection,  would  cost 
not  over  $24,000.  The  smaller  engine  could  take  care 
of  the  light  day,  the  after  midnight  and  the  pumping 
loads,  and  the  larger  engine  could  carry  the  peak  load. 
Both  operating  in  parallel  could  furnish  current  for  any 
service  extension  necessary  for  years  to  come.  The  motor- 
driven  pump  could  sup|)ly  all  commercial  needs  as  now 
and  the  Underwriters  pumps  could  remain  idle,  except 
in  case  of  tire  or  drills. 

Figuring  an  average  of  25  lb.  of  steam  per  indicated 
horsepower-hour  on  the  engines  (which  is  higher  than 
would  actually  be  consumed)  and  as  low  as  6  lb.  of  water 
evaporation  per  pound  of  coal,  and  taking  into  full  ac- 
count all  the  usual  losses  and  efficiencies,  the  labor,  sup- 
plies, interest  and  depreciation,  the  cost  per  kilowatt- 
hour  would  be  well  under  'Ac.  There  are  steam-engine 
manufacturers  who  will  gladly  guarantee  these  figures, 
bond  the  guarantee  and  further  guarantee  to  maintain 
this  economy  for  a  period  of  years. 


Cs'Siinil&'paEa  FsiSE^ipes 


I      Vice-President    Michael    Longridge,    in    a    lecture    de- 
i  livered  before  the  Graduates'  Association  of  the  Institu- 
tion   of   Mechanical    Engineers,   of   Great    Britain,   thus 
I  commented  on  crankpin  designs  and  failures. 

The  history  of  crankpins  has  been  much  like  that  of  cylin- 

I  ders,   showing  a   rising  percentage   of   breakages,   culminating 

in  the  years  1894-1898,  and  then  falling.     The  rise  was  due  to 

bad   designing,    improper   methods   of   fixing,   and   overloading; 

the  fall  to  the  more  general  adoption   of  the   right   method  of 

fixing,   combined   with  reduction   of  stress.      In   my   early   days 

'  stresses   of   12,000    to   14.000    lb.    per    sq.ln.   were    common,    and 

1  stresses  of  50  per  cent,  higher  were  frequently  met.     Samples 

j  of  the  old  designs  and   methods  of  fixing  are  shown.     A,   B,  C 

!  and  D  are  examples  of  pins  with  conical  or  cylindrical  shanks 

'  fitted  into  the  cranks  and  secured  by  riveting,  screws  and  nuts, 

•  or  cotters.     They  usually  broke  inside  the  crank-eyes,  because 


the  fit  was  not  accurate  enough  to  prevent  slight  movements, 
which  wore  and  enlarged  the  ends  of  the  crank-eyes  next  the 
journals,  thus  throwing  back  the  point  of  support  and  increas- 
ing the  bending  moments.  The  pins  were  usually  put  in  from 
the  faces  of  the  cranks,  so  that  they  could  come  out  and 
wreck  the  engine  when  they  broke.  E  and  F  aie  also  typical 
examples.  They  have  no  sharp  corners  at  the  junctions  of  the 
journals  with  the  collar,  though  such  were  not  unusual;  but 
the  fillets  piovided,  Va  to  Va  in.  radius,  are  too  small  to  he 
tfective.  Both  pins  were  of  steel.  The  fractures  were  due  to 
bending  stresses.  They  commenced  at  the  parts  of  the  cir- 
cumference nearest  to,  and  furthest  from,  the  crankshaft, 
and  extended  inward,  as  shown  on  the  shaded  part  of  G.  The 
lives  of  these  pins  were  14%  and  104  million  revolutions,  and 
the  bending  stresses  17,500  and  11,500  lb.  per  sq.in.,  respec- 
tively. 

The  breakage  of  H  may  have  been  entirely  due  to  the 
abrupt  change  of  diameter  from  6%  in.  to  7  in.,  for  piston-rods 
in  direct  tensile  stress  will  break  with  a  smaller  change  than 
is   shown   in   I;    but   probably   it   was   started    by    the   shearing 
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Ckankpin   Failukes 

action  of  the  edges  of  the  crank-eye  when  cooling  and  con- 
tracting upon  the  pin.  The  failure  of  the  pin  J  can  be  at- 
tributed to  nothing  but  shear.  It  was  made  of  steel,  of  60,000 
lb.  tensile  strength,  29  V^  per  cent,  extension  in  6  in.,  60  per 
cent,  contraction  of  area,  and  a  strip,  cut  out  of  it  after  the 
breakdown,  was  bent  cold  nearly  double  without  cracking. 
It  broke  under  a  stress  of  9400  lb.  per  sq.in.,  after  5%  million 
revolutions.  I  think  the  crankshafts  K  and  L  are  similar 
cases.  The  stresses  and  lives  were:  For  K,  8200  lb.  per  sq.in. 
ana  17  million  revolutions;  and  L,  5000  lb.  per  sq.in.  and  218 
million  revolutions;  the  longer  life  of  L  was  due  to  the  lower 
stress,  and  probably  to  a  lower  pressure  exerted  by  the  crank 
in  cooling.  I  do  not  think  the  effect  of  the  pressure  of  sharp 
edges,  or  even  of  scratches  in  starting  skin-cracks  in  steel, 
or  the  almost  inevitable  extension  of  such  cracks  under  re- 
current stresses,  is  sufficiently  appreciated.  Of  shrinkage,  I 
say  without  hesitation  that  the  portion  of  the  internal  piece 
upon  which  an  external  piece  is  to  contract  sliould  be  of 
larger  diameter  than  the  adjacent  portions,  and  that  the  ex- 
ternal piece  should  entirely  cover  the  enlarged  portion  of  the 
Internal.  M  shows  how  a  crankpin  should  be  put  in,  while 
N  and  O  show  the  proper  method  of  shrinking  a  piece  upon 
a  shaft.  It  is  to  the  adoption  of  this  principle  by  many  engine 
makers,  combined  with  I'eduction  of  working  stress  to  8000  lb. 
or  9000  lb.  per  sq.in..  that  the  reduction  in  the  number  of 
crankpin  breakages  must  be  attributed.  The  failure  depicted 
in  P  is  one  of  those   things   no   one   can    understand. 


The  Key  soot  blower,  which  wa,<  described  on  jnige  744 
of  the  Nov.  25,  1913,  issue  of  Power,  as  the  Myers  Im- 
proved Boiler-Tube  Blower,  is  now  manufactured  by  the 
Key  Tube  Blower  Co.,  21  Park  Row,  New  York  City. 
Some  slight  changes  have  been  made  in  the  arrangement 
of  the  opening  in  the  brick  setting  at  the  rear  of  the 
boiler,  etc.,  but  otherwise  the  blower  is  the  same  as  the 
one  described  in  the  earlier  issue. 
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SVXOPSIS — .1  (lisrussinn  ns  Id  the  ilfsiniliilihi  of  itsini/ 
fninoiiiiral  ait.riliaries  rallicr  Ihnn  llinsr  kuotni  In  l>c 
iraslrful  of  sivaiii.  Il  is  pointed  mti  that  a  savin;/  is  mndr 
in  powrr-planl  pnirtirr  bij  iisin;/  llie  former  li/pe  of  <tp- 
ptiratiis  anil  if  llir  e.rhnnsi  sleani  is  not  snfjicieni  to  heal 
the  feed  water  an  addilionni  supph)  can  be  bled  from  the 
high-pressure  sl(i(/e  of  llie  main  turbine  unit  with  e<»- 
nomiral  results. 

Auxiliaries  of  a  slcain  ])laiit.  sucli  as  |)iimi)s,  cxcitors. 
engines,  blowers,  stokers,  etc..  do  not  develop  a  horse- 
power nearly  as  elTiciently  as  the  main  <;eiierating  units. 
The  loss  in  jjlant  eeonomy.  due  to  inetHeient  auxiliaries, 
is  not  sutfleiently  appreciated  by  many  operating  engi- 
neers and  it  is  proposed  to  point  out  some  of  the  reasons 
why  low-grade  pumps,  blowers,  etc.,  reduce  station  econ- 
omy and  also  to  show  tiie  gain  in  over-all  economy  pos- 
sible with  the  use  of  highly  efficient  auxiliaries,  even  if 
it  be  necessary  to  i)lce(l  steam  from  the  main  units  for 
heating  purposes. 

W.vsTK  IIkat 

The  heat  in  a  pound  of  steam  at  150-lb.  gage  and  100 
deg.  superheat  is  roughly  l•^.■jO  B.t.u.  Considering  this 
steam  to  be  used  in  a  turbine  exhausting  at  28-in. 
vacuum,  80  per  cent,  (juality,  the  waste  heat  is  about 
900  B.t.u.  Thus  72  per  cent,  of  the  heat  is  wasted  with 
the  exception  of  the  heat  remaining  in  the  condensate, 
about  70  B.t.u.  or  5.6  per  cent.,  which  can  be  returned 
from  the  hotwell  to  the  heater,  and  thence  to  the  boiler. 

Under  the  most  favorable  conditions 

72  —  5.6,  or  66.4  per  cent. 
of  the  heat  per  pound  of  steam  is  carried  away  by  the  con- 
densing water.  \Yith  auxiliaries  driven  by  steam  tur- 
bines, taking  steam  from  the  superheated  main  supply 
and  exhausting  at  atmospheric  pressure  90  per  cent, 
quality  steam,  the  heat  in  the  exhaust  would  be  about 
1055  B.t.u.  per  pound,  or 

lO.').')  -^  1250  =  84.-4  per  cent. 
of  the  heat  remains  in  the  exhaust  steam.     Should  the 
main  turbines  run  noncondensing,  their  exhaust  would  be 
substantially  the  same  as  stated,  80  to  85  per  cent,  of  the 
heat  being  carried  away  in  the  exhaust. 

The  efficiency  of  the  main  units  is  high.  For  an  ex- 
ample: Assume  the  steam  consumption  as  12  lb.  per 
brake  horsepower-hour  when  operated  condensing  at  28- 
in.  vacuum,  and  22  lb.  per  brake  horsepower-hour  when 
operated  noncondensing  at  atmospheric  pressure. 

Average  auxiliaries  would  take  at  least  40  lb.  of  steam 
per  brake  horsepower-hour  when  run  noncondensing.  The 
benefit  of  having  feed  water  enter  the  boiler  as  hot  as 
possible  is  well  known.  In  a  plant  using  an  open  heater. 
212  deg.  is  the  desirable  temperature  for  feed  water.  The 
discussion  in  this  article  is  l)ased  on  aiming  to  get  a  re- 
quired load  in  kilowatts  per  hour  with  the  feed-water  tem- 
perature as  near  212  deg.  as  possible  with  the  least 
amount  of  steam  generated  in  the  boilers. 

Without  anv  change  in  the  electrical  load  on  the  main 


iiiiils  for  every  10  lb.  of  cvhaust  fiteam  needed  lor  feed- 
water  healing,  I  hp.  of  auxiliaries  would  be  needed  in  (ho 
iirdinary  method  of  healing  feed  water  by  llie  evIiaiiHt 
steam   from   auxiliaries  oiil\. 

Al   XIM AUV     KXIIAI  .SI' 

I'mii:;  the  ligures  already  assumed  and  conHi<leriiig  a 
|il;int  with  more  elTieient  auxiliaries  which  use  .'55  lb.  of 
steam  |)er  brake  hors(?])owei-li<inr,  iioiieondenKing,  should 
there  be  too  little  steam  for  hrating  tlie  feed  water, 
a  suitable  .system  for  taking  steam  between  the  high-  and 
low-pressure  jjarts  of  one  or  more  main  units  would  be 
highly  desirable.  For  every  .'55  lb.  of  exhaust  steam  re- 
(|uired  ])er  hour,  one  horsepower  of  auxiliaries  would  be 
needed.  If  there  is  too  little  auxiliary  horsepower,  steam 
must  be  bled  from  the  main  units  to  satisfy  the  require- 
ment of  heating  of  the  feed  water  to  212  deg. 

To  su])ply  .'?5  11).  of  atmosy)heric-pressure  steam  by 
bleeding  it  would  be  necessary  to  develop  1.6  hp.  by  bleed- 
ing the  noncondensing  high-])ressure  part  of  the  main 
unit.  The  noncondensing  water  rate  being  22  lb.  per 
b.hp.-hr., 

35  -^  22  =   1.59 
or  1.6  hj).,  approximately. 

The  loss  in  economy  due  to  noncondensing  operation  is 
22  —  12  =  10  lb. 
of  steam  per  brake  hor.sepower-hour,  or  16  lb.  for  1.6  hp. 
Therefore,  for  every  35  lb.  of  atmospheric-pressure  steam 
sujjjilied  by  bleeding,  only  16  lb.  can  be  charged  against 
the  heating  operation,  as  the  remaining  19  lb.  would  have 
been  used  for  power  had  no  ])leeding  taken  place.  Conse- 
quently a  gain  of  19  lb.  is  effected  in  the  total  plant  econ- 
omy for  every  35  lb.  of  steam  bled  from  the  main  units 
and  utilized  for  heating. 

Assume  a  plant  using  300,000  lb.  of  steam  per  hour 
for  the  main  units  at  normal  load  and  40,000  lb.  of  steam 
per  hour  additional  for  the  auxiliaries.  If  the  feed  water 
be  completely  heated  and  the  auxiliaries  require  40  lb. 
of  steam  per  brake  horsepower-hour,  1000-hp.  auxil- 
iaries would  be  operated. 

In  a  plant  having  more  efficient  auxiliaries  using  35  lb. 
of  steam  per  brake  horsepower-hour.  35,000  lb.  of  exhaust 
would  be  available.  As  40,000  lb.  are  required  for  com- 
plete heating  of  feed  water,  5000  lb.  would  be  required 
from  a  bleeding  process.     This  would  require  operating 

5000  -^  22  =  227.3  hp. 
exhausting   at   atmospheric   pressure   with    an    increased 
steam  consumption  of 

10  X  227.3  =  2273  Jb.  per  hr. 
The  difference  between  5000  and  2273.  or  2727  lb.  of 
steam  per  hr.,  would  be  saved.  This  only  represents 
Vio  per  cent,  saving  for  the  whole  plant,  but  consid- 
ering steam  worth  0.12c.  per  1000  lb.,  the  gain  would  be 
32.72c.  per  hr.,  or  about  $2800  per  year. 

The  saving  in  steam  at  normal  load  is  by  no  means  the 
only  advantage  of  economical  auxiliaries.  Low  loads  in 
most  plants  are  accompanied  by  steam  wasting  from 
the  heaters.     High  loads  are  frequently  the  cause  of  feed 
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water  entering  the  boilers  only  partially  heated.  A  re- 
liable bleeder  system  with  econoniieal  auxiliaries  would 
save  steam  under  each  of  these  conditions.  The  chance 
of  having  too  much  atmospheric  exhaust  at  low  loads 
would  be  reduced,  because  of  the  reduced  amount  of  ex- 
haust available.  At  high  loads  increased  bleeding  would 
insure  the  feed   water  being  completely   heated. 

The  percentage  of  total  heat  in  a  pound  of  steam 
available  for  ]X)wer  is  small  as  compared  with  the  amount 
necessarily  wasted.  In  order  to  get  all  possible  power 
out  of  steam,  high-vacuum  condensing  operation  has  been 
proved  best.  At  the  same  time  a  more  important  item 
presents  itself.  This  small  amount  of  heat  available  for 
power  may  be  wasted  in  apparatus  which  is  inefficient  in 
its  utilization  of  the  heat  supplied.  The  heat  so  wasted 
in  windage,  friction,  etc.,  cannot  be  recovered  except  to 
a  small  extent  in  a  tendency  to  improve  the  quality  of  the 
exhaust  steam  by  the  heating  effect  of  friction. 

Best   Results 

In  order  to  get  the  best  results  in  a  plant  for  heating 
purposes  only,  noncondensing  operation  generally  proves 
the  most  economical.  The  small  amount  of  heat  ex- 
tracted for  power  purposes,  such  as  driving  feed  pumps, 
etc.,  leaves  the  greater  part  of  the  heat  available  for  heat- 
ing. The  use  of  live  steam  under  siich  circumstances 
is  a  costly  method.  P]ven  in  this  case  if  steam  at  boiler 
pressure  can  be  used  in  the  heating  systems,  efficient  util- 
ization of  steam  in  the  pumps,  etc.,  is  desirable,  as  it 
further  minimizes  the  heat  extracted  for  power,  leaving 
more  available  for  the  heating  and  so  requiring  a  less 
supply  from  the  boilers. 

The  main  feature  of  power-plant  practice  is  power,  but 
it  must  not  be  forgotten  that  steam  is  needed  for  heating 
feed  water  and  possibly  for  heating  buildings  in  winter. 
Why  use  inefficient  auxiliaries  which  waste  a  large  amount 
of  heat  in  useless  effort,  merely  to  supply  sufficient  ex- 
haust steam  for  heating,  when  operating  part  of  the 
power  units  noncondensing  supplies  equally  desirable  ex- 
haust with  the  advantage  that  the  high-pressure  part  of 
the  heat  in  the  steam  has  been  used  efficiently  to  develop 
salable  power. 


ElECTKICALLY    DlilVEX    AuXILI.\IiIE,S 

The  argunicnls  in  favor  of  auxiliary  economy  may 
lead  to  the  belief  that  electrical  auxiliaries  are  advan- 
tageous.' Such  is  not  generally  the  case.  Referring  to 
the  first  part  of  this  article,  it  was  shown  that  84.4  per 
cent,  of  the  heat  in  one  pound  of  steam  at  the  boiler 
remains  in  a  pound  of  exhaust  steam  at  atmospheric  pres- 
sure and  90  per  cent,  quality.  As  long  as  this  steam  can 
be  used  for  heating  purposes  to  advantage,  only  15.6  per 
cent,  of  the  total  heat  can  be  charged  to  the  power  units. 
Thus  with  auxiliaries  using  40  lb.  of  steam  per  brake 
horsepower-hour,  only 

0.156  X  40  =  6.24  Ih. 
per  hour  are  chargeable  to  power  as  long  as  exhaust 
steam  is  to  be  used  for  heating.  The  instant  steam  blows 
to  waste  from  the  heating  system,  40  lb.  of  steam  per 
horsepower-hour  are  correctly  chargeahle  for  each  horse- 
power of  exhaust  so  wasted. 

Electrical  auxiliaries  in  a  plant,  such  as  assumed  in  the 
foregoing,  would  require  not  less  than  16  lb.  of  steam 
per  horsepower-hour,  considering  motor  efficiency,  trans- 
mission losses,  etc.  Therefore,  steam  auxiliaries  show  a 
gain  of 

16  —  6.24  =  !).76  lb. 
of  steam  per  hour,  as  long  as  the  exhaust  can  be  used. 
When  the  exhaust  must  be  wasted,  the  electrical  auxiliar- 
ies would  gain 

40  —  16  =  24  lb.  per  hp.-hr. 
for  every  horsepower  of  exhaust  steam  so  wasted. 

Reducing  Auxiliary  Steam  Consumption 
The  question  now  may  be  raised,  how  may  the  total 
steam  used  by  auxiliaries  be  reduced?  The  first  step  is  to 
create  a  demand  for  more  economical  pumps,  l)lowers,  etc. 
A  second  move  is  to  carefully  analyze  auxiliaries  in  a 
plant  so  as  to  use  pumps,  blowers  and  stokers  more  nearly 
at  their  best  efficiencies.  Throughout  all  it  must  be  re- 
membered that  steam  uselessly  wasted  in  developing 
power  either  for  sale  or  for  auxiliaries  never  pays  divi- 
dends and  consequently  the  argument  that  auxiliary 
economy  is  no  object  is  a  fallacy  to  be  shunned  by  engi- 
neers. 


By  F.  W.  Dean 


j  SYNOPSIS — The  common  forms  of  butt-strap  joints, 
like  lap  joints,  are  likely  to  catise  bending  and  cracking 
of  the  shell  plates  of  boilers.  The  author  points  out  forms 
of  butt  straps  and  riveting  to  reduce  the  danger. 

Articles  recently  jniblished  referred  to  the  importance 
of  reducing  the  weight  of  locomotive  boilers,  but  no  study 
appears  to  have  been  nuide  of  the  longitudinal  joints  of 
boilers  for  reduction  of  weight. 

Boilers  do  not  explode  lu'cause  the  plates  are  too  thin, 
but  because  they  are  so  made  in  some  part  that  the  ma- 
terial bends  back  and  forth  and  tinally  cracks  where  the 
bending  is  a  maximum.  A  boiler  built  with  lap  joints 
usually  explodes  because  the  plates  are  bent  at  the  edge 
;  of  the  joint  with  every  change  in  pressure.  The  effort 
■of  the  boiler  to  become  circular  with  increases  of  pres- 


sure, and  to  take  its  original  form  with  decreases  of 
pressure,  finally  results  in  cracking  the  plate.  The  same 
thing  takes  place  in  the  drums  and  other  parts  of  water- 
tube  boilers. 

Few  American  horizontal  return-tubular  boilers  built 
with  butt  joints  have  failed  in  the  butt  and  strap  joints, 
although  at  least  two  have  cracked  at  the  edges  of  the 
joints  sufficiently  to  cause  audible  leakage.  Tn  these  cases 
pressure  was  immediately  reduced  and  explosions  were 
prevented.  More  such  cases  may  be  expected  and  there 
may  be  a  few  explosions.  The  trouble  with  butt  joints  is 
that,  as  usually  designed,  they  possess  a  feature  which 
causes  bending  of  the  plate  with  changes  in  pressure, 
just  as  in  the  case  of  lap  joints,  though  to  less  extent. 

Butt  joints  are  usually  so  designed  that  they  are  not 
equally  strong  on  both  sides  of  the  plate,  and  the  joint 
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Ill-mis  n.>»  lln'  iirfssiin-  iiicrcams,  miil  rclmiis  n>*  il  <lr- 
(  Tt'iiHcs.  Soiiu'  vi'Uis  ii^'o  liic  wiilcr  dcrtiniu'd  scvcriil  wiiic 
jojiitH  aixl  IckIcm)  IIiciii  to  ili'Mtniction  on  the  lar^c  IchI- 
iri^  iMiiiliiiU'  at  (lie  WaltTtowii  Arnt'iial.  Tiic  joiiitu 
li'stcil  were  so  wiilc  thai  il  ic(|iiiiiMl  Iroiii  ;{'i().(l(»l)  lli.  lo 
ir)0,(KIO  111.  to  Itrcak  lliciii.  Wiiil.'  iimlcr  .strain  llit-y  al- 
ways took  tilt'  form  shown  in  l''i;i.  1,  ami  llif  (lislaiicc  ti 
was  al)oiit  ,■'„  in.  when  tlicv  Itrokc.  'I'lu'  sifiniHc  luuc  of 
tliis  lifliavior  was  not  ap|)i('(iat('(l  until  iiironiiMlinn  was 
rccciviMl  ol'  till'  cnickiii^'  of  llii'  |»!alcs  in  llic  \\\(>  luitt- 
joinl  l)i)ilt>rs  rcffrrcd  to.  'Plic  oiii'-sidcil  feat  hit  of  tlw  .joint 
caiisi'd  the  lit'niliiiii,  llii'  l)t'iidin;j  laiiscd  llie  cracks,  and 
cracks  thus  fornicd  in  a  Ixiilcr  joint  would  have  caused  an 


lishcil  nearly  twenty  ycarH  ago.  'I'liiK  Ih  illuHtrati-d  m 
Ki^'.  I.  'The  fault  of  the  dcsij^n  is  that  the  MtrapH  are  too 
wide  and  llie  lows  of  rivets  paiallel  to  the  axiH  of  tin 
joint  are  too  far  apail. 

One  is  led  to  the  conclusion  that  llie  jilalcs  of  the  cylin- 
ders of  hoilers  can  he  made  thinner  than  usual  hy  the  iih<' 
of  iioii-oiie-sided  or  syminet  rical  hult  joints.  'I'he  factor 
of  safety  eiiiiiloyed  is  a  matter  of  f^iiess  work,  and  if  il  i- 
a  "factor  of  if(iiorance"  I  he  "ij;iiorance"  is  largely  re- 
moved hy  the  use  of  the  symniet rical  joint.  IO,\c(;pt  to 
jfuard  apiiiiHl  corrosion,  there  seems  to  he  no  ntason  why 
the  factor  of  safely  should  he  more  than  three  to  four  in 
a  boiler  hiiilt  with  the  joint  advocated,  and  oonHiderahle 
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explosion   unless  sooner  detected  i)y  the  escajie  of  steam. 

Since  making  the  tests  the  writer  has  reiiuired  the  hull 
straps  of  hoilers  on  the  opposite  sides  of  the  plates  to  be 
of  the  same  width  and  the  rivets  in  double  shear.  The 
straps  have  been  made  as  narrow  as  possible  in  order  to 
have  the  rows  of  rivets  as  near  together  as  practicable 
so  that  the  inside  strap,  wliirii  is  not  calked,  would  have 
small  opportunity  to  straighten  out,  due  to  the  curvature 
of  the  shell  between  rows  of  rivets,  and  to  furtlier  dimin- 
ish this  action  tiie  inside  straps  have  been  made  thicker 
than  usual. 

Figs.  2  and  ;5  show  such  joints,  Fig.  3  showing  the 
better  design.  The  latter  joint  can  be  made  with  an  effi- 
ciency of  92  per  cent,  or  more.  The  joint  in  Fig.  1  can 
be  theoretically  of  this  efficiency,  but  its  one-sided  feature 
is  misleading. 

My  first  knowledge  of  the  type  of  joint  siiown  in  Fig. 
3  was  received  from  the  illustrations  of  the  lioilers  of  the 
steamship  ''Kaiser  Wilhelm  der  Grosse,"  which  were  pub- 


weight  can  be  saved.  Oiher  parts  of  the  boiler  should  he 
studied  so  as  to  avoid  places  where  bending  can  take 
place. 

In  this  connection  it  is  well  to  note  that  failures  of 
dished  heads  in  boilers,  whether  water  or  fire  tube,  are 
often  caused  by  bending  at  the  edges  where  the  lieads 
are  flanged  to  join  the  shell.  Many  designers  of  boilers 
appear  to  be  satisfied  if  they  make  these  heads  segments 
of  spheres,  but  such  heads  differ  but  little  from  flat  ones 
in  this  element  of  weakness  and  need  nearly  as  much 
bracing  to  prevent  their  bending  at  the  turn  of  the  flange. 
In  Germany,  Lancashire  boilers  are  made  with  dished 
heads,  but  as  the  ends  are  tied  together  by  the  furnaces 
there  is  scarcely  any  likliiiood  of  rupture  in  this  manner. 
Designers  of  dished  lieads  for  ])re.ssure  vessels  should  re- 
member that  such  heads  will  bend  at  the  edges  and  almost 
surely  crack  in  time  and  proliably  could  be  removed  from 
the  dangerous  class  only  by  making  the  heads  hemi- 
spherical. 
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By  0.  W.  Degen* 


A  new  field  of  application  in  the  use  of  oil  fuel  has 
been  introduced  by  the  government  at  Fort  Baker,  Calif. 
Just  as  it  is  customary  to  distribute  water  and  gas 
throughout  a  town  for  commercial  and  domestic  purposes, 
the  fuel  oil  is  here  piped  through  the  streets  and  de- 
livered to  residences,  and  other  buildings  under  a  pres- 
sure of  30  lb.,  where  it  is  used  in  furnaces  for  heating 
and  cooking,  and  in  oil  engines  for  power.  This  and 
the  installation  now  about  completed  at  the  Presidio, 
San  Francisco,  are  believed  to  be  the  first  of  their  kind 
attempted  on  a  large  scale.  The  system  consists  of  oil- 
supply  pipe  lines,  oil-storage  and  distributing  reservoirs, 
oil  pumps  and  motors,  air  pipe  lines,  compressors  and 
oil  burners. 

The  oil  is  delivered  by  tank  steamer  and  is  pumped 
through  a  6-in.  pipe  to  a  storage  reservoir  of  100,000  gal. 


•Civil    engineer,   War   Department. 


capacity  at  an  elevation  of  100  ft.,  this  being  the  limit 
to  which  it  is  desirable  to  pump  from  the  steamers.  The 
reservoir,  as  indicated  in  the  illustration,  is  constructed 
in  red  rock,  lined  with  5  in.  of  concrete  on  the  sides  with 
wire  fabric  as  reinforcing :  the  interior  was  sprayed  with 
cement  gum  and  is  roofed  over.  From  this  storage  reser- 
voir the  oil  is  pumped  into  a  distributing  reservoir  of  10,- 
000  gal.  capacity  at  an  elevation  of  200  ft.,  and  from 
here  it  is  distributed  through  4-in.  wrought-steel  pipes 
throughout  the  entire  reservation,  except  the  branches 
to  houses,  which  are  2  in. 

Care  had  to  be  taken  to  have  the  pipe  lines  tight,  and 
provide  for  expansion  and  contraction  by  inserting  U- 
bends  bedded  in  sand  every  300  ft.     Gate  valves  are  dia" 
tributed  throughout  the  system,  so  any  part  can  be  shi 
off  without  interfering  with  the  rest. 

All  the  burners  for  the  boilers,  hot-water  heaters,  over 
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,  iii-c  of  the  ;iir-ini.\iiig  tyiH'.     'I'lic  air  lines  arc  laid  in 
same  Irt'iiclics  as  tlic  oil  pipes,  and  ranyc  in  size  from 
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8  in.  at  the  compressor  end  to  21/2  in.  at  the  house  tops. 
Two  motor-driven  centrifugal  air  compressors,  each  with 
a  capacity  of  750  cii.ft.  per  niin.  furnish  air  under  about 
2  lb.  pressure. 

California  crude  oil  is  used  with  a  heat  value  of  18,000 
B.t.u.  and  a  specific  gravity  of  0.:)66.  One  gallon  of  this 
oil  requires  1875  cu.ft.  of  air  for  combustion.  The  oil 
costs  1.9c.  per  gal.  and  its  use  shows  a  saving  of  7()  per 
cent,  over  coal.  The  cost  of  Ihe  two  oil  tanks  and  pump- 
ing machinery  was  $4350;  Ihe  oil  pij)e  lines  $4295;  and 
air  lines,  compressors  and  burners  $(5380,  or  a  total  of 
$15,025  for  the  entire  installation.  The  cost  per  hour 
for  an  army  range  using  liA  gal.  of  oil  per  hour  is  about 
3c.,  including  the  cost  of  electric  cm-rent  for  driving  the 
compressor. 

The  installation  has  been  a  complete  .success  and  is 
much  preferred  by  the  soldiers  to  burning  coal.  It  re- 
quires very  little  labor  and  is  extremely  clean  as  there 
are  no  ashes  nor  smoke. 


EnttilatiiniM    ILoft 


By  Ciiarlks  L.  Hubbard 


SYNOPSIS — Loft  buildings  are  subject  to  frequent 
cliangps  of  subdivisions  and  of  tenants  and  the  aullior 
points  oiil  t/ie  types  of  heating  and  ventilating  appar- 
atus tvhich  are  readily  adapted  to  different  requirements. 

:€ 

Loft  buildings  are  included  in  a  class  of  buildings  used 
principally  for  mercantile  and  light  manufacturing  pur- 
])oses. 

Tlie  varied  character  of  tlie  work  and  the  fre(|uent 
changing  of  tenants  usually  makes  it  impossible  to  install 
a  pernuinent  system  of  ventilation  as  may  be  done  in  case 
of  a  store  or  factory  building.  Under  usual  conditions 
the  owner  provides  heat,  elevator  service,  and  sprinkler 
equipmcmt,  together  with  the  necessai-y  power  for  their 
operation. 

Elec-tricity  is  commonly  generated  upon  tlie  premises 
and  sold  to  the  tenants  for  power  and  lighting,  while  in 
connection  with  this,  both  live  and  exhaust  steam  are  sup- 
plied on  each  floor  for  manufacturing  or  other  purposes. 

Heating 

Buildings  of  this  type  are  eoiiinidnly  heated  by  dii-ect 
steam,  the  coils  or  radiators  being  placed  along  the  outer 
walls  beneath  the  windows.  Automatic  temperature  regu- 
lation is  not  usually  ])rovided,  partly  on  account  of  the 
expense  and  partly  because  the  rooms,  being  large,  usually 
contain  several  radiators,  thus  giving  a  certain  amount 
of  hand  control.  Tn  some  cases,  where  the  floors  are  not 
divided  by  partitions,  unit  hot-blast  equipments  are  pro- 
vided of  sufficient  capacity  to  do  a  portion  of  the  heat- 
ing, thus  reducing  the  amount  of  direct  radiating  sur- 
face required.  This  can  only  be  done  to  advantage  when 
the  use  of  a  given  floor  is  to  be  permanent,  or  at 
least  is  to  remain  the  same  for  several  years.  As  build- 
ings of  this  kind  are  not  generally  heated  during  the 
night,  it  is  necessary  to  provide  means  for  quick  warming 


in  the  morning,  which  makes  it  advisable  to  employ  some 
form  of  vacuum  system  for  producing  a  rapid  circulation 
thi'ough  the  radiators. 
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Fig.  1. 


Typical  Layout  for  Heating  and  Ventilat- 
ing A   Single  Floor 


When  the  coils  and  radiators  arc  of  large  size,  the  best 
results  are  obtained  by  connecting  a  vacuum  pump  with 
the  main  return,  or  a  single-pipe  system  with  a  vacuum 
air  line  proves  .satisfactory.  Tn  laying  out  the  piping, 
special  supply  and  return  risers  should  be  carried  to. 
the  top  of  the  building,  with  outlets  on  each  floor,  to 
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|iinvitlc  stonni    for   voniiliilinii,   slioiihl   lliis  lie    l'uriunlic(l 
later. 

\' i:\Tl  1,ATI0\ 

'I'lif  vciitiliUiii;.;  t'i|iii|>iii('ni  in  lull  Imildin^s  is  usually 
installed  liv  the  tenants  in  order  tliat  it  nniv  la-  adapted 
to  tlieii"  spinial  needs.  'I'liere  are  two  coinnion  nietliods 
iMiiploved,  one  iH'iiij;  to  force  in  tempered  air,  ailowini^  il 
to  lind  its  way  out  l)_v  leakajje  or  tln()Ufi:li  open  windows, 
while  the  other  makes  u,se  of  an  exhaust  fan  which  pro- 
duces a  slifjht  vacuum  within  the  room,  thus  eausinf^ 
fresh  air  to  enter  throu;;li  induction  hcaicis  placcil  in 
front  of  windows  in  dilVeri'ut  parts  of  the  rnmii. 

The  lirst  method  is  usually  favored  hy  engineers,  as 
heiufi  more  easily  controlled  and  givinj,'  a  ratlier  better 
air  distribution  ulun  |)roperly  installed.  In  order  to  give 
the  best  results,  however,  provision  must  be  made  for  the 
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outward  tlow  of  air  eitlier  througli  elevator  .sluifts  and 
stairways  or  liy  slightly  opening  the  windows  on  the 
leeward  side  of  the  building. 

A  typical  layout  lor  the  heating  and  ventilation  of  a 
single  floor  in  a  loft  building,  where  there  are  no  parti- 
tions, is  shown  in  Fig.  1.  The  room  is  warmed  by  wall 
radiators  placed  beneath  the  windows  and  the  tem- 
perature controlled  by  means  of  hand  valves. 

The  ventilating  equipment  consists  of  a  steel  plate 
blower  driven  by  a  direct-connected  motor  and  connected 
with  an  encased  heater  of  sufficient  capacity  to  warm  the 
entering  air  to  72  deg.  in  the  coldest  weather. 

The  fan  and  heater  are  mounted  upon  a  platform  sus- 
pended from  the  ceiling  of  the  toilet  room,  and  therefore 
do  not  require  any  space  which  may  be  utilized  for  other 
purposes.  The  air  distribution  is  through  a  galvanized 
duct  at  the  ceiling,  with  outlets  discharging  toward  the 
outer  walls. 

When  the  space  is  divided  by  partitions  the  ducts 
must  be  laid  out  in  such  a  manner  as  to  give  each  room 
its  proportion  of  fresh  air.  Rooms  devoted  to  manufac- 
turing processes  requiring  special  conditions  as  to  tem- 


peralure    and    Ininndity    niUPt    bo    hcMled    indepen'dently. 

When  the  exiniusi  nu-thod  of  ventiintion  iH  nnide  use 
(if,  iuHtead  of  the  plenum,  it  i^  evident  that  provision 
must  hr.  tnade  for  supplxing  an  amount  of  tempered  air 
equal  to  that  <lischarged  liy  the   fan. 

.\n  arrangement  for  this  purpose  is  shown  in  Heclion  in 
Fig.  '2,  and  consists  of  a  double  bank  of  indirect  radiator 
sections,  placed  before  a  window,  and  so  encawd  thai  lIv 
entering  air  must  |)ass  thi(Migh  them  before  reaching  tin 
room.  The  volume  of  air  ailmilted  is  goveined  by  tli« 
heigiii  to  which  the  sash  is  raised  oi-  a  special  adjustahl' 
damper  nniy  be  |)laci'(|  m  llic  inlet  opening. 

Temperature  regulation  may  Ik,  .sccui-ed  by  \alving  tli' 
heater  in  sections  or  by  the  use  of  a  mi.xing  dam|)ei 
During  such  tinu's  as  ventilation  is  not  re(|uired,  tin 
window  may  be  clo^e(l  and  the  register  in  front  of  the 
casing,  near  the  lloor.  opened  lo  pi-odiici;  a  rotation  of 
air  through  the  heater.  .\  sullicient  nundjer  of  these  in- 
duction stacks  should  he  jinivided  to  supply  the  re(iiiire(l 
amount  of  tempered  air.  and  they  >li()nld  Int  so  placed 
as  to  diffuse  it  as  niurli  as  possible. 

Loft   buildings  ai'i'  commonK    rurnisbeil   with   2^)  to  30 
en. ft.  of  air  pei-  occiiiiant   pei   lioiii-. 
;*; 

B^slhaiag  a  Pnsftoira=lR.odl  Calamvd 

While  overhauling  an  old  engine  an  engineer  un.strewed 
the  piston  rod  from  the  ci'osshead  and  attempted  to  re- 
move the  stutfing-bo.\  gland,  but  the  emi  of  the  ])iston  rod 
was  too  large  to  let  the  gland  slide  over.  As  the  gland 
was  not  clean,  it  api)eared  to  be  in  one  piece  only.  To  tell 
how  it  was  put  on  without  disconnecting  the  ])iston  froni 
the  rod  was  a  puzzle.  .Vfter  cleaning  and  examining  the 
gland  thoroughly,  it  was  found  that  it  contained  a  split 
bushing,  the  halves  of  which  are  shown  in  the  illustration. 
When  this  bushing  was  taken  out  the  gland  could  be 
easily  removed. 

This  rod  was  badly  scored,  making  il  necessary  to  turn 
it  down  to  secure  a  smooth  surface.  Had  it  been  turned 
down   over   the   entire   length,   the   threaded   part   would 


Split  Bushing  foi;  Piston  Rod 

have  been  too  small  for  the  crosshead;  therefore  it  was 
turned  down  onlv  where  scored,  and  a  s])lit  bushing  fitted 
to  the  gland.  Such  a  bushing  should  always  be  made  of 
brass,  because  cast  iron  is  likely  to  score  the  rod,  and  it  is 
easily  broken  in  service  as  it  would  be  quite  thin.  Turn 
a  recess  at  the  inner  end  of  the  gland,  as  shown  at  A,  with 
a  corresponding  head  on  the  bushing.  The  former  will 
receive  the  latter  and  prevent  it  from  blowing  out  under 
])ressurc. 
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SYNOPi^LS — The  different  methods  employed  to  vary 
the  speed  of  polyphase  induction  motors  and  their  relative 
advantages.  Also  as  the  concluding  article  of  the  series 
a  general  summary  of  the  applications  of  induction 
motors  is  gireii. 

'M 
Variable-Si'ked  Alti'Knating-Current  Motors 

Variable-speed  motors,  whether  direct  or  alternating 
current,  may  be  divided  into  two  classes,  varying-speed 
and  adjustable-speed  motors.  Varying-speed  motors  are 
those  the  speed  of  which  varies  with  the  load,  but  is 
constant  with  constant  loads,  such  as  direct-current  series 
motors.  Adjustable-speed  motors  are  those  in  which  the 
speed  is  practically  constant  at  any  adjustment  irrespec- 
tive of  the  load,  such  as  dii'ect-current  shunt  motors. 

An  alternating-current  motor,  in  general,  is  distinctly 
inferior  to  the  direct-current  nuichine  for  adjustable- 
speed  service,  although  a  polyi)hasc  induction  motor 
can  be  built  that  compares  quite  favorably  with  the  direct- 
current  shunt  motor.     This,  however,  requires  expensive 


Fig. 


starting 
Fig.  76. 


with     Resistance     or     Reactance 
Wiring   Diagram    of    ControHer. 


and  complicated  construction  and  up  to  the  present  time 
it  has  not  been  used  to  any  extent. 

The  speed  of  polyi)hase  induction  motors  may  be 
changed  by  several  methods  of  which  the  following  are 
the  most  important: 

1.  Adjusting  the  voltage  applied  to  tlie  stator  ter- 
minals. 

2.  Adjustable   resistance  in  the  rotor  circuit. 

3.  Changing  the  number  of  poles. 

4.  Operating  two  motors  connected  in  cascade. 

5.  losing  two  motor  stators  in  one  field  fi'ame.  one 
of  which  can  be  revolved. 

6.  Changing  the  frequency  of  the  primary  circuit. 

Adjusting  Voltage  across  Stator  Terminals 
This  adjustment  can  be  obtained  by  connecting  a  re- 
sistance or  reactance  in  series  in  the  line,  as  in  Fig.  75, 
or  by  the  use  of  an  autotransformer ;  but  this  method  of 
speed  control  is  unsatisfactory  and  is  seldom  used.  The 
speed  regulation  is  poor,  and  the  efficiency  and  power 
factor  decreases  rapidly  as  the  speed  decreases,  the  effi- 
ciency decreasing  more  rapidly  than  the  speed.  The 
torque  decreases  as  the  square  of  the  voltage  decreases ; 
that  is,  if  the  voltage  is  decreased  by  two  the  torque  de- 


creases by  four.  Therefore,  if  the  voltage  is  greatly  re- 
duced the  motor  becomes  very  weak  and  unstable  in  its 
operation.  Also,  a  small  increase  in  the  load  will  cause 
a  great  decrease  in  speed  and  may  cause  the  motor  to 
break  down  and  stop. 

Ad-justable  Resistance  in  Rotor  Circuit 
The  electromotive  force  set  up  in  the  rotor  of  an  in- 
duction motor  depends  upon  the  difference  in  speed  be- 
tween the  stator  magnetic  field  and  the  speed  of  the 
rotor  itself,  or  as  it  is  called  the  "slip."  If  the  resistance 
of  the  rotor  is  low  the  e.ni.f.  generated  in  its  conductors, 
necessary  to  set  up  a  current  that  will  develop  a  torque 
sufficient  to  carry  a  given  load,  will  be  correspondingly 
low;  therefore,  the  difference  in  speed  between  the  stator 
field  and  the  rotor  will  be  small.  On  the  other  hand,  if 
the  rotor  resistance  is  increased,  the  e.m.f.  will  have  to 
be  increased  in  proportion  to  the  resistance  to  set  up  the 
same  current  in  the  rotor  conductors  as  before ;  therefore, 
the  slip  between  the  rotor  and  stator  flux  will  be  in- 
creased ;  that  is,  the  motor  will  slow  down.  This  fact  is 
taken  advantage  of  to  vary  the  speed  of  the  polyphase 
induction  motors,  and  is  accomplished  by  using  a  phase- 
wound  rotor  with  slip  rings  and  an  adjustable  external 
resistance  as  described  in  Part  2  (Oct.  81,  1913).  In 
this  case,  however,  the  resistance  must  be  large  enough 
to  carry  the  full-load  current  continuously,  and  if  the 
motor  is  large  the  resistance  for  variable-speed  service 
becomes  very  large  and  expensive. 

To  obtain  several  adjustments  in  speed  and  keep  the 
resistance  balanced  in  each  phase  of  the  rotor  will  re- 
quire a  controller  with  a  large  number  of  contacts  for 
at  each  change  of  speed  an  equal  amount  of  resistance 
will  have  to  be  cut  out  of  each  phase  and  with  a  con- 
troller of  12  contacts  if  the  resistance  is  kept  balanced 
at  all  times  it  would  only  be  possible  to  obtain  five  ad- 
justments of  speed.  This  in  most  cases  is  impractical 
and  therefore  the  controller  is  arranged  as  shown  in  Fig. 
76,  so  that  the  resistance  can  be  changed  successively  in 
each  of  the  three  sets  of  resistance  and  instead  of  ob- 
taining five  adjustments  of  speed  by  the  arrangement 
previously  mentioned  it  is  possible  to  get  10  adjustments 
of  speed  with  a  10-contact  controller.  By  the  addition 
of  six  more  contacts,  as  shown  at  the  bottom  of  the  dia- 
gram, it  is  also  possible  to  control  the  primary  circuit. 
It  will  be  seen  that  when  the  controller  is  on  point  1, 
contacts  11  and  12,  13  and  14,  1.5  and  16  respectively 
are  connected  together.  This  closes  the  stator  circuit  to  the 
line  and  the  motor  starts  with  all  the  resistance  in  the 
rotor  circuit ;  at  this  point  the  rotor  resistance  is  balanced. 
When  the  controller  cylinder  is  moved  to  speed  point  2, 
it  makes  contact  with  points  1  and  4  of  the  rotor  resist- 
ance and  cuts  out  one  section  of  R^.  At  point  3,  contact 
5  comes  into  service  and  cuts  out  one  section  of  Eg.  Like- 
wise at  point  4,  contact  8  touches  the  cylinder  and  cuts 
out  one  section  of  R^.  At  this  point  the  resistance  is 
again  balanced ;  this  condition  is  found  again  at  points 
7  and  10.  The  points  where  the  resistance  is  balanced 
are  considered  the  best  for  continuous  operation,  al- 
though the  motor  may  be  operated  at  anyone  of  the  in- 
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trllMccliiilr     |>n||i|s.        Willi    sll;;lll     IlKiil  iliial  iollH    litis    cull- 
li'iillcr  can  lie  iniidc  i-cvciHiii^. 

Tlic  8|ir('(l-t()n|iii' (lianictrriHticK  of  an  inihuliini  iiniliir 
I'onli'dllcil  in  tins  wav  arc  Hiniilar  to  IIidhc  oI'  tlic  dirccl- 
currcnl  niacliinc  vvliich  has  i(s  Mpccil  cdiilrollcd  liv  a  re- 
sistance in  scries  with  the  ariiialiii'c.  if  the  load  isconslani 
the  s|>ced  of  the  iiiotDl'  ilicrciiscs  as  each  ste|(  of  the  resist- 
ance is  cut  out  and  I'cniains  constant  at  anv  position  of  tiie 
resistance,  hut  if  the  load  is  \aivini;  the  speed  c-lianf^cs 
inversely  as  the  load,  and  if  the  load  is  I'cMiovcd  entirely 
the  spei'(i  increases  to  almost  synchronisni.  Althoiifrli 
this  motor  is  not  suited  to  ser\  ice  that  r( 
speed  under  varyinj;  loads,  suili  as  in 
this  method  of  speec!  (mil  in]  is  iisi 
spi'cd  is  not  essential  and  clllriciu)  is 
|iortaiiir.  Al  (inc-li:iir  iiorinir!  s|ii'cil  ll 
half  niii-in;il  and  ftn'  dllirr  s|iccd  sclliii;:,-  il 
tioiial. 

I'liAMiiNc;  ■nil-:  Ncmhii;  oi'  I'(ii.i:s.  Tliis  nietliod  of 
control  is  umm]  e\teiisi\cly  :n  incdium-sized  motors  where 
prai'tii'allv  a  constant  speed  is  rc<|nired  irrespective  of 
load.  The  synchronous  speed  of  an  induction  motor  de- 
])ends  upon  the  numher  of  poles  in  the  stator  winding 
and  tlio  frequency  of  the  liiu'  and  can  be  expressed  as 
follows : 
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Where 

nS' ^  ReN'olutions  per  minute 
f  =  Fi'e(|ueucy.  cycles  per  s 
p  =  Xund)er  of   poles. 
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KxAMi'i.i:     .\   tw()-j)ole  motor  couuected  to  a  25-cYcle 
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circiiil  will  run  at  a  speed  o 

If  the  numher  of  poh 
the  speed  will  l)e 
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That  is,  increasing  the  uumber  of  poles  by  two  decreases 
the  speed  by  two  and  tncc  versa.  This  is  true  for  any 
number  of  poles. 

An  induction  motor  may  be  constructed  with  two  dis- 
tinct windings,  each  wound  for  a  different  number  of 
poles,  and  will  operate  at  two  different  speeds,  corre- 
sponding to  the  number  of  poles  in  either  winding  re- 
spectively. This  motor  will  have  two  outputs  correspond- 
ing to  the  two  speeds:  if  the  speed  is  reduced  by  one- 
Iialf,  the  output  will  be  reduced  by  one-half.  There  are 
several  elements  that  enter  into  the  design  of  such  a 
motor  that  are  antagonistic  to  its  construction  and  sat- 
isfactory operation  and  it  is.  therefore,  little  used.  The 
method  usually  requires  but  one  set  of  coils,  connected  in 
such  a  way  that  by  use  of  a  special  switch  they  may  be 
connected  so  as  to  change  the  nundjer  of  poles. 

In  Fig.  77  is  represented  an  eight-pole  direct-current 
field  frame  with  four  field  coils  located  as  shown  and  con- 
nected to  a  double-pole  doid^le-throw  switch  S.  When  the 
switch  is  in  the  up  position  the  field  coils  are  connected 
in  series  multiple,  and  the  current  is  in  such  a  direction 
in  each  coil  that  will  ])roduce  north  and  south  poles,  as 
bhown :  therefore,  the  lines  of  force  will  take  the  path  in- 


dicaled  by  the  iloiteil  line.,,  ilnis  loiiiiiii>.'  four  jioleg. 
When  the  Hwitcli  >'  is  in  llie  down  position,  the  field 
coils  are  in  series  and  the  current  will  produce  a  north 
pole  in  each  id'  the  four  polepieces  carrying  the  field 
coils.  'I'lie  llu\  from  the  north  poles  will  flow  in  the 
path  indicated  hy  the  dotted  lines,  which  will  induce 
south  poles  in  each  of  the  polepieces  between  those  carry- 
ing the  field  coils,  as  slamn   in    j-'ig,    'S;  thus  coincrting 


Fuis.  77  .\Ni)  7K.      Ii,i.r.sTi{.\TiN(;  I'kim  rn.i:  or  T'oi.E 
Chancinc  Motoi! 

liie  Held  frame  into  one  that  has  eiglil  jioles  instead  of 
four.  This  is  the  method  used  in  a  pole-changing  induc- 
tion motor,  but  as  the  coils  are  distributed  symmetrically 
over  the  stator  core  of  an  induction  motor  it  will  not  be 
necessary  to  leave  blank  polepieces  for  the  larger  num- 
ber of  poles. 

Fig.  79  shows  diagrammatically  the  stator  winding  of 
a  two-phase  four-  to  eight-pole  induction  motor.  By 
tracing  the  current  when  the  four-pole  double-throw 
switch  <*<  is  in  the  up  position,  it  will  be  found  that  tht 
current  will  l)e  in  such  a  direction  as  will  produce  alter- 
nate north  and  south  poles  and  the  winding  will  produce 
four  poles  as  described  in  Fig.  77.  Wlien  the  switch  if 
in  the  down  position  the  coils  will  be  in  series,  with  tli( 
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Fig.   79.     Stator  AA'ixdixg  of  Ohaxoeable-Pole 
.MoToi; 

current  flowing  in  the  same  direction  in  each  coil,  which 
will  produce  four  like  poles  in  the  winding.  These  will 
induce  poles  of  the  opposite  polarity  between  the  field 
coils,  as  described  in  Fig.  78 :  the  winding  wall  be  con- 
verted into  one  of  eight  poles,  and  the  machine  will  op- 
erate at  one-half  the  speed  and  capacity  as  when  it  was 
operating  as  a  four-pole  machine. 
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To  thaiigc  the  number  of  poles  of  the  stator  wind- 
ing without  changing  the  rotor  winding  the  motor  will 
have  to  be  of  the  squirrel-eage  tyjie,  for  the  squirrel-cage 
winding  automaticalh'  adjusts  itself  to  any  number  of 
])oles.  If  tlie  rotor  is  of  the  phase-wound  type  it  will 
have  to  be  wound  to  confoim  with  the  number  of  poles 
in  the  stator  winding  wiiich  means  that  if  the  num- 
ber of  ])oles  are  clianged  in  the  stator  the  number  of 
])oles  will  have  to  be  changed  in  the  rotor,  which  in  the 
case  just  described  will  require  the  use  of  six  collector 
rings. 

MoToiis  llVN  IN  Cascauk.  If  the  rotor  of  a  i)iiase- 
wnund  induction  motor  is  locked  so  that  it  cannot  turn 
and  the  stator  winding  is  connected  to  a  source  of  alter- 
nating current  it  will  be  found  that  there  is  developed  at 
the  collector  rings  of  the  rotor  an  alternating  c.ni.f.  of 
the  same  frequency  as  that  of  the  line.  If  the  rotor  wind- 
ing has  the  same  number  of  turns  as  the  stator,  theo- 
ivtically  the  rotor  e.m.f.  will  be  equal  to  that  applied  to 
ilie  stator  terminals.  On  the  other  hand,  if  power  is 
applied  to  the  rotor  and  it  is  run  up  to  synchronous  speed 
it  will  be  found  that  the  frequency  and  e.m.f.  has  de- 
creased to  zero.  At  any  intermediate  point  the  voltage 
and  frequency  will  be  in  direct  proportion  to  the  slip. 
\\)v  instance,  if  sufficient  resistance  is  connected  in  series 


Fig.  so.     Motors  Connected  in  Cascade 

with  the  rotor  so  that  it  will  operate  at  half  speed  the 
e.m.f.  and  frequency  will  be  one-half  that  of  the  line. 
From  this  it  is  obvious  that  instead  of  using  up  this  en- 
ergy from  the  rotor  in  a  resistance  it  might  be  used  to 
operate  another  motor.  This  can  be  done,  and  when  two 
or  more  motors  are  connected  in  this  way  they  ar-e  said 
to  1)6  in  "cascade."  Fig.  80  shows  two  polyphase  induc- 
tion motors  connected  in  this  manner.  The  stator  of 
motor  Xo.  1  is  connected  to  the  mains  with  its  rotor 
connected  through  a  variable  resistance  R  to  the  stator  of 
motor  No.  2,  and  the  rotor  of  motor  No.  2  is  connected 
to  a  variable  resistance  R^.  The  resistance  may  be  omitted 
and  a  squirrel-cage  rotor  used  in  motor  No.  2.  The  dif- 
ferent speeds  that  the  set  can  operate  at  under  this  condi- 
tion will  be  fixed  by  the  synchronous  speed  of  the  vari- 
ous combinations. 

For  the  successful  oi)eration  of  this  method  the  rotors 
of  the  two  motors  must  be  connected  mechanically.  In 
this  way  they  can  be  made  to  operate  at  practically  con- 
stant speed.  When  connected  in  cascade  and  in  dircci 
concatenation  the  speed  of  the  set  will  be  the  same  as 
that  of  an  induction  motor  having  a  number  of  poles 
equal  to  tlie  sum  of  the  poles  of  the  two  motors.  For  ex- 
ample, consider  that  each  motor  has  the  same  number  of 
poles  the  speed  of  the  set  will  be  half  that  of  one  motor 


if  oj)ei'ated  alone.  Suppose  the  speed  of  motor  No.  1  is 
greater  than  half  speed,  then  the  frequency  applied  to 
motor  No.  2  will  be  less  than  half  that  applied  to  motor 
No.  1.  By  applying  the  formula  for  the;  speed  it  will  be 
found  that  the  rotor  of  motor  .\o.  2  is  revolving  faster 
than  the  stator-magnetic  field  ;  then  the  rotor  conductors 
will  l)e  cutting  the  stator  IJnx  in  the  opposite  direction 
and  the  current  in  the  rotor  will  he  reversed;  consequent- 
ly the  torque.  This  will  raiisi>  the  set  to  slow  down  until 
the  rotor  frequency  of  niolor  \o.  1  is  the  same  as  the 
frequency  corresponding  In  tlic  spcvd  of  motor  No.  2. 
From  this  it  will  be  seen  that  the  speed  of  inotor  No.  I 
must  be  such  that  the  frequency  of  the  rotor  correspond- 
ing to  its  speed  of  rotation  is  approximately  the  same  as 
the  frequency  corresponding  to  the  speed  of  motor  No.  2. 
When  two  induction  motors  are  connected  in  cascade 
so  that  they  tend  to  slart  in  opposite  dii'ections  they  are 
connected  in  differential  concatenation,  and  the  speed 
of  the  set  will  be  equal  to  that  of  a  motor  having  a  num- 
ber of  poles  equal  to  the  difference  between  the  number 
of  poles  of  the  two  motors. 

If  the  motors  are  wound  with  a  different  number  of 
poles;  for  example.  No.  1  with  four  poles  and  No.  2 
10  poles,  four  different  individual  synchronous  speeds 
may  be  obtained  for  the  set.  For  No.  1  and  No.  2  motors 
are  connected  in  direct  concatenation  the  synchronous 
speed  of  the  set  will  be  that  of  a  motor  having  a  nundjcr 
of  poles  equal  to  that  of  the  two  motors,  or  a  14-pole 
motor,  which  on  a  40-cycle  circuit  would  have  a  synchron- 
ous speed  of  343  r.p.m.  If  the  10-pole  motor  is  operated 
alone,  its  synchronous  speed  will  be  480  r.p.m.  Connect- 
ing the  two  motors  in  differential  concatenation  the  set 
will  have  a  synchronous  speed  of  a  six-pole  motor,  or  800 
r.p.m.;  and  when  the  four-pole  motor  is  connected  to  the 
line  alone  it  wdll  have  a  synchronous  speed  of  1200  r.p.m. 
If  a  resistance  is  used  in  the  rotor  circuits,  as  shown  in 
Fig.  80,  a  gradual  variation  in  speed  may  be  made  from 
one  synchronous  speed  to  the  other. 

This  method  of  speed  control  is  simple  and  may  be 
used  under  some  conditions  of  service  quite  conveniently. 
One  of  the  objections  to  it  is  the  low  power  factor  of  the 
set  when  operated  in  cascade.  This  is  apparent  as  both 
machines  are  operating  with  full  field  flux  in  the  stator: 
therefore  they  will  require  twice  the  excition  current  of 
one  machine  operating  alone,  and  the  power  factor  will 
be  correspondingly  reduced. 

Two  8TAT0RS  IN  THE  One-Field  Frame.  By  using 
two  stators,  each  with  its  separate  core  and  winding  in 
the  one-field  frame,  one  arranged  so  that  it  can  be  re- 
volved around  the  rotor  by  a  worm-gear  device,  the  speed 
of  an  induction  motor  can  be  varied  through  a  wide 
range.  The  rotor  also  has  two  separate  cores  with  but 
one  squirrel-cage  winding,  the  bars  of  which  extend 
straight  through  the  two  cores  to  the  short-circuiting 
rings  at  the  out  end  of  the  rotor.  When  the  two  halves 
of  the  stator  are  so  placed  that  like  poles  act  upon  the 
same  rotor  bars  a  maximum  current  will  be  induced  in 
the  rotor  winding  and  the  motor  will  run  at  a  maximum 
speed  which  will  be  neai-  synchronism.  By  gradually 
turning  the  movable  half  of  the  stator  the  flux  from  op- 
posite poles  in  the  stator  windings  is  made  to  act  upon 
the  same  bars  in  the  rotor.  This  will  induce  opposing 
e.m.f.'s  in  the  rotor  winding,  Mdiich  will  reduce  the  sec- 
ondary current  and  will  consequently  cause  the  motor 
to  slow  down. 


Ill 
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AiMi.sTiNd  Ki!i:yt  KN( •^  <ii"  riiiMujY  Ciiicrrr.  'I'liis 
is  (lone  i»v  a  rri'tjiU'iuy  iliaiij,'iT  liiiscii  iiy  variaiili'-spccd 
ilirt'rl-iurri'iit  motor,  'riiis  niolliod  can  Ix'  used  in  placcH 
wlicn-  it  is  not  ilcsirahic  to  nsc  a  (lirccl-ciirn'iit   niacliinc 
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SuMiniaii/injj  tiu'  altcrnatinji-cniicnt  motor  wo  find 
that  for  I'crtaiiL  classi's  of  siTvic*-  tlii'  polvpliaso  siiwirrcl- 
tugc  iiuiiution  motor  possesses  certain  dislinet  advant- 
ajres.  Amonir  tliese  are  ruf,'fjediiess  and  simplicity  of 
I'onst ruction,  llic  alisiMice  of  all  moxin;^  contacts,  low 
nuiintenaiicc  cliar,L:i's,  .ind  aliiiily  to  stand  hard  iisn;,^' 
with  a  minimum  attcnlKm,  whiili  makes  it  an  ideal  nmlor 
for  use  in  cement  mills,  llcuii  miiII>,  sa\\mill>.  IcMilr 
mills,  steel  mills,  or  any  ]>lace  where  it  is  very  dnsly, 
dirty  and  damp,  and  lo  dii\e  maehiuery  that  recpincs  a 
l'aM'l\    constant    speed    uiilnml    e'\cc»i\e  startinj^'   l(ir{|iM-. 

Ai;ain<t  the  polyphase  molor  may  he  mentioned  liie 
following;:  K.\t'i'ssi\e  siarlniL;-  current  with  only  a  lair 
startuiiT  tonjue,  rei|iiiiing  ahoiil  2i)0  to  31)0  per  cent,  full- 
load  cuireni  to  develop  100  per  cent,  full-load  starting 
tonpie ;  low  |)ower  factor;  its  speed  is  not  readily  ad- 
justed (being  fixed  by  the  numher  of  poles  and  the  fre- 
quency of  the  line)  :  and  it  i-e(pures  special  construction 
when  variable  o-  adjustable  speed  is  required,  which  un- 
der the  best  of  conditions  does  not  compare  favorably 
with  the  direct-curi'ent  n)achine. 

As  far  as  the  motor  is  concerned  it  may  be  connected 
direct  to  the  line  at  starting,  but  to  protect  the  machine 
that  the  inotor  is  starting,  which  n.ight  be  injured  by  too 
nrpid  acceleration  and  to  keep  do  vi\  the  starting  current 
(which  may  amount  to  GOO  or  700  per  cent,  full-load  cur- 
rent if  the  motoi-  is  connected  direct  to  the  line),  a  start- 
ing device  is  usually  recjuired  on  motors  above  5  hp.  This 
starting  device  is  usually  an  autotransfonncr  or  resist- 
ance in  the  primary  circuit.  The  autotransformer  is 
given  the  preference  where  minimum  starting  current 
with  maximum  starting  torque  is  of  primary  importance, 
and  the  resistance  for  motors  up  to  25  hp.  where  first 
cost  is  the  most  important  factor. 

A  special  starting  device  may  be  used,  such  as  addi- 
tional turns  on  the  stator  w^inding,  which  are  in  circuit 
at  starting  and  are  cut  out  after  the  motor  has  come  up 
to  speed.  The  stator  windings  may  be  connected  in  star 
at  starting  and  delta  when  running,  or  may  be  divided 
into  two  equal  parts  which  are  connected  in  series  at 
starting  and  multiple  when  the  motor  has  been  accele- 
rated. Where  the  machine  to  be  started  possesses  large 
static  friction  or  inertia,  or  the  accelerating  character- 
istics require  a  large  starting  torque  with  a  minimum 
current,  a  woundrrotor  motor  should  be  used.  This  type 
will  develop  about  100  per  cent,  full-load  starting  torque 
with  100  per  cent,  full-load  current,  and  other  torques  in 
proportion  to  the  starting  current  until  a  maximum 
torque  is  obtained.  When  compared  with  the  squirrel- 
cage  motor  the  wound-rotor  machine  is  found  to  be  in- 
ferior in  every  respect  except  that  it  has  much  superior 
starting  characteristics. 

Special  conditions  are  met  in  practice  which  require 
motors  both  of  the  squirrel-cage  and  wound-rotor  type  of 
special  construction.  For  driving  a  loom  a  motor  that 
starts  with  a  strong  effort  must  be  used  where  one  that 
starts  slowly  and  smoothly  must  be  used  on  a  warper.  In 
steel  and  iron  mills  motors  that  are  of  extremely  rugged 
construction  and  able  to  withstand  the  roughest  handling 


and  capable  of  being  repaired  in  the  shorlest  possible  tiiiic 
in  case  of  accident   shonld   he  installed. 

.Although  there  aie  scnind  engineering  reasons  for  the 
Use  of  single-phase  motors  their  use  is  usmilly  i-onlined 
to  systems  wlieic  Hingle-plnise  current  only  is  available. 
The  single-pluise  motor  for  general  use  is  not  self-Htarl- 
ing.  therefore,  some  means  must  be  provided  to  bring  it 
up  to  siM'ed.  The  most  important  of  the  starting  devices  are 
the  sliadcd-polc.  the  s|ilil-phas4-  and  the  repulsion  meth- 
ods. The  shailed-pole  motor  is  conlineil  to  driving  siiuill 
fans  and  is  not  of  much  signilicaiice.  The  splil-phase 
niiitor  is  usually  limited  to  sizes  iiji  to  .")  hp.  and  to  drive* 
thai  (In  not  riMiunc  large  starting  lonpie  and  where  a 
huge  starting  cui'icnt  is  not  objectionable.  Where  the 
load  has  considerable  sialic  friction  ami  inertia  a  mr)(or 
of  llic  repulsion  lypi'  .-hould  be  used.  These  motoi's  will 
ilc\cl<ip  wlirn  ciinne(  led  directly  to  the  line  at  I'ated  volt- 
age about  ".'•"ill  lu  :i">n  pei-  cent,  full-load  starling  tonjue 
on  about  ■-^■")ii  to  ">i'ii  jtcr  cent,  full-load  cun-ent.  By 
using  a  starting  rheostat  full-load  starling  tonpie  can 
be  develojM'd  with  about  125  per  cent,  full-load  current 
and  they  can  be  built  to  opei-ate  satisfactorily  in  most  any 
sizv. 

'!  o  introduce  into  cylinders  of  steam  units  a  lubricant 
iu  which  grai)hite  ha.s  been  mixed  has  been  a  i)roblein, 
but  a  lubricator  has  recently  been  perfected  which  will 
feed  any  amount  desii'ed. 

The  lubricator  is  preferably  jjlaced  away  from  the  cyl- 
inder, it  being  cotisidered  better  to  feed  it  cold  as  the 
graphite  might  otherwise  precipitate.  The  lubricator 
will  work  al  50  deg.  F.  below  zero  a.s  well  as  iu  an  en- 
gine room,  it  is  stated.  When  the  lubricator  is  empty,  it 
automatically  .stops. 

The  lubricant  used  is  called  "grapho-grease,"  and  is 
pushed  forward  in  the  conduit  pipe  to  and  through  an 
atomizing  nozzle  bent  U-shape,  as  shown.  The  nozzle 
points  against  the  direction  of  the  flow  of  steam.  The 
grease  in  the  gooseneck  of  the  nozzle  awaiting  ejec- 
tion becomes  heated  to  the  tempei'atuix'  of  the  steam  and 
readily  atomizes. 


Xew  Design  of  Graphite  Lubkicatoe 
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The  lubricator  consists  of  a  Sy^-in.  diameter  cylinder 
in  which  is  a  plunger  and  a  screw  plunger  rod.  At  the 
top  is  a  ratchet  arrangement  which  is  operated  from  any 
available  moving  reciprocating  part  of  the  engine.  The 
ratchet  turns  a  worm  which  transmits  its  motion  to  the 
worm  gear,  which  in  turn  screws  the  plunger  rod  down- 
ward, thus  forcing  a  small  amount  of  lubricant  through 
the  ^/4-i"-  conduit,  and  out  of  the  i/8"iii'  goose-neck  atom- 
izer at  each  stroke  of  the  engine. 

This  lubricator,  which  is  made  by  the  Jenkins  Graph- 
ite Lubricating  Co.,  709  Gerke  Building,  Cincinnati, 
Oliio.  is  designed  to  be  refilled  while  in  operation  by 
throwing  out  the  ratchet  and  reversing  the  movement  of 
the  worm  gear  by  turning  the  crank  gear.  This  brings 
the  plunger  out  of  the  cylinder,  when  the  latter  can  be 
refilled  with  grease.  The  plunger  is  then  screwed  down 
until  it  comes  in  contact  with  the  grease,  when  the 
ratchet  part  is  thrown  into  engagement  and  the  feeding 
of  the  lubricant  is  resumed. 

The  conducting  pipe  is  supplied  with  valves,  one  of 
which  is  a  check,  which  insures  against  blow-back  when 
refilling.  The  moving  parts  work  slowly,  and  all  parts 
subject  to  wear  are  made  of  case-hardened  steel.  The 
thrust  against  the  piston  stem  is  supported  by  an  in- 
idependent  ball  race. 

Coins'   Sclhi©inm®  fTos'  Papaim^  of" 

Several  color  schemes  have  beei;  suggested  for  the 
pipes  of  power  plants,  but  in  a  large  office  building,  de- 
oartment  store  or  hotel  there  is  a  forest  of  pipes  for  all 
l5orts  of  purposes,  which  call  for  many  colors  if  each  is  to 
have  a  distinctive  hue.  The  following  scheme  was  de- 
|/ised  by  Edward  E.  Ashley,  Jr.,  mechanical  engineer  with 
iStarrett  &  Van  Vleck,  New  York,  for  the  new  Lord  & 
tlaylor  building,  of  which  they  are  the  architects: 


LORD  A  ND  TA  YLOR  BLDG. 


1  Colors  of  Pai. 

Ja/por  or  vent 

t^eaders 

Orinking  water  waste 

icid  waste 

fjector  waste 

\ioil  and  house  sewer 

•ire  line 

Immonia 


trine 

•old  water 

OrinkiJig  water 

i)rinkinf/  water  ret. 

|Vo(  water 

Hot  water  return. 

'prinkler  main 

''<prinkler  dead  riser 

'Ugh  pressure  steam 

ledium  pressure  stear, 

Kitchen  steam 

,'xkaust  steam 

'ieating 

•ieturn 

I'ced  lines 

liiilh  pressure  drips 

ow  pressure  drips 

low  off 

'il  pipes 

'empered  air  ducts 


zhaust  ducts 


'oilet  exhaust 


^ir  inlets  or  cold  air  duels 


ir  jnping,  hiqh 
ir  piping,  medium 
ir  piping,  low 
lydraulic  pressure 
lydranlic  discharge 
tachinery 


nt  to  be   Used  on  Mechanical  Equipment 
Naples  yellow 
Aurora  yellow 
Raw  sienna 
Burnt  sienna 
Burnt  umber 
Vandyke  brown 
Vermilion 
Violet 
Cobalt  blue  and  white 
Cobalt  blue 
Prussian  blue 
Ultramarine 
EmeraUi  green 
Hooker's  green 
Venetian  red 
Crimson  lake 
Deep  orange  chrome 
Chrome  yellow  medium 
Chrome  yellow 
Yellow  ochre 
Olive  green 
Chrome  green 
Apple  green 
Orange  chrome  pale 
Chrome  yellow  pale 
Clar-t 
Terra-rotta 

Body  of  duct  to  match  room,  light  red  arrow  pointing 
in  direction  of  air  and  lettered  in  this  color  designating 
room  or  part  of  building  ventilated. 
Body  of  duct  to  match  room,  light  brown  arrow  pointing 
in  direction  of  air  and  lettered  in  this  color  designating 
room  or  part  of  building  ventilated. 
Body  of  duct  to  match  room,  medium  brown  arrow  point- 
ing in  direction  of  air  and  lettered  In  this  color  designat- 
ing room  or  part  of  building  retitilnled. 
Body  of  duct  to  match  room,  lii/ld  blue  arrow  pointing 
in  direction  of  air  and  lettered  in  this  color  designating 
room  or  part  of  building  ventilated. 
Light  grey 
Medium  grey 
Dark  grey 
Bremen  blue 
Chinese  b'ue 
Brewster  green,  carmine  striping. 


Back  in  ISOO  and  lS(il,  Professor  Thomson,  at  Queen's 
College,  Belfast,  and  at  Glasgow  University,  devoted  con- 
siderable time  in  experimenting  with  a  view  to  checking 
the  value  of  the  coefficient  0.30r)  of  the  formula 

I'ti.fl.  per  iiiiit   =  H- yJlT  X  O.'.Wr, 
upon    which   the   flow  of   licpiids  over   a   V-sha[»ed    notch 


Fig. 


1.     Sectional  View  of  Tank  with  Hoppes 
V-iSToTCH  Recoedee  and  Integbatoe 


weir  discharge  is  based.  Professor  Thomson's  constant 
has  since  been  carefully  tested,  and  the  results  show  that 
the  constant  0.305  was  remarkably  accurate  for  heads 
ranging  fi-om  2  to  7  in.  Based  on  the  foregoing  for- 
mula, several  designs  of  V-notch  meters  for  measuring 
the  flow  of  liquids  have  been  perfected. 

The  recording  apparatus  in  some  V-notch  recorders 
is  operated  by  a  float  arranged  in  various  ways.  In  one 
type  a  float  spindle  is  attached  to  a  float  on  the  surface 
of  the  water  flowing  over  the  V-notch,  and  passes  up 
through  the  bottom  of  the  instrument  case.  The  float 
is  in  a  float  chamber  in  the  compartment  back  of  the  weir 
and  is  not  disturbed  by  the  flow  of  the  water.  The  float 
spindle  operates  the  recording  apparatus. 

New  features  have  been  incorporated  in  the  Hoppes 
V-notch  meter,  recently  developed  by  the  Hoppes  Manu- 
facturing Co.,  Springfield,  Ohio.  The  diff'erence  between 
this  apparatus  and  the  English  type  is  that  the  recording 
instrument  in  the  latter  is  operated  by  a  float,  while  in 
the  Hoppes  meter  the  height  of  water  behind  the  V-notch 
is  weighed  by  a  vessel  so  designed  that  it  contains  Just 
enough  water  at  each  unit  of  height  to  pull  down  a  spring 
in  a  regular  ratio  and  according  to  the  i-ate  of  flow 
through  the  notch. 

Referring  to  Fig.  1,  it  will  be  noted  that  the  meter 
consists  of  a  cabinet  attaclied  to  the  tank  by  a  bracket. 
On  the  inside  of  the  cabinet  there  is  a  vessel  A,  Fig.  3, 
suspended  by  a  coil  spring  B,  and  connected  to  the  tank 
by  a  flexible  metal-hose  water  connection  C,  and  the  flex- 
ible ecjualizing  connection  D,  at  the  top.  The  flexible 
connection  C  is  attached  to  the  tank  behind  the  V-notch 
80  that  the  water  in  the  vessel  A  will  always  be  in  equi- 
librium with  the  water  above  the  weir. 
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'I'lii'  \'-iicit(li  A'  is  sliowii  srI  ill  tlic  ii'lalivc  lici;;lil  iil  ncl  ti)  (ill  wilii  uati'C  iiiilil  a  Hitiall  aiiioiiiil  niiih  lliroiigll 
wliicli  il  wdiilil  lie  in  tlit>  lank.  'I'lic  liri^lit  »(  llic  N'-iiDtcii  llu'  V'-nolcli.  The  water  is  llicii  allowcil  to  run  down  mi- 
ls S  in.,  ami  |lir  walcr'siiown  is  (I  in.  ovit  IIic  weir.  'I'iic  Iil  it  \h  at  the  lowest  point  in  llie  \'-not('li.  wlim  llir  |)ct- 
ilro|)  in  till-  vessel   lor  a   liill  S-in.  weir  is  a|i|)roxiniately      cock  ./   is  ojiened. 

I  in.  anil  at  li  in.  the  (lro|>  is  2  in.,  so  that  the  vessel  shown  II'  the  inslrunienl  is  eorreelly  ailjudteii,  th<;  water  will 

in  the  iiliislralion  has  a|)|Mii\ini;ilil\  s  In.  of  \\at((r  ahove  (lro|»  slowly  I'roin  llie  pet-cock,  showin^j  that  the  lowest 
the  npper  end  of  the  small  (  iir\rcl  liilir  /•'.  a!  the  hotloni  point  in  the  vessel  is  on  a  level  with  the  \'-noleh.  Should 
of  the  vessel,  to  which   the  pel-cock   is  attached.  no    water   show    at    the    pet-cock,    liie   hand    //    should    Iw 

Tliu  vessel  A  is  designed  to  contain  just  enough  water      lurned  to  the  left;  slnndd  the  water  llr)w  loo  freely,  the 

hand  should  l)e  turned  lo  the  right,  until  the  water  nearly 
ceases  lo  Mow,  care  Iteing  lakeii  al  each  ohservatioii  to  Hee 
tiial  Ihc  vessel  .1   is  al  rot. 


Fig.  2.     Disk  Side  of  Head,  Showing 
Plaximetek  Wheel 


Fifi.  3.     Details  of  Hoppes  V-Xo'rcH 
Recoudei!  axd  Txtegkatoi! 

at  each  unit  height,  behind  the  weir,  to  draw  down  the 
sjjring  B  in  exact  ratio  to  the  rate  of  flow  which  permits 
tlie  recorder  and  integrator  to  be  directly  attached  to  it 
without  the  use  of  cams  or  other  motion-changing  devices. 
The  method  of  adjusting  the  head  to  bring  the  ves- 
sel to  the  proper  height  is  to  loosen  the  two  long  screws 
in  the  head  G,  and  raise  or  lower  the  head  by  means 
of  the  band  H,  as  desired.  The  height  of  A  relative  to 
the  V-notch  is  important,  and  the  best  way  to  adjust  it 
is  bv  allowing  the  tank  and  lower  connections  of  the  ves- 


FiG.  4.     Side  Elevation  of 
THE  Rkcohdixg  Ix.strumext 

After  the  vessel  is  adjusted  and  the  screv^'s  in  the  head 
G  are  tightened,  the  pen  should  be  brought  to  the  neutral 
line  near  the  center  of  the  chart  by  adjusting  the  screw 
connecting  the  top  of  the  rod  with  the  crosshead.  Ad- 
justing the  pen  to  the  neutral  line  should  bring  the 
planimeter  wheel  to  the  center  of  the  dial  in  the  rear, 
Fig.  4.     Comparing  this:  illu.«tration  with  Fig.  3,  it  will 
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be  suoii  tliat  Fip^.  4  is  au  enlarged  sectional  side  view  of 
the  registering  median  ism,  or  that  part  of  Fig.  3  above 
G. 

When  reguhuing  the  lieight  of  the  vessel  it  is  also  nee- 
essary  to  adjust  the  brass  sleeve  through  which  the  rod 
passes  so  as  to  give  a  clearance  of  the  stops  in  the  rod 


Fig.  5.     Chart  Side  of  Recordeu 
Showing  Guide  and  Pen 


head  running  between  anti-friction  bearings  and  con- 
nected to  the  vessel  A,  as  shown  in  Fig.  3.  Tlie  pen  is 
attached  to  the  crossliead  on  one  side  for  making  the  rec- 
ord on  tlie  chart.  An  arm  is  carried  to  the  other  side 
which  supports  a  small  planimeter  wheel  on  a  vertical 
axis  and  is  revolved  by  the  disk.  This  feature  is  shown 
In  Fig.  4.  The  planimeter 
wheel  moves  a  train  of  gears 
for  operating  the  integrator, 
Fig.  (S,  which  indicates  the 
amount  of  water  in  pounds 
that  has  passed  the  weir  for 
any  given  period. 

AVhen  the  water  is  just 
starting  over  the  weir  the 
planimeter  wheel  rests  at  the 
center  of  the  disk.  As  the 
head  increases  and  the  ves- 
sel A,  Fig.  3,  descends,  the 
planimeter  wheel  is  drawn 
toward  the  lower  periphery 
of  the  disk,  and  as  the  disk 
has  a  constant  motion,  a  cor- 
rect record  is  made  of  the  wa- 
ter passing  the  weir  at  any 
given  time. 

In  cases  where  the  meter  is 
located  in  an  inaccessible 
place,  the  planimeter  wheel 
may  be  provided  with  a  com- 
mutator and  wire  connection 
carried  to  an  electrically  op- 
erated integrator,  located  at 
any  distance.  In  Fig.  7  are 
shown  details  of  the  integrat- 
ing device.  Fig.  8  is  a  view 
of  the   electric   integrator. 


Fig.  6.     Mechanical  Integrator 


Details  of  Integrating  Indicator 


i  below  and  above  the  sleeve.  The  apparatus  is  then  ready 
for  service. 

The  recording  and  integrating  apparatus  is  located  in 
i1h'  head  on  a  column  supported  by  the  cabinet.  In  the 
|head  is  a  clock  movement  which  operates  a  circular  chart 
on  oni'  side,  making  one  revolution  in  24  hr.  On  the 
jother  side  of  the  head  is  an  aluminum  disk  making  one 
revolution  per  hour.     These  are  shown  in  Figs.  2  and  5. 

Just  below  the  head   is  a  vertical  guide  with  a  cross- 


Fio.  8.     Electric  Integrator  Indicator 

The  circular  charts  used  on  the  recorder  are  12  in.  in 
diameter,  which  is  large  enough  for  the  records  to  be 
easily  read  and  small  enough  for  them  to  be  filed  con- 
veniently. When  it  is  desired,  the  charts  can  be  meas- 
ured by  the  use  of  a  circular  planimeter  and  the  record 
checked  against  the  integrator. 
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i^YNOPSlS — .1  sinijilr  iiiiil  rrlinhlr  iriii)  iif  srlr(liiu/  a 
sl(i(  fi-  of  Ihv  proper  (liiiini'frr  (iiiil  licifjiil  for  nalunil  ilnifl, 
V'Hlioiil  the  iirrd  of  iisiiuj  loiiii  diid  coin plicdlrd  form iilas. 

'I'lic  sitindiird  liililcs  (if  fliiiMiicv  si/.cs  arc  (•oiivciiiciit, 
jind  miuli  iisi'tl,  l)ul  it  is  somctiiiu's  puzziinj^  to  know  just 
wliicli  one  of  tlu>  si'V(>riii  si/.cs  ol'  stacks  is  lu'st  to  wlect. 
My  iiurcasin<r  llic  (liniiictcr.  tlic  lici<rlit  can  bo  reduced 
and   conversely.   l)ut    there  slioiild   l)e  one  size  whicli   is 

cllcaiMM'   Id   luiild    lllilll    l!lc   ollu'l'S. 


3000 


Stack   Diameter,  Inches 
10      20      30     40     50     60     70     60     90     100    110 


hzooo 


.1500 


500  — 


40     60     80     100    120     140     160    180     200    220    240 
ro'"-'\  He'ight  above  Flue,  Feet 

CiiiVEs  FOR  Sklectixg  Stack  Si/.ks 

In  plotting  the  curves  shown  herein,  it  Avas  the  purpose 
to  try  and  put  the  data  available  in  such  shape  that  with 
the  conditions  of  grate  surface,  kind  of  coal,  rate  of  driv- 
ing and  stack  temperature  known,  the  most  economical 
stack  could  be  selected  without  computation.  The  data 
in  these  curves  can  be  found  in  any  good  handbook,  but 
it  is  here  arranged  in  more  convenient  form. 

For  a  given  case,  a  stack  has  to  carry  a  definite  volume 
of  gases.  So  long  as  the  stack  is  high  enough  to  produce 
a  draft  sufficient  to  carry  the  air  necessary  for  combus- 
tion through  the  coal  bed  and  boiler,  it  can  be  made  to 
handle  almost  any  capacity  by  increasing  the  cross-sec- 
tion, but  a  point  is  soon  reached  where  it  is  cheaper  to 
use  a  higher  stack  of  smaller  diameter. 

The  draft  a  stack  produces,  and  hence  its  power  to 
carry  off  gases,  is  proportional  to  the  height  and  the  stack 
temperature.     "Without  going  into  the  formulas  the  draft 


i'i|ii!ils  A'  X  /',  where  //  is  llie  licighl  anri  A'  is  n  conHlaiit 
varying  with  the  (eiiiperalnre  of  tlie  Hue  gawn  and 
naturally  in<reasing  with  the  teniperaliire.  'I'he  altitude 
and  atmospheric  leni|)i'ralure  also  enter  into  tin-  con- 
stant K,  but  for  all  ordinary  cases  Ibr-  barometer  is  taken 
as  1  1.7  lb.  and  the  air  teniperalure  (it)  drg.  K.  Tlle<:ur^ 
are  |)lotted  on   this  basis. 

It  has  been  found  by  (•oni|)aring  tlio  cost  with  the 
height  and  diameter  for  various  borseiiowers,  that  the 
cross-section  of  the  cheapest  stack  is  practically  in  propor- 
tion to  the  boiler  horsepower,  which  nu'ans  that  the 
diameter  of  a  minimum  cost  stack  is  indepc^ndent  of  the 
height.  The  diameter  curve  shown  is  from  "Stirling" 
and  gives  diameters  nec-essary  for  various  horsepowers.  It 
is  based  on  about  40  sq.in.  of  area  per  100  boihtr  horse- 
power, which  is  large  enough  to  carry  50  per  cent,  over- 
load. The  diameters  also  take  into  account  the  loss  of 
effective  area  due  to  the  gas  clinging  to  the  stack  sides. 

The  force  of  draft  necessarily  depends  upon  th(;  resist- 
ances through  the  furnace,  boiler,  breeching  and  stack. 
The  furnace  resistance  necessarily  depends  on  the  kind 
of  coal  and  the  weight  burned  per  hour  per  square  foot 
of  effective  grate.  The  curves  give  the  draft  necessary 
for  Ijurning  various  kinds  of  coal  at  various  rates  of  driv- 
ing the  grates.  For  an  average  condition,  i.e.,  with 
bituminous  slack  coal  and  a  grate  ratio  of  1  to  55  of 
boiler-heating  surface,  and  assuming  5  lb.  of  coal  per 
boiler  horsepower,  or 

5§  X  5  =  27.5  lb. 

of  coal  ]ier  square  foot  of  grate,  a  furnace  draft  of  0.24 
will  be  required. 

The  friction  through  the  boiler  naturally  varies  with 
the  type.  For  a  return-tubular  and  B.  &  W.  boiler  it  iB 
al)out  0.25  in.  and  for  a  Stirling  boiler  about  0.35  in. 
'I'll  rough  the  breeching  the  friction  varies  with  the  cross- 
sectional  area,  length  and  number  of  turns  or  elbows.  A 
properly  designed  breeching  has  an  area  at  the  stack  of 
li  times  the  area  of  the  stack,  which  figures  about  48 
sq.in.  per  100  boiler  horsepower.  With  such  a  breeching, 
the  draft  loss  is  about  0.2  in.  per  100  ft.  of  straight  flue 
and  0.1  in,  for  each  right-angle  turn,  counting  where  it 
enters  the  stack  as  one  turn.  In  the  stack  the  drop  may 
be  taken  as  one-fifth  of  the  total  draft  required.  For  all 
ordinary  cases  a  loss  of  0.1  in.  is  a  safe  figure. 

Example 
Take  a  concrete  example:  A  battery  of  four  200-hp. 
B.  &  W.  boilers  with  the  stack  at  one  end  of  the  battery 
and  10  ft.  behind  the  boilers ;  distance  from  farthest 
boiler  to  stack  75  ft.  Fuel,  bituminous  slack ;  grate  sur- 
face of  each  boiler,  44  sq.ft.  Coal  burned  will  be  about 
4  lb.  per  boiler  horsepower  per  hour,  which  equals 

^  X  4  =  18.2  lb. 
per  square  foot  of  grate  surface.     Allowing  50  per  cent, 
for  overload  and  dirty  grates,  a  total  of  27.3  lb.  of  coal 
per  square  foot  of  grate  will  be  required. 

From   curve    draft   necessary,    in 0.23 

Loss   through   boiler,   in 0.25 

Loss  in  75-ft.   breaching   (0.75    X    0.2),  In 0.15 

Loss  in  one  elbow,   in 0 .  10 

Loss   in   stack,    in 0.10 

Total    draft    required.    In 0.83 
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The  stack  terriporaturc  should  not  bo  over  500  deg.  F. 
at  rating,  and  from  the  500-dog.  curve  for  0.83  in.  of 
<lraft  a  height  of  123  ft.  is  obtained.  It  will  be  seen  from 
tlie  lu'ight  curves  that  if  the  stack  temperature  goes  up 
to  650  deg.,  as  it  would  if  the  boiler  was  forced,  the 
draft  would  ho  D.iMi  in.,  wiiicli  gives  a  good  margin  of 
draft. 

'i'lie  diameter  curve  for  800  hp.  gives  a  diameter  of  67 
in.  Hence,  the  stack  required  would  1)0  67  in.  by  123 
ft.     The  breeching  area  would  be 

1.2  X  0.7854  (67)-  =  4230  sq.in. 
or  29.3  sq.ft.  at  the  stack. 

A   good    proj)ortion    for    the   cross-section   of    the    flue 

m 


Mercury  vaj)or  as  a  medium  for  the  production  of 
power  was  proj)osed  by  W.  L.  K.  Emmet  in  a  recent  paper 
before  the  Schenectady  Section  of  the  A.  I.  E.  E.  The 
proposition  contemplates  the  use  of  a  mercury  boiler  in 
series  with  a  steam  boiler,  the  mercury  vapor  at  high  tem- 
perature to  be  used  in  a  turbine.  The  project  has,  in 
fact,  taken  more  definite  form  than  a  mere  proposal,  for 
Mr.  Emmet  has  been  carrying  on  experiments  for  nearly 
a  year  and  has  just  completed  a  100-hp.  unit. 

From  a  thermodynamic  standpoint,  mercury  is  superior 
to  steam  as  it  can  utilize  much  higher  temperatures 
without  excessive  pressures  and  thus   increase  the  theo- 

y    T 

retical  efficiency,  — - — ™ ^.       At   atmospheric  jn-essure 

^1 
mercury  boils  at  677  deg.  F.  and  it  condenses  in  a  28-in. 

vacuum  at  455  deg.  F.  Moreover,  the  sjaecific  heat  of  the 
liquid  is  0.0373  and  of  the  gas,  at  constant  pressure, 
0.0248,  and  the  latent  heat  of  vaporization  varies  from 
117  B.t.u.  at  25  11).  absolute  to  121.5  B.t.u.  at  29  in.  vac- 


where  it  enters  the  stack  is  to  make  the  width  O.fi  times 
the  diameter  of  the  stack.     For  this  case  it  would  be 

0.6  X   ('7  =  40.2   ill. 

4230 


40.2 


=  105.3  in.  hi(ih 


The  draft  through  the  fire  will  depend  on  the  maxi- 
mum overload  to  be  carried  and  the  character  of  the  coal. 
A  free  burning  coal  uses  practically  all  the  grate  surface, 
whereas  a  coal  that  clinkers  badly  may  cover  up  a  con- 
siderable percentage  of  the  grates.  For  this  reason  it  is 
well  never  to  figure  the  furnace  draft  less  than  0.25  in'., 
although  0.23  in.  was  used  in  the  above  example  to  ex- 
plain the  curves. 


■Fcujiiry 


uum.     These  figures,  at  a  glance,  account  for  the  higher 
temperatures  of  the  mercury  vapor. 

Another  characteristic  in  favor  of  mercury  vapor  is 
its  high  density,  hence  relatively  small  volume  compared 
with  steam  at  the  same  pressure.     This  is  important  in 


,■■■  Mercury  Yapor  Pipe 


Fig.  1.     Experimental  Mercury-Vapor  Boiler  Novt 
IN  Use 


Fig.  2.     Section  through  MivRcury- Vapor  Systeai 

that  much  shorter  blading  can  be  employed  in  the  low- 
pressure  stages  of  the  turbine. 

The  process  as  outlined  by  Mr.  Emmet  is  essentially 
as  follows :  Mercury  is  vaporized  in  a  boiler,  having  a 
furnace  of  the  ordinary  type,  and  passes  at  a  pressure 
slightly  above  atmospheric  to  the  nozzles  of  a  turbine. 
From  the  turbine  the  vajjor  passes  to  a  condenser,  or 
more  properly  speaking,  a  condensing  boiler,  where  it  is 
condensed  on  the  outer  surface  of  tubes  containing  water. 
The  heat  given  up  by  the  mercury  vaporizes  this  water 
and  produces  steam  to  drive  other  turbines  or  for  other 
purposes.  This  steam  may  be  produced  at  relatively  high 
pressure,  for  the  temperature  of  the  mercury  correspond- 
ing to  a  28-in.  vacuum  is  457  deg.  F. 

The  condensing  boiler  is  preferably  placed  at  a  level 
above  the  mercury  boiler,  so  that  the  condensed  mercury 
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will  niii  Imck  into  I  he  hoilcr  l)V  f^ntvitv  willioiit  llii'  aid 
of  a  [iuiii|i.  Siinv  iIk'  iiii'niirv  va))i)r  is  iniicli  lutllcr  llian 
the  strain,  liif  f,'ascs  leave  llic  nn'i'ciirv  lioiirr  at  Iii;_>Iict 
Icinpi'i'atiiivs  llniii  noi'nniily  in  a  sleain  lioiln.  Tip  uhIi/c 
this  I'Xi't'ss  iicat  in  llie  j;ases.  it  is  |ii'()|)os(>(l  to  i(iii\i\  iliim 
iifst  llirouf,'li  a  heater  whieh  raises  the  rflnnicil  li(|iii>l 
nieri'ury  almost  to  the  lioiliii;;  |)oinl,  then  lo  |iii>s  ilum 
ihronj^h  a  superheater  which  sii|ierheats  Mir  >lia:M  I  rmn 
the  eoiulensin;^  hoiler.  and  (Inaiiv  iIiioiimIi  an  econonii/er 
whieh  will  heat  the  feed  water  r<ir  llie  rondeiisinfi  hoil- 
er.    The  outfit   is  shown  diajii'ainniatieally  in   Fifj.   v. 

.\s8iiniinfj  the  heat  transfer  in  (he  mercury  hoiler  as 
ei|uivalent  to  tiuit  in  a  stean)  hoiler  under  like  conditions, 
and  a  turliine  eilieiency  e(|ual  to  that  of  a  steam  luri)ine, 
Mr.  Knnnet  llf^ures  a  iiain  of  i;i;  jier  ccnl.  in  delivered 
junver  at  an  additional  fuel  e\|)enditun'  of  only  1  •'>  per 
cent.,  as  compared  with  the  ordinary  steam   plant. 

Indications  are  that  about  $10  worth  of  mci-cury  would 
hv  re(|ui!'ed   per  kilowatt   of  the  meri'ury  tui-hine. 


.V  eonxcuient  j)orlable  air  c()mj)ressor  i'or  use  about 
a  jjower  plant  is  nnide  by  the  Gardner  (jovernor  Co., 
Quincy,  111.  The  outfit  is  built  both  motor-  and  gas- 
engine  driven,  as  illustrated  in  Figs.  1  and  2. 

The  compressor  cylinders  are  2x21/2  in.,  and  are  mount- 
ed vertically.  The  compressors  are  self-oiling  and  air- 
cooled.  In  one,  a  i/o-hp.,  110-  to  220-volt  motor,  either 
direct  or  alternating  current,  is  used;  the  other  unit  is 
bell  driven  by  a  1-hp.,  vertical,  air-cooled  gasoline  en- 
gine. The  engine  is  guaranteed  to  run  for  10  hr.  with 
full  load  and  without  overheating. 

Each  compressor  is  lilted  witli  a  cast-iron  i-eceiver  to 
catch  the  nu)isture  and  oil   that   mav  be  carried  over  with 


II              ^~^ 

i 

1 

^ 

™ 

n^^^ 

\ 

w 

pSS 

Pow 

ER 

Fig.  1.     Motoi;-Drivex  Air  Compressor 


Fig.  2.    G-\s-ExGi\E-Diiivi:x  .\ir  Compressor 

the  air.  A  cover  is  provided  to  protect  the  machine  from 
dust.  The  lomplete  outfit  is  mounted  on  a  truck  for 
portable  service. 

Tes^aia^  fo^  Amammoiana  nca  IBrairae 

.Uthough  Nessler's  reagent  for  testing  for  ammonia  in 
brine  or  water  is  widely  known,  the  number  of  inquiries 
concerning  its  use  indicates  that  all  who  wisli  to  prepare 
and  use  it  do  not  know  how  to  do  so. 

Leaks  in  coils  carrying  ammonia  and  surrounded  by 
Ijrine  or  water  are  difficult  to  detect  at  first,  and  usually 
continue  until  the  brine  or  water  has  the  odor  of  am- 
monia. If  one  suspects  that  coils  are  leaking,  a  sample 
of  the  hrine  may  be  drawn  into  a  test  tube  or  other  re- 
ceptacle (glass  preferred)  and  a  few  drops  of  Xessler's 
reagent  added.  If  the  brine  contains  a  little  ammonia, 
it  will  take  on  a  yellow  shade:  if  there  is  much  in  the 
bi'ine,  it  will  turn  brow^n  when  the  reagent  is  added. 

Xessler's  reagent  may  be  made  as  follows:  Dissolve  17 
grams  of  mercuric  chloride  in  300  c.c.  (appro.ximately 
10.6  oz.)  of  distilled  water.  Xext  dissolve  3.5  grams  of 
potassium  iodide  in  100  c.c.  (about  3.5  oz.)  of  distilled 
water.  Add  the  potassium-iodide  solution  to  the  mer- 
curic chloride  and  stir  until  a  red  precipitate  is  formed. 
Xow  add  120  grams  of  potassium  hydrate  dissolved  in 
200  c.c.  (about  7  oz.)  of  w^ater.  As  the  solution  will  get 
hot  when  the  potassium  is  added,  it  should  be  allowed  to 
cool  before  being  stirred.  "When  cool,  pour  in  distilled 
water  until  there  is  1  liter  (about  1  qt.)  of  solution.  Xext 
add  more  mercuric  chloride  until  a  permanent  precipitate 
again  forms. 

The  liquid  should  stand  until  the  precipitate  has  settled 
and  left  the  solution  clear,  after  which  pour  it  into  a 
dark-brown  or  blue  glass-stoppered  bottle,  and  keep  it  in  a 
dark  place. 
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A  letter  in  the  correspoiHk'nce  department  tells  of 
the  improvements  made  in  a  plant  during  the  chief  engi- 
neer's ahsenee.  The  assistant  engineer  was  not  the  one 
responsihle,  for  he  had  acted  under  the  master  mechanic's 
directions,  but  he  was  accused  by  the  chief  when  he  re- 
turned of  having  designs  on  his  position. 

The  small  caliber  of  a  chief  engineer  who  would  take 
this  vie^v  of  the  situation  is  so  self-evident  as  to  occasion 
no  comment.  He  is  a  man  of  the  stamp  that  no  one  cares 
to  call  friend.  He  is  one  to  be  pitied,  because  he  is  com- 
pelled to  be  constantly  associated  with  himself.  But  this 
is  not  the  phase  of  the  incident  that  suggested  this  dis- 
cussion. Rather  is  it  the  carelessness  of  a  chief  who 
would  let  his  plant  drift  along  with  everything  just  good 
enough  to  escape  special  criticism,  and  so  leave  such  an 
easy  opportunity  for  someone  to  come  along  and  make  a 
splendid  showing  of  improved  conditions. 

Had  the  assistant  made  the  changes  of  his  own  volition 
and  with  the  purpose  of  drawing  favorable  attention  to 
himself,  he  would  have  been  entirely  justified  under  the 
circumstances.  A  chief  engineer  so  neglectful  would 
have  deserved  it.  The  more  becoming  thing  for  this  re- 
turning chief  to  have  done  would  have  been  to  resign 
and  take  himself  off  to  a  new  field  and  there  resolve  to 
give  no  one  else  a  chance  to  show  him  up  at  a  disadvantage. 
He  would  have  merited  some  respect  then  for  asknowledg- 
ing  his  fault.  To  have  stayed  on  and  persisted  as  he  did 
in  the  a])athetic  conduct  of  his  plant  was  pure  presump- 
tion, a  brazen  display  of  indifference  to  his  own  deficiency 
that,  to  say  the  least,  was  contemptible. 
I  The  big  lesson  of  all  is  not  to  get  into  this  unenviable 
i  position,  and  the  only  way  to  avoid  it  is  to  maintain  an 
I  "Tirelenting  attention  to  the  little  things.  Let  every 
eiigineer  keep  uptodate — no  need  to  say  how,  for  the  ways 
[are  well  known — and  then  there  will  be  no  fear  that  the 
I  subordinate  will  supplant  him.  To  paraphrase  a  famil- 
iar quotation:  ''Eternal  vigilance  is  the  price  of  security 
in  one's  position." 

I  One  of  the  most  hopeful  signs  of  the  times  is  the  ten- 
|dency  of  buyers  to  buy  supplies  instead  of  simply  having 
them  sold  to  them.  In  other  words,  the  engineers  are 
'deciding  what  is  needed,  then  what  maker's  product 
seems  best  suited  to  meet  the  requirements  peculiar 
to  their  plants.  It  then  becomes  a  matter  of  price  and 
I  delivery,  etc.,  and  not  who  happens  first  to  come  in  to 
'get  the  order  or  in  some  cases  to  make  the  suggestion 
'primarily. 

;  Time  was  when  salesmen  walked  in  and  looked  the 
I  plant  over  and  prescribed  such  cure-all  supplies  as  they 
might  happen  to  be  exploiting  as  absolute  necessities 
;to  the  welfare  of  the  plant  and  happiness  of  the  engineer 
in  charge.  Be  it  said  of  them  that  they  were  often  able 
to  advise  and  suggest  wisely  by  reason  of  their  general 


inforniat ion  and  intimate  knowledge  of  their  particular 
line  and  what  it  had  actually  accomplished  elsewhere, 
facts  of  which  the  engineer  had  no  means  of  knowing. 
But  conditions  are  changing  rapidly,  for  the  reason  that 
broader  reading  and  more  and  better  advertising  have 
given  the  buyer  an  insight  into  the  possible  usefulness  of 
all  standard  equipment. 

Xo  plant  has  in  it  every  possible  refinement,  but  no 
engineer  worthy  of  the  name  is  so  obtuse  as  not  to  know 
what  his  plant  lacks  far  l)ettei-  tlian  a  stranger.  He 
should  decide  for  him,self  beforehand  and  be  able  to  say 
that  he  considers  the  purchase  advisable  or  inadvis- 
able as  the  case  may  be,  giving  sound  reasons.  Having 
aijuudant  engineering  literaturi>,  and  manufacturerp' 
catalogs  which  form  no  small  part  of  his  necessary  read- 
ing to  keep  abreast  of  the  ti:nes,  it  is  inexcusable  if  he 
is  not  sufficiently  informed  to  buy  that  which  is  best 
for  his  plant  and  employers. 

Rummage-sale  buying  makes  rummage  plants  and 
nothing  can  jar  on  the  trained  senses  more  than  a  plant 
fitted  out  elaborately  or  luxuriously  in  some  particular, 
and  neglected  to  a  like  degree  in  some  other.  It  shows 
that  a  salesman  has  been  there,  and  the  buyer,  like  the 
old  colored  mammv,  "just  done  followed  off  after  the 
band." 


[©^©alBipec 


^imMflBii©©!? 


Every  year  thousands  of  young  men  enter  our  engi- 
neering colleges  and  universities,  full  of  hope  and  ambi- 
tion and  expecting  to  emerge  full-fledged  engineers.  How 
many  of  these  young  men  know  the  real  meaning  of  the 
word  "engineer"?  How  many  of  them  know  the  real 
meaning  of  "education,"  and  have  definite  ideas  of  what 
they  are  going  to  get  out  of  their  four  years  in  college? 
The  percentage  seems  to  be  rather  low.  They  seem  to 
have  a  blind  faith  in  the  college's  ability  to  make  engi- 
neers of  them.  They  spend  the  four  years  studying  books 
and  wait  until  after  graduation  to  discover  that  what 
has  been  done  in  school  is  a  very  small  part  of  what  they 
must  do  before  they  can  call  themselves  engineers. 

Our  colleges  are  doing  a  great  work  and  deserve  the 
highest  commendation,  but  too  much  is  demanded  of 
them  by  many  people.  Too  much  faith  is  placed  in  their 
ability  to  perform  miracles.  Many  a  man  thinks  that  an 
engineering  college  should  be  able  to  take  his  boy,  who 
is  naturally  cut  out  to  be  a  ribbon-counter  clerk,  and  by 
some  mysterious  process  tui-n  him  out  at  the  end  of  four 
years  a  second  "Steinmetz."  Probably  more  often  the 
boy  enters  college  laboring  under  this  same  delusion. 

lliere  is  no  engineering  college  in  existence,  no  matter 
how  efficient  its  staff  of  instructors,  or  how  well  planned 
its  course  of  studies,  that  can  transform  a  young  man  who 
has  had  little  or  no  practical  exi)erience  into  a  finished 
engineer. 

The  primary  object  of  any  engineering  college  is  not 
to  produce  engineers,  but  to  produce  men  who  can  think. 
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Il  I'liillu'r  fit  I'll  i.><li('S  llinii  willi  a  roiiiKliilniii  nf  I'linda- 
iiiciital  i'ii^iiu-(>riii<.;  priiiciiilcs  upon  uliicii  tlicv  may  Imilil 
a  sii|)t'r.>itnu'tiiro  of  Hiicct'ss  oiil  of  iiiatrrial  },'aiiiiMl  tliroii^li 
tlu"  I'xpi'ricncc  ol"  a  pnittical  appliialinn  nl  iImsc  I'liiKla- 
mcntals.  Tlu'  sropc  of  tlir  collcj;;'  lioth  in  lime  aiitl  H|)ac(' 
is  too  small  and  (lie  i^roulli  of  all  l)raiulu's  of  ciif^iiiocriiig 
is  too  lar<,'('  to  admit  of  \i'i\  mudi  iiractical  cxiuTifiur 
heing  iiu'ludcd  in  tlio  roll('j,'('  coinsc.  Tlic  training  gained 
in  scliool,  liowcviT,  maixcs  it  mmii  easier  for  tiie  eoilegc^ 
graduate  to  aetpiiro  practical  e.xpericiice  and  to  make  lui- 
llicr  use  of  it  after  it  is  once  ac(|uired. 

Many  eoUege-hred  engineers  are  also  luislaken  in  think- 
ing that  their  college  education  makes  them  su])erior  to 
their  less  fortunate  "solf-cducated"  hrotliers.  There  are 
ahsolutely  no  grounds  for  sudi  -i  helief,  for  all  al)out  us 
wo  can  soc  successful  men  wlio  have  received  tlu'ir  educa- 
tion in  the  college  of  liard  knocks  1)V  dint  of  liard  work 
and  1)V  sticking  to  a  thing  until  tiicv  liavo  mastered  it. 
Someone  has  truly  said,  "all  ('(huation  is  self-education, 
the  schools  and  colleges  are  sim|)ly  agencies  to  make  the 
learning  easier." 

One  of  the  great  advantages  tluit  a  college  education 
gives  a  man  is  that  it  makes  it  ])ossihle  for  him  to  reach 
the  maximum  jxiint  on  the  curves  of  his  efficiency  and 
ahility  at  a  much  earlier  age  than  he  otherwise  could. 

'I'o  the  young  men  entering  the  engineering  profession 
we  would  say,  get  a  college  education  if  you  possibly  can, 
but  get  an  education.  It  is  not  only  a  great  advantage 
but  it  is  becoming  more  and  more  essential  every  year. 
To  the  young  men  entering  college  we  would  say,  don't 
e.xpect  too  much  of  the  college;  it  is  no  performer  of 
miracles.  Its  purpose  is  to  teach  you  how  to  work  to  the 
best  advantage,  the  real  work  conu's  after  you  get  out. 


Whence  came  the  idea  that  the  economy  of  power- 
plant  auxiliaries  is  immaterial,  because  the  exhaust  steam 
from  them  is  utilized  in  part,  if  not  in  whole,  in  heating 
the  boiler-feed  water? 

In  the  ordinary  turbine  plant  al)out  sixty-six  per  cent, 
of  the  heat  in  the  steam  is  wasted,  even  though  the  ef- 
ficiency of  the  main  unit  is  high.  The  average  type  of 
noncoudensing  auxiliary-  requires  forty  pounds  of  steam 
or  more  per  horsepower,  the  exhaust  steam  of  which,  is 
used  in  heating  feed  water. 

This  is  stated  another  way  in  the  article  dealing  with 
the  economy  in  steam-power  plants  on  page  4.36  of  this 
issue.  There  it  is  shown  that  for  every  forty  pounds 
of  exhaust  steam  needed  for  heating  feed  water,  one 
horsepower  of  auxiliaries  would  be  required  in  the  or- 
dinary method  of  heating  by  exhaust  steam  from  the  aux- 
iliary exhausts,  or  a  total  of  forty  thousand  pounds  of 
steam  in  a  plant  using  three  hundred  thousand  pounds  of 
steam  in  the  main  units. 

If  more  economical  auxiliaries  are  used,  consuming, 
say  thirty-five  pounds  of  steam  per  brake-horsepower, 
thirty-five  thousand  pounds  would  be  available  for  heat- 
ing the  feed  water,  but  as  forty  thousand  pounds  of  steam 
-would  be  required,  five  thousand  pounds  of  steam  would 
have  to  be  supplied  from  some  source  other  than  the  ex- 
haust from  the  auxiliaries. 

It  is  suffffested  that  this  deficit  in  the  necessary  steam 
supply  could  be  bled  from  the  high-pressure  stage  of  the 


mam  iiiiil,  wliicli  would  not  only  heal  the  feed  water  to 
the  desireil  leinpeiature,  hut  would  make  a  saving  in  th<! 
plant  operation. 

y. 
Some  Central  Statiomi  StlaHistics 

Interesting  fleductioiis  may  be  maile  from  the  statistics 
of  central  stations  in  this  country  for  \\)\t,  ax  given 
out  by  the  Census  Bureau.  As  might  Iw  expected,  New 
York  leads  with  a  total  kilowatt-hour  output  of  approxi- 
mately 5},17.V>"0.()()().  California  is  a  <lose  second  with 
l,717.0()0.(l()0,  and  Illinois.  Peniisylvania.  Mi.'higan, 
Ohio  and  Ma.«sachusettfi  follow  in  the  order  named. 

Hased  upon  the  i)()pulation.  however,  we  find  Montana 
leading  with  a  yearly  output  of  lOOO  kilowatt-hours  )ter 
person.  California  is  next  with  l'-\'>  kilowatt-hours  ))er 
person;  Idaho  has  .'3.50;  'N'ow  York  and  Illinois  2:5!)  and 
204,  respectively;  Massachusetts,  ll.'i;  Ohio,  81,  and 
Pennsylvania  only  77. 

California,  with  a  total  output  four-fifths  that  of  New 
York,  ha,s  three  times  the  outi)ut  per  ])erson,  yet  the  av- 
erage price  per  kilowatt-hour  is  only  about  six-tenths 
that  in  New  York.  Again,  Illinois,  with  two  and  one- 
half  times  the  population  of  California,  sold  only  two- 
thirds  the  amount  of  power,  the  average  price  per  kilo- 
watt-hour being  nearly  double. 

The  figures  refer  only  to  those  plants  which  sell  their 
product  and  hence  do  not  include  private  installation.". 
During  the  past  year  a  number  of  large  hydrcM-lectric 
plants  were  opened  in  the  South  and  West.  To  what  ex- 
tent they  will  alter  the  general  character  <if  the  statistic^ 
is  hard  to  tell.  The  report  for  11)1.3  is  not  ready  but  the 
influence  of  these  plants  ])rol)ably  will  not  show  to  a 
marked  degree  until  the  figures  for  the  present  year  have 
been  compiled. 

A  candid  chat ;  a  plain  heart  to  heart  talk  with  someone 
on  a  subject  of  mutual  interest;  who  does  not  enjoy  it? 

And  when  such  a  chat  relates  to  your  work,  when  it 
explains  what  you  want  to  know,  or  deals  with  what  you 
ought  to  think  about,  then  it  recalls  the  talks  you  used 
to  have  with  the  old  fellow  who  first  showed  you  how 
to  get  up  steam  and  clean  the  fire  without  putting  it 
out. 

In  this  issue  the  fir.st  of  a  number  of  forewords,  in 
the  nature  of  simple,  frank  chats  on  matters  of  practical 
interest  appears.  The  subjects  will  not  be  confined  to 
any  one  class  or  theme.  They  will  deal  with  the  various 
phases  of  power-plant  engineering  in  the  same  straight- 
forward, simple  way  as  did  the  old  fellow  whose  mem- 
ory you  cherish. 

m 

George  Bevins,  a  coal  dealer  of  Terre  Haute,  is  work- 
ing to  put  himself  and  the  other  members  of  his  ilk  out 
of  a  job.  He  has  a  perpetual-motion  machine.  A  motor 
drives  a  dynamo,  the  dynamo  charges  a  storage  battery, 
the  storage  battery  runs  the  motor,  the  motor  the  dynamo, 
and  so  the  circuit  is  complete,  only  that  somehow  in  the 
process  some  twenty  per  cent,  more  power  is  available 
than  first  left  the  storage  battery.  The  public  prints  of 
Terre  Haute  assert  that  he  has  been  working  on  this 
"scheme"  for  fifteen  years.  The  word  "scheme"  is  well 
used.     Mr.  Bevins  is  fooling  the  public,  himself,  or  both. 
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The  chart  shown  herewith  indicates  tlie  regularity  of 
llie  steam  pressure  carried  on  the  boilers  of  our  plant. 
Similar  charts  have  been  shown  to  people  who  have  never 
seen  the  plant  and  they  have  invariably  said  that  we 
have  either  stokers  or  else  automatic  regulation,  blow- 
ers, etc.,  were  used. 

We  have  water-tube  boilers  of  314-hp.  capacity,  hand 


Chakt   Obtaixkd   with   TTaxd-Fired   Furnace 

fired  and  the  usual  electric  station  load.  The  boiler 
pressure  is  150  lb.  and  the  feed  water  averages  208  deg. 
F.  Northern  Colorado  slack  coal,  classed  by  the  Govern- 
ment as  a  sub-bituminous,  is  used. 

A.  E.  Anderson. 
Laramie,  Wyo. 

m 
'WlkiSe  tllhe  Clhaeff  'Wm.m  Awsi^^ 

The  chief  engineer  of  a  certain  plant  was  taken  sick. 
According  to  the  chief,  the  assistant  engineer  knew  noth- 
ing. The  plant  came  under  the  jurisdiction  of  the  master 
mechanic,  who  looked  after  things  while  the  chief  was 
out,  and  he  had  the  assistant  make  changes  that  the 
chief  could  have  made. 

For  instance,  a  telltale  was  put  in  the  ])oiler  room,  so 
that  the  firemen  could  tell  how  much  the  damper  was 
opened  or  closed.  The  damper  did  not  work  right,  so 
the  assistant  went  into  the  flue,  and  found  that  when  the 
damper  regulator  weight  in  the  engine  room  was  up,  in- 
dicating that  the  damper  was  closed,  it  was  open  18  in., 
although  it  was  made  to  close  to  within  2  in. 

A  different  method  of  firing  was  tried,  M'hich  not  only 
saved  the  door  lining,  but  in  a  nine  weeks'  run,  with  the 


same  load  conditions  as  obtained  when  the  chief  was  on 
the  job,  97  tons  of  coal,  at  $4.50  per  ton,  were  saved. 
A  number  of  other  changes  were  made  all  for  the  better- 
ment of  the  plant. 

When  the  chief  came  back  he.  of  course,  learned  about 
the  changes  which  had  been  made  and  after  looking  over 
the  log  and  coal  reports  and  noting  the  increased  economy 
during  his  absence,  he  accused  the  assistant  of  trying  to 
get  his  job.  If  the  chief  had  been  onto  his  job  there 
would  have  been  no  such  saving  made  in  the  coal  con- 
sumption, nor  the  necessity  of  making  the  changes. 

One  would  suppose  that  when  the  chief  got  back  he 
would  have  been  pleased  and  would  have  continued  the 
good  work,  but  from  all  appearances  he  is  traveling  in 
the  same  old  rut. 

L.  J.  Ollivee. 

New  Bedford.  Mass. 


Aa2=  F^sffiip)  B©foiSi"^es  Bsidlsf 

AVe  have  a  locomotive  type  air  pump  used  in  connec- 
tion with  the  sprinkler  system  and  this  pump  has  lately 
been  acting  badly.  The  strokes  were  irregular  and  the 
gages  in  the  discharge  line  showed  considerable  fluctation 
in  pressure.  It  had  been  detected  that  in  starting  this 
pump  the  lower  intake  valve  would  admit  air  only  at  the 
beginning  of  the  upward  stroke  and  would  close  entirely 
after  the  gage  in  the  discharge  line  showed  20  lb.  The 
air  end  of  the  pump  was  examined  and  the  discharge 
check  in  the  lower  end  found  entirely  gone.  It  had 
broken  into  several  small  pieces  and  fallen  into  the  clear- 
ance space  of  the  cylinder. 

This  sketch  is  to  simplify  the  air   end  of  the   pump 


INTAKE  VALVE 


DISCHARGE  VALVE 


Section  of  Air  Pump  Showing  Valves 

and  to  show  also  that  there  is  no  check  in  the  lower  dis- 
charge end. 

I  offer  the  following  as  to  the  cause  of  the  peculiar 
action  of  the  lower  intake  valve. 

The  lower  intake  valve  admits  air  until  a  certain  pres- 
sure is  obtained  in  the  discharge  line.  The  clearance 
volume  is  very  small  and  as  the  piston  begins  to  ascend, 
the  air  that  has  filled  the  clearance  space  expands  below 
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Ill  the  iircssiirc  of  tlic  iitiiiiis|ilicrc.  'I'licic  is  lln-ii 
a  sli^'lit  ailiiiissioii  nf  nir  lliioii^'li  the  iiilaki-  valvi*.  'I'Iijh 
adiiiis.sioii  coiiliiiiirs  iiniil  ilir  air  aliiivr  llic  piHliiii  Ih  ('oiii- 
|irc'ssi'(l  i'iioiif,'li  1(1  ilosi-  tlic  luvMT  iiitaki'  viiIm'.  W'Iu'Ii 
tli(>  |)isliiM  iIcsccikIs,  tlu>  air  hiLni  iiiln  ilic  <  ylimlrr  al 
the  liiwcr  ciid  anil  wliirli  caiiu'  in  tlin)u;,'li  llic  lower  iii- 
taki'  valve  ami  the  ii|>|)er  eiiil  of  eviiiiiicr  is  iliseliarfieil 
(lie;;leetilii;  llie  aiiioiiiit  left  in  tiir  cleniniire  space) 
tlirou^'li  the  disi-liarj^'e  clieek  in  llir  |ii|H'  line 

'Phis  ()|)eratioii  conliinies  iinlii  the  air  left  in  the  clear- 
aiur  space  lias  siillieieiil  pressure  after  e\|ian(iin^'  to 
hohl  the  intake  valve  closed  at  ilie  he^jinniii;:  of  the 
stroke.  \\\  the  clearance  space  I  mean  the  volume  up  to 
the  check   show  n    in   the  discharge  line. 

.1.  \V.  Dickson. 

.Menipliis.  'rciin. 

;*; 

WillliaBTms  Coirain\ec^fiim^=IRod 

In  reference  to  the  article  in  I'o\vi:i{,  Feb.  10,  about  the 
Williams  conuoeting-rod  system,  I  should  like  to  know 
how  the  double  rods  can  cross  and  then  uncross  and  cross 


The  Williams  Coxxectixg-Rod  System 

again  in  one  revolution,  which  from  a  mechanical  stand- 
point is  impossil)le. 

D.  Falk. 

Atheiiia,  X.  J. 

[The  two  rods  are  not,  of  course,  in  the  same  vertical 
plane.  The  accompanying  sketch,  also  reproduced  from 
The  Engineer,  will  make  it  plain. — Editor.] 

How  many  of  us  ever  give  a  thought  to  the  cost  of 
the  catalogs  we  receive?  During  the  last  10  years  I 
have  received  a  number  of  catalogs,  some  of  great  value 
to  me,  and  have  kept  them,  hoping  that  some  day  I  could 
tile  them  away  systematically.  T  installed  a  plant  recent- 
ly, and  as  that  brought  a  lot  of  new  catalogs  to  my  desk, 
it  was  a  case  of  do  something  at  once.  "While  in  town  one 
day.  I  bought  a  loose-leaf  book  that  I  thought  I  might 
make  use  of  for  filing  catalogs ;  it  is  the  best  I  have  seen. 

Taking  the  catalog,  I  cut  out  all  price  lists  and  sec- 
tional cuts  or  views  that  I  might  find  useful  later  on. 
then  on  one  side  of  a  sheet  of  9x12  paper  (the  size  of 
my  loose-leaf  book).  T  paste  the  cuts.  On  the  back  of 
the  sheet  T  paste  the  nrice  lists  and  write  in  whatever 


I    lielieve    will    he   of    value.      If    I    happi'ii    t<i    know    iin 
faults,   or   iiave    heard   of   aiiytliiiig  ohjeetiimahle   to    tliu 
device,  1  note  it  down,  doing  the  same  with  its  eommeiiil- 
ahle   features. 

I    do   not   save   testinioiiials,  or  anylhing  that    iloes   imi 
deal  with  the  siilijeets  in  hand,  hut    I   do  make  a  note  <  i 
where  I  <aii  see  that  Hpcjcial  device  in  use.     I   iiave  gon 
thidu;:h  o\er  HI)  catalogs  and   lia\e  at    present   a  hook   m.i 
•"'  I   111   an   inch   thick. 

.\i;iin  If   I).   r\i.\ii:ii. 

Diuchester.  Mass. 

CiracllS.ed    Cylliiader  Repaired 

The  high-pre.ssure  cylinder  of  one  of  the  heavy-dutv, 
cross-compound  Corliss  engines,  direct  connected  to  an 
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The  Exgixe   REPAiuEn;    Note   Cuack 

alternating  current,  GOO-voll,  IHO-amperc,  three-])hase 
generator,  broke  between  the  bedplate  and  the  steam  cyl- 
inder, as  shown  by  the  crack  line  in  the  illu.stration. 

It  was  decided  to  make  a  weld  with  the  oxy-acetylcne 
process.  This  was  done,  but  after  a  half-days  run  the 
cylinder  broke  again  in  the  same  jjlace.  Then  the  oper- 
ating engineer  suggested  making  the  temporary  repair 
shown.  Four  heavy  3in.  bars,  one  end  of  each  threaded 
enough  to  receive  two  3-in.  nuts  were  used;  the  other 
ends  were  flattened  and  drilled  to  receive  1-in.  bolts  and 
then  bolted  to  the  frame.  The  end  pieces  were  then  put 
on  and  the  broken  parts  drawn  together  with  the  3-in. 
nuts.  The  job  is  good  and  the  engine  is  running  in 
parallel  with  the  other  units  and  is  doing  its  work  satis- 
factorily. 

J.    ({.    KOPPEL. 

Montreal,  Can. 

It  may  interest  readers  to  know  how  our  boilers  are 
cared  for. 

Our  plant  of  300  boiler  horsepower  contains  two  water- 
tube  boilers,  one  of  which  is  used  about  11  hr.  daily.  Both 
are  aboiit  19  years  old.  The  boilers  were  built  for  a 
working  pressure  of  120  lb.  per  sq.in.,  but  have  never 
had  over  100  lb.,  and  in  all  the.«e  years  no  reduction  of 
pressure  has  been  ordered  either  by  the  insurance  in> 
spectors  or  the  police  department. 

The  following  is  a  brief  outline  of  our  method  of  car- 
ing for  the  boilers: 

Each  boiler  is  used  for  one  month  and  then  cut  out 
of  service  and  given  a  complete  cleaning  inside  and  out. 
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The  outsides  of  the  tuties  are  ch'aiied  olf  with  conipresscd 
air  under  a  pressure  of  GO  lb.,  which  does  the  work  sat- 
isfactorily. 

Several  caps  are  removed  from  both  the  front  and  rear 
headers  and  a  portable  light  passed  through  for  the  pur- 
pose of  finding  out  in  what  condition  the  tubes  are  in- 
ternally. All  tul)es  are  cleaned  once  a  year  with  a  water 
turbine.  No  compound  has  ever  been  used  in  these  boil- 
ers. All  makeup  water  used  is  passed  through  a  filter 
before  it  is  pumped  into  and  through  the  heater.  The 
drums  of  these  boilers  are  given  a  coating  of  graphite 
every  two  months ;  about  1  lb.  being  used  for  this  purpo.se. 
The  boilers  have  never  been  blown  down  while  under  the 
working  pressure. 

During  all  the  years  these  boilers  have  been  in  use  only 
15  tubes  have  been  replaced.  'J'here  are  72  four-inch 
tubes  in  each  boiler.  AVith  this  care  continued  we  ex- 
pect to  get  a  number  of  years  of  useful  service  from  these 
units  before  they  are  consigned  to  the  scrap  pile. 

H.   H.   BURLEY. 

Brooklyn,   N.   Y. 
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Many  engineers  have  liad  their  ])atience  tried  pouring 
lead  around  a  damp  or  wet  joint  on  account  of  the  lead 
spattering  or  blowing  out  from  the  effects  of  steam  gen- 
erated by  the  heat  of  the  lead.  The  trouble  may  be  pre- 
vented by  putting  a  piece  of  resin  the  size  of  a  walnut 
into  the  ladle  and  allowing  it  to  melt  before  pouring.  It 
works  equally  well  in  babbitting  journal  boxes,  etc.,  if 
damp  or  wet. 

Paul  Nordstrom. 

Hadley,  Alaska. 

A  14x3()-in.  engine  running  at  80  r.p.m.  supplies  power 
for  driving  machinery  in  a  certain  shop,  including  a 
belt-driven  dynamo.  The  lights  supplied  from  this  dynamo 
flickered  every  time  the  flywheel  completed  a  revolution. 


Diagrams  Showing  High  Compression  on  Head  End 

The  voltmeter  seldom  vibrated  less  than  10  volts,  and  fre- 
quently showed  variations  of  30  volts.  This  defect  was 
ascribed  to  a  low-speed,  long-stroke  engine,  and  the  use 
of  numerous  belts  throughout  the  shop.  The  significant 
fact  that  the  lights  flickered  once  for  each  revolution  of 
the  flywheel,  instead  of  every  time  that  the  crank  passed 
a  center,  was  overlooked. 


AMu'ii  an  iiulicator  was  applied  to  the  engine,  llic  dia- 
gi'ams  shown  were  obtained.  The  crank-end  diagram 
shows  normal  conditions,  but  the  head  end  indicated  ex- 
cessive compression,  as  it  is  25  lb.  above  the  admission 
line  and  exceeded  the  boiler  pressure  by  about  20  lb.  This 
caused  the  speed  to  be  reduced  for  an  instant  every  time 
the  crank  approachd  the  inside  center,  and  flickering 
lights  were  the  natural  result. 

This  engine  is  fitted  with  double-beat,  poppet  valves 
operated  by  cams.  After  the  exhaust  cam  on  the  head 
end  was  moved  backward  for  about  %  in.,  another  pair 
of  diagrams  was  taken  which  showed  both  ends  of  the 
cylinder  as  receiving  and  exhausting  steam  in  nearly  the 
same  way.  Now  when  there  is  a  full  load  on  the  other 
machinery,  the  voltmeter  sometimes  vibrates  five  volts, 
but  under  average  conditions  it  is  only  two  and  with  a 
light  load  in  the  shop,  it  is  practically  constant,  thus 
showing  great  improvement  in  the  lighting  service. 

W.  H.  Wakeman. 

New  Haven,  Conn. 
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There  appears  to  Ije  a  lot  of  oil  passing  the  separator 
shown  in  the  illustration.  A  rival  salesman  recently 
claimed  that  no  separator  so  located  would  work  satis- 
factorily.    He  said  it  should  be  close   to  the  engine  in 
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Present   Location 


order  to  get  the  steam  as  hot  and  as  free  from  water  as 
possible.  So  placed,  he  would  guarantee  his  apparatus  to 
take  out  95  per  cent,  of  the  oil. 

The  separator  is  well  drained  and  the  baffle-plates  are 
not  cracked.  The  drain  at  the  elbow  below  the  floor  is 
always  closed  while  the  engine  is  running,  and  is  open 
at  all  other  times. 

I  would  be  pleased  to  have  suggestions  from  other 
readers. 

G.    S.    S  PRAGUE. 

Exeter,  Neb. 

'*! 

Sepm2'Si^©s=  GIlsiSs©s 

Breakage  of  steam-separator  glasses  is  one  of  the  engi- 
neer's troubles  that  is  hard  to  remedy  because  they  fail 
under  so  widely  differing  circumstances,  that  the  cause 
is  hard  to  determine.     For  example,  on  a  10-in.  receiver 
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Ht'|ninil<>r.  ill  II  linri/iiiiiiil  line  cairyiii;;  1  l">  Ih,  prcssnn! 
ami  localcil  in  a  ciiid,  iltiiHv  placr  ahniil  \.i  ft.  away  troin 
llic  ciif^'iiif  and  (Irainfd  td  a  liap.  llii'  fjlass,  which  was  '^It 
in.  lonj;,  woidd  hist  rroiii  six  lo  i'i;;hl  inontlirt.  .Viiollicr, 
'fi\i\s»  on  a  vertical  separator  at  llic  throttle,  in  a  warm 
eiiirine  room,  would  last  from  lour  to  six  months.  While; 
in  another  plant  carrying  100  Ih.  pressure,  hayjnj^  lour 
separators,  the  f,'lasses  would  only  last  a  few  days  or  hours. 
'These  .separators  were  vertical  and  connected  directly  to 
the  throttles  and  were  well  drained.  All  fjaf^'es  were  ron- 
iieeted  in  tiie  usual  manner.  Xew  glasses  were  put  in  fur 
appearance,  hut  the  connect iiiu:  valves  were  left  closed, 
and  the  drips  opt>n.  A  new  man  seeinjr  a  slijiht  vapor 
esca])in<r  from  the  driji  cocks  closed  thciii.  and  the  con- 
densation filled  the  jjlassies  and  in  nlioiit  1")  hr.,  one 
exploded  willi  ;i  loud  rci>oil.  •  Another  cnj^ino  was  put 
in  service  iiiul   ran  alunit  ;'  hr.  when  that  ,trlass  exploded. 

One  writer  recently  stated  that  in  Ills  opinion  the  prin- 
cipal cause  of  hreakajjo  is  the  flow  of  steam  througli 
the  (jlass.  Tliis.  I  believe,  is  frequently  true,  although  it 
does  not  hold  good  in  these  two  cases.  Possibly  if  the 
valves  were  openeil  niily  ciiiMigli  to  indicate  water,  if 
any.  it  would  reduce  the  cirt-ulalion. 

A  gage-glass  will  last  much  longer  on  a  horizontal 
than  on  a  vertical  separator,  probably  on  account  of  the 
action  of  the  steam  shunting  through  the  glass.  Fre- 
quently th(>  to]i  of  the  glass  on  bctilers  will  become  worn 
down  to  not  over  ^  in.  thick,  due  to  the  action  of  the 
steam  i)assing  through  it  as  the  water  line  rises  and  falls 
while  the  part  below'  the  water  level  remains  good. 

A  6-in.  vertical  separator  was  bought  from  a  prominent 
firm  some  time  ago,  which  had  lugs  cast  on  the  side,  but 
it  had  not  been  tapped,  and  the  gage  was  not  sent  with 
the  separator.  The  manufacturers  were  written  to  in 
regard  to  the  matter,  and  replied  that,  although  cast  with 
lugs  for  the  gage  connections,  the  gage  was  not  included 
unless  especially  ordered  because  it  was  not  absolutely  nec- 
essary. They  stated  that  engineers  found  it  difficult  to 
keep  glasses  in  place  and  suggested  the  use  of  a  try-cock 
instead.  The  glass  gage  was  put  on,  however,  but  it  did 
not  hold. 

1  have  at  present  three  horizontal  separators  on  low- 
pressiire  lines,  on  which  the  glasses  give  no  trouble. 

J.  C.  Hawkixs. 

Ilvattsville.  Md. 


Grctplhistie  sink  IBoiHers 

The   following  Iuik  been  our  experience  with   graphi^ 
covering  a  period  of  two  years. 

We  have  water-tiihe  boilers  of  aboiii  .Mai  Jip.  each.  'I'l: 
conditions  of  service  are  hucIi  that    wc  can  give  iheni 
thorougli  cleaning  only  once  u  year,  hut  during  tluH  time 


Eecently,  while  shut  down  at  noon,  I  found  upou  in- 
specting the  18-ft.  engine  flywheel,  having  a  grooved  rim 
and  carrying  15  strands  of  2-in.  Manila  rope,  two  cracks 
extending  across  the  center  rib  and  about  8  in.  on  each 
side  of  the  rib,  making  cracks  about  16  in.  long. 

We  patched  it  by  placing  a  steel  plate  %  in.  thick,  13 
in.  wide  and  4  ft.  long  on  each  side  of  the  rib  over  each 
break  and  plates  of  the  same  size  on  the  opposite  side 
of  the  wheel  for  counterweights. 

Then  stay  rods  fitted  with  turnbuckles  were  run  from 
each  rim  joint  up  to  the  hub  to  take  the  strain.  The 
wheel  ran  in  this  way  for  two  months  when  it  was  re- 
placed with  a  new  one. 

L.  E.  Chapmax. 

Wauua,  Ore. 


Tank  and  Connkctions 

they  are  taken  off  the  line,  enii)tied  and  relilled  with  fresh 
water  once  in  si.\  weeks.  Trouble  was  had  with  a  ban! 
scale  about  like  portland  cement  until  we  used  graphite. 

The  graphite  is  fed  by  mixing  with  water  in  a  tank 
connected  to  the  suction  of  the  feed  pump,  as  shown  in 
the  sketch.  The  first  few  months  we  saw  no  good  re- 
sults, but  when  we  cleaned  the  economizer  we  found  that 
most  of  the  graphite  was  stopping  there.  In  the  mean- 
time the  boilers  were  scaling  badly  and  several  tubes  were 
burned  and  bagged  so  that  they  had  to  be  removed.  After 
this  experience  we  bypassed  the  economizer  and  fed  the 
graphite  as  directly  as  possible  into  the  boilers.  We  do 
not  lose  much  heat  by  doing  this,  because  it  only  takes 
about  half  an  hour  twice  a  day,  of  24  hr.,  to  put  the 
graphite  into  the  boilers.  We  then  cleaned  thoroughly 
with  a  turbine  cutter  and  replaced  all  the  burned  tubes. 

At  the  end  of  the  second  year  we  could  brush  all  the 
sediment  from  the  drums  with  a  steel  brush,  and  could 
put  the  cleaner  through  the  tubes  in  about  three-fourths 
of  the  time  it  had  taken  the  previous  year  and  did  not 
have  a  single  burned  tube  to  replace,  although  the  load 
had  increased  about  10  per  cent.  We  saved  on  the  coal, 
repairs  and  cleaning. 

We  have  learned  not  to  e.xpect  graphite  to  take  off  old 
scale,  but  to  clean  the  boilers  thoroughly  and  not  to  let 
*hem  go  for  long  periods  without  washing  out. 

EoscoE  Williams. 

Brookline,   Mass. 

Scale  aim  tSa©  Bl©^5^©lf!r  Val-^e 

The  letter  from  E.  0.  Haniil,  on  page  901,  Dec.  23, 
reminds  me  of  what  happened  at  a  plant  w'here  I  was  em- 
ployed as  "trouble  man"  some  years  ago. 

When  the  engineer  opened  the  blowoff,  a  2l/2-iii-  as- 
bestos plug  cock,  to  blow  down  a  couple  of  inches  of 
water  he  found  he  could  not  close  it  again,  because  a 
piece  of  scale  was  wedged  into  it.  He  quickly  drew  the 
fire  to  avoid  burning  the  boiler,  but  as  soon  as  the  blow- 
off  was  again  put  in  order,  the  superintendent  gave  orders 
to  fill  the  boiler  at  once  and  steam  up.  which  was  done 
under  protest.    The  boiler,  a  return-tubular,  had  diagonal 
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braces  extending  from  the  front  head  to  the  plate  over  the 
fire,  and  in  a  few  days  a  leak  developed  around  the  rivets 
of  these  braces.  Upon  examination  it  was  found  that 
the  plate  was  slightly  cracked  at  this  point,  no  doubt, 
caused  by  unequal  contraction  when  cold  water  was  run 
in.  Two  patches  8  in.  square  had  to  be  put  on  and  the 
diagonal  l)races  i-enioved  and  two  lyo-in.  through  stays 
substituted  to  make  the  boiler  serviceable. 

Jam  us  E.  Xoblh. 
Toronlo,  Out..  Can. 


Our  teleplioiie  is  located  in  a  dark  place.  Xot  wishing 
to  leave  the  lamp  burning  continuously,  I  put  on  an  au- 
tomatic switch  made  from  parts  of  an  electric  bell,  which 
not  only  lights  the  telephone  booth,  but  the  lighted  lamp 
indicates  calls  when  the  place  is  too  noisy  to  hear  the  bell. 

The  magnets,  adjusting  screw  and  the  vibrator  were 
taken  from  an  old  bell.     A  piece  of  sheet  copper  A  is 


Automatic   Switch 

hinged  at  BB;  a  small  notch  at  D  holds  the  copper  plate 
[i  in  a  position  nearly  upright ;  lines  GG  are  the  connec- 
tions from  the  binding  posts  of  the  telephone  to  the 
isolenoids ;  CC  show  the  fixed  terminals  for  the  lamp 
pircuit. 

I  WTien  the  telephone  bell  rings,  part  of  the  ringing  cur- 
tent  entering  the  coils  MM  causes  the  vibrator  F  to 
irelease  A,  which  swings  down  by  its  own  weight,  closing 
the  lamp  circuit  at  C.  When  through  with  the  phone,  I 
jlift  A  and  hook  it  in  the  notch  at  D  and  it  is  ready  for 
^he  next  call. 

E.  J.  QuiNX. 
Bcllingham,  Wash. 


lira©,® 


The  writer  once  had  an  experience  that  brought  to  his 
nind  very  forcibly  the  value  of  flue-gas  analysis.  We 
vere  remodeling  the  boiler  room ;  installing  stokers  and 
)uilding  a  tunnel  under  the  boilers  for  the  removal  of 
ishes.  There  were  ten  boilers  in  five  batteries.  We  worked 
m  one  battery  at  a  time,  building  the  tunnel  walls  of 
;;oncrete.  The  rear  wall  was  carried  up  from  the  stoker 
loor  line  with  firebrick  to  form  the  bridge-wall.  Built 
;nto  the  tunnel  wall  at  the  rear  and  suspended  from  the 
'itoker  floor  at  the  front  were  the  ash  pockets.  The  form 
lumber  used  for  the  back  of  the  concrete  wall  was  left 


in  place,  tlic  cuds  projecting  beyond  the  finished  wall  so 
as  to  enable  us  to  continue  the  construction  down  the 
line  as  the  excavation  progressed. 

When  the  first  boiler  was  under  pressure  and  prelimin- 
ary to  a  test,  we  took  a  sample  of  the  flue  gases  at  the 
damper,  the  analysis  showing  2.5  per  cent,  of  COg.  An- 
other sample  gave  2  per  cent. ;  another  3  per  cent.  An 
examination  of  the  setting  disclosed  no  leaks  other  than 
a  few  very  small  ones  that  were  located  with  the  flame  of 
a  candle. 

Recharging  the  Orsat  with  fresh  solutions  we  tried 
again  and  got  the  same  results — 2  to  3  per  cent,  of  COg. 
About  this  time  the  "glooms"  were  in  the  ascendancy. 
There  was  an  immense  air  leak — Imt  where? 

We  were  preparing  to  take  samples  at  the  different 
passes  of  the  boiler  with  a  view  of  locating  the  leak  by  a 
process  of  elimination,  when  the  boiler-room  foreman  re- 
ported that  the  boards  left  in  place  back  of  the  concrete 
wall  in  the  ash  tunnel  were  burning. 

Going  into  the  tunnel  we  found  that  the  boards  at  one 
end  of  the  ash  pocket  had  burned  out,  leaving  a  hole 
about  a  foot  wide  and  five  feet  high  through  which  a 
great  volume  of  air  was  rushing  up  behind  the  bridge- 
wall. 

After  bricking  up  the  "leak,"  we  took  a  sample  of  the 
3,  which  gave  11. o  per  cent,  of  CO^. 

C.  0.  Sandstrom. 

Kansas  Citv.  Mo. 


Our  belt  man  had  to  put  a  new  driving  belt  on  an  en- 
gine, and  the  belt  was  heavy  and  very  long.  The  way 
he  did  it  may  be  new  to  others  as  it  was  to  me. 

He  first  got  one  end  of  the  belt  ready  for  the  splice. 
The  roll  of  new  belt  was  placed  on  the  old  belt  and  bolted. 
The  engine,  having  a  reversing  valve,  was  turned  over 
slowly,  the  belt  winding  over  the  pulleys  inside  the  old 
belt.  The  clamps  were  then  put  on,  the  rods  put  in 
place,  and  the  belt  tightened.  The  old  belt  was  then  cut 
loose,  and  the  new  belt  was  on  without  the  usual  hard 
work.  The  top  part  of  the  belt  which  is  the  most  difficult 
to  get  tight  was  as  tight  as  the  old  belt,  and  the  clamps 
were  put  on  in  the  correct  place  for  splicing. 

M.  G.  Flett. 

Amherst,  X.  S..  Can. 


_  ible 

The  low-pressure  cylinder,  50  in.  in  diameter,  of  a 
loOO-hp.  cross-compound  Corliss  engine  gave  considerable 
trouble.  Pumping  in  oil  would  not  stop  the  periodical 
groaning. 

Raising  the  receiver  pressure  would  help  more  than  the- 
oil,  and  with  a  light  load  the  groaning  was  much  worse 
than  with  a  heavy  load.  I  had  the  head  and  the  follower 
plate  removed,  so  that  I  might  see  the  packing  rings. 
Thc^se  were  found  worn  to  a  sharp  edge  so  that  they 
scraped  the  oil  off  the  walls  of  the  cylinder  as  well  as. 
scored  the  cylinder  walls  very  slightly.  The  rings  were- 
beveled  off  at  the  edges  and  no  trouble  has  since  been 
experienced  in  lubricating  with  a  very  reasonable  amount 
of  oil. 

M.   W.   Eastman. 

Cambridge,  Mass. 
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Cnrr  of   Fiipillilr    I'Iiikh      W  liai    .ax-   hIi<miI,|    ),•'    l;I\imi    fiiHlM. 
plUKM    ill    a     lidili-i   ' 

T      I! 

They    hIiouIiI    Iip    «riapfil    c-liaii    on    liolh    tlir    wali-r    and    111' 
aUleH  whi'iievcr  the  boiler  Is  clcain'cl. 


lias    Im  .niii.     low,    II    IH   woll   to    pr<ivl(Ji-    bollir-r<-.(l    puiiii)   lupa- 
■llN    of   alioul    2'/t,    tliiiiM    the    lutud    holler   evuprimtlve   eiipiiclty. 


K\liniiNl  Sleiiin  liijeelor  What  Ih  an  exhaust  .steam  In- 
ject.M    ■ 

C.     K 

A  holler  feeder  whlrh  ulllize»  ixhausi  sleaiii  fur  waiiiilii*; 
bollel-feed    water   and    fureliiK    ll    iiilci   a    hollii 

DIvrrNlty  KiirJor^ — In  centl'iil-atnt  ion  operation  wliat  is 
menm  by  the   term   '"diveralty  factor"? 

H.    n. 

Diversity  factor  is  the  ratio  of  the  sum  of  the  Individual 
ninxinium  demands  to  the  maximum  demand  on  the  system  as 
a    whole.    tal<(n    at    the    point    of    supply. 


LlriiiiK  (niiiiflty  »t  .Sul>m«>rKetI  Pump — What  advantase,  if 
any,  has  a  submerged  piston  pump  over  an  unsubmerged  pis- 
ton   pump? 

D.   J. 

When  a  pump  Is  submerged  there  Is  less  air  leakage  and 
consequently   a   lower   percentage   of   pump   slippage. 


.'VilvnntaKe  of  I'lNton   Roil   I'aokInK  Over  Pluneer  Packing; — 

In   lifting   by   suction   what   advantages   have   pumps   with   pis- 
ton   rods   over    plunger    |)umps? 

G.    E. 
In    pvimps    of   ordinary    design    piston-rod    packings    present 
less    joint    surface    to    be    kept    tight    against    air    leakage    in 
proportion    to    pump    displacement    than    plunger    packings. 

To  Stop  KoiimiiiK'  of  ii  Holler — What  is  the  best  way  to 
Stop    the    foaming    of    a    boiler'.' 

E.   r. 

Foaming  will  u.'iiially  be  stopped  by  checking  the  outflow 
Of  steam.  Wlieii  caused  by  dirty  water  generally  it  will  be 
cured  b.v  blowing  down  and  feeding  the  boiler  and  holding  the 
water    line    at    a    lower    level    and    checking    the    Are. 


Percentage  of  Moisture  at  IJiU'erent  Pressures — Does 
Steam  generated  at  a  high  pressure  contain  more  moisture 
than  if  generated  at  a  lower  pressure? 

D.   W. 

Steam  generated  at  one  pressure  may  contain  as  high 
a  percentage  of  moisture  as  when  generated  at  any  other 
pressure,  but  other  conditions  being  equal,  the  percentage  is 
often   increased   with   increase   in   rate   of   evaporation. 


Mud  Carried  Over  to  Cylinder  of  Engine — How  can  mud   be 

carried  over  from  a  boiler  through  a  separator  into  an  engine 
cylinder? 

J.  W.  P. 
Material  like  finely  divided  clay,  when  contained  in  boiler- 
feed  water,  may  be  held  in  suspension  and  discharged  along 
with  water  which  has  become  entrained  with  the  steam,  and 
may  remain  in  water  which  has  escaped  removal  by  the 
separator. 


Cutting  in  a  Holler — How  should  a  boiler  be  cut  into  a 
steam    main? 

J.    C.    S. 

Before  opening  the  boiler  stop  valve  or  a  header  valve, 
care  should  be  taken  that  there  is  no  water  in  the  piping  be- 
tween those  valves.  If  the  boiler  is  to  be  cut  in  with  other 
boilers  it  should  be  under  the  same  pressure  as  the  main  with 
which  it  is  to  be  connected  and  the  valves  should  be  opened 
very  slowly. 


Capacity  of  Boiler-Feed  Pump — W^hat  Should  be  the  capa- 
city of  a  boiler-feed  pump  as  compared  with  the  rated  evap- 
orative  capacity   of  a   boiler? 

G.   C. 

As  most  boilers  may  be  driven  to  twice  their  rated  capa- 
cities and  there  should  be  an  additional  allowance  of  pump 
capacity   for   feeding  water   to  a   boiler   when   the   water   level 


Intensity     of     lllumlnntlon     nt     DilTcrent     nistnnces — If 

object  Ih  20  ft.  from  an  eh.nlc  l.iiiip,  what  will  be  th<-  - 
tlv.-  Intensity  of  direct  llliiMiliiat  l<iij  from  the  lamp  If 
object    Ih    i.iiMived    to    a    iliHt.iiiee    of    i;ii    ft     from    the    lamp? 

(.'.   U. 
The    intensity    of    direct    Illumination    received    from    a    light 
varies    Inversely    as    the    square    of    the    distance,    hence    by    re- 
moving  the   object   from   a   distance   of   20   ft.    to   a   distance  of 
GO    ft.    the    iMtinslty    of   direct    Illumination    received    would   be 

20    X    20  1 

or   —    aw    much 

BO    X    60  >> 

i'lqulvfilent  Iteslstnnce  of  Valves  iinil  Kiliown — In  ordinary 
steam  lines,  what  lengths  of  straight  pljje  should  be  taken 
as   offering   the   same    resistances   to   flow   as  globe   valves  and 

right-angled    elbows? 

T.  R. 
The  lengths  offering  equivalent  resistances  to  flow  would 
depend  on  the  form  and  proportions  of  the  valves  and  elbowi. 
but  for  all  practical  purposes  It  is  sufficiently  accurate  to 
allow  that  each  globe  valve  offers  resistance  equal  to  a 
straight  pipe  of  corresponding  size,  having  a  length  of  60 
times  its  diameter  and  that  each  elbow  offers  a  resistance 
equal  to  a  pipe  of  corresponding  size  having  a  length  of  4« 
times   its   diameter. 


Passage  of  Heat  througli  Pressure  Reducing  Valve — What 
becom<'K  of  the  heat  in  steam  at  100  lb.  pressure  when  dis- 
charged through  a  reducing  valve  t(,  a  heating  system  with  a 
pressure   of    5    lb.    per    sq.in.? 

J.    G, 

Excepting  the  heat  lost  by  radiation  in  passing  through 
the  reducing  valve,  each  pound  of  steam  when  discharge'! 
at  the  reduced  pressure  retains  the  same  number  of  heat 
units  as  it  had  originally.  If  its  first  condition  was  dry  sat- 
urated at  100  lb.  gage  pressure,  then  when  reduced  to  5  lb. 
gage  pressure  without  loss  from  radiation  it  would  be  super- 
heated about  70  deg.  F.  above  the  temperature  of  dry  saturated 
steam  at  the  latter  pressure. 


Packing  Joints  of  Tlirough  Stay-Bolts — What  is  a  good 
way  to  make  a  tight  joint  where  a  staybolt  passes  through 
the  head  of  a  return-tubular  boiler  with  a  check  nut  on  thp 
inside  and  a  draft   nut  on  the   outside  of  the  boiler  head? 

C.  L.   M. 

The  joint  should  be  packed  around  the  bolt  against  the 
inside  of  the  boiler  head,  and  the  bearing  side  of  the  check 
nut  should  be  hollowed  out  so  that  by  setting  the  check  nut 
the  packing  will  be  forced  against  the  boiler  head  and  also 
cramped  around  the  stay-bolt.  For  use  with  such  a  hollow- 
sided  check  nut,  a  tight  and  durable  packing  ring  can  be 
built  up   by  winding  soft   copper  wire  around  the  stay-bolt. 


Value  of  French  Horsepower — What  are  the  relative  values 
of  the   French   and    English   horsepowers? 

J.    V.    S. 

The  French  horsepower  or  "cheval  vapeur"  represents  75 
kilogram-meters  per  second,  and  as  one  kilogram  equals 
2.20462  lb.  and  one  meter  equals  3.28083  ft.,  a  kilogram-meter 
is  equal  to  2.20462  lb.  X  3.28083  -  7.233  ft.-lb.,  and  the 
French  horsepower  is  equal  to  75  X  7.233  ft.-lb.  =  542.475  ft.-lb. 
per  second,  or  somewhat  less  than  the  English  horsepower, 
which  is  equal  to  550  ft.-lb.  per  second.  Hence  one  cheval 
vapeur   is   equal   to 

542  47.5 


550 


or  0.P86318  English  horsepower 


and  one   English   horsepower  is  equal   to 
5.50 
542  475  ' 


.  or  1   01387  cheval  vapeur 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and   for  inquiries   to   receive  attention. — EDITOR.] 
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Last  Lesson's  Answehs 

1.  Mechanics. 

2.  Force  is  tiiat  which  produces,  or  tends  to  produce, 
motion  or  change  of  motion  of  bodies;  it  manifests  itself 
by  tension  or  compression,  and  attraction  or   repulsion. 

3.  In  the  strength  of  the  cylinder  walls  and  head,  and 
by  the  resistance  ofl'ered  by  the  piston. 

4.  The  component  of  a  force  is  the  effect  of  that 
force  in  any  given  direction. 

).  Gravity  is  the  force  by  whicli  all  bodies  are  at- 
tracted to  the  earth ;  the  weight  of  a  body  is  the  measure 
of  the  force  exerted  by  gravity  an  that  body. 

Resultaxts  of  Fokck 

Any  single  force  which  produces  the  same  eflPect  on  a 
body  as  the  combined  action  of  two  or  more  forces  is 
L'alled  the  resultant  of  those  forces.  Take,  for  example. 
two  men  pulling  on  a  vertical  hoist.  Assume  each  man 
xerts  a  pull  of  50  lb.  Their  conibined  effort  is  100  lb. 
A  single  pull  of  100  lb.  would  tlien  have  the  same  effect 
jas  the  combined  pulls  of  the  two  men.  In  all  cases  where 
tlie  forces  are  parallel  and  in  the  same  direction  the  re- 
niltant  is  easily  found  by  adding  together  the  single 
forces.  When  the  forces  make  an  angle  with  each  other 
:he  process  of  finding  the  resultant  force  is  not  so  simple. 

The  resultant  of  a  system  of  forces  can  be  found  either 
'iraphicalhj  or  aUjebmically.  The  meaning  of  resultant 
force  may  be  made  very  obvious  by  an  easily  performed 
xperiment.  Secure  two  small  pulleys,  a  few  pieces  of 
;tout  cord  and  several  snuill  weights  and  arrange  the  ap- 
jaratus,  as  shown  in  Fig.  (i.     !Sui)pose,  for  example,  the 


Wf  5lt7. 


Ft(i.  (i. 

tt'eight  at  the  point  A  is  5  lb.,  at  point  A'  3  lb.,  and  at  the 
loint  ('  ()  11).  Place  a  heavy  piece  of  cardboard  back  of 
he  cords  and  draw  a  line  parallel  to  the  line  OF  and 
hake  it  proportional  to  the  weight  of  5  lb.,  according 
0  some  assumed  scale;  in  like  manner  draw  another  line 
parallel  to  the  cord  CB  and  make  it  proportional  to  3 
0.  to  the  same  scale.  Construct  the  parallelogram 
{!FDEC  by  drawing  DE  parallel  to  CF  and  J)F  parallel 


to  en.  Mcasui-c  the  line  (!/)  ami,  if  the  experiment  has 
been  carefully  jjerforined,  it  will  be  found  that  the  line 
Cf)  will  measure  6  lb.  to  the  given  scale,  and  it  will  fur- 
ther be  found  that  the  line  CD  is  vertical.  Therefore  if 
the  weights  W^  and  W^  were  replaced  by  a  single  vertical 
force  acting  upward  at  the  point  ('  and  ecjual  to  6  lb., 
this  force  would  keep  the  weight  of  (J  11).  from  falling. 

" ,D 


P, 

It  is  to  be  noted  that  the  resultant  force  is  acting  up- 
ward. The  force  of  (i  ll>.  acting  downward  is  called  the 
cquilihriant  or  the  force  producing  a  state  of  rest. 

By  varying  the  weights  and  changing  the  lengths  of 
the  cords  (so  as  to  secure  different  angles)  the  student 
can  find  the  resultant  for  numy  other  combinations,  and 
he  will  always  lind  it  to  be  repi'esented  by  the  diagonal 
of  the  parallelogram  formed  by  the  two  forces.  From 
these  simple  experiments  the  following  law  can  be  stated: 

//  tivo  forces  acting  at  a  'point  on  a  given  body  he 
represented  in  magnitude  and  direction  inj  the  adjacent 
sides  of  a  parallelogram,  the  resultant  of  these  two  forces 
will  be  represented  in  magnitude  and  direction  hi/  the 
diagonal  of  tlie  parallelogram  passing  through,  this  point. 

Another  ti'uth  demonstrated  by  the  above  experiment  is 
that  the  resultant  force  lies  in  the  same  plane  with  the 
forces  to  which  it  is  equivalent.  To  find  the  resultant 
force  by  a  graphical  method  re(]uires  great  care  in  the 
drawing  of  all  lines  and  angles  and  even  then  a  certain 
degree  of  error  is  apt  to  creep  in.  For  this  reason  many 
prefer  finding  the  resultant  force  by  a   formula. 

In  F^ig.  7  assume  two  forces  I\  and  ]'.,  acting  at  the 
])()int  0  and  making  an  angle  of  a  degrees  with  each 
other.  Construct  the  parallelogram  OADBO  and,  from, 
what  has  preceded,  it  must  be  evident  that  the  diagonal 
01)  is  the  desired  resultant.  What  will  be  the  value  of  R 
in  terms  of  P^,  P.,  and  the  angle  a?  From  the  point  D 
drop  the  perpendicular  DE  to  the  line  OB  (extended  to 
E).  There  will  then  be  formed  the  right-angled  triangle 
ODEO,  and  from  the  law  of  squares,  the  square  of  the 
hvpothenuse  OD  is  equal  to  the  sum  of  the  squares  of 
6e  and  ED.  But  BD  =  OA  =  P^  and  DE  =  BD  sin  a 
==  P.,  sin  a.  Also.  BE  =  BD  cos  a  =  P.,  cos  a 
Then  OE  =  0B  +  BE  =  P,  -f  P.,  cos  a 

Therefore,  since  OD  =  OE  +  DE. 

R'  =    (P^   +  p.,   cos  a)-   +    (/'..   sin   a}- 
=  P,^  -f  2  P.P.,  cos  a  -f  P^'  cos-  a  +  P.,'  sin-  a 
=  /"i^  4-  8  Pt^P.,  cos  a  -f  P,'         "  (5) 

since  {cos'^  a  -\-  sin-  «)  =  1  (Trigonometrv — -III,  Dec. 
9,  1913.) 

Assume  various  values  for  the  angle  a  and  see  how  the 
values  of  R  change.     For  example,  if  a  ^  90°  then  cos 
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(/         o  iiikI  A'-'         /',-  -}*  t'i'   ("''iiiiitiiiti   I,  lust   IcsKoM). 

If  „  ^  I.-,   tiu'M  a,s  II  -  I/;.  VT'  itiid  /;-■      /',-'  -|-  7'.;-  -}- 

The  foiiowiii^'  table  should  iii'  vcrifu-d  hy  the  student. 
If  tt  :=       0*    then    U»  --  P,>  +   P,«  +   2   P,I'»   or   «  -  P,  +   P, 


n  -  SO' 
a  =■  60' 
a  -  120' 
a  =  185* 
n  -  IBO' 
1.       isir 

By  II  iiiicrui 
noti'd  Iii. 1 1  ll 
four.      If  tl. 


R*  =  p,«  +  P,"  +  i/I  P,P, 

R'  -  P,   +  P,  +  P,P, 

R«  =  P,'  +  p.'  —  P,P, 

R«  =  P,'  +  P,»— i/2  P.P, 

n»  -  I',"  +  n,«_,/s   I', p. 

I{       l>, 


liidy  of  IIk  luuiillclo^MMiii  law  it  will  lir 
resultant  always  lies  nearest  tlie  greater 
anjile  between  the  i'orees  is  less  than  '.Ml 
d(>g.  the  resultant  is  greater  than  either  single  force:  if 
the  angle  is  greater  than  i)0  dv^^.  the  resultant  ean  only 
be  greater  than  one  of  the  fort'-es. 

A  third  and  perhaps  simpler  inelhod  of  deleriuining 
the  resultant  of  two  forces  (and  this  method  can  be  ap- 
plied where  there  are  more  than  two  forces)  is  to  resolve 
the  forces  into  their  horizontal  and  vertical  components, 
and  then  find  the  algebraic  sum  of  all  the  horizontal  com- 
ponents and  the  algebraic  sum  of  all  the  vertical  com- 
j)one!its.  Tluis  all  the  forces  are  replaced  by  a  single 
vertical  force  and  a  single  horizontal  force  and  the  re- 
sultant can  be  found  from  equation  1,  given  in  Lesson  1. 

I'ltoHLiiM :  Two  forces  of  80  lb.  and  120  lb.  make  an 
angle  of  30  deg.  with  each  other.  Determine  the  resultant 
by  each  of  the  three  methods  discussed. 

(1)  Graphical  Solution — Draw  the  lines  OB  and  OA 
at  an  angle  of  30  deg.  with  each  other  (see  Fig.  8).  Lay 
off  the  force  i'j  =  120  lb.  along  the  line  OA  to  an  as- 
sumed scale.  (It  is  advisable  to  always  draw  one  of  the 
forces  either  horizontal  or  vertical  to  simplify  the  draw- 
ing). Similarly  lay  off  /%  =  80  lb.  along  the  line  OB  to 
the  same  scale  as  used  for  P^.  Construct  the  parallelo- 
gram and  draw  the  diagonal  K.  The  length  of  this  line 
multiplied  by  the  scale  used  will  give  the  desired  result- 
ant force.  By  careful  measurement  of  Fig.  8  the  result- 
ant will  be  found  to  equal  193  lb. 

(2)  Solution  by  the  General  Equation— Tieterrm^  to 

the  table,  when  a  =  30  deg.,  R"  =  P^'  +  P.r  +  V"3  P^P^. 
In  this  problem  Pj  =  120  and  P2  =  80.  Substituting 
these  values  in  the  equation  there  results, 

E-  =  1202  _|_  802  _j_  ^-3  s^  120  X  80 

=  14,-100  +  6400  +  1.732  X  9G00  =  37,427 
K=  V  3^7127  =  193.4 
This  value  is  a  trifle  larger  than  that  found  by  the  graphi- 


cal solution.  If  a  larger  scale  had  been  used  in  the 
grapiiical  solution  the  error  would  have  been  reduced  and 
the  two   values   w'ould   have   probably   checked. 

(3)  Solution  by  Components — The  horizontal  com- 
ponent of  the  force  P^  is  120  lb.  and  its  vertical  com- 
ponent is  0.  The  horizontal  component  of  tlie  force  Pj 
is     80  X  cos  30°  =  80  X  0.866  =  69.28  lb. 


mid  the  vertical  component  is 

HO  X  •"'"  30  ■  ^  HO  X  o.r»  —  10  lb. 
Ilence  the  Hurii  of  the  verticul  coinprtneiilH  is  0  -f-  40 
|i>  lb.  and  the  sum  of  tin;  horizontal  <omponuntH  is   1  .' 
-I-  (;9.2K  ..-    IHIt.an  lb.      From  the  table  when  two  fore 
luake  an  angle  of  90  deg.  with  chcIi  other  U'^         /',^  -\ 
r.r.     Substituting  the  above  values  there  resultH, 

/(•^  =  40^  4-  189.28^  —  1600  +  35,827  —  37,427 

'i'herefore,    R  =  V  37,427  —  193.4 
This  viihu!  must  necessarily  check  with  the  value  foumi 
by    the   general    e(|ualion.      By    using   two   of   the   above 
met  hods  the  student  can  always  check  his  results  and  thu» 
be  certain  of   tlieii'  accuracy. 

When  the  resultant  of  a  series  of  forces  is  desired  it 
uuiy  be  found  graphically  by  a  continuous  application  of 


Fig.  9. 


the  parallelogram  law.  Thus  in  Fig.  9  let  the  forces  Pj, 
P2,  P3  and  P4  be  acting  on  a  body  at  the  point  0.  Con- 
struct a  parallelogram  on  P^  and  Pj,  giving  the  resultant 
R.  On  R  and  P3  construct  another  parallelogram  giving- 
the  resultant  Pj.  Construct  a  parallelogram  on  Pi  and 
P4  giving  as  the  final  resultant  the  force  P2.  This  final 
resultant  would  be  the  same  irrespective  of  the  order  in 
which  the  forces  are  taken,  the  truth  of  which  the  stu- 
dent can  readily  prove  by  working  the  problem. 
Study  Questions 

6.  Define  the  term  resultant  force  and  state  three 
metliods  by  which  the  resultant  may  be  found. 

7.  A  connecting-rod  makes  an  angle  of  12  deg.  with 
the  horizontal.  If  the  total  pressure  on  the  piston  at  this 
point  is  6000  lb.,  what  is  the  connecting-rod  thrust? 

8.  In  the  above  problem  determine  the  pressure  be- 
tween the  crosshead  and  the  guides. 

9.  In  problem  8  find  the  force  tending  to  rotate  the 
crankpin  and  also  the  force  tending  to  break  the  crank. 
(The  force  tending  to  rotate  the  crankpin  must  act  at 
90  deg.  to  the  line  of  the  crank).  Assume  that  the  crank 
makes  an  angle  of  90  deg.  with  the  horizontal. 

10.  Four  forces  act  on  a  given  body  at  the  point  0. 
The  first  force  is  horizontal  and  equals  50  lb.  The  sec- 
ond force  makes  an  angle  of  60  deg.  with  the  horizontal 
and  equals  60  lb.  The  third  force  makes  an  angle  of  30 
deg.  with  the  horizontal  and  equals  40  lb.  The  fourth 
force  makes  120  deg.  with  the  horizontal  and  equals  45 
lb.     Find  the  magnitude  and  direction  of  the  resultant. 
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©VISI^  THE  SFHILILWAY 

JUST  JESTS,  JABS,  JOSHES  AND   JUMBLES 


UOY,   PAGE    MISS    SI'RIN<i! 

I  Sprinff,   Spring,   beautiful  Spring-, 

How  we  do  long  for  the  comforts  you  bring! 
The  snow  and  the  ice,  the  pain  and  the  sting — 
The  Winter  we're  having  is  fierce,  by  jingl 
Spring,   Spring — •     There  ain't   no   such   thing! 

;*; 

■The  blamed  fool  didn't  know  it  couldn't  be  done,  so  he 
u.  Tit  ahead  and  done  it,"  Is  the  slogan  of  a  Kansas  commercial 
c  liib.  This  fool  slogan  has  a  few,  a  very  few,  partisans  in  our 
■  iw  II  field.  And  after  the  accident  the  scattered  remains  of 
th<-  decreased  are  but  poor  solace  to  his  widow   and   children. 

A  rural  customer  of  an  electric  comjiany  complained  that 
he  was  not  getting  much  power,  says  "Electrical  World."  In 
letting  the  company  down  easy,  the  farmer  said:  "Mebbe  it's 
'cause  our  line  is  overloaded.  I  notice  that  the  wires  are 
sagging  sumthin'  fearful." 

'^: 

The  National  Efficiency  Exposition  promoters  announce  that 
they  will  "show  Truth  in  overalls  with  sleeves  rolled  up." 
This  is  either  a  sadly  mixed  metaphor  or  we  have  missed  the 
I  i;ind  of  overalls  which  has  sleeves  you  can  roll  up.  Be- 
siles.  Truth,   like  Justice,   is  popularly  depicted  as  a  lady. 

A  ton  of  coal  once  sold  for  $2,150,400.  Some  wise  London 
jewelers  spoiled  a  ton  of  perfectly  good  coal  by  cutting  and 
polishing  it  and  mounting  it  in  scarfpins.  They  were  worn  as 
mementos   of  the   recent  great   coal   strike. 

Us  for  St.  Louis  after  this!  It  has  a  new  league  whose  ob- 
ject is  that  "whenever  they  discover  conspicuous  merit  they 
will  report  it."  We  take  it  that  this  means  that  the  other  fel- 
low will  henceforth  blow  your  horn  for  you,  a  habit  that  has 
fallen  into  sad  disuse. 

m 

Why  holler  because  Mr.  Huntington  bought  a  paltry  mil- 
lion dollars  worth  of  books  from  the  Dook  of  Devonshire?  Be- 
fore now,  we  have  bought  dooks  and  lords  when  we  wanted 
them  (or  thought  we  did,  at  first)  as  husbands  for  our  fair 
daughters;  and,  at  that,  some  of  us  think  the  books  the  bigger 
bargains. 

UP   AGAINST    IT 

"Say,  Billy,"  remarked  Doc.  Inquiries  this  morning,  "help 
me  out.  I'll  be  dinged  if  I  can  answer  this  inquiry."  It 
read: 

Can  you  inform  me  of  any  way  by  which  a  per- 
son in  one  room,  with  closed  doors,  can  see  what 
is  going  on   in  an  adjoining  room? 

"Only  thing  I  can  tell  this  gink  is  that  it's  foreign  to  our 
field,"  says  Doc. 

"It's  foreign  all  right.     D'ye  think  he's  a  regular  feller,  or 
a    Peeping    Tom,    an    abstruse    scientist,    or    one    of    the    sub- 
I  order  Heteroptera — just  a  bug?" 

"Billy,  I'm   plum  worried  if  he's  a   kidder,   a   co-respondent 
or  a  sleuth.     He's  no  engineer,  that's  sure.     No  engineer  would 
ask  such  a  dum  fool  question.     If  I  even   knew    what  he  was 
,  trying  to  see  it  would   be   some   satisfaction." 

"Now,   Doc,  that's  none  of  our   business,  and  what  we  may 

'  just  guess  at  might  put  an   innocent   seeker  after   knowledge 

in  wrong.     Better  get  a  bill  of  particulars.     Find  out  if  it's  a 

glass  door;  if  there's  a  transom  and  a  keyhole.     Mebbe,  it's  a 

case  for   the  police    or  a  psychopathic   ward." 

"I  could  send  him  a  choice  couplet  on  that  keyhole  idea 
of  yours,  Spills.     You  know: 

i"Ye  mighty  men   of  science 
Who  sweep  the  heavens  o'er 
A  telescope  is  nothing 
I  To  a  keyhole   in   the  door." 

'  Doc,  came  back  an  hour  later  and  said  he'd  hedged.  "I 
dictated  an  answer,  and  Ploretta  McClatchy,  my  stenographer, 
made  me  say  that  "the  subject  of  your  inquiry  is  SO  PAR  INTO 
our  FIELD  (I  said  FOREIGN  TO  our  field.  Bill!),  which  is  in 
subjects  pertaining  to  the  generation  and  transmission  of 
power.'  Gee,  I  feel  bad  enough  to  go  out  and  buy  myself  a 
.  headache!" 

I         Poor  old  Doc,  he's  sure  up  against  it!     And  the  most  of  this 
yarn  is  true,  and  all  wool — like  all  good  yarns. 


Prof.  Edward  F.  Miller,  ol'  llic  MaHSiic-luisetts  Institute 
of  Technology,  has  lichen  making  some  interesting  experi- 
ments npon  the  temperature  of  the  contents  of  chimneys. 
The  results  are  reported  in  the  revision  of  "Steam  Boil- 
ers," of  which  he  is  the  co-author  with  Prof.  C.  H.  Pea- 
body,  and  are  in  brief  as  follows : 

The  method  commonly  used  in  calculating  the  draft 
of  a  chimney  is  to  figure  the  diflference  in  weight  be- 
tween a  column  of  cold  air  of  the  same  height  as  the 
chimney,  and  a  column  of  air  which  fills  the  chimney. 

The  temperature  of  the  air  or  gases  in  the  chimney 
is  assumed  to  be  uniform  and  the  same  as  the  tempera- 
ture at  the  bottom. 

This  difference  in  weight   (which  may  be  figured  for 

a  column  of  1  sq.ft.  cross-section)  is  now  divided  by  (52.4 
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Temp    Decj.  F. 
Fall  of  Tkhperature  in  Chimneys 

and  multiplied  by  12  in  order  to  reduce  to  an  equivalent 
pressure  expressed  in  inches  of  water. 

Many  of  the  theories  proposed  for  calculating  the  di- 
mensions of  chimneys  have  started  with  this  assumption, 
and  many  of  the  various  tables  of  "Chimney  Draft"  have 
been  worked  out  in  this  way.  During  the  last  ten  years 
experiments  have  been  made  at  the  Institute  of  Tech- 
nology to  determine  the  draft,  and  the  temperature  at 
different  heights  in  chimneys. 

A  brick  stack  3x3  ft.  in  section  and  102  ft.  in  height 
above  the  grate  was  tapped  at  five  levels  for  temperature 
and  draft  measurements.  This  stack,  with  the  excep- 
tion of  20  ft.  at  the  top,  was  entirely  inside  of  a  build- 
ing heated  to  70  deg. 

An  unlined  steel  stack  3  ft.  in  diameter  and  100  ft. 
in  height  above  the  grate  was  equipped  with  an  iron 
ladder,  and  observations  were  taken  at  four  landings. 

In  the  accompanying  chart  are  plotted  curves  repre- 


468 


I'o  w  !•; 


V(.l.  ;(!t.  No.  i:i 


si'iilmy  llif  result  nl  an  cxtciiilcd  snics  of  ohscrvalioiiH. 
'I'lu-  nirvi'  .1  givi's  tlic  vniiatioii  in  l»'iM|icratiur  rmind  in 
llu-  iinlini'd  sd'fl  stack;  llic  ciirv*'  li  tlial  in  llic  luick 
tliiMiiifN.  'I'lif  (urvi's  lunrki'd  ('  and  l>  rcprcsfnt  tlic 
variation  in  tcnipcratiiic  in  a  '-jntl-ft.  Custodis  cliiinnov. 
IS  rt.  internal  diameter  iil  tln'  Iimm'  and  1(1  It.  iiilernal 
diaiiu'tor  at  tlie  (i>|i,  located  at  liic  L  S|.  station  of  the 
Boston  K<iison  Co.  'Tins  cluninev  was  ;i  ft.  thick  at  the 
liottoni  and  M  in.  at  tiie  toji,  and  was  takinj.'  care  of  aliout 
.")()  II).  of  coal  per  sij.ft.  of  chininey  area.  The  curve  (' 
was  obtained  hv  Messrs.  Kilhorn  and  Alexander,  of  tiio 
Massachuselts  Institute  of  'IVchnolo^'y,  in  1!)11.  and  is 
an  averaire  of  a  larfje  lumiher  of  curves.  The  curve  marked 
I)  is  a  fair  rcnrc-cntatit'ii  of  anotiicr  scries  of  curves  oh- 


liiiiicil  from  the  saiiir-  chimnev  hy  Messrs.  RIkmIok  & 
Walker,  M.  I.  T.,  IIM'-i.  The  lem|)eralure  of  the  ;.(aHes 
enteiin;;  the  Htack  wiim  iimicIi  lower  in  the  hccoikI  sc-rieK 
of  tests. 

These   ohscrvations   of    lciii|)i  rai  iiic    were   ail    taken    L 
means  of  a  llieinia!    jiiiiiliin'  «lii(  ji  could  he  moved   from 

llie    lii|i    III    liie    IkiIIiiIii    cif    IJii-    (hilllliey    iltld    tile    rcailillfrH 

lakiii,  in  :;(!  nun.  The  draft  was  measured  at  tlie  hasu 
of  liic  ciniiincv  and  compared  with  that  lif^iired  from 
the  avi-raj^e  temperature  as  ohtained  from  the  j)lot.  'I'he 
fjreatest  variation  helweeii  the  ohserved  draft  and  the 
draft  as  calculated  was  ((.()!»  in.  in  I  in.;  in  most  cases 
the  variation  hetween  the  ohserved  and  tiie  calculated 
ijiiift   \va>  not    more  than  :>  per  cent. 


DfLScrimiimaftnoini  iim   Rentes  for 


l>V     lli;MiV     I).    J.VCKSON 


SVXOPSIS — li  has  been  stated  by  the  central  statio7i 
that  the  small  consiuncrs,  paijiiin  lOr.  per  kw.-hr.,  arc 
served  at  a  loss,  and  thni  the  /inifits  come  from  the  large 
consumers.  It  is  shoini  in  the  article  that  the  large  con- 
sumers of  a  certain  plant  cause  eight-ninths  of  the  maxi- 
mum peak  load  at  a  load  factor  of  one-third  that  of  the 
small  consumer.  Onli/  an  unfair  division  of  the  fixed  and 
operating  costs  can  ac(ount  for  tlie  great  difference  in  the 
rates. 

m. 

'IMiere  has  been  a  lot  said  in  the  past  about  discrimina- 
tion in  the  rates  charged  for  electric  power.  In  the  course 
of  hearings  before  tlie  lighting  commissioners  the  gen- 
eral statement  has  i)een  made  a  number  of  times  that 
the  average  retail  customer,  who  represents  approximate- 
ly 80  per  cent,  of  the  commercial  customers  of  the  light- 
ing company,  are  served  at  an  actual  loss  to  the  company, 
and  further,  that  the  large  companies,  those  being  fur- 
nished with  large  amounts  of  power  at  a  correspondingly 
low  price,  are  the  ones  who  return  the  greatest  profits. 
The  general  statement  of  the  lighting  companies  is  to 
the  effect  that  the  small  consumers  are  responsible  for 
the  peak  load,  and,  therefore,  they  should,  of  course,  pay 
for  the  fixed  charges  on  the  apparatus  required  to  produce 
this  load.  It  is  also  claimed  that  the  cost  of  connections 
to  these  small  consumers  is  heavy,  and,  of  course,  they 
should  pav  the  fixed  charges  on  these  connections.  It  is 
still  further  claimed  that  the  amount  of  power  furnished 
to  these  consumers  is  small  and  that  the  management 
and  operating  costs  are,  therefore,  necessarily  large  as 
compared  to  these  charges  against  the  large  consumers. 

Eeferring  to  the  accompanying  illustration  the  peak 
load  is  composed  of  the  power  load  and  the  peak  of  the 
lighting  load,  this  lighting  load  peak  being  composed  of 
the  large  users  and  the  small  users.  It  is  quite  evident 
from  the  rapid  dropping  off  of  the  peak  lighting  load 
that  the  majority  of  this  load  is  composed  of  the  large 
users,  such  as  stores  and  factories.  A  rough  calculation 
would  show  that  the  small  consumers  or  those  paying 
the  maximum  price,  are  actually  responsil)le  for  but  one- 
ninth  of  the  maximum  peak  load  ;  the  other  eight-ninths 
being  composed  almost  entirely  of  the  large  users  of  light 


iiiul  power.  .\  portion  of  this  load  is  municipal  lighting, 
wiiich,  wiiih'  entering  the  jieak  load,  is  a  load  of  long 
duration  and  exists  during  the  entire  year.  This,  then, 
would  indicate  that  the  small  customers'  load  would  lie 
responsible  for  but  one-ninth  of  the  total  apparatus  in 
the  station  and  imt  one-ninth  of  the  apparatus  in  the 
streets.  This  latter  is  to  be  modified  somewliat,  because 
of  the  connections  required  from  the  streets  to  the  ser- 
vice of  the  small  customers;  but  this  is  a  small  item  when 
taken  in  connection  with  the  total  cost  of  apparatus  re- 
quired for  the  generation  and  distribution  of  the  peak 
load,  so  that  so  far  as  the  fixed  charges  are  concerned, 
slightly  over  one-ninth  is  actually  chargeable  against  the 
small  consumers. 

To  be  sure,  tlie  power  furnished  to  each  individual  con- 
sumer is  small,  but  the  number  of  those  consumers  is  very 
great  and  the  total  amount  of  power  furnished  to  these 
consumers  represents  2H.2  per  cent,  of  the  total  amount  of 
power  generated  by  the  company.  This  would  hardly  be 
called  small.  The  operating  charges,  however,  for  this 
power  may  be  fairly  large,  not,  however,  in  the  station, 
but  entirely  in  the  management  and  distribution,  because 
the  meters  must  be  read  and  kept  in  order,  the  bills  must 
be  rendered  and  must  be  collected.  These  items  cost 
money,  and  should  be  charged  up  against  the  people  caus- 
ing them.  On  the  other  hand,  the  large  consumers  are 
responsible  for  an  item  of  management  cost,  which  prob- 
ably would  go  a  long  way  toward  offsetting  these  charges 
against  the  small  consumer,  and  this  item  is  the  large 
corps  of  a.ssistants  or  solicitors  and  engineers  who  are 
necessary  in  order  to  obtain  this  load  as  w'ell  as  to  main- 
tain it.  These  men  are  trained  specialists,  and  cost  a 
large  amount  of  money  to  employ.  They  act  in  an  en- 
gineering capacity  for  the  consumers,  furnishing  them 
with  information,  data,  etc.,  to  keep  the  consumer  satis- 
fied. These  men  have  no  connection  whatever  with  the 
small  consumers,  and,  in  fact,  the  small  consumer  rarely 
knows  that  such  men  are  available,  so  that  the  cost  of 
these  should  be  charged  against  the  large  consumer. 
Thus  the  management  charges  against  the  two  characters 
of  load  per  kilowatt-hour  would  probably  be  very  nearly 
the  same. 
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It  is  to  be  noted,  however,  that  while  the  load  which  is 
responsible  for  11  per  cent,  of  the  maximum  peak  load, 
consimies  28.2  per  cent,  of  the  power  actually  delivered 
by  this  lighting  company,  the  remaining  load  which  is 
responsible  for  89  per  cent,  of  the  ma.ximum  peak  con- 
sumes but  71.8  per  cent,  of  the  total  output,  showing 
that  the  load  factor  of  the  small  consumers  is  considi!r- 
ably  over  three  times  that  of  the  large  ones,  so  that  the 
actual  operating  costs  in  the  station  for  the  small  con- 
sumers should  bo  considerably  less  than  that  of  the  large 
ones,  as  a  constant  load  factor  materially  improves  sta- 
tion operation.  The  load  factor  of  the  small  consumers' 
load  has  also  a  very  important  l)caring  on  the  fixed  cost, 
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Combined  Si'mmek  and  Winter  Load  Curves 

because  the  better  the  load  factor,  the  lower  should  be  the 
fixed  cost.  Under  these  conditions,  therefore,  it  would 
Beem  as  though  the  small  consumers'  load  should  not  be 
responsible  for  any  great  excess  fixed  or  operating  charges 
over  those  charged  against  the  large  consumer. 

What,  then,  is  there  to  make  the  cost  of  power  to  the 
small  consumers  so  much  greater  than  that  to  the  large 
one?  One  thing  which  exists  is  the  fact  that  the 
large  users  use  power  during  the  day  when  tlie  machin- 
ery would  otherwise  be  idle.  This  would  be  a  just  cause 
for  a  low  rate  if  the  power  furnished  could  be  furnished 
from  machinery  which  was  used  for  ])ro(lu(ing  power  for 
other  purposes  during  the  peak  load. 

The  curve  shows  distinctly  the  existence  of  a  condition 
ixiictly  opposite  to  the  general  statement  of  the  lighting 
ciimpanies — that  is  to  say,  the  power  furnished  during 
tlic  day  to  the  large  consumers  is  furnished  by  machin- 
•  ly  which  has  a  capacity  equal  to  that  machinery 
necessary  for  the  production  of  the  same  power  during 
tlir  peak  load,  or,  in  other  words,  liaving  lliis  load  during 


the  day,  and  the  fact  that  it  extends  into  the  peak  pe- 
riod, requires  a  station  capacity  equal  to  this  day 
load.  This  condition  then  should  make  it  necessary  that 
the  fixed  charges  should  be  paid  by  those  consumers  re- 
quiring that  machinery.  As  above  stated,  the  ratio  of 
apparatus  is  approximately  1  to  9,  or  eight  times  as  much 
apparatus  is  required  for  the  peak  lighting  and  power 
load  of  the  large  users  as  is  required  for  the  combined 
load  of  all   the  small  consumers. 

If,  then,  the  small  consumers  are  responsible  for  one- 
ninth  of  the  total  fixed  charges,  including  dividends,  the 
cost  to  the  consumer  for  these  would  be  1.298c.  per  kw.- 
hr.,  and  the  fixed  charges  against  all  the  rest  of  the  con- 
sumers on  the  basis  of  eight-ninths  would  be 
4.;51c.  Assuming  that  the  total  charges  per 
kilowatt-hour  are  equal,  the  operating  charges 
against  the  small  consumer  would  be  4.97c., 
and  against  the  large,  1.96e.  The  receipts  per 
kilowatt-hour  for  the  small  customer  are  10c. , 
and  for  the  balance  of  the  power  sold  average 
4.75c.  Evidently  on  these  figures  the  small 
consumer  is  paying  a  considerably  larger  pro- 
portion of  the  charges  than  is  warranted. 

Suppose,  then,  that  for  some  reason  the  small 
consumer  should  pay  for  double  fixed  charges. 
We  then  find  that  the  fixed  costs  for  the  small 
customer,  including  dividends,  are  2.59(5  and 
for  operating  4,  making  a  total  of  6. .596.  The 
fixed  costs,  including  dividends,  for  the  large 
customer  are  3.706  and  the  operating  cost 
2.424,  which  totals  0.13.  The  average  re- 
ceipts remain  as  before. 

Again,  if  the  small  customer  pays  for  the 
entire  amortization  and  taxes  charge,  and  some- 
thing over  douljle  the  jfro  rata  dividend  charges, 
and  his  fLxed  charges  and  operating  costs  are 
made  equal  to  the  price  received  per  kilowatt- 
hour,  the  charges  will  be:  Fixed,  6;  operat- 
ing, 4.  The  charges  to  the  large  consumer 
will  reduce  to:  Fixed,  2.326;  operating,  2.424, 
making  a  total  charge  of  4.75,  or  equal  to 
what  the  average  figure  for  the  power  deliv- 
ered to  the  large  consumer  has  been,  accord- 
ing to  the  reports  in  the  past.  Under  these 
conditions,  it  is  evident  tliat  power  sold  below 
4.75  is  sold  at  below  the  actual  cost  total  of  operation  and 
dividends,  and  that  any  power  sold  below  2.424  will  return 
no  profit  to  the  company,  and  any  power  sold  between 
2.424  and  4.75  is  only  paying  a  proportion  of  the  fixed 
costs  and   dividends. 

How,  then,  is  the  small  consumer  being  sold  to  at  an 
actual  loss,  when  he  pays  10c.  a  kw.-hr.,  and  how  is  it 
])ossible  for  the  large  consumer  to  be  sold  to  at  a  profit 
at  prices  as  low  as  1.44c.  per  kw.-hr.? 

It  is  evident  from  the  above  that  the  figures  regarding 
l)oth  fixed  and  operating  costs  can  be  made  to  meet  any 
londition  that  may  be  desired.  The  lighting  company 
can  readily  adjust  the  figures  so  that  the  total  cost  of 
fixed  charges,  plus  operating  charges,  will  show  a  loss 
on  selling  power  at  10c.  and  a  profit  on  selling  power  to 
the  large  consumers  at  any  price.  It  should,  however,  be 
noticed  that  such  figures  are  merely  juggling.  The 
facts  must  lie  somewhere  between  the  first  set  of  figures 
given  and  the  last. 
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On  Ihf  I'VfnliiK  of  Mm-.  18.  In  tho  rrystul  Unoiii  of  llw 
Hhi-inmii  ll.piisi'.  til.-  ChlcuKo  H.-rtlim  of  llif  Anx-i  Iciiii  Soclity 
of  Mcihanlcal  KiiKliueis  held  ItH  Im-hI  iii<-.Uim  of  the  .vi-iir. 
Thi«  aubjefl  was  "l.,iirKe  Sti-iim  Towor  IMantH,"  iiiul  Monie  of 
tht'  b«>st  fiiKlrn'iTB  In  th«  country  in  rcBpoiiHllili'  <'hiirKf  of 
the  lurK<'8l  plants  wi-re  thrro  to  cIIscuhh  Ihi-  various  phasi-s 
ol  pri-dtMit-ilay  operation  and  suKKfst  linprovi-nii-nts  for  the 
future.  Over  two  hundred  Were  at  the  table,  and  nil  were 
enthu.iiustlc  ovei-  tlie  rare  treat  of  llsti'iiluK  at  one  slttlnK  to 
sueh  Mien  a.i  Miiultrop.  of  the  Hoston  Kdlwon,  Parker,  of 
tho  Detroit  Kdlson.  Hunter,  of  the  St.  Koul.s  Union  lOlectrIc, 
and  Abbott,  of  the  Commonwealth  Kdlaon.  of  Chk-nKo.  W.  U. 
Jackson,  of  ChlcaRo.  otllclated  and  made  an  excellent  toast- 
in  a. si  eiv 

THE    BOSTON    WAY 

1.  K.  Moultrop  introduced  his  remarks  on  the  topic  of  tho 
pvcninK  with  a  short  talk  on  the  work  of  the  society.  He 
was  hlRhly  in  favor  of  BeoRraphlcal  meetings  as  the  strenKth 
of  the  national  body  lay  in  the  local  organization.  A  step 
farther  is  the  joint  meeting  with  other  societies  which  have 
proved  so  beneficial  in  Philadelphia,  St.  L,ouis  and  other  cities. 
It  Is  important  to  get  all  the  engineers  out.  The  lines  are  not 
very  distinct.  All  are  engineers,  and  the  intermingling  and 
the  exchange  of  ideas  will  help  the  profession  as  a  whole. 
At  the  annual  and  spring  meetings  papers  of  high  grade  are 
expected,  but  at  local  meetings  this  is  not  so  necessary.  A 
topic  should  be  selected  that  will  draw  the  engineers  to  the 
meeting  and  get  them  on  their  feet  in  the  discussion. 
Finances,  tlie  amount  allotted  to  the  local  organizations,  and 
the  importance  of  Increasing  the  membership  were  also 
touched  on. 

Continuing,  Mr.  Moultrop  turned  to  the  boiler  room,  to 
which  the  present-day  engineer  is  directing  much  attention 
to  secure  better  economy.  This  is  as  it  should  be,  because 
the  oepration  of  the  boiler  room  will  show,  in  better  fuel  econ- 
omy, any  increase  of  skill  and  intelligence  devoted  to  that 
part   of  the   plant. 

Most  plants  are  subjected  to  great  and  sudden  variations 
in  load.  In  the  electrical  end  of  the  station  there  are  all 
sorts  of  instruments  which  are  closely  accurate,  but  only  re- 
cently has  some  thought  been  given  to  installing  instruments 
in  the  boiler  room.  Originally,  all  that  a  man  had  was  a 
water  glass  and  a  steam  gage.  A  visual  load  indicator  was 
then  added  and  the  next  instrument  was  a  device  that  has 
created  a  lot  of  discussion,  the  CO2  recorder.  This  is  a  deli- 
cate instrument,  and  where  it  has  been  put  into  the  boiler 
plant  and  received  the  best  of  care  and  atention,  it  has  been 
of  some  use.  But  it  is  a  laboratory  instrument  and  not  for 
the  average  fireman.  The  difficulty  is  to  get  a  fair  sample, 
as  the  qualities  vary  greatly  in  different  parts  of  the  cross- 
section  of  the  gas  passage.  A  sample  taken  from  one  place 
may  be  much  different  from  that  taken  from  another  point  in 
the  same  flue  at  the  same  time. 

One  of  the  most  satisfactory  instruments  now  in  use  is 
the  steamflow  meter.  Used  in  connection  with  draft  gages, 
draft  regulators,  feed-water  regulators,  etc.,  the  fireman  can 
show  a  considerable  amount  of  intelligence  in  operating  a 
boiler  plant. 

In  the  usual  large  station  a  high  chimney  is  necessary  to 
carry  off  the  gases.  Ordinarily  the  height  required  is  enough 
to  give  the  draft  needed  under  normal  conditions.  But  the 
exacting  requirements  of  public-utility  plants  call  for  more 
positive  control  over  the  draft,  and  the  ability  to  meet  sudden 
demands   for   load   calls   for   forced-draft   apparatus. 

The  best  arrangement  is  a  plant  that  will  run  on  natural 
draft,  with  some  cheap  apparatus  for  materially  increasing 
the  draft  to  meet  peak  loads  or  unexpected  demands.  At  the 
L,  St.  station  in  Boston  the  situation  has  been  met  by  using 
Murphy  stokers,  closing  up  the  ashpit  and  creating  forced 
draft  with  steam  jets.  The  load  is  carried  on  natural  draft 
up  to  150  per  cent,  of  rating.  Above  that  the  ashpit  doors 
are  closed,  the  steam  blower  turned  on  and  it  is  possible  to 
reach  300  per  cent,  or  over.  Boilers  have  been  taken  from  125 
to  300  per  cent,  inside  of  five  minutes. 

In  the  past  too  much  attention  has  been  given  to  ■the  oper- 
ation of  the  turbine  or  engine  room  and  not  enough  to  the 
boiler  plant.  The  usual  practice  has  been  to  put  the  high- 
priced  and  high-grade  engineer  in  charge  of  the  generating 
room  and  hire  some  brawny  individual  to  shovel  coal  into 
the  boiler.  The  economy  of  the  turbine  room  is  mostly  in  the 
hands   of   the    designing   engineer       In   the   fire   room   the   con- 


HtriKtlhK  eimliieei  doiH  ijiit  have  much  <-ontrol  over  th<-  econ* 
omy.  When  It  Ih  conHldered  that  from  (iO  l<i  70  pr-r  eeiit,  of 
the  coHt  of  putting  11  unit  of  eleetricul  enerKy  onto  Iho  biiHbnra 
Is  spent  in  the  lire  room  It  does  Heein  that  thiH  Ih  the  plii<  i- 
to  have  the  most  Hkllleil  help.  The  (lr<--rooin  Job  haH  \>i  •  n 
dirty,  underpaid,  uiipleaHant  and  unattrncllve  In  every  r<-Hpi  ■  ' 
The  mechanical  stoker  haH  changed  thlu  In  many  renpei  1 
l!  Hhould  be  arranged  to  do  away  with  all  manual  labor,  mn  i 
the  place  light  and  clean,  and  give  the  man  In  the  fire  room 
sullleient  lii.MtrunientH  ho  that  he  can  tell  what  be  Ih  dolnK- 
TIiIh  will  make  the  job  attractive  to  a  young  man  and  It  will 
be  iiossible  to  get   better  help  In  the  (Ire  room. 

liOILKU   PKACTICK   IN   DETROIT 

Coming  from  the  Detroit  Edison  Co.,  with  ItH  larKe  boilers 
at  Delray  and  more  to  be  Installed  In  the  new  Htation  at  Con- 
ners  Creek,  J.  W.  Parker  naturally  talked  o(  thone  Immense 
units  and  their  operation.  In  his  opinion,  the  large  boiler 
had  created  a  good  deal  of  critlclHin  Just  because  It  wa« 
large.  Some  people  object  to  putting  so  many  eggs  Into  one 
basket,  but,  quoting  from  Carnegie,  "he  preferred  to  put 
them  all  into  one  basket  and  watch  the  basket."  Boilers  are 
more  reliable  units  than  steam  turbines.  It  Is  possible  to 
lose  a  large  turbine  much  quicker  than  a  large  boiler.  The 
company  had  never  lost  one  of  its  large  boilers  when  it  was 
needed,   and  during  a   peak   never  had   a  tube  burst. 

As  to  tube  troubles,  the  water  was  not  very  bad.  In  a  year 
or  18  months,  upon  opening  a  boiler,  about  ,',  in.  of  scale  was 
found  on  the  front  tubes.  With  a  unit  driven  only  during 
the  peak  at  about  175  per  cent,  of  rating,  ^,  In.  of  scale  is 
not  serious,  but  with  the  double-ended  boiler  the  trouble  from 
radiation  seems  to  be  greater.  Everything  is  radiating  right 
at  the  front  tubes,  and  when  running  at  200  per  cent,  of  rating 
but  little  scale  is  permissible.  The  only  trouble  in  this  direc- 
tion had  been  a  small  bag  about  the  size  of  a  quarter,  and 
this  was  not  discovered  until  the  unit  had  been  cut  out  and 
inspected. 

Even  Vs  in.  of  scale  is  too  much  to  stand  for,  however,  and 
the  water  should  be  cleaner.  A  small  amount  of  barium 
hydrate  had  been  used,  but  Mr.  Parker  was  in  favor  of  using 
distilled  water  for  make-up.  It  does  not  cost  much  except 
the  radiation  from  the  distilling  apparatus  because  it  is  pos- 
sible to  distill  the  make-up  under  vacuum.  By  using  it  the 
amount  of  blowoff  can  be  reduced  to  2  per  cent.  Trouble  from 
corrosion  can  be  lessened  by  feeding  a  certain  amount  of  lime. 

In  reply  to  Mr.  Hunter,  the  speaker  said  that  they  had 
used  compound  much  as  people  buy  and  take  patent  medicine, 
getting  enough  foam  to  cause  flooding  of  the  superheater 
tubes  and  their  constant  burning.  The  barium  hydrate  Is 
fed  in  the  same  way  as  any  compound  and  it  controls  the 
scale  formation  in  the  same  way,  but  avoids  foaming.  The 
barium  sulphite  precipitate  was  so  fine  that  it  could  not  be 
filtered  out,  and  they  were  using  a  little  sodium  In  combina- 
tion with  it,  but  this  compound  was  simply  used  as  a  make- 
shift until  the  experiments  on  the  practicability  of  using  dis- 
tilled water  for  make-up  had  been  worked  out. 

One  of  the  advantages  of  a  large  boiler  is  that  the  com- 
pany can  afford  to  use  more  instruments,  employ  better  men 
and  pay  more  attention  to  the  single  unit.  The  Detroit  Edison 
has  just  started  the  foundations  for  a  station  of  120,000-kw. 
normal  capacity.  It  will  have  12  boilers,  each  of  which 
will  ordinarily  care  for  10,000  kw.,  and  there  will  be  no  spares 
in  the  plant.  By  installing  forced-draft  apparatus  and  tak- 
ing care  that  the  stacks  and  breeching  are  ample,  it  will  be 
possible  to  get  250  per  cent,  of  rating  out  of  each  boiler.  Each 
turbine  is  served  by  two  units,  and  running  at  the  above 
rate   one  boiler  out  of  every  four  could  be  spared. 

The  boilers  at  Delray  have  done  so  much  more  than  was 
expected  of  them  that  there  is  too  much  boiler  capacity. 
During  the  peak  season  of  1913  no  banked  boilers  were  car- 
ried, which  means  a  large  saving.  It  is  hard  to  realize  how 
much  of  a  disadvantage  a  low  load  factor  is.  Boilers  which 
show  high  efficiency  under  a  constant  load  will  not  show  up 
as  well   under  variable   conditions. 

To  take  advantage  of  the  possibilities  of  large  units  it  is 
necessary  to  study  conditions.  At  Delray  they  started  in  with 
boiler  tests  and  studied  carefully  the  things  that  seemed  to 
be  indicative  of  good  efficiency.  In  this  connection  the  C0» 
machine  has  been  a  most  valuable  instrument.  They  have 
been  able  to  keep  it  running  and  the  firemen  trusted  it.  Sam- 
ples are  drawn  from   four  different  points  in  the   setting  and 
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are  mixed  automatically  to  obtain  an  average  sample.  The 
recorder  is  mounted  on  the  front  of  the  boiler  where  the 
firemen  can  watch  it.  There  are  also  steam-flow  meters  and 
draft  gages,  but  Mr.  Parker  did  not  know  of  any  better  in- 
strument than  the  CO2  recorder  to  show  good  firing  and  poor 
firing  conditions.  The  flame  is  watched  where  it  leaves  the 
furnace  and  enters  the  first  pass.  If  there  is  a  slight  haze 
there  it  means  that  there  is  some  slight  flame  over  in  the 
pass,  and  if  it  gets  a  little'  bit  heavier  there  is  danger  that 
the  gases  will  be  cooled  down  and  go  out  before  the  combus- 
tion is  complete. 

It  is  possible  to  get  a  beautiful  looking  combustion  cham- 
ber and  good-looking  second  pass  by  using  an  excess  of  air 
and  still  have  bad  combustion.  There  is  no  better  way  to 
detect  it  than  by  the  use  of  the  CO2  machine.  Prom  13  V4  to 
14  per  cent,  of  CO2  is  obtained  as  an  average  when  the  boil- 
ers are  running  steadily.  Conditions  are  disturbed  a  little 
about  noon  and  the  records  show  perhaps  10  per  cent.  As 
the  boilers  are  run  harder  the  CO2  rises.  It  is  common  to  get 
16  to  16%  per  cent,  at  225  per  cent.  load,  and  checking  with 
the  Orsat,  there  is  no  more  than  a  trace  of  CO.  It  is  not 
a  good  idea  to  draw  two  lines  on  the  CO2  chart  and  tell  the 
men  to  keep  between  them. 

As  at  first  installed,  the  control  apparatus  of  the  big 
boilers  was  clumsy  to  control.  The  damper  was  handled  from 
a  gallery  20  ft.  above  the  men's  heads.  They  had  no  steam- 
flow  meter.  Efforts  have  been  made  ever  since  to  bring  the 
control  under  the  hand  of  the  fireman,  so  that  he  will  have 
all  the  advantages  of  the  testing  engineer  when  running  a 
test  on  a  boiler.  The  men  can  control  everything  from  one 
point  and  all  the  instruments  are  on  one  board. 

It  has  naturally  come  about  that  everything  is  hand-con- 
trolled and  automatic  regulation  has  not  been  tried  because 
it  was  desired  first  to  find  out  what  there  was  to  do.  It  would 
then  be  easy  and  desirable  to  install  automatic  apparatus. 

■\Vith  hand  control,  it  is  possible  for  one  fireman  to  handle 
two  of  these  large  boilers.  In  addition,  there  is  a  roving 
fireman  over  every  nine  boilers.  Firemen  who  have  been  in 
the  service  2  or  2%  years  are  receiving  40c.  an  hour,  and  the 
company  is  rapidly  getting  to  a  point  where  the  highest- 
priced  and  brainiest  men  must  be  placed  in  the  boiler  room. 
Ordinarily  a  change  from  the  boiler  to  the  engine  room  has 
been  considered  a  promotion,  but  under  the  new  conditions 
the  engine  room  will  have  dropped  to  a  secondary  place.  In 
making  transfers  it  is  important  that  the  men  realize  this, 
as  otherwise  there  is  apt  to  be  trouble  and  dissatisfaction. 

As  expressed  by  Mr.  Stott  at  the  annual  meeting  of  the 
society  in  New  York,  it  would  be  a  fine  thing  to  have  college 
graduates  for  firemen.  This  is  not  impossible  by  any  means. 
The  dirty  work  could  be  handed  over  to  helpers  and  the  real 
brainy  work  entrusted  to  them.  A  preliminary  training  of  this 
kind  in  the  boiler  room  for  a  year  would  be  invaluable,  and 
to  the  right  man  the  job  would  be  so  interesting  and  worth 
while  that  he  would  bo  willing  to  do   the   actual  firing. 

AT    ASHLEY    .ST.    .STATION,    ST.    LOUIS 

John  Hunter  referred  briefly  to  the  organization  of  the 
first  local  section  of  the  society  in  St.  Louis  in  1909  and  then 
turned  to  his  subject,  "The  Construction  and  Development  of 
Large  Steam-Power  Plants."  In  St.  Louis  this  line  of  work 
had  been  arrested  for  the  past  two  years  due  to  the  develop- 
ment of  the  large  hydro-electric  plant  at  Keokuk,  from  which 
30,000  hp.  at  110,000  volts  is  transmitted  over  two  transmis- 
sion lines  to  St.  Louis,  a  distance  of  145  miles.  At  a  sub- 
station in  St.  Louis  County  this  is  stepped  down  to  13,200 
volts,  30,000  hp.  being  delivered  to  the  street-railway  company 
and  30,000  hp.  to  the  lighting  company.  The  lighting  com- 
pany's energy  is  carried  underground  at  this  voltage,  a  dis- 
tance of  seven  miles,  to  a  substation  adjacent  to  the  main 
steam-generating  plant,  where  it  is  stepped  down  to  the 
steam-generating  voltage  of  6600.  In  the  steam  station  there 
are  three  distinct  systems  of  service;  the  street  railways,  25- 
cycle,  the  Union  Co.'s  service  for  industrial  power  and  business 
lighting,  which  is  changed  to  direct  current,  and  60-cycle  ser- 
vice for  residence  lighting.  The  water-power  energy  is  con- 
nected directly  to  the  busbars  of  the  steam  generators,  the  two 
systems  floating  together  in  parallel. 

To  insure  continuity  of  service  the  steam  station  has  been 
maintained  as  a  standby  ready  to  pick  up  the  water-power 
load  in  the  shortest  possible  time.  The  prime  movers  are 
either  in  on  the  busbars,  or  floating,  ready  to  pick  up  the 
load,  which  is  an  easy  method  of  operation.  The  condition  is 
much  different  in  the  boiler  room.  It  was  found  from  test 
that  it  would  take  130  lb.  of  coal  per  hour  to  bank  the  fires 
In  each  boiler  and  hold  it  at  about  60-lb.  steam  pressure,  and 
as  all  of  the  boilers  are  equipped  with  chain  grates,  which  are 
slow-moving  units,  it  would  require  about  30  minutes  to  bring 


them    in   on   the   header   with   the    fires   In    such   condition    that 
they  could   maintain  the  desired  capacity. 

To  bring  the  boilers  quickly  into  service  at  less  cost  a 
unique  system  was  developed  of  keeping  the  water  hot  In  the 
reserve  boilers  with  fuel  set  on  the  grates  ready  to  ignite  at 
a  moment's  notice.  A  tank  with  a  steam  coil  was  placed  in 
the  basement  directly  below  the  battery  of  standby  boilers. 
The  blowoft;  headers  from  these  boilers  were  connected  to  the 
bottom  of  the  tank,  and  to  the  top  the  superheater  connec- 
tions to  the  steam  drums.  The  difference  in  elevation  of  these 
two  connections  to  the  boilers  caused  an  easy  circulation.  The 
steam  coil  in  the  tank  was  connected  to  a  drain  of  one  of  the 
main  steam  headers  of  the  standby  boilers  which  were  kept 
alive  for  emergency  service.  This  connection  not  only  served 
to  drain  the  header,  but  also  to  heat  the  water  for  the  idle 
boilers,  and  maintain  it  at  a  temperature  of  about  212  deg. 
at  a  cost  by  test  of  the  heat  equivalent  of  about  12%  lb.  of 
coal  per  hour.  The  boilers  can  be  cut  into  service  and  main- 
tain their  capacity  in  about  15  min. 

Quick  ignition  of  the  fires  has  been  solved  by  laying  on 
the  grates,  which  are  10x10  ft.,  two  rolls  of  oily  rags,  cross- 
wise and  lengthwise,  covering  the  remainder  of  the  grate 
with  a  high-grade  washed  nut  coal  about  1%  in.  in  size  to  a 
thickness  of  9  in.  Kindling  wood  soaked  in  oil  is  placed  on 
the  top  of  the  coal.  This  fuel  may  stand  any  length  of  time 
without  deterioration  or  cost.  On  ignition  it  bursts  into 
flames  and  the  generation  of  steam  is  rapid. 

In  maintaining  hot  water  in  standby  boilers  it  is  important 
to  keep  the  dampers  tight  so  that  there  is  no  circulation  of 
air  in  the  boiler.  In  this  way  the  brick  setting  is  kept  hot. 
The  firebrick  suffers  little  from  the  heavy  action  of  the  flames 
v.'hen  the  fires  are  started.  One  complication  which  arose 
during  the  past  six  months  was  a  pitting  action  in  the  drums. 
Most  of  this  pitting  was  in  the  vicinity  of  the  water  line  and 
was  evidently  the  result  of  galvanic  action  between  the  metal 
of  the  boiler  drums  proper  and  particles  of  carbonaceous 
matter  adhering  thereto.  Further  action  was  prevented  by 
cleaning  out  the  corroded  spots,  scraping  and  wire-brushing 
the  entire  inside  of  the  drums  and  applying  two  coats  of 
graphite  paint,  permitting  each  coat  to  dry  thoroughly. 

To  prevent  the  possibility  of  further  action  of  this  sort, 
the  method  of  treating  the  boiler-feed  water  was  changed. 
The  plant  in  St.  Louis  is  on  the  banks  of  the  Mississippi  River, 
which  contains  a  high  percentage  of  silt,  sand  and  organic 
matter.  This  water  is  clarified  for  boiler  purposes  with  a 
coagulant  of  lime  and  sulphate  of  iron,  adding  a  small  per- 
centage of  soda  ash  to  relieve  it  of  its  permanent  hardness. 
The  use  of  this  soda  ash  results  in  the  concentration  of 
sodium  sulphate  in  the  boilers,  and  as  this  is  strongly  alka- 
line, it  was  thought  that  it  served  as  an  electrolite  for  the 
galvanic  action  taking  place  between  the  particles  of  carbon 
and  the  iron.  The  company  has  just  begun  using  barium 
hydrate  instead  of  soda  ash  to  remove  all  of  the  organic 
matter  and  a  large  portion  of  the  sulphate,  or  permanent 
hardness,  from  the  water  before  it  enters  the  boiler,  at  the 
same  time  avoiding  the  presence  of  an  alkaline  solution  in  the 
boilers. 

Mr.  Hunter  then  referred  to  an  experience  with  the  cool- 
ing coils  in  the  high-tension  transformers  of  the  hydro- 
electric system.  The  coils  in  these  transformers  were  of  iron, 
and  although  the  current  was  alternating,  it  was  found  that 
the  coils  were  in  a  strong  magnetic  field  and  were  highly 
magnetized.  After  being  in  service  for  six  months  the  inside 
of  the  coils  had  deteriorated  rapidly,  indicating  galvanic 
action.  The  pipes  had  also  become  heavily  coated  on  the 
inside  with  mud  which  had  been  deposited  from  the  water 
flowing  through  them.  This  deterioration  and  accumulation 
forced  a  change  from  iron  to  brass  coils  in  which  there  is 
no  accumulation  of  any  kind. 

The  effect  water-power  operation  had  on  the  coal  supply 
on  the  St.  Louis  market  is  interesting.  A  year  ago  at  the 
Ashley  St.  station  before  the  water-power  service  went  into 
effect,  something  over  1100  tons  of  coal  per  day  were  burned; 
now  only  half  that  amount  is  used.  This  falling  of  in  the 
coal  consumption  by  the  lighting  company  and  a  like  amount 
by  the  street  railways  company  caused  a  large  amount  of 
screenings  to  be  thrown  on  the  market,  which  effectively  low- 
ered the  prices  of  all  screenings  shipped  from  the  mines  fVi 
the  vicinity.  The  railroads  handling  this  coal  and  also  the 
Terminal  Railroad  Association  suffered  a  material  loss  by  the 
reduction  in  the  number  of  cars  of  coal  handled  per  day. 

Previous  to  receiving  water  power,  the  peak  load  in  the 
Ashley  St.  plant  was  55,000  kw.,  which  required  a  crew  of 
122  men  for  operation  only,  including  coal  and  ash  handling. 
The  steam-generated  peak  this  winter,  in  addition  to  the 
water  power  received,  was  34,400  kw.  The  operating  crew 
for  this  load  and  for  emergency  service  should  the  w^ater 
power  fall  and  the  station  be  required  to  pick  up  the  entire 
load,   is   87  men. 
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ThioiiKli  till*  liKii'iiBliiK  dcniiiiul  for  i-iuTKy  Iho  Inntiillii- 
tlon  (if  iiiw  iimihlniiy  In  thr  AHliluy  HI.  MUitUin  liroiiKht 
iilMMil    iiiiuiv    iinliitH    (hill    hiul    til    l>.'    wiirki'il    mit    to    nin-l    111"' 

N|l<'<   lal      .l.ll.lltl.lllH  AllKUlK      IhlMr      WIT.'      till'      lOlllllllHITM      <1|IK- 

limllv  ItiHtalli'il  fur  t  lu>  Mi(ill-kw.  iiiiltH.  wliii-li  with  thrlr  mix- 
llliiil.H  iifti-rwanl  mitvimI  llir  12.1HIII-Uw.  tiiililni'M.  Thr  iiitln 
of  coiilliiK  Hliifari-  to  caiiarlt.x  nil  tin-  oltl  uliltH  WIIH  A  li>  I. 
whil.'  im  till-  iirw  liiHtiillatloiiH  It  wiim  n-ilui-ril  to  l.fi.  With 
thi'  iilil  ciiiiili'iiHiTM  uikI  the  liifKiT  loud  thrrr  wiim  a  mitIoiim 
ciiiiK'XIIi'ii  In  Ihi'  uppiT  hank  of  tubes.  To  ri>llivi-  thiH  con- 
HiHllon  anil  tinllhlr  with  iiacUliiK  Ii'IiUh  <-iiuhi'<1  »iy  tin-  vlbiii- 
llon  of  thf  tuh.M  iliif  to  Ihi'  hiKh  vi-loclty  of  Ihi-  Hti'iini.  It 
wa.M  inTOHHiiry  to  oprii  up  tlir  top  ami  ccntir  IiiiiiUh,  taklliK 
out  thnr  roWH  of  tubi'H  In  thn-.-  plac.H  on  both  ImnkH.  ThiH 
p.  riiiUt«-<l  til.'  Hl.'iini  to  be  .iiiili-d  w.ll  down  Into  Ih.'  ..in- 
d.ns.T  and  inuli-iliilly  i.'II.'V.mI  th.-  hltili  v.l.o.ltliM.  kIvIiih  a 
niiifh  c-IosiT  bulanc'  In  pi.-MSUr.-  b.'twi.n  tin-  lop  .•mil  th.' 
bott.iiu  of  thi'  oondcns.T  and  at  th.-  saim-  lino-  ohvlatlnu  mU 
troubli-   in   the   pii.klnjt   at    th«»   tub,-   cndH. 

A  point  worth  im-nl  ioiilni;  In  connfctlon  with  the  Btcani 
.■nd  of  th,'  12,00(i-kw.  turbln.'.s.  was  a  w.'ukness  that  d«'V,'!op.-d 
111  th.'  third-.staK.'  .llaphranin  nozzl.'S.  This.  In  Mr.  Iliinl's 
opinl.iii.  was  l)|■ou^llt  about  liy'th.'  un.'(|ual  expansion  in  the 
dlaphraRiiis.  causing  th.'  thin  nozzl.'  plates  to  crack  and  in 
sonic  cases  to  break  out.  This  weakness  was  overcome  by  a 
chanKc  in  the  dcslK".  the  nozzles  beInK  cast  of  brass  in  sec- 
tional iiliites.  Th.si'  plates,  li.inw:  portable,  can  be  removed 
without  diMmanlllnt^  the  machine.  althoURh  with  the  new  de- 
sign it  was  thouKht  that  it  would  n.ver  be  necessary  to  re- 
niov.'  tlic  s.-ctlons.  Outside  of  this  weakness  the  operation  of 
thes.'  turbines  has  been  most  satifactory  and  the  mainten- 
ance cost   practically   nil. 

It  would  appear  with  the  advance  in  the  art  and  the  higher 
capacities  of  machines  beins  manufactured,  that  the  leaninn 
is  toward  the  horizontal  machine.  Some  two  years  ago  two 
4000-k'vv.  units  were  installed  in  the  station  and  have  given 
excellent  satisfaction.  The  20.000-kw.  unit  now  being  con- 
templated will  be  located  in  the  space  occupied  by  a  vertical 
cross-comiiound  reciprocating  engine  of  3000-kw.  capacity, 
and  as  the  demand  for  energy  increases.  20,000-kw.  units  can 
be  installed  in  the  space  now  occupied  by  two  other  300n-kw. 
reciprocating  engines.  This  prime-mover  capacity,  of  course, 
■will  be  governed  by  the  space  available  in  the  station  for  ad- 
ditional  boilers. 

SUGGESTIONS  FROM  CHICAGO 
To  reduce  the  cost  of  producing  electrical  energy,  W.  L 
Abbott  agreed  with  the  preceding  speakers  that  the  boiler 
room  was  a  good  place  to  start.  A  boiler  with  its  furnace 
he  had  frequently  described  as  a  piece  of  apparatus  for 
heating  air  and  cooling  it.  The  air  is  a  medium  for  trans- 
ferring hi  at  from  the  fuel  to  the  water  in  the  boiler.  Sup- 
pose a  transfer  of  water  was  being  made  from  one  vessel  to 
another  and  the  cup  with  which  the  transfer  was  made  each 
time  was  completely  filled  and  emptied,  there  would  be  no 
loss.  Filling  the  cup  in  one  vessel,  emptying  two-thirds  of 
it  into  the  other  and  throwing  the  balance  away  would  dupli- 
cate what  is  being  done  in  the  boiler  room.  Air  is  taken  at  a 
normal  temperature,  heated  up  to  2000  or  2500  deg.,  and  cooled 
down  to  500  or  600  deg.     The  rest  of  the  heat  is  used  to  create 

a   draft that   is.   the   air   is   driven    up   a   smokestack,    pulling 

fresh  air  after  it  through  the  fuel  bed.  To  use  20  per  cent. 
of  the  heat  of  the  fuel  merely  to  push  air  through  the  fuel 
bed  is  a  wasteful  process.  It  is  true  that  the  temperature  of 
the  water  in  the  boiler  is  some  400  deg.  and  cannot  cool  down 
the  air.  The  remedy  is  to  use  economizers  and  cool  down  the 
furnace  gases  to  the  lowest  point  possible.  Mr.  Abbott  would, 
therefore,  abolish  smokestacks  for  the  purpose  of  creating 
draft.  Boilers  are  being  forced  100  per  cent,  every  day,  ana 
with  forced  draft  from  300  to  400  per  cent.,  and  still  the  limit 
has  not  been  reached.  The  speaker  suggested  that  the  boiler 
be  cut  in  two  and  half  of  it  be  forced  to  500  per  cent,  if  neces- 
sary. The  other  half  could  be  used  as  an  economizer  in  two 
stages  if  need  be,  and  the  gases  cooled  to  the  temperature  of 
the  feed  water.  In  this  way  there  is  a  possible  saving  of 
20  per  cent. 

Another  medium  for  transferring  energy  is  steam.  It  is 
loaded  up  with  heat  in  the  boiler  and  in  the  superheater  and 
then  in  expanding  it  through  the  turbine  the  attempt  is  made 
to  get  back  from  the  steam  as  much  of  that  heat  as  is  theo- 
retically possible.  Here  is  the  place  where  practice  fails. 
Conceive  a  sawmill  steam  plant  with  a  leaky  teakettle  of  a 
boiler,  the  engine  out  of  line  and  without  any  packing.  Com- 
pare that  with  the  modern  high-pressure,  low-vacuum  turbine 
installation,  and  an  approximate  comparison  between  the 
thermal  efficiency  of  the  modern  equipment  and  the  actual 
amount  of  energy  in  the  steam  is  obtained. 

To  get  from  the  steam  as  it  goes  from  the  turbine  20  per 
cent,   of  its  energy  is  doing  very  well.     Four-fifths  of  it  goes 


Id   III.'   eondeniii'r      Th.'   only    wny   to   Ket   ii    Kreiiter   p.'i  .'.'iil;i . 
.■r   llilH  heiit   In   by  riilHinK   the   Initial   pi.'NHiiri'  anil   t.'iiip.'ral ', 
III    th.'    Mieiini    iiH    It    enterH    the    turbine    iind    by    n-dinliiK    > 
pri'HHur.'   and    (.'iiiperatiir.-   nN   It    l.tiv.-N   th.-   turbine.      I'rogn 
Im    b.'liiK    iniiili-    Miowly    In    the    hlKher    preMNur.'H   and    t.'inp.  i  , 
tur.'M.    bill    the    poHMlbl.'   MitvliiK   In   thin   direction    In   Hniiill   iin  n 
llttl.'    InereiiM.'    In    th.'    t.-iiipi-niture    Im   uccompanleil    by    a   con- 
Hlilerable    IncreiiHe    In    preHHure. 

on  th.'  other  en. I,  It  Ih  comm.iii  to  diHcharKe  th.'  Hl.aiii  Into 
lb.'  I'oiidi'iiM.'r  at  a  pr.-MMur.'  I  or  2  lb.  above  aliHoliiie.  ThU 
l.iokH  t.i  I).'  IncoiiH.-quentlal  compared  with  20ii-lb.  Inltlkl 
pr<!HMure.  but  In  thiH  1  or  2  lb.  pn-MHurc  which  hiiH  been 
Hiicrlllced  lit  the  lower  .Tid  Ih  50  or  76  dcK.  of  l.-mp.'rature; 
thiH  Ih  h  wiiHte  for  which  the  .'nglneerlnx  fraternity  can 
niak.'  no  apology.  It  app.'ar.-d  to  Ih.'  Hiieaki-r  that  thar* 
had  b.'en  I.'HH  horM.'-HeiiM.'  I'mployed  In  the  di-Hlgn  of  con- 
(l.iiH.'rH  than  In  any  olh.'r  part  of  th.'  Hteain  efiulpm.'iit  Th» 
inanufactur.'rH  H.'.-m  to  think  that  a  I'.iiid.-iiH.'r  Ih  like  a 
bollir,  and  that  ItH  purpoHc  Ih  to  cool  down  th.'  Ht.'ain.  Th» 
Hteam  Is  paoned  up  and  down  through  a  bank  of  thickly  Hpaced 
tubes  at  a  velocity  almoHt  equal  to  that  of  a  hlgh-p.iwered 
biill.'t,  for  they  appar.'iitly  bi-H.-v.-  that  If  It  Is  good  practice 
in  a  boiler  It  niiiHt  be  in  a  .'ond.'iisi  r.  Th.'  st.-am  can  (ret 
through  only  by  piling  up  on  the  back  preH.siire.  To  obtain 
greater  .■con.uny  In  th.'  .'iigliie  room,  make  a  condenser  with 
the  greatest  poHsible  ar.'a  f.ir  th.'  Ht.am  to  strike  the  lubei, 
so  that  all  of  the  oollng  surface  is  Immediately  available  for 
the  steam  when  it  enters  the  condenser.  Instead  of  paHsing 
through  a  long  constricted  passage  full  of  tortuous  bafHea, 
It  can  then  get  in  contact  with  the  cooling  surface  at  low 
velocity  and  be  condensed.  A  gain  of  I '/4  in.  of  vacuum  repre- 
sents an  Increase  in  the  power  from  the  turbine  of  25  p.-r  cent. 

Two  other  suggestions  were  made  for  increasing  the  effi- 
ciency. The  cost  to  put  current  on  thi'  busbars  does  not  con- 
sist alone  of  operating  costs.  It  consists  equally  as  much 
of  the  fixed  charges  on  the  cost  of  the  power  house  and  equip- 
ment. Take  the  cost  of  operation  of  a  plant,  multiply  It  by 
2,  and  the  cost  of  operation  plus  the  fixed  chaiges  will  be 
obtained.  This  more  nearly  represents  the  cost  <J  the  output. 
For  a  further  reduction  of  this  cost  reduce  the  cost  of  the 
power  house.  This  is  a  bright  idea  that  perhaps  would  not 
occur  to  the  gentlemen  designing  power  houses.  By  putting 
on  some  filagree,  and  perhaps  a  steeple,  they  forget  they  are 
loading  up  that  power  house  and  that  community  with  an 
increased  cost  on  all  the  energy  made  in  future  years. 

To  get  the  lowest  cost,  the  equipment  cannot  be  duplicated 
to  guard  against  some  contingency  which  may  occur  in  this 
decade  or  the  next.  The  size  of  the  average  power  house  and 
the  amount  of  equipment  in  it  should  be  reduced.  With  the 
usual  power  factor  the  apparatus  on  the  average  is  busy  about 
one-third  of  the  time;  about  one-fourth  of  the  apparatus  is  busy 
only  2  or  3  per  cent,  of  the  time.  In  the  course  of  the  year, 
if  the  power  house  is  fully  loaded  at  the  time  of  maximum 
load,  there  is  only  one  or  two  hundred  hours  that  the  whole 
of  the  equipment  is  used;  that  last  quarter  of  the  equipment 
should  not  be  installed.  Then  by  reducing  the  cost  of  the 
power  house  by  one-quarter  the  cost  of  the  output  will  be  cut 
12%   per  cent. 

The  First  National  Efficiency  Exposition  and  Conference 
is  to  be  held  April  4  to  11  at  the  Grand  Central  Palace,  New 
York  City.  Governor  Martin  H.  Glynn  is  expected  to  make  the 
inaugural    address. 

Among  the  exhibitors  are  the  Public  Service  Commission  of 
New  York,  New  York  Telephone  Co.,  Bush  Terminal  Co.,  In- 
terboro  Rapid  Transit  Co.,  Equitable  Building  Corporation, 
General  Acoustic  Co.,  Thomas  A.  Edison,  Inc.,  Remington 
Tyjjewriter  Co.,  New  York  Edison  Co.,  Burroughs  Adding  Ma- 
chine Co.,  Alexander  Hamilton  Institute,  General  Vehicle  Co., 
the  Joint  Board  of  Sanitary  Control,  Brandt  Cashier  Co.. 
Cowan    Truck    Co..    Edison    Storage    Battery    Co. 

The  Conference  will  concern  itself  largely  with  the  dis- 
cussion of  papers  having  a  direct  beaiing  on  the  exhibits  on 
display.  Many  prominent  industrial  engineers  will  attend 
these  conferences,  and  invitations  are  extended  to  municipal 
authorities,  chambers  of  commerce,  merchants'  associations, 
and   scientific  and   labor  organizations. 

m 

The  CoHectton  of  Watt  Relics,  assembled  by  Wm.  Darling- 
ton, for  many  years  the  general  manager  of  the  works  at 
Soho,  and  later  acquired  and  added  to  by  George  Tangye,  who 
operates  the  Soho  works  and  occupies  Heathfield  Hall,  the 
home  of  Watt  in  his  later  days,  has  been  presented  by  Mr. 
Tangye  to  the  city  of  Birmingham,  which  will  make  provision 
for    its    preservation    and    exhibition. 


March  ;n,    l!t14 
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W^mt<B'=M<Bm^t  Bonnes' 

On  the  evening:  of  Mar.  ti,  the  Cleveland  ehapter,  N.  A.  K.  E., 
iwas  entertained  at  the  works  of  the  Bruce-Macbeth  Engine 
I  Co.    by    J.    B.    Meriam,    in   a    lecture    on    a    new    exhaust    boiler 


owned  the  wire,  althoug-h  he  was  not  an  electrician;  he  be- 
ing' a  man  of  mature  years,  it  was  unnecessary  to  warn 
him  apainst  the  danger  of  coming:  in  contact  with  the  wire. 
(Wisconsin  Supreme  Court.  Glander  vs.  Milwaul<ee  Electric. 
Jiailway   &    Light   Co..    144    "Noithwe.stern    Ueportei"    972.) 


Photo(;i;.\pii  'I'aken  Duiuxci  Lkcture  on  W.vste-Heat  Boilkr 


■which  has  recently  been  developed  by  that  company.  The 
iphotog^raph  was  tal<en  during  the  lecture  and  shows  a  150-hp., 
j  four-cylinder  gas  engine  equipped  with  an  exhaust  boiler. 
JTn  the  ordinary  gas  engine  about  30  per  cent,  of  the  heat  in 
jthe  gas  is  wasted  to  the  jacket  water  and  about  35  per  cent. 
;in  the  exhaust  cases.  By  circulating  this  water  very  rapidly 
I  through  the  jackets  in  connection  with  the  boiler  which 
utilizes  heat  from  the  exhaust  gases  a  significant  part  of  the 
waste  heat  is  recovered  in  the  form  of  low-pressure  steam. 
I  It  is  understood  that  the  Case  School  of  Applied  Science 
is  to  conduct  extensive   tests  on  the  boiler. 


J©casaoEa§i 

STREIOT 


Digested    by    A.    I..    H. 


Knowledge  of  Danger  Presumed — As  affecting  an  electri(! 
company's  liability  for  injury  to,  or  death  of,  one  of  its  em- 
ployees, caused  by  electric  shock,  the  company  is  presumed  to 
know  all  dangerous  conditions  that  are  known  by  its  head 
electrician,  or  could  be  known  on  proper  inspection.  (Oregon 
Supreme  Court,  Myers  vs.  Portland  Ry.,  Light  &  Power  Co.,  138 
"Pacific  Reporter,"  213.) 


RiKtatH  in  Publif  L,and.s — The  act  of  Congress  of  May  14. 
1896.  empowering  the  Secretary  of  the  Interior  to  grant  rights- 
of-way  over  and  use  of  public  lands  to  electric-power  com- 
panies, supersedes  earlier  legislation,  so  far  as  concerns  the 
acquisition  of  rights  since  the  law  was  adopted.  (United 
Slates  Circuit  Court  of  Appeals,  Eighth  Circuit;  United  States 
:vs.  Utah   Power  &  Light  Co..   209   "Federal   Reporter,"   554.) 


Handling  of  I,Ive  AVires — A  member  of  a  city  fire  depart- 
ment who  was  stationed  near  a  live  wire  to  Veep  pedestrians 
away  from  it,  was  guilty  of  contributory  negligence  in  at- 
tempting to  break  the  wire  with  his  bare  hands,  precluding 
recovery    for    his   death    against    the    electric    company    which 


MEW   FUBILSCATHOHS 


TRUE  HISTORY  OP  THE  DEVELOPMENT  OF  THE  PRES- 
ENT OIL  ENGINES — By  Prof.  J.  Lueders.  Royal  Tech- 
nical University,  Aix-la-Chappelle.  Size  10x6%  in.;  pages 
236;  12  figures.  Price  4%  marks.  Published  by  M.  Krayn, 
Berlin    W.,    Germany. 

Since  the  Diesel  oil  engine  has  reached  such  a  degree  of 
perfection  that  many  notable  concerns  have  taken  up  the 
manufacture  of  this  efficient  motor,  it  might  probably  be 
of  interest  to  many  to  know  more  about  the  origin  of  tliis  mo- 
tor and  still  more  about  its  originator.  All  those  who  are  in- 
terested in  oil  engines,  whether  from  the  scientific  or  com- 
mercial side,  will  probably  never  question  the  truth  that 
Diesel  was  really  the  inventor  of  this  famous  engine.  The 
commercial  man  might  be  very  little  concerned  over  this 
question  but  the  engineer  and  student  will  probably  want  to 
know  more  about  the  early  experiments  carried  on  by  Diesel 
and   his   associates. 

The  question  raised  by  tiie  author  of  this  book,  as  to 
whether  Diesel  really  deserves  to  be  recognized  as  the  in- 
ventor and  constructor  of  the  high-compression  oil  engine, 
may  now  be  considered  timely. 

In  order  to  be  able  to  answer  this,  the  autlior  makes  a 
careful  investigation  of  all  Diesel  patents,  his  experiments, 
etc.,  and  after  analyzing  the  various  piopositions  made  by 
Diesel  in  respect  to  the  construction  of  his  motor,  he  comes 
to  the  conclusion  that  Mr.  Diesel  actually  contributed  ver.v 
little  to  the  development  of  the  oil  engine.  In  fact  the 
author  goes  so  far  as  to  absolutely  under-rate  Diesel's  ability 
to  do  such  work.  The  methods  adopted  by  Diesel  during  the 
experimental  period,  it  is  claimed,  were  so  unscientific  that, 
were  it  not  due  to  his  able  assistants  and  collaborators,  he 
might  never  have  perfected  the  engine.  That  Diesel  did  not 
have  the  necessary  qualifications  of  an  inventor  and  that  his 
success    was    merely    due    to   his    exceptional    business    ability 
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nro  only  aomo  of  tho  itHiiortlons  inndo  by  tho  author.  To  form 
nil  iiplnlon  nlioiit  tho  iittrHonnl  ritlutlon  of  tho  iiiithor  to  DioHol 
\v»iihl  1)0  vory  illllli-ult  iiiid  at  tlio  miiiiio  tliiio  to  mention  tho 
wonlH  "prufoHHloniil  JoiiloiiM.v"  would  inidialily  ho  uiiJiihI,  uh 
wo  caiiiiDt   I'oiii'i'l VI'    that   a   iiiaii    nikIi   hh    I'mr.   IjIiivUmh   hIiouIiI 

■  •UIHUO     IIIKIK      (hall      Hclolltlrh'      IntlM'OHl      III      lh<-     <|ll<'Htll>ll. 

Ill  thiiH  Hovoroly  crltlrlzliiK  IHohoI,  I'liif.  LiiodoiH  roKiird'i 
It  UH  IiIh  duty  to  oxpoHO  tho  piiHt  of  ii  iiiiiii  who  ho  coiiHldorH 
hiiH  doiio  nothlntr  more  than  kIvo  tho  ImpulHO  to  thU  now 
iiHitor  and  should  thoroforo  not  ho  ronMldorcd  uh  Uh  "In- 
vontor,"  It  Ih  only  to  lio  roKrottod  that  Dlo.sol  dlHuppenrcd 
hofoip    this   hook    ronchod    tho    piihllc. 

Tho  hook  Ih  well  arraiiKod  and  willloii  In  an  liiloioHtliiK 
Htylo.  Ill  tho  profaro  tho  I)1o.mo1  <hm'sIIi>ii  Ih  Koncially  (IIh- 
cu.Msod  and  tho  nioanliiK  of  tho  word  "DIOHolniythu.M"  oxplalnod. 

Tho  tlr.Mt  DloHol  patont.s  of  Isii;!.  hlH  llrst  |>aiii]>hlot  and  tho 
crltk-lHrn  of  It  are  treated  In  throe  chapters.  A  very  elahorato 
chaptor  is  devoted  to  the  Hlesel  experiments  from  l.S'.iS  to 
1S!I7.  rrof.  Schroetter's  and  Diesel's  lectures  In  Cassel.  1897, 
and  their  critics  nro  then  separately  discussed,  followed  by  u 
chaiiter  on  Diesel's  lecture  In  Herlln  In  1!)12.  Diesel's  article 
on  tho  orlK;lii  of  tho  Diesel  motor  (1913),  which  according:  to 
tho  author  is  only  a  reprint  of  his  Berlin  lecture,  covers  the 
last   chapter  of   the  hook. 


Government  PnblleatlonH — The  third  annual  report  of  the 
Director  of  the  Bureau  of  Minos.  1912-13,  J.  A.  Holmes,  direc- 
tor, containing  118  pages  and  one  plate,  Is  ready  for  distribu- 
tion and  may  be  had  by  addressing  the  Director  of  the 
Bureau  of  Mlnos.  WashlnKton,  D.  C. 

TochnUal  paper  57  KiviiiK  a  prtlimlnary  report  on  the 
utilization  of  ixtroK-um  and  natural  sas  In  Wyoming,  by 
W.  R.  I'alvirt,  litlS,  23  pams.  is  al.so  ready  for  free  distribu- 
tion. 


COMPKTITIVE  EXAMINATIO.NS  for  the  ciril-serricc  positions 
ilfimfU  fyelow  will  be  held  nn  the  dtites  c/nrn.  Applirntions  and  fur- 
ther information  maybe  bad  by  addressing  the  resprrttre  eommissions, 
Carididates  ynust  be  eitizens  of  the  United  States  and  residents  of  the  cities 
in  question,    and    at    least    21    years   of  aye,   unless  otherwise  specified. 


.Situation  for  Ileatine  and  Ventilating;  KnKineer  and  DraftH- 

mun — Thi'  United  States  Civil  Service  Commission  announces 
an  examination  for  heating  and  ventilating  engineer  and 
draftsman,  on  Apr.  22  and  23,  1914,  to  fill  vacancies  in  this 
position  at  $1200  per  annum,  in  the  Office  of  the  Supervising 
Architect,  Treasury  Department,  Washington,  D.  C,  and  in 
positions  requiring  similar  qualifications.  Subjects:  Practical 
questions  in  heating  and  ventilating:  drawing  and  design; 
training  and  experience.  Applicants  must  have  had  not  less 
than  four  years'  practical  experience  in  designing  or  installing 
heating  and  ventilating  s.vstems.-of  which  a  technical  degree 
will   be   considered   equivalent   to   not   over   2%    years. 

Applicants  must  be  examined  in  the  state  or  territory  in 
which  the.v  reside  and  have  been  resident  therein  at  least  one 
year.  Apply  to  the  United  States  Civil  Service  Commission, 
Washington.  D.   C. 


On  Friday  evening.  March  6.  William  T.  Dempsey,  of  the 
arc  light  department  of  the  New  York  Edison  Co.,  delivered 
a  lecture  to  the  students  of  the  New  York  Electrical  School  on 
"The  Street  Lighting  System  of  The  New  York  Edison  Co.' 
Mr.  Denipsey  illustrated  by  means  of  lantern  slides  the  va- 
rious results  that  are  produced  by  different  systems  of  light- 
ing. His  interesting  and  instructive  lecture  was  enjoyed  by  a 
large  representation  of  the  student  body  of  the  school. 


The  American  Society  of  Mechanical  Engineers'  spring 
meeting  will  be  held  in  St.  Paul,  June  16-19.  At  one  of  the  three 
main  professional  sessions  powdered  fuel  will  be  discussed, 
and  preliminary  reports  will  be  presented  by  the  committee 
to  formulate  standard  specifications  for  the  construction  of 
steam  boilers  and  other  pressure  vessels  and  for  their  care 
in  service  and  by  the  committee  on  flanges,  the  latter  paper 
having  been  presented  for  preliminary  discussion  at. the  last 
annual    meeting. 


liiK  hoforo  tho  rtoci-BM  Commlttoo  No.  2113  of  tho  Rtiito  1<kIh 
liitiiri'  111  oppoHltlon  to  llouMO  Illll  No.  02M,  which  provldi-M  foi 

phll'llIK       till-       vent  llllt  Ion       of      NChool       hOUHI-H       of       .MUHHIIchllHCt  i 

under    tli<>    MiiporvlHloii    i,t    the    State     Hoard    of    Health.       Tli 
ohJeilloiiH  lo  Ihe  Illll.  which  had  been  offerecl  In  behalf  of  tli- 
<hapl.r.    Were    that    vi'iitllatlon    Ih    InHeparahle    from    heallni.-, 
that    the   bill    niiido   no   provlHloii    for   iippeiil    from   thu   d<-elHloi> 
of  the   lntelllK<nco  of  tho  Kliito   Hoard  of   llnilth,  and   that   no 
penalty   holnx  provided,  tho  moRHuro,   If  onuctod  by   the  IokIh- 
luture,  would  bo  devoid  of  force.     Tho  report  of  tho  prcHldi-iii 
waH  IndorHod   and   eMpi'clally   commended   by   tho  memherH   foi 
the    arKiimeiitH    that    had    been    advanced    with    rcKpect    to    tli. 
dearth    of    knowledge    poHHeHsed     by    averano    phyHlcianH    imd 
piihllc    health    iilllelalii   as    to    rational    re<|uiri-inentH   and    pni' 
thai   operation   of   ventilating   aiiparatiiH.      Attention   wuh  ab 
brought   to  the  wide  diHpurlty   of  opinioiiH  of  memberH  of  lli' 
medical    profession    respoctlnR    requlrementH   of   ventilation. 


Secretary  Prosser,  of  the  National  ,Soclety  for  the  Promo- 
tion of  Industrial  Education,  calls  attention  to  the  training 
class  for  the  preparation  of  shop  teachers  In  industrial  and 
trade  schools  now  being  conducted  at  I'ratt  InMlltute,  and 
asks  <-oopc-r.itlon  in  placing  these  men  at  the  end  of  thi;  course 
in  March.  This  class  consists  of  i;i  men,  each  of  whom  Ih  now 
working  in  the  industry,  and  represents  the  following  trad<-.'- 
Machine  work,  machine  drafting,  carpentry,  pattern  makliu 
electrical  wiring,  electrical  maintenance  and  plumbing. 
Selected  from  among  some  sixty  applicants  by  the  director  of 
the  class  In  conference  with  practical  men,  there  Is  every 
guarantee  that  they  were  from  the  outset  unusually  well 
qualified  for  teaching  in  the  industrial  school.  The  class  la 
in  charge  of  Wesley  A.  O'Leary,  form<Mly  director  of  the  New- 
Bedford  Industrial  School,  who,  on  account  of  his  experience, 
is  well  qualified  for  such  work.  Mr.  Prosser  says  that  "this 
course  has  aroused  wide  interest  among  teachers  in  this  field 
as  well  as  among  others  concerned  with  industrial  education. 
It  is  very  necessary  that  this  experiment,  carried  on  under 
the  most  favorable  conditions  and  containing  most  of  the 
factors  essential  to  efficient  training  for  service  in  this  field, 
for  the  good  of  the  movement,  should  meet  with  complete  suc- 
cess. This  can  be  done  only  by  placing  in  service  the  men 
who  are  taking  the  training.  If  these  men,  after  taking  the 
training,  should  not  find  positions,  it  will  be  a  serious  obstacle 
to  the  further  development  of  this  work." 


FEIRSOHAILS 
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At  the  regular  March  meeting  of  the  Massachusetts  chap- 
ter of  the  American  Society  of  Heating  and  Ventilating  Engi- 
neers, W.  H.  Myrick,  president  of  the  chapter,  reported  that 
he  and  the   secretary  had   represented   the  chapter  at  a   hear- 


John  E.  Sweet  was  given  the  degree  of  doctor  of  engineer- 
ing at  the  midwinter  meeting  of  the  board  of  trustees  of  Syra- 
cuse University. 

Henry  R.  Kent  and  Carl  M.  Vail,  New  York  City,  have 
formed  a  partnership  to  do  a  general  engineering  business 
under  the  firm  name  of  Henry  R.  Kent  &  Co.  The  offices  of 
the  new  company  are  at  141  Broadway. 

F.  W.  De  Mart  has  been  appointed  chief  engineer  of  the 
power  station  of  the  Altoona  &  Logan  Valley  Electric  Ry., 
Altoona,  Penn.,  to  succeed  the  late  James  Honor,  a  notice  of 
whose  death  appeared  in  the  Mar.   24   issue. 

W.  R.  Haynie,  the  United  States  representative  of  the 
Carels-Diesel  engine,  sailed  for  Europe  on  the  "Imperator," 
Mar.  21,  to  conclude  arrangements  for  the  manufacture  of 
this  type  of  engine  in  this  country. 

m 

Smoke  Abatement  in  St.  Paul — A  report  which  has  just  been 
submitted  by  the  smoke  inspector  of  St.  Paul,  Minn.,  to  the 
Health  Department  shows  that  the  city  is  comparatively  free 
from  the  smoke  nuisance.  This  he  attributes  to  the  policy 
of  his  department  to  cooperate  with  railway  companies  and 
the  owners  of  power  plants  in  an  effort  to  remedy  improper 
conditions,  rather  than  to  institute  prosecutions  for  viola- 
tions of  the   city's  anti-smoke  ordinance. 

•^: 

A  Public-Service  CommisHion  for  Illinois  is  tO  be  ap- 
pointed by  Governor  E.  F.  Dunne  under  a  law  recently  passed, 
and  the  Illinois  Society  of  Engineers  and  Surveyors  has 
petitioned  the  governor  to  appoint  as  one  member  of  the 
commission  an  engineer  experienced  in  the  design,  construc- 
tion and  operation  of  public  utilities.  It  is  pointed  out 
that  this  commission  will  have  to  adjust  rates  and  deal  with 
problems  involving  the  operation  of  water-works,  power 
plants,  railways  and  other  public  utilities,  and  that  tech- 
nical knowledge  of  and  experience  with  such  engineering 
works  are  essential  to  enable  the  commission  to  act  with 
efficiency   to   the   state   and   equity   to   the   corporations. 
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I  LOOK!    HE'S    PICKING    OUT    THE    BEvST    ONEvS 

IF  these  individuals  went  marketing  for  apples  and  were  compelled  to  line  up,  each  allowed  to 
select  the  best  ones,  how  bitterly  those  in  the  rear  would  complain. 

II  But  when  they  go  marketing  for  coal ! 

•'  Those  who  specify  what  they  want  get  what  they  want,  and  pay  for  what  they  get.  Those 
who  don't  are  at  the  tail  end  of  the  line.  They  take  what  they  get,  but  by  no  means  always  get 
what  they  pay  for. 

New  York  City  saved  over  $200,000  on  its  coal  bill  the  first  year  it  bought  by  specification 
and  slightly  changed  boiler  room  methods.  By  doing  the  same  thing.  New  York  State  expects 
to  save  over  $250,000  a  year. 

Who's  next? 
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S)  .\( )l'Sl S — Pcstrihi's  llw  rt'sitlls  i/f  inniiriDiis  rr/icri- 
inriils  III  ilfi'ilo/iiiKj  a  boiler  la  .sin  i  rss/  iilh/  burn  /imrdiri'il 
null,  mill  Irlls  win/  sunie  invilimis  of  /iitlrrriznl-fiirl  biirii- 
iiiij  hiivc  f'aili'd.  A  chcrkrr-ii'ork  iviill,  /iliiicil  iinir  llin  coal 
iiilif  to  proniolc  iiiiirk-  iijiiilioii.  iloijiji'd  with  slai/  and 
iliiiik-li/  ini'ltrd  nwiuj.  One  vxperiinvnl  sliowrd  that  the 
furl  and  air  absorbed  mure  heat  from  the  firvbrirk  at  the 
[loiul  of  ignition  than  the  walls  could  sniiplii.  To  avoid 
this,  the  flame  is  caused  to  reverberate  biuk  on  ilsi'If. 
Xearli/  all  kinds  of  firebrick  Uninij  were  tried  irilli  a  total 
tlest ruction  of  eacli   witltin   two  hours. 

IvXri-KlMKNI'S    ON     'rilUKI'      C'ONTI  N'KNTS 

TIk'  I'ssi'iitial  tVatiircs  ol  a  poudiMvd-l'ucl-liiiiinn;,'  I'm- 
luuf  !uv  t^Ufigi'stotl  In  ii  study  of  the  many  altciu|)ts  luatlc 
ill  comparison  with  a  lew  siurossrul  installations.  'I'lic 
i-xpfriiMH-o  of  the  desi<;ners  of  the  Bettinj^'ton  i)oihM'.  es- 
peeiallv  adapted  to  powdered  fuel,  lias  iu'cn  the  experi- 
ence of  all  up  to  the  j)oint  of  final  failure.  The  developers 
of  this  boiler  may  he  credited  with  carrying  their  e.xperi- 
nu'Ul    to  a   loiiit'al  conclusion,   wlu'ther  this  boiler  is  the 


Fig.  2 

Figs.  1  .\xn  2.    Oi.t)  W.vys  of  Feeding  Powdered  Co.vi, 

TO  TriuLAi!  Boilers 

onlv  solution  or  wHether  it  ever  comes  into  common  use. 
The  e.xperiments  were  started  over  ten  years  ago,  and 
have  been  conducted  successively  on  three  continents. 
They  began  in  South  Africa  with  a  series  of  trials  involv- 
ing ten  different  settings  on  return-tubular  and  water- 
tube  l)oilers.  Four  of  these  are  shown  in  Figs.  1,  2,  3 
and  4.  The  other  six  were  but  slightly  different  and 
showed  practically  the  same  results.  The  experiments 
were  followed  by  others  made  by  the  same  engineers  with 
an  installation  (Fig.  5)  at  a  central  station  in  New  York 
Citv.  These  experiments  led  directly  to  the  design  and 
building  of  the  boiler  sho\vn  in  Fig.  6. 

PoixT  of  Ignition  Shifts 

Fig.  1  shows  the  simplest  arrangement  under  a  return- 
tubular  boiler.  The  grates  are  removed  and  th?  fuel  is 
blown  in  through  a  flat  rectangular  tnvere.  After  igni- 
tion with  an  oil-soaked  waste  torch,  the  point  of 
ignition  graduallv  traveled  forward  away  from  the  hot 
firebrick   lining  to   a   point   where  the   flame   was   soon 


slitlcd  hy  ihc  cooling  elTecl  of  the  Jxiilcr  surface.     InHtead 
of  sloiing  heal  in  the  lirchricks  surrounding  the  fire,  Ih 
blast  of   coal   and   air   almorhcd    what   little  a<'cnniulal<  ^ 
there  during  the  Hiartiiig  period,  and  then,'  was  nothing    ■ 
to  produce  the  initial  ignition  temperature  for  the  inconi-    ' 
ing  fuel.     'I'his  action  was  accompanied  hy  large  deposii 
of  dust  and   unhurried  coal    in   the  tubes  and   under  lli 
boiler.     During  the  short  time  wlu^n  the  flame  was  main- 
tained, slag  accuiiiulalcd  around  tlu;  tuyere. 

I\n,ii;.\(,K  or  Fi-ame  ov  Si.ag 

To  provide  greater  radiating  surface  and  larger  settling 
space  for  the  deposit  of  ash,  two  boilers  were  then  ar- 
ranged as  in  Fig.  2.  Dilliculties  were  again  experienced 
in  maintaining  the  flame  and  jjreventing  the  deposit  of 
(lust  in  the  tubes.  The  flame  seemed  to  blow  itself  out. 
.\ttcmpts  were  made  with  this  setting  to  store  the?  heat 
and  obtain  a  regenerative  eil'ect  by  building  a  checker- 
work  wall  a  few  feet  from  the  tuyere.  This  added  an- 
other trouble  as  the  slag  clogged  the  checker-work  wall; 
the  wall  frequently  burned  down.  Knoiigh  heat  was  de- 
Nclopcd  with  this  setting  to  sIdw  that  slag  would  form 
wherever  the  flame  reached  and  that  provision  must  be 
made  for  its  disposition.  This  was  attempted  in  future 
trials  by  sloping  the  bottom  of  the  furnace  toward  traps 
through  which  the  slag  was  supposed  to  drain. 

Air  for  Combustion  Is  Preheated 

On  account  of  the  continued  presence  of  dust  in  the 
tubes  of  the  return-tubular  boiler,  it  was  decided  to  ex- 
periment with  a  water-tube  boiler,  from  the  tubes  of 
M'hich  the  dust  could  easily  fall  and  settle.  The  setting, 
shown  in  Fig.  3,  was  arranged  with  long  travel  for  the 
flame.  Fuel  was  supposed  to  shower  throu^  the  openings 
A  and  air  to  rise  preheated  between  the  inner  and  outer 
walls  and  mix  with  the  falling  powdered  fuel.  It  was 
claimed  that  the  fuel  and  air  were  not  thoroughly  mixed 
before  entering  the  furnace,  and,  further,  if  combustion 
had  been  possible,  heat  would  liave  caused  the  coal  to 
coke  in  the  passages  .1  and  the  escaning  coal  tar  would 
have  clogged  them  completely. 

Reverberating  Flame  Dee.mf.d  Xecessary 

At  this  point  the  experimenters  were  convinced  that 
the  combustion  of  explosive  mixtures  in  motion  requires 
some  igniting  medium  other  than  the  radiation  of  heat 
from  the  brickwork  alone.  It  was  stated  that  the  travel- 
ing fuel  and  air  absorb  more  heat  from  the  firebrick  at 
the  ignition  than  the  flame  is  able  to  give  in  return.  The 
result  is  that  the  brick  at  the  ])oint  of  ignition  is  con- 
tinually cooling  and  gradually  forcing  the  ignition  for- 
ward into  a  hotter  zone  in  the  brickwork.  This  would 
seem  to  call  for  an  auxiliary  flame,  always  fixed  close  to 
the  end  of  the  fuel  pipe  or  tuyere.  It  Avas  provided  for 
1)V  making  the  flame  reverberate  back  upon  itself  in  its 
passage  to  the  1)oiler,  as  in  Fig.  4. 

Thf  Boiler  a  Low-Temperatttre  Fubnaoe 

Good  ignition  was  obtained  in  other  furnaces  with  a 
direct  flame  and  with  no  auxiliarv  ignitine  medium. 
Nevertheless,  the  rapid  alisorption  of  heat  by  boilers  lends 
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Fig.  3.    The  Fuel  Inlets  Plugged  with  Tar  and  Coke  and  This  Plan  Failed 


credence  in  tliis  (first)  practice,  especially  on  boilers  of" 
low  capacity,  where  only  moderate  heat  is  maintained  in 
the  combustion  chamber.  The  boiler  under  ordinary 
ratings  is  a  low-temperature  furnace  and  powdered  coal 
requires  high  temperature  throughout  for  ignition  and 
complete  coiidjustion.  It  is  likely  that  trouble  in  main- 
taining ignition  in  sucli  a  furnace  as  Fig.  2  was  due  to 
coarse  coal  or  an  insufficient  mixture  of  coal  and  air, 
either  of  wliich  would  be  materially  overcome  by  the  re- 
verberating flame.  The  arrangement.  Fig.  4,  was  pro- 
nounced a  success  after  trials  of  several  different  qualities 


of  brick  were  tried.  Magnesite  lining  stood  up  well,  the 
flame  was  maintained,  and  combustion  was  complete. 
Slag  formed  on  the  sides  of  the  vertical  combustion  cham- 
ber, trickled  down  the  sides  and  then  dropped  and  cooled 
in  small  lumps  below  the  tuyere. 

Firebrick  Destroyed  in  Two  Hours 

It  was  probaI)ly  a  success  under  moderate  boiler  ratings, 
i)ut  when  applied  to  boilers  subjected  to  heavy  overloads, 
such  as  prevail  in  central  stations  and  in  other  practice, 
no  brick  could  stand  the  intense  heat.     Fig.  5  sliows  the 
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Fig.  4.    Flame  Reverberating  Back  on  Itself  before  Going  to  the  Heating  Surface 
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inclliiiil  of  liiirriin^'  us  a|i|ilii'il  lo  ii  \viilri'-l\ilM'  linili'r  iti 
Ihc  sdiliori  mi'iilioiicil  ahnvc.  I'lvci'V  roiuciviiMc  iiiialilv 
1111(1  mixliirc  dl"  Itrick  liiiiiij;  win  Irii'd.  Nraily  all  wcic 
l>tini('(l  lo  (IcslriiclioM  wiliiin  Iwn  hniiis.  Oiuc  il  was 
|>i)ssii)l('  to  iiuikc  a  nm  of  si\  Ikhii.s  liv  taicrii!  tciii|)('rinf^ 
>«r  the  llamc  and  niiiiiiMj^  llic  ImhIit  at  al)oiil  lalcd  ciiiiar- 
ilv;  t'\rri  tiu'ii  the  hrickwork  timil)l(Ml  in.  The  liuiin- 
wliowt'd  a  lair  evaporation  liioni,'!!  iniicli  unlinini'd  coal 
was  found  under  the  liack  end.  A  hard,  ^lassv  eoalinj^ 
fornu'd  on  Hie  lower  luhes  lU'xt  lo  the  llanu's.  'I'iiis  was 
|irol)ai)ly  iliie  to  I  he  sli.kv  nalnre  of  the  hoi  asli  together 
witli  tlie  eoal-lar  jirodu  Is  eseapiiii,'  and  only  |)arlly  hiirn- 
in^  on  sirikiiij;  tin-  tuht's. 

i'viir  or  Si:TnN(i  N  W  \'i'i:n  Cooi.ki) 

The  linal  sle|)  was  to  cool  ihe  hrick  linin;^'  (d'  the  coiu- 
husiion  (  liandiei-.  This  was  acconi|ilislicd  hy  nsin^  spu- 
t'ial  lii'icks  liirouuh  which  passc(l  water  luhes  connected 
iniu  ilie  path  id'  the  hoiler  lireulalion.  'I'his  I'l'ature  was 
inccu'porated  in  tlie  s|iecial  hoih'r,  Fij;-.  (i,  known  as  the 
Heilin!;lon.  In  il  the  fuel  enters  the  furnace  vertically 
and  upward  throuij:!!  a  water-cooled  tuyere  and  is  ignited 
by  the  llanu'  reNcrhei'alin^-  hack  upon  itself.  The  liot 
gases  pass  up  arouiul  the  water  tuhes  in  the  annular  space 
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Fig.  ").     Powdered-Coal  Furxace  as  Applied  to  B.  & 
\\'.  BoiLEK  IN  Xeav  York  Station 

between  the  combustion  chamber  and  the  outside  wall  of 
the  boiler.  Even  with  this  method  of  cooling,  the  brick- 
work melts  away  at  the  hottest  part  of  the  flame,  leav- 
ing only  a  thickness  of  ^  to  %  in.  protecting  the  tubes. 
The  whole  inside  or  fire  surface  of  the  brick  fuses  into 
a  solid  mass.  It  will  be  noted  that  in  the  specially  de- 
jiigned  boiler  there  are  no  places  for  the  deposit  of  ash 
vnthin  the  influence  of  the  flame.     This  does  awav  with 


the  posHihilily  of  the  fusing  of  tlie  ash  liy  llie  heat,  on  or 
in  places  where  il  should  not  |-enuiiii  and  from  wIikIi  il 
would   he  dillieult  lo  remove  it. 

II  AMiLINCi  or  Sl.AO   A    I'ltOULKM 

It  was  found  that  Ihe  sloping  lioorH  of  Hk!  furnace  di<l 
not  ameliorate  the  slag  dillieulty.  The  Hlag  would  nol 
How  and  to  get  it  out  after  cooling  involved  coiiHidiM'uhle 
lali(U'  and  the  (leHtruction  of  the  brickwork.  In  (he  Hel- 
lingliiu  hoiler  the  only  place  where  ash  can  seltle  in  ili 
reetiv    below    the  comhustion   chamber'.      Here    the  aHh    i 
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Fig.  6.   The  Bettingtox  Boiler,  De.sigxed  for  Burx- 
ixG  Powdered  Coal 

not  in  contact  with  the  flame,  and  is  at  a  temperature  low 
enough  to  prevent  the  separate  drops  of  slag  from  stick- 
ing to  one  another. 

The  boiler  is  reported  to  be  a  success ;  that  is,  it  "stands 
up"  w^ell  and  has  few  of  the  operating  difficulties  that 
have  prevented  others  from  even  approaching  the  econo- 
mies in  fuel  and  operating  cost  that  have  been  so  definitely 
demonstrated  possible  with  powdered  coal  in  other  types 
of  industrial  furnaces.  It  has  shown  a  thermal  efficiency 
of  80  per  cent,  on  very  poor  coal  and  several  thousand 
horsepower  is  now  operating.  The  80  per  cent,  efficiency 
with  4  per  cent,  deduction  for  power  for  pulverizing  i& 
not  so  remarkable,  but  the  boiler  gives  one  solution  ot 
the  problem  of  combustion  of  powdered  coal  and  its  de- 
sign is  possible  of  improvement  that  may  make  the  ther- 
mal cfficiencv  more  attractive. 
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Vac^Minm  Aslh' 


A  simple  system  for  llu'  rcmoNul  ol'  ashes  which  lias 
bc't'U  in  snccessrul  operation  in  a  numher  of  phuits  is 
shown  in  the  accompanying  illustration.  As  manufac- 
tured  by  the  Girtanner  Uaviess  Engineering  Co.,  of  St. 
Louis,  Mo.,  the  system  is  made  up  of  6-  or  8-in.  chill 
cast-iron  pipe  of  suitable  lengths  and  1  in.  thick.  The 
pipe  is  joined  by  tongue-and-groove  cast  flanges  which 
are  fitted  with  a  special  packing  and  bolted  to  make  an 
air-tight  joint.  When  it  is  necessary  to  make  a  turn  an 
elbow  of  4-ft.  radius  or  greater  is  used.  The  elbow  is 
made  up  in  sections  about  18  in.  long.  These  sections  are 
split,  and  the  outer  piece,  which  takes  up  nearly  one-half 
of  the  circumference  of  the  pipe,  is  made  extra  heavy  to 
resist  the  wear  at  this  point.     At  the  center  it  is  2  in. 


'i'lic  cost  for  steam  is  the  ])rincipal  operating  expense. 
In  a  recent  test  on  a  system  using  an  8-in.  pipe  and  a 
%-in.  nozzle,  to  which  boiler  pressure  of  110  lb.  gage 
was  supplied,  1850  lb.  of  steam  per  hour  was  required 
to  handle  seven  tons  of  ashes.  At  20c.  per  1000  11).  for 
steam,  the  cost  of  removal  per  ton  of  ash  would  amount 
to 


1.85  X  20 


=  5.29c. 


With  the  i/i-in.  nozzle  less  steam  would  be  required 
but  the  capacity  would  be  less,  so  that  the  cost  would  be 
about  the  same  as  for  the  larger  nozzle.  Eaising  the 
pressure  in  either  case  would  increase  the  volume  of  steam 


Ai'i'LU'ATiox  OF  Vacuuji  Ash-Handling  Systkm  to  a  Rattkuy  of  Boilers 


thick.  As  indicated  in  the  illustration  the  two  parts  are 
bolted  together,  so  that  the  outer  piece  may  be  easily 
renewed. 

Hoppers  for  receiving  the  ashes  are  located  at  points 
opposite  the  ashpits  of  the  boilei's.  The  opening  in  the 
hopper  is  roimd  and  tapers  toward  the  bottom  to  insure 
a  tight-fitting  lid.  The  bottom  of  the  lid  conforms  to 
the  diameter  of  the  pipe  so  that  wdien  it  is  set  in  position 
there  is  no  interference  with  the  flow  of  air  and  ashes. 

The  ashes  are  moved  through  the  conveyor  by  steam 
from  a  nozzle  pointing  in  the  direction  of  flow.  Tlie 
nozzle  is  located  between  the  last  liopper  and  the  point 
of  delivery,  and  is  either  y^  or  %  in.  in  diameter,  depend- 
ing on  the  distance  and  amount  of  ashes  to  be  removed. 
Turning  on  the  steam  creates  a  vacuum  of  16  to  25  oz. 
and  induces  a  flow  of  air  through  the  pipe.  The  ashes 
are  fed  into  this  stream  of  air  at  the  rate  of  about  200 
lb.  per  min.  and  may  be  discharged  into  a  car,  an  ash 
bunker  or  wherever  desired.  In  one  of  the  installations 
now  working,  ashes  are  being  conveyed  over  300  ft.  and 
in  another  elevated  97  ft. 


discharged  and  also  the  capacity  cf  the  system,  so  that  it 
is  fair  to  assume  an  average  charge  of  5  to  Gc.  per  ton 

of  ash. 


Rapid  Chimney  Building — A  St.  T-.ouis  construction  firm 
recently  built  a  chimney  85  ft.  high  and  3  ft.  inside  diameter, 
in  seven  working  days.  It  was  of  reinforced-tile  concrete, 
with  a  reinforced-concrete  foundation,  and  was  put  in  service 
16  days  after  the  receipt  of  the  order.  During  its  construc- 
tion the  heaviest  snowfaU  in  ten  years  occurred.  At  no  time 
was  it  warmer  than  20  deg.  F.,  when  work  was  started  in 
the  morning-.  The  sand  was  heated  before  mixing  and  the 
tile  was  heated  before  placing.  Fires  were  kept  in  the  chim- 
ney constantly  with   all   openings   closed. 


A  BIk  Coal  Bill — The  Commonwealth  Edison  Co.  burns 
about  5000  tons  of  coal  daily  and  its  coal  bill  is  about  $2,000,- 
000  a  year.  About  250,000  tons  is  kept  in  reserve  in  or  near 
Chicago  at  all  times.  Nearly  all  of  this  is  of  egg  or  lump 
size,  as  the  danger  of  fire  from  spontaneous  combustion  Is 
less  with  the  larger  sizes.  Thermometers  are  placed  in  all 
coal  piles  and  weekly  records  of  temperatures  are  taken.  It 
is  frequently  found  necessary  to  move  piles  of  screenings  of 
mine-run  coal  to  prevent  or  fight  fires. 
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liidiciitor  results  iiro  su])|itis(Ml  to  he  correct  to  within 
V  to  o  jier  cent.,  Iml  as  the  spriiij;^  is  ol'teii  us  much  as 
'i  per  cent.  out.  tliis  is  an  error  rifjlil  at  I  lie  start  wliich 
may  make  a  further  (liscre|)aiicv.  It  seems  almost  need- 
less to  say  tiuil  liie  link  work  of  an  indicatdr  must  ho 
in  fjood  shape,  yel  little  all(iili<m  is  |iiiiil  lo  this  point. 
Some  in(li<ators  lia\e  so  niaii\'  links  and  loose  joints 
liial  llieii'  is  a  sixti'cnlh-inrli  pencil  nio\cnient  hcforc 
the  spriufi"  is  nu)ved.  And  ajiain,  so  little  care  is  taken 
iif  the  piston  that  perfectly  ahsnrd  results  arc  obtained, 
such  as  the  intake  line  of  a  ^as  engine  or  compressor 
ahove  the  alinnspheric  lini".  At  pressures  close  to  at- 
mosphere the  iinlicator  spring  is  practically  in  ecpiilih- 
rium,  and  a  snuill  friction  lorco  will  hold  the  pencil 
quite  far  away  from  the  j)osition  corresj)onding  to  the 
pressure.  This  same  friction  near  the  equilibrium  point 
will  displace  the  atmospheric  Hne,  especially  with  a 
"soft"  spring,  and  this  is  most  important  in  both  gas 
engine  and  air  cylinders. 

To  obviate  this  piston  friction,  it  is  necessary  to  have 
the  parts  in  such  good  adjustment  that,  while  looseness 
is  all  but  eliminated,  the  piston  and  its  rod  will  drop 
down  through  the  indicator  cylinder  by  gravity,  the 
spring  having  been  removed.  After  this  trial,  connect 
up  the  link  work,  but  without  the  spring,  and  ascertain 
wiiether  or  not  gravity  will  cause  the  entire  system  to 
drop.  Any  sticking  during  the  stroke  will  show  up  and 
the  cause  should  be  removed. 

The  next  test  is  to  close  the  bottom  of  the  indicator 
cylinder  with  the  finger  and  if  there  is  proper  piston 
tightness,  this  closure  should  prevent  the  piston  from 
dropping  because  of  the  air  trapped  inside.  Eemoval 
of  the  finger  and  escape  of  the  air  should  allow  the  pis- 
ton to  drop  at  once  by  its  own  weight. 

With  the  indicator  in  first-class  condition,  the  next 
step  is  to  calibrate  the  spring  by  subjecting  the  indica- 
tor to  a  series  of  constant  pressures  whose  values  are 
exactly  known,  and  to  rotate  the  indicator  drum  so  as 
to  draw  horizontal  lines  on  the  paper  corresponding  to 
these  pressures.  The  heights  of  these  lines  are  meas- 
ured from  the  atmospheric  line,  and  then  the  scale  is 
determined  by  dividing  the  true  pressure  by  this  height. 
For  instance,  suppose  the  pressure  is  120  lb.  per  sq.in., 
and  the  line  drawn  is  exactly  1.5  in.  above  the  atmos- 
pheric line,  then  the  scale  of  the  spring  is 

120  -^  1.5  =  80  lb.  per  in. 
of  vertical  movement.     If  the  height  above  the  atmos- 
pheric line  had  been  1.51   in.,  the   scale  of  the  spring 
would  be 

120  -^  1.51  =  79.5  Ih.  per  in. 
This  would  introduce  an  error  of  about  0.6  ^of  1  per 
cent,  in  the  calculation,  if  the  maker's  stamping  of  80 
lb.  had  been  assumed  to  be  correct.  There  are,  no  doubt 
other  factors  of  a  test  more  incorrect  than  this,  hut  if 
such  an  error  can  be  at  once  eliminated  by  proper  cali- 
bration, it  should  by  all  means,  be  done.     Tt  should  be 
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rememhereil    thai    such    errors    may 
of    neutralizing   one   another,    and 
test   result   lo  n   far  greater  e.vleiit. 

'I'htTc  are  variou.s  ways  of  applying  the  known  pres- 
sures to  the  indicator.  One  way  is  to  use  air  or  steam, 
preferably  by  a  needle  valve,  and  pro- 
adjuslahle  leak  in  the  .system  for  the  es- 
air  or  steam.  This  leak  is  essential  as  other- 
I  lie  I'uund  inipossihie  to  control  the  |)ressiire. 
Hie  :ipplie(|  pressures  must  hv.  known,  and  a 
this  IS  to  use  a  good  pressure  gage  which 
arcfully  caliliraled  hy  a  deadweight  tester. 
A  curve  is  plotted,  showing  the  exact  reading  of  the  gage 
for  every  known  pressure  within  its  range.  From  this 
curve  the  true  pressure  exerted  for  any  gage  reading 
may  he  read  and  ap])lied  to  the  corresponding  line  on 
the  calibration  diagram  drawn  l)y  the  indicator. 

As  practically  none  but  the  most  expensive  test  gages 
will  read  exactly  alike  in  both  directions  of  travel,  this 
limits  the  usefulness  of  steam  or  air  calibration  to  those 
ca.ses  where  it  is  absolutely  necessary.  The  method  is 
long  drawn  out  and  involves  the  calibration  of  the  gage 
and  the  drawing  of  its  curve  before  ai)plying  the  true 
pressures  to  the  indicator  lines. 

When  an  inside-spring  indicator  is  used,  this  method 
allows  a  s|)ring  temperature  during  the  test,  which  will 
be  approximately  that  under  which  the  spring  will  be 
used.  Inside  spring  indicators  are  almost  invariably 
much  stiffer  cold  than  hot,  so  that  the  scale  will  be  dif- 
ferent. 

As  most  modern  indicators  are  of  the  outside-spring 
type,  the  process  of  calibration  is  simplified.  I  have 
found  the  use  of  the  deadweight  tester,  with  oil,  to  be 
the  handiest  and  by  far  the  most  accurate  method.  Of 
course,  the  indicator  piston  must  be  reasonably  tight, 
or  excessive  oil  leakage  will  give  trouble.  Some  form 
of  pump  for  supplying  more  oil  to  replace  the  inevitable 
piston  leakage  should  be  provided.  At  best,  it  is  a 
rather  unpleasant  job,  as  the  operator  is  likely  to  be- 
come pretty  well  oiled  during  the  process. 

One  objection  to  the  use  of  oil  is  that  it  takes  an  ap- 
preciable time  for  the  indicator  piston  to  come  to  its 
corresponding  point.  It  is  imperative  that  the  work  be 
done  slowly,  allowing  plenty  of  time  for  all  parts  to  come 
to  equilibrium  for  each  pressure.  The  deadweight 
plunger  should,  of  course,  be  rotated  during  this  time, 
and  the  indicator  gently  rapped  with  a  piece  of  wood 
to  assist  in  neutralizing  the  friction.  More  uniform  and 
consistent  results  are  obtained  if  the  full  pressure  is 
gradually  applied  to  the  indicator  and  then  gradually  re- 
moved again  before  starting  to  draw  any  lines.  This 
lubricates  the  piston  and  gets  all  parts  into  working 
condition. 

As  intimated  liefore,  the  great  trouble  in  all  these 
calibration  methods  is  to  locate  the  atmospheric  line. 
It  is  impossible  to  do  it  when  the  indicator  is  full  of  oil. 
A  trial  will  show  a  displacement  of  ^V  to  tV  in->  ^^' 
pending  upon  the  stiffness  of  the  spring.  This  is  be- 
cause the  oil  is  tflo  viscous  and  allows  no  air  leaks,  and 
with   the  spring  under  no  tension   at  all,  as  at  atmo.«- 
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pheric  pressure,  only  ii  small  friction  force  will  displace 
it  materially.  For  this  reaiion,  it  is  good  practice,  first 
to  give  the  j)reliminary  loading,  then  to  remove  it  and 
take  the  indicator  from  its  connections,  allowing  all  the 
oil  to  run  out  of  the  cylinder  from  both  below  and 
above  the  piston.  Then  tap  the  indicator  with  a  piece 
of  wood,  keeping  it  in  the  hand  right  side  up;  finally 
draw  the  atmospheric  line  with  the  indicator  still  in 
the  hand  and  perfectly  free  from  all  restraint.  Then 
attach  the  indicator  to  the  deadweight  tester,  apply  the 
load  in  at  least  five  steps  and  draw  a  line  for  each  step, 
observing  the  precautions  of  time  allowance  and  vibra- 
tion, being  also  careful  not  to  touch  any  of  the  link  work 
with  anything. 

With  such  care  as  this  I  have  repeatedly  obtained  lines 
which  were  identically  located  for  both  increasing  and 
decreasing  pressures.  Always  increase  the  pressures  in 
steps  to  the  maximum  and  then  decrease  them  in  the 
same  steps,  and  if  the  corresponding  lines  vary  0.02 
in.  for  any  one  pressure,  discard  the  test.  A  less  varia- 
tion than  this  may  be  allowed  to  stand  and  the  average 
position  be  taken  for  the  true  one. 

All  this  precaution  may  seem  excessive,  but  unless 
the  calibration  is  made  properly  it  would  be  better  to 
take  the  maker's  stamping  as  correct,  for  it  will  be 
nearer  the  truth  than  a  so  called   "rough   calibration." 

It  is  customary  in  working  up  one  of  these  spring-cali- 
bration diagrams  to  measure  all  heights  from  the  atmos- 
pheric line.  From  this  very  fact,  it  is  obvious  that  the 
location  of  this  line  is  by  far  the  most  important  opera- 
tion. If  the  pressure  lines  vary  a  little,  an  average  will 
give  the  truth,  but  if  the  atmospheric  line  varies,  every 
result  of  all  the  different  pressures  is  wrong  and  no  aver- 
age will  make  it  right. 

It  is  easy  to  tell  a  displaced  atmospheric  line,  because 
it  will  give  a  scale  which  either  increases  or  decreases  an 
the  spring  is  compressed.  If  the  atmospheric  line  is 
correctly  located,  the  scale  of  the  spring  will  be  found 
practically  constant  throughout  its  range.  To  elimin- 
ate the  difficult  process  of  properly  locating  the  atmos- 
pheric line,  the  writer  has  adopted  the  method  of  meas- 
uring all  the  distances  from  line  to  line,  and  taking 
the  average  of  these.  It  is  not  at  all  practical  to  base 
calculations  on  distances  of  less  than  I/2  in.,  because  the 
slightest  error  of  mea.surement  is  such  a  large  propor- 
tion of  the  whole  distance  that  relatively  large  errors 
can  be  introduced.  My  procedure  is  to  measure  from 
each  pressure  line  to  every  other  pressure  line,  neglect- 
ing all  spacings  of  less  than  %  in.  In  this  way,  scale 
calculations  of  great  consistency  for  the  entire  range  of 

ta  spring  have  been  obtained.     All  dependence  upon  the 

1  erratic   atmospheric   line  is  removed   with   its  attendant 

1  errors. 

To  illustrate,  Fig.  1  shows  a  calibration  diagram  for  a 
60-11).  spring  and  Fig.  2  for  a  200-lb.  spring.  These 
diasjrams  have  been  divided  off  into  lettered  sections, 
each  section  corresponding  to  measurements  from  some 
one  pressure  line  as  a  base.  For  instance,  in  Fig.  1,  sec- 
tion A  shows  measurements  to  all  pressures  from  atmos- 

;phere;  section  B  from  the  25-lb.  line,  etc.  Distances 
less  than  y^  in.  have  not  been  included  in  the  averages. 
In  section  A,  where  all  measurements  are  from  what  was 
obtained  as  the  atmospheric  line,  the  spring  scale  ap- 
pears to  decrease  as  the  pressure  increases.     From  at- 


mosphere to  40   lb.,   the   measured   distance   is   0.G5    in., 
giving  a  scale  of 

40  -=-  0.65  =  61.6  lb.  per  in. 
From  atmosphere  to  55  lb.,  the  scale  is  60.8,  and  so  on 
to  110  lb.,  where  the  scale  appears  to  be  reduced  to  60 
II).  The  25-lb.  line  has  been  neglected,  because  it  is 
less  than  l/^  in.  from  the  atmospheric  line,  but  calcu- 
lation from  its  actual  measurement  runs  the  scale  u]) 
to  62.5  lb.  at  this  point.     An  average  of  all   the  calcu- 
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Indic.atou  Spring 

culated  scales  measured  from  atmosphere,  with  the  ex- 
ception of  the  25-lb.  line,  gives  an  apparent  scale  of  60.6 
lb.  per  in. 

Measuring  from  the  other  lines  gives  scales  whose  av- 
erages are :  Section  B,  from  25-lb.  line,  59.4  lb. ;  sec- 
tion C,  from  40-lb.  line,  59.4  lb. :  section  E.  from  75- 
Ib.  line,  58.8  lb.  It  will  be  noticed  that  in  each  section, 
measuring  from  any  one  pressure  line  (except  section 
A  from  atmosphere)  there  is  no  apparent  increase  or  de- 
crease of  scale.  The  average  of  sections  7?.  C ,  D  and  E 
is  59.3  lb.  per  in.     This  is  a  total  average  of  all  values; 
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not  nil  ii\»'iii;,'f  ul'  iivi'iii^cK,  as  this  Inst  would  f^ivc  ri|iiiil 
]in>iiiiiifiirc  to  srctioii  A',  witli  only  one  lif,Mirc;  wlincns 
it  siioulil  linvf  a  rclnlivc  wcifiiit  of  oiif-lliirtcciitli  ol'  tin- 
piitiro  tliirtri'ii   iiuiiiImis. 

Ill  si'ctioii  /•'.  Vifi.  1.  tlif  iitiiios|ilu'ric  line  lias  liccii 
liiovotl  O.Ov'  ill.  (lowuwiinl.  nssiiiiiin;,'  that  the  stickiiifj  of 
till'  imiitaloi-  piston  when  the  spriiifj  was  tiiiis  jiiacti- 
callv  I'lff  of  coinpri'ssion.  iTsultcd  in  this  Miiicii  dis- 
phuTiiu'iit  of  llii*  poncil.  'I'liis  is  well  within  practical 
prohahilitics.  Movinj,'  liic  atniosiihcric  line  down  tiiis 
distance  results  in  addinj^  0.02  in.  to  encli  of  tlie  nieas- 
urenienls  in  seitioii  .1.  these  now  heiiifj;  as  in  section  /''. 
Calculation  fniiii  these  new  measurements  from  the  re- 
located atniosplicrif  line  gives  a  scale  whose  average 
value  is  5!)..'},  and  wiiich  shows  practicailv  a  constant 
value  throughout  the  range.'  Even  the  25-ih.  line  gives-- 
this  same  value  for  this  relocated  atmospheric  line.  Al- 
.so,  the  average  value  of  section  /''  is  in  almost  iierl'ect 
accord  with  sections  B,  C,  D  and  E. 

It  may  well  he  assumed  that  in  this  case  the  atmos- 
pheric line  was  mis))laced  0.02  in.  hy  sticking,  and  the 
averagi'  scale  olitained  from  measurements  from  all  sec- 
tions, except  .section  .1,  is  practically  59.4  Ih.  per  in. 
This  again  is  an  average  of  all  19  nnmhers,  thus  giving 
equal  weight  to  each  sei)arate  measurement.  Comi)ar- 
ing  this  value  of  the  most  probahle  scale  of  tliis  si)riiig 
with  that  which  would  be  obtained  from  an  average  of 
section  A,  from  the  original  atmospheric  line,  or  60.(1,  it 
will  be  found  that  60.6  is  just  2  per  cent,  greater  than 
59.4.  Thus  it  is  plain  that  a  0.02-in.  niisi)lacement  of 
the  atmospheric  line  in  calibration  renders  the  scale  and 
all  horsepower  results  based  on  that  scale,  wrong  from 
the  very  beginning  by  2  per  cent.  In  this  case  it  would 
have  produced  an  error  of  only  1  per  cent.,  or  balf  the 
error,  if  the  experiment  had  assumed  the  maker's  mark- 
ing to  be  correct  at  60  lb.  Tt  must  be  remembered  that 
tliese  errors  of  the  indicator  spring  are  carried  on  to 
the  figures  for  steam  consumption  per  indicated  horse- 
power-hour, mechanical  efficiency  and  any  other  deter- 
minations based  on  the  indicated  horsepower. 

In  Fig.  2,  is  shown  a  calibration  diagram  for  a  spring 
marked  200  lb.  per  in.  Section  .4  shows  measurements 
from  the  atmospheric  line,  resulting  in  an  average  scale 
of  196.4,  the  scale  appearing  to  increase  rapidly  with 
the  pressure,  with  the  single  exception  of  the  distance 
measured  to  the  250-lb.  line.  The  other  sections  show 
measurements  from  the  various  other  pressure  lines,  neg- 
lecting, as  before,  all  distances  less  than  1/2  in-  Some 
of  these  shorter  distances  are  given  in  brackets,  although 
not  included  in  the  averages.  The  total  average  of  all 
the  seven  values  over  half  inch,  of  sections  B,  C  and  D 
is  199.1  per  in.,  which  is  2.7  lb.  greater  than  the  apparent 
scale  shown  by  measurement  from  the  atmospheric  line. 

It  was  next  ascertained  if  a  relocation  of  the  atmos- 
pheric line  would  help,  and  a  new  position  0.01  in. 
above  the  original  line  was  .selected,  as  shown  in  section 
E.  The  distances  measured  in  section  E  are  all  0.01 
in.  shorter  than  those  in  section  A,  and  the  resulting 
average  scale  in  .section  E,  which  is  remarkably  uni- 
form, is  198.6  lb.  per  in.  Taking  an  average* of  all  the 
thirteen  separate  values  in  sections  B.  C.  T)  and  E  gives 
a  final  average  of  198.9  lb.  per  in.,  which  nrobablv  is 
nearest  the  truth.  This  is  only  1.1  less  that  the  maker's 
marking  instead  of  3.6  lb.  less.  The  apparent  correction 
by  atmospheric  line  measurement  would  have  been  about 


!•'',  I  per  ceiil.,  wlirrcfis  the  inure  jirolinlily  Inic  coiivr 
tion  is  one  of  only  about  '/^  of  1  pi.-r  cent.  Again,  in 
this  case,  the  maker's  marking  was  nenrer  the  truth  limn' 
an  erroneous,  nithoiigh  really  cnrefiilly  mnile  calihrar 
tion.  .Ml  this  is  due  to  a  misplaccnicnt  of  llie  atnioH* 
pherie  line  of  only  0.0]   in. 

No   doubt    the   olijectKUi    will    he    rai.-cd    that    it    is    iin- 
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Fig.  2.     Diagram  fok  a  200-Lb.  Spking 

possible  to  make  such  close  measurements  of  pencil  line." 
drawn  by  an  indicator.  Judging  from  many  of  the  wide 
lined  and  "smudgy"  indicator  diagrams  the  objection  is 
well  taken.  However,  such  accurate  work  as  this  re- 
quires a  certain  amount  of  skill,  a  sharp  pencil  point  and 
a  light  pencil  pressure. 

This  error  is  quite  comparable  to  those  of  cord  stretch 
and  drum  inertia  which  have  recently  been  given  con- 
siderable attention.  It  is  perfectly  possible,  with  a 
scale  of  50  per  in.  to  read  to  the  nearest  half  hundredth, 
or  0.005  in.  Of  course,  this  requires  estimation  to  % 
of  a  division,  but  a  little  .skill  makes  this  ea.sy.  If  pre- 
ferred, a  100  scale  may  be  used,  reading  to  half  a  di- 
vision, but  a  magnifving  glass  would  be  required.  .<=o  that 
the  50  .icale  is  easier  to  handle.  Xo  attempt  is  made 
to  measure  closer  than  the  nearest  half  hundredth  of  an 
inch,  or  0.005  in.,  as  anytbins  closer  than  this  is  out  of 
the  question,  both  as  to  possibility  an^  necessity. 
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The  steam  tiirliines  of  multi-pressure  type.  Fig.  1,  built 
by  the  Kerr  Turbine  Co.,  Wellsville,  N.  Y.,  are  rated 
from  700  to  1800  hp.  Turbines  of  smaller  capacities  up  to 
700  hp.  were  built  by  the  company  before  the  larger  sizes 
were  developed.  These  earlier  designs  embodied  buckets 
of  the  Pelton  type,  which  could  not  be  developed  to  de- 
sired efficiencies.  These  buckets  were,  therefore,  sup- 
planted by  vanes  and  blades.  Fig.  2,  producing  parallel 
flow  of  steam  in  the  direction  of  the  turbine  shaft  and 
capable  of  better  water  rates. 

Figs.  3  and  4  show  the  horizontally  split  shell  employed 
in  the  larger  machines,  and  how  the  rotor  may  be  in- 
spected or  removed  without  breaking  the  steam  connec- 
tions. When  the  turbine  cover  is  removed,  each  wheel  is 
exposed  down  to  the  carbon  packing  on  the  shaft,  there 
being  no  diaphragms  left  between  the  stages,  as  these 
are  integral  with  the  casing  and  lift  off  with  it.     The 


guide  vanes  or  steam  nozzles  are  cast  in  the  diaphragms. 
Fig.  5  shows  a  section  through  a  turbine  of  5OO-7.")0  kw. 
capacity. 

Steam  is  expanded  in  a  number  of  stages  or  steps,  and 
the  pressure  drop  at  each  set  of  nozzles  is  comparatively 
small,  with  correspondingly  low  steam  velocity,  the  latter, 
it  is  said,  rarely  over  1000  ft.  per  min.  The  leakage  area 
from  stage  to  stage  is  also  small,  being  confined  to  the 
annular  space  where  the  shaft  goes  through  the  pressure 
chamber  walls  or  diaphragms. 

Leakage  from  stage  to  stage  at  the  shaft  is  prevented 
by  floating  carbon  packing  rings,  held  in  the  diaphragms 
and  in  the  high-  and  low-pressure  ends  with  cover  plates, 
which  are  so  arranged  that  they  can  move  in  any  direc- 
tion, in  case  the  turbine  shaft  should  vibrate  with  a  large 
dose  of  water.  The  steam  pressure,  being  higher  on  one 
side  of  the  diaphragm  than  on  the  other,  keeps  the  carbon 
rin<rs  tio'lit  n<i-ainst  "round  seats. 


FiG.   3.    Showing   Hokizontally    Split   Casing  and 
Pedestal  Beakings 


Fig.  2.    Showing  Operating  Pkinciple  of  the 
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'I'hc  lai';,'!'  ilfiiniMcc  |>criiiisHil)l('  nl    IIm'  l)iick('ts   is  iili-  A    imifiiu'-l  vpc   tlinist   ln-iii'iii^  inljiiKtalilc   and   canilv    ro» 

li/.c(l,   ns  sliowii    ill    l''i^.    (i,    to    prolccl    tlio  l)tU'k(>tH    Iroiii  placed   iiiaiiilaitiH  tlu;   rotor  in    itH   proper   position.     'I'he 

stri|ipin;;,  aiul  tlic  liard,  t<)ii<;li  original  skin   icfl  on   tlic  iiiiil  iH  iiiouiiI(mI  on  a  iicavy  cant-iron  ix-ilplatc.     'riic  lag- 

drop-for^'cd    buckets    resists    the    niiniiiii/cil    lendeiiey    to-  K'"K'     oiitsidt;     tin,'     Uirliiiic     cvlindt-r     in     covered     with 

ward   erosion.      'I'lie   nielluid    ciT    ri\eiiii^    llie    lnickets   in-  enameled    slieet    iron    wliieji    protects    llie   insulation    and 

to  tlie  wliceLs  iiiid  sluouilin;,'  is  shown   in    l'"i','.   7.  ^'iM's  a  liiiished  appeiirame  in  ihe  niii'lune. 


J-'ic.  5.  Section  thuough  Tukbink 


A  small  turbine-driven  centrifu<^al  pump,  with  the  im- 
peller submerged  in  the  oil  reservoir,  forces  the  oil  to 
the  bearings  before  the  nuichine  is  turned  over.  After 
starting,  a  spur-geared  oil  pump,  directly  connected  to 
the  governor  spindle,  forces  oil  under  G  lb.  pressure  to 
every  bearing.  The  oil  drains  back  by  gravity  to  a  large 
reservoir  in  the  bedplate,  where  it  is  strained  and  water 
cooled.  An  independent  emergency  governor,  operating  a 
quick-closing  throttle  valve,  which  is  moved  by  oil  under 
30  lb.  pressure,  is  used. 

The  bearings  are  of  heavy-pedestal  ty])e  and  ring  oiled. 
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Clearances  -. 
Diafram        j/lei/er  less  than  j  inch- 


Alif/^ys  less  than 
bucket  clearances 
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Fig.  ij.    Showing  Clearance  of  Buckets 


Fig.  7.    How  the  Bickets  Aue  SEcruED 


Panama  Electrical  Engineers  Form  Section — The  Ameri- 
can Institute  of  Electrical  Engineers  has  authorized  the 
formation  of  a  Panama  section.  There  are  some  thiity 
members  of  the  Institute  now  on  the  Isthmus. 


Italian     Thirteen-MilUon-Dollar    AVater-Power    Plant — The 

Italian  Parliament  has  passed  an  act  authorizing-  the  con- 
struction of  a  150,0C0-hp.  hydroelectric  development  in  Cala- 
bria, in  southern  Italy.  The  contemplated  construction  will 
require  the  erection  on  a  grand  scale  of  three  dams  at  an 
estimated  cost  of  some  $13,000,000.  In  the  aggregate  it  is 
expected  to  supply  about  150.000  hp.  for  traction,  illumination, 
and  the  development  of  industries,  not  only  in  Calabria,  but 
also  in  Apulia  and  throughout  southern  Italy  in  general 
Energy  will  also  be  employed  on  a  large  scale  for  irrigation 
purposes — "Electrical    World." 


April 


1914 


r  0  W  E  R 


479 


Comiptitiiiig'  Clhs^irte  for  Clo^ 

waters 


liv   \V.  .).  Dkmokest 


SYNOPSIS — By  means  of  charts,  wlien  drawn  to  large 
scale,  the  required  distribution  of  heat  betiveen  primary 
and  secondary  heaters  and  also  tlie  coal  saving  and  cost  of 
heaters  may  readily  be  obtained  without  resorting  to  long 
arithmetical  calculations  for  each  set  of  conditions. 

In  the  February,  1903,  issue  of  Power,  tliere  appeared 
an  article  by  C.  (i.  Robbins  on  "Feed  Water  Heaters  in 
Coudeusing  Plants."     It   is   the  purpose  of  the  present 
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p<.rfti\  Percent  Steam  toAux.and  Other  Units 
Exhausting  a+Atrpos.  Press. 

Tig.  1.    Temperatube  Rise  in  Vacuum  Heater  anu 

Necessary   Initial  Temperature  of  Water  for 

Atmospheric  Heater  to   Discharge  at 

812  Deo. 

article  to  show  how  charts  may  be  prepared  to  obtain, 
for  given  conditions,  the  results  of  computations,  such 
as  pointed  out  by  Mr.  Robbins'  article,  without  employing 
tedious  arithmetical  computations;  and  also  to  give  the 
coal-pile  saving  and  the  initial  cost  for  the  heater  instal- 
lations. 

Fig.  1  is  to  aid  in  determining  the  proper  distribu- 
tion of  the  heating  process  between  atmospheric  and 
ivacuum  heaters.  The  latter  are  usually  known  as  pri- 
mary heaters.  On  occasions  the  condenser  itself  has  been 
used  as  the  primary  heater,  the  circulating  water  taking 
the  heat  from  the  steam  and  passing  on  to  the  atmos- 
pheric heater.  The  horizontal  scale  gives  percentages  of  the 
total  steam  generated  by  the  boil(>rs  used  by  auxiliaries  or 
any  units  exhausting  at  atmospheric  pressure.  Following 
lany  vertical  line  u])  to  a  single  heavy  diagonal  line  run- 
ning across  the  chart  and  over  to  the  scale  on  the  left-hand 
side,  gives  the  temperature  at  which  the  atmospheric 
heater  must  receive  the  water  if  it  is  to  be  discharged  at 
|310  deg.  F.     If  the  water  does  not  drojj  in  temperature 


in  passing  from  the  vacuum  heater  to  the  atmospheric 
heater,  this  will  also  be  the  vacuum-heater  dis(;harge  tem- 
perature. In  computing  the  values  for  this  line,  it  was 
assumed  that  90  per  cent,  of  the  steam  exhausted  at  at- 
mosphere was  condensed  in  the  heater,  each  pound  con- 
densed giving  970.4  B.iu.  to  the  feed  water.  On  the 
same  chart  is  plotted  vacuum-heater  temperature  rise 
with  various  feed-water  supply  temperatures.  This  is  ob- 
tained by  sid)tracting  the  temperature  of  the  feed-water 
supply  from  tlie  temperature  of  the  supply  to  the  atmos- 
pheric heater. 

Fig.  2  is  for  computing  the  heating  surface  required 
to  obtain  different  heating  conditions,  and  also  to  find 
the  cost  of  the  heater.  The  curves  in  the  lower  left-hand 
corner  are  plotted  between  final  water  temi>erature  and 
mean  temperature  difference,*  several  curves  being  drawn 
for  various  rises  in  temperature. 

Hea+ing  Surface  Necessary,  Sq.Ft, 
10  ZO  30  40 


150  170  190  210  '■o-'E'\ 

Final  Wo+er  Temperature, Deg.  F. 

Fig.  2.    Heating  Surface  Required  and  Cost  of 
Heater 


♦The  formula  used  for  figurins   the   mean  temperature  dif- 
ference  was: 

I  -  •' 

M  = 


Nap.  In 


where 

M  =  Mean  temperature  difference; 
I  =  Temperature     difference    between     steam    and    water 

entering  heater; 
P  =  Temperature     difference    between     steam     and     water 
leaving    heater. 
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'I'llc  iliilli'il  rlllMS  immciliillciv  iiImiVC  iirc  plullril  III' 
Iwci'M  nii'iiii  lcm|n'rtitmc  ilitrt'ri'iiic  anil  M|iiart'  fed  ul" 
lii'iitiiij,'  surracf  iK'tcssarv  when  heating  1(M)((  II).  of  water 
|ier  limir,  the  ((K'Huient  of  heat  transfer  being  ISO 
li.t.ii.  |>er  hr.  jH'r  s(|.tt.  of  heating  nurfnee  ])cr  degree 
mean  lein|M'iatnri'  ilill'erence.  This  is  as  high  as  can  ho 
cunnteil  on  continually  when  the  tnhes  are  liahle  to  get 
(oated  with  oil,  although  values  of  this  eonslant  of  over 
•UMi  Would  re|)resent  conditions  in  new  healers,  when 
the  iuhes  are  clean.  The  units  in  which  the  eoellicient 
is  exprossi'd  explain  how  Ihc  coiuputations  were  made  for 
these  <-urvos.  'i'lie  set  of  curves  at  the  top  of  the  chart 
is  plotted  hotween  s(puirc  led  of  heating  surface  and 
cost  of  lioater.  The  valucv^  lor  tlicsc  curves  were  obtained 
bv  muitii)l_ving  the  s(|u;irc  U\'{  of  surface  i)y  the  cost  of 
surface  per  S(]uai'c  loot. 

l-'ig.  .")  can  be  used  fur  computing  tiu'  c()al-])ilc  saving 
111  ;i  pliiiit  by  a  feiHl-wiitcr  beater  installation.  All  curves 
on  this  chart  give  values  corresponding  to  a  water  coii- 
>.umiition,  at  rated  load,  of  UIOl)  lb.  ju'r  lir.  In  the 
lower  right-hand  coriu'r  is  plotted  a  series  of  curves  show- 
ing the  relation  between  hourly  heat  retiirne<i  to  the  boil- 
ers by  heating  the  feed  water,  and  corresi)onding  coal  heat 
saved  for  various  boiler  efliciencies.  The  coal-heat  saving 
is  obtained  by  dividing  the  water-heat  saving  by  the 
boiler  etliciency.  Then  for  various  heat-unit  contents 
per  pound  of  coal,  it  is  ))ossible  by  division  to  get  the 
hourly  coal  saving  in  pounds,  which  is  the  basis  for  the 
other  set  of  curves  at  the  bottom  of  the  chart.  Multiply- 
ing the  hourly  coal  .saving  in  pounds  by  the  cost  of  the 
coal  in  cents  per  iiound.  gives  the  hourly  coal-pile  sav- 
ing in  cents.  In  this  wav  the  values  were  figured  for 
ihc  full  lines  at  the  top  of  the  chart.  Ten  cents  per 
ton  was  added  to  the  cost  of  the  coal  for  handling.  Now 
inultii)lying  the  hourly  saving  by  8760  (hours  per  year) 
and  by  the  load  factor,  gives  the  net  yearly  saving  in  coal. 
shown  by  the  dotted  lines  at  the  top  of  the  chart.  It 
must  be  remembered  that  this  gives  the  coal  saving  oidy. 
To  get  the  total  net  saving  it  is  necessary  to  add  the 
saving  due  to  less  boiler  capacity  being  required  and  sub- 
tract the  cost  of  interest,  depreciation,  labor,  etc.,  iiu  i- 
dent  to  operating  the  heater.  These  elements  cannot  b:' 
readily  plotted  .so  as  to  be  of  any  use. 

To  fully  demotistrate  the  method  of  using  the  charts 
the  following  problem  is  traced  on  them.  Assume  5000 
11).  of  steam  generated  per  hour,  60  deg.  F.  feed-water 
supply,  10  per  cent,  of  steam  to  auxiliaries,  vacuum  heat- 
er cost  $4  per  sq.ft.,  atmospheric  heater  cost  $2  per  sq.ft., 
70  per  cent,  boiler  efficiency,  13,000  B.t.u.  per  lb.  of  coal, 
coal  cost  $3  per  ton,  and  30  per  cent,  load  factor.  In 
Fig.  1  read  up  from  10  per  cent,  to  the  upper  heavy 
line  and  to  the  left  to  find  that  the  atmospheric  heater 
must  be  supplied  with  water  at  122.-5  deg.  F.  to  discharge 
it  at  210  deg.  F.  Reading  to  the  left  from  the  60-deg. 
water-supply  temperature  line,  gives  62. -5  deg.  as  the  re- 
ipiired  temperature  rise  in  the  vacuum  heater.  Assume 
no  cooling  of  the  water  between  the  heaters.  Passing  to 
Fig.  2  read  up  from  210  deg.  F.  final  water  temperature 
of  the  atmospheric  heater  to  122..')  deg.  F.  initial  tem- 
perature, then  over  to  87..5  desr.  temperature  rise  and  up 
to  the  heating-surface  scale,  which  shows  that  21.8  sq.ft. 
of  surface  will  be  needed  per  1000  lb.  of  steam  per  hour. 
It  would  then  require 

.5   X  21.8  =   109  sq.ft. 
for  the  .5000  lb.  per  hr.     Reading  across  from  the  line 


icpiv.-eiiting  a  healer  lowt  of  $2  per  ci|.ft..  the  cost  of  liie 
reipiired  healer  is  found  to  he 

$11  X  .'■>  =  $22<t 
In  Fig.  .1,  which  may  be  UHed  for  any  device  winch  ii'- 
luriiK  heat  to  the  boilers,  read  up  from  87,500  H.l.n. 
of  heal  returned  to  the  boilers  ])er  ho\ir  lo  the  70  p«T 
cent,  boiler-elliciency  line,  to  the  left  to  the  line  for 
13,000  H.l.u.  |M'r  lb.  of  coal,  up  lo  the  line  ie|»iesentiiig 
a  coal  cost  of  .$.'{  ])er  Ion,  lo  the  right  as  far  »ih  the  line 
for  30  per  cent,  load  factor,  anil  down  to  the  yearly  eoiil' 
pile  .saving,  reading  $38.  'i'hen  the  total  yearly  coal-pile 
saving  by  a  heater  under  the  as.-umed  coiiditiouH  of 
the  c.vaniple   would   be 

5    X    •1^38    =    .$l!)0. 
'i'lie   line  dotted   lines  on   the  charts  show  the  ])ath8  fol- 
lowed in  solving  this  ))robleni.     The  cost  and  yearly  coal- 
pile  saving   I'oi-   the   vaciiiiin    liealiT   iiii;^!it    he  .solved    in  a 
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similar  manner,  but  are  not  traced  on  charts  2  and  3  be- 
cause of  the  com])lication  of  lines  which  would  result. 

There  are  bound  to  be  errors  of  some  magnitude  in  the 
results  obtained  from  the  use  of  such  charts  unless  they 
are  drawai  to  large  scale.  The  results  obtained,  however, 
should  be  as  accurate  as  the  assumptions  upon  which 
computations  must  be  based, 
i^ 

In  order,  therefore,  that  the  technical  man  who  in  ma- 
terial thins.s  knows  what  to  do  and  how  to  do  it,  may  be  able 
to  get  the  thing  done  and  to  direct  the  doing-  of  it,  he  must 
be  an  engineer  of  men  and  of  capital  as  well  as  of  the  ma- 
terials and  forces  of  nature.  In  other  words,  he  must  culti- 
vate human  interests,  human  learning,  human  associations, 
and  avail  himself  of  every  opportunity  to  further  these  per- 
sonal  and   business   relations.— "Johnson." 
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'  It  is  a  ))ractice  among  engineers  to  close  the  steam 
jand  the  exhaust  valves,  then  to  open  the  indicator  cock, 
ifter  the  cylinder  has  had  time  to  fill  with  steam,  and 
ijudge  by  the  duration  and  intensity  of  the  discharge  how 
)adly  the  inlet  valves  are  leaking.  F.  Uyseling,  technical 
Llirector  of  the  Bollinckx  establishment  at  Brussels,  has 
■arried  out  a  series  of  interesting  experiments  to  deter- 
mine the  quantity  of  steam  delivered  by  a  jet  of  given 
jize  based  upon  the  length  to  which  the  jet  carries. 

Keferring  to  the  diagram,  steam  was  admitted  through 
the  regulating  cock  E  to  the  three-way  indicator  cock  F, 
and  the  length  of  the  issuing  jet  measured  as  shown,  the 
listance  B  being  that  at  which  the  hand  could  he  lield, 
ind  the  distance  ('  tlie  length  of  tlie  jet  in  the  axis  of  the 
discharge,   the   distance  .1    being  the   total    leu'^tli.      The 


it  would  indicate  current  only  on  the  starting  position 
of  the  starter.  Furthermore,  only  when  a  voltmeter  is 
applied  to  the  motor  leads  1  and  2  M'ill  the  actual  voltage 
of  operation  be  indicated,  because  when  the  instrument 
is  applied  across  either  of  the  other  two  legs,  it  has  in 
series  with  it  one  motor  coil  that  acts  as  a  multiplier  to 

Supply  Lire 
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MKAsfiiixu  Steam  Flow  by  the  Length  of  the  Jet 

iteam  gage  G  indicated  the  pressure  at  which  the  jet 
ssued.  After  the  jet  had  been  measured,  and  without 
listurbing  the  adjustment  of  the  cock  E,  the  pipe  D  was 
;onnected  to  the  indicator  cock  and  the  steam  discharged 
'or  an  observed  time,  ondensed  and  weighed.  The  re- 
;ults  obtained  were  as  follows: 


Rtactance 
Hkktch  01'  Si'i.it-Phase   Stakter 

decrease  its  reading. 

An  operator,  whose  real  trouble  was  heavy  overload, 
measured  the  voltage  across  the  three  legs  of  his  motor; 
when  he  got  95  volts  on  each  of  two  legs  and  110  volts 
on  the  third  one,  he  attributed  his  trouble  to  unbalanced 
voltages  and  called  in  an  inspector  to  locate  the  cause. 

By  overmotoring  is  meant  the  use  of  a  motor  that  is 
too  large  for  the  duty  that  it  lias  to  perform.  To  have  a 
motor  sufficiently  large  for  the  work  is  good  judgment; 
to  have  it  too  large  may  represent  investment  that  oc- 
cupies floor  space  and  pays  no  interest. 

Foi-  a  motor  that  operates  under  steady  load,  heating 
is  the  criterion;  for  one  that  is  subjected  to  frequent 
starts,  s]jarking  at  the  brushes  is  usually  a  safe  guide,  as- 
suming that  the  starting  devices  have  the  proper  char- 
acteristics. From  a  meter  point  of  view,  it  is  advantage- 
ous to  have  a  motor  operate  at  liiiib  dliciencv :  for  motors 


Total  length  (A)  of  jet    

i.ength  (C)  of  jet  in  axis  of  nozzle 0.4 

Jistanee  (B)  at  which  hand  can  be  held "    " 


'ressure  on  gage  C  condensing 
'ressure  on  gage  D  discharging  tests 
'ressure  in  boiler 

Veight  of  steam  discharged  per  hr, . 
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1  In  applying  the  voltmeter  and  ammeter  to  test  tliree- 
jihase  motor  operated  from  a  single-phase  line  by  means 
:)f  a  reactor-resistor  phase-splitting  starter,  the  fact  that 
ihe  motor  is  started  as  a  three-phase  machine  but  operates 
|is  a  single-phase  motor,  is  to  1)e  borne  in  mind ;  otherwise 
jhe  readings  obtained  may  be  wrongly  interpreted. 

In  the  accompanying  diagrammatic  sketch  of  such  a 
tarter,  il  will  be  noted  that  only  when  the  starter  handle 
,ests  on  segments  r  and  .r  do  all  the  motor  leads  carry 
kirrent.  As  soon  as  the  starter  handle  is  moved  to  the 
unning  position  o,  the  motor  lead  that  is  connected  to 
he  reactance  becomes  dead  as  far  as  carrying  motor  cur- 
•ent  is  ((mcerned.     '^ilierefore,  an  ammeter  coniuM'ted  into 


operating  on  steady  loads,  this  means  loads  of  from  75 
to  125  per  cent,  of  full  load.  With  motors  on  inter- 
mittent service,  such  as  railways,  the  higher  eflficiencies 
may  obtain  at  lesser  loads. 

Ordinary  induction  motors  ami  compound-wound  and 
shunt-wound  direct-current  motors,  have  no  speed  com- 
plications incident  to  light  loads.  Induction  motors  are 
selected  to  operate  at  or  near  full  load  not  only  because 
the  resulting  efficiencies  are  better,  as  is  true  of  all  motors, 
but  at  light  loads  they  have  poor  power  factors  tending 
to  lower  the  power  factor  of  the  system  on  which  they 
operate.  Series  motors  may  be  even  dangerous  on  light 
loads,  because  under  sucli  a  condition  they  tend  to  race 
and  the  extent  to  which  they  race  depends  upon  how 
light  the  load  is.  Eacing,  especially  where  the  m(>cliani- 
cal  load  is  connected  through  gears,  sets  up  vibration 
tending  to  deteriorate  all  mechanisms  within  its  influence. 
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\'il)nili(iii  also  rciutH  ii|ioii  the  luotDr  l)cariiij,'.H,  aiitl  ccri- 
tnl'iipil  fdiirs,  iiiciiliMil  lo  cxicssivc  hjh'imI,  hiiIjJocI  tlic 
jirmatiuf  to  wtrcHscH  licyoiul  what  tlicy  may  liavi'  In-eii 
(It'si^iu'd  to  witlihlaiiil. 

All  ins|u'i')or  was  cnllfd  in  to  lucalr  tin-  li()iil)li'  wilh  n 
wrics  iiiot()r-o|u'rati'(l  clcrlric  craiic.  tlic  fictliiral  i'(|iii|)- 
iiu'iit  oi'  which  hail  >rivcii  coiisidcraldc  tn)iil)lc.  All  thrci; 
crane  motions  wcic  derived  from  llie  same  motor,  one 
motion  or  liie  oilier  lieinj,'  enj^nped  liy  means  of  a  le\er 
nieehanism ;   this  meant    that    when    llic  erane   was  heinj^ 


used,  ihc  motor  ran  eonliniiously  diirin;^  miieh  of  llu 
time.  'I'he  load  was  imposed  llinnij^h  a  I  rain  <d'  ;,'<-ars,  m 
that  the  Hj)ee(l  was  ahnornially  hif^h. 

Application  of  an  ammeter  nhowed  that  with  llu 
heaviest  load  the  crane  would  he  called  upon  to  handle 
the  motor  would  not  he  hall'  loaded.  'I'he  Kituation  wai 
temporarily  relieved  hy  eonneelin;^  a  resistance  into  llu 
supply  circuit,  and  it  wax  permanently  relicfvod  hy  llu 
suhstitution  of  a  motor  of  uhoul  lialf  the  rating  of  llu 
first  machine.  " 
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SYNOPSIS— TIk-  ri(/hf  rhipf  factors  prod  itri  111/  lira  I 
loss  ill  boiler  ojicnitioii  are:  Heat  carried  off  by  flue  (jasrs : 
iiicoiii plete  coiiibiislion :  iiiihiininl  ( urban  escapin;/  up 
the  cliitiuieij  or  deposilini/  in  Ihc  boiler,  etc.;  unburned 
carbon  droppiiuj  llirouj/li  the  (/rates:  moisture  in  the 
fuel:  foriiialioii  of  water  bi/  the  combustion  of  hi/drucjcn; 
water  vapor  in  the  air:  and  radiation.  The  author  dis- 
cusses these  loxses.  Ilieir  relatire  iiii portance  and  means 
for  prcrenliiKj   or   m ininiiiiiui    Iheiii. 


IIi:at  ('ai;i!1  i:i)  Oi'f  iiv  Fi.ri'  Oasks 

'I'he  leli:|M'i-;llili-e  of  tile  esc;i|iinii-  pises  is  "jreatly  in- 
ilueiieed  liy  the  ai-e;i  and  eonditidn  of  tiie  lieating  surface. 
If  tile  iieatiiii:  surface  is  iiiaintained  clean,  inside  and 
out.  llie  teiuperatiire  vnn  only  l)e  reduced  by  increasing 
tlie  area.  'riiiis.  econoiuizers  are  often  advantageous. 
Economizers,  however,  usually  reipiire  niochanical  draft 
and  the  interest  on  the  cost  of  installation,  maintenance 
expense,  etc.,  must  be  carefully  considered  in  connection 
witli  the  saving  in  fuel  cost  to  be  o])tained. 

The  economizer  increases  the  heating  surface;  the 
flue  brush,  tiilie  cleaner  and  scale-preventing  methods 
increase  its  etticiency.  Soot  is  one  of  the  poorest  con- 
ductors of  heat.  There  are  only  two  substances  which 
exceed  soot  in  this  respect,  wool  and  feathers.  Asbestos 
is  a  poor  conductor  of  heat  and.  hence,  is  used  for  cover- 
ing steam  pipes.  If  the  boiler-heating  surface  were 
covered  with  asbestos  li/>  in.  thick,  no  power-plant  man- 
ager would  sj)are  any  effort  or  expense  to  remove  this 
covering  as  soon  as  possible.  Soot  is  probably  five  times 
as  poor  a  conductor  of  heat  as  asbestos,  thus,  14  i"-  of 
soot  is  equal  in  value  to  11/4  ii^-  "t'  asbestos. 

Scale  also  is  a  poor  conductor  of  heat.  Its  conductivity 
cannot  be  stated  because  this  varies  with  its  composition. 
Even  though  the  conductivity  of  soot  is  greater  than 
that  of  scale,  scale  is  more  dangerous  to  the  boiler,  be- 
cause soot  simply  prevents  the  gases  from  coming  in  con- 
tact with  the  shell  and  giving  up  their  heat  to  the  water 
in  the  boiler,  while  scale  prevents  the  water  from  com- 
ing in  contact  with  the  boiler  plates  and  absorbing  the 
heat.  Consequently,  if  the  heat  is  supplied  to  the  metal 
faster  than  it  is  absorbed,  the  plates  and  tubes  are  in 
danger  of  being  overheated. 

If  the  amount  of  air  supplied  per  pound  of  coal  is 
known,  it  is  comparatively  simple  to  calculate  the  loss 
due  to  the  heat  carried  off  by  the  flue  gases.  Multiply 
the  weight  of  the  gases  formed   (weight  of  air  supplied 


plus  weight  of  conil)Ustil)le  per  pound  of  coal)  by  the 
sjH'cidc  heat  of  the  gases  and  the  dilference  in  tempera- 
ture between  the  gases  and  the  outside  air.  'I'hus,  if 
the  gas  analysis  showed  that  17  lb.  of  air  wa.H  beinff 
supplied  per  pound  of  coal;  if  the  coal  contained  80  jkt 
cent,  combustible  matter  and  the  temperatvire  of  the  flue 
gases  was  500  deg.  F.  and  that  of  the  outside  air  70 
deg.,  the  heat  carried  off  per  pound  of  coal  would  he 

(17  -f-  0.80)    X    (-"iOO  —  70)    X   0.24  =  1837  B.t.ii. 
(0.24   is  the  commonly   accej)ted    figure   for   the   specific 
heat  of  tlie  flue  gases). 

By  careful  regulation  of  the  air  sup]dy  the  heat  lost 
with  the  fiue  gases  can  be  kept  within  reasonable  limits. 
Every  ])ound  of  air  put  through  the  furnace  in  excess  of 
what  is  required  by  good  operation  only  serves  as  a  sponge 
to  soak  up  heat  and  carry  it  ot^'  to  no  useful  purpose.  It 
is  safe  to  say  that,  in  the  average  Ijoiler  room,  where 
conditions  are  not  carefully  controlled.  40  per  cent,  or 
more  of  the  latent  heat  of  the  fuel  is  lost,  of  which  at 
least  one-quarter  could  i)e  saved.  In  some  power  plantn 
the  writer  found  the  conditions  so  bad  that  50  per  cent, 
of  the  coal  fired  was  as  good  as  thrown  away.  There  were 
very  few  plants  in  which  tlie  preventable  loss  amounted 
to  less  than  10  per  cent. 

'J'o  prevent  waste  through  excess  air  close  attention 
must  be  paid  to  the  draft  and  fuel  bed.  Most  plant* 
suffer  from  too  thin  a  fire  or  too  strong  a  draft.  A  CO, 
recorder  or,  at  least,  a  hand  gas-analyzing  instrument 
with  a  gas  collector,  and  a  draft  gage,  would  enable  the 
engineer  to  prevent  wastes  by  adjusting  the  draft  to  the 
thickness  of  the  fuel  l)ed,  or  the  thickness  of  the  fuel, 
bed  to  the  draft.  Without  them  close  adjustment  is  im-: 
possible.  When  the  draft  is  increased  without  a  change 
being  made  in  the  thickness  of  the  fuel  bed  the  rate  ol, 
boiler  out])ut  is  somewhat  increased,  Init  the  efficiency i 
of  combustion  is  lowered.  The  amount  of  draft  that 
should  be  used  is  that  which  will  su'pply  the  right  amount 
of  air  for  the  fuel  on  the  grates,  and  when  the  correct 
amount  is  used  the  analysis  of  the  flue  gases  will  show 
a  high  percentage  of  CO,.  In  plants  having  more  than 
one  boiler  in  service  the  draft  should  be  erpialized  in  all 
the  furnaces.  In  many  plants  twice  as  strong  a  draft 
is  used  in  one  boiler  as  in  another.  Often  the  boiler  near- 
est the  chimney  and  with  the  stronger  draft  will  use  too 
much  air  and  thus  waste  fiiel.  while  a  further  boiler  \fHh 
a  weak  draft  will  not  get  enough  air  and,  hence,  will 
produce  smoke  and  waste  fuel  through  incomplete  com- 
Inisfion. 
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Incomplete  Combustion  and  Smoke 
The  second  and  third  causes  of  heat  loss  are  incomplete 
Bombustion  and  the  escape  of  unburned  carbon  up  the 
chimney.  Incomplete  combustion  is  caused  by  insufficient 
air,  low  temperature,  or  the  imperfect  mixture  of  the 
3ombustible  gases  with  the  air.  Carbon  when  completely 
burned  gives  up  14,()0()  B.t.u.  per  pound.  When  incom- 
pletely burned  the  heat  generated  is  less  than  one-third 
of  this,  or  4450  B.t.u.  In  the  first  case  the  carbon  and 
oxygen  combined  in  the  proportion  of  1  lb.  of  carbon  to 
8f  lb.  of  oxygen.  In  the  second,  1  lb.  of  carbon  com- 
bined with  half  or  only  1^  lb.  of  oxygen. 

The  volatile  matter  of  the  coal  burns  in  the  combus- 
tion chamber;  the  fixed  or  free  carbon  burns  on  the 
grates.  From  this  it  is  seen  that  the  larger  the  percent- 
age of  volatile  matter  in  coal,  the  larger  and  roomier 
the  combustion  chamber  should  be.  Coal  that  can  be 
burned  smokelessly  in  one  furnace  may  smoke  badly  in 
another.  Anthracite  is  practically  smokeless  because  it 
contains  very  little  volatile  matter.  Bituminous  coals 
cannot  be  burned  smokelessly  in  furnaces  constructed  for 
anthracite.  With  bituminous  coals  the  boiler  shell  or 
tubes  must  be  placed  some  distance  from  the  grate  to 
prevent  the  gases  from  coming  too  quickly  into  contact 
with  the  comparatively  cool  metal.  The  temperature  of 
the  boiler  shell  is  but  slightly  above  the  temperature  of 
ilii'  water  in  the  boiler,  which  at  100  lb.  steam  pressure 
i~  :!:i7.5  deg.  F.  This  is  far  below  the  ignition  point  of 
I  111  combustible  gases  and  vapors  some  of  which  decom- 
l">si'  and  precipitate  carbon  which  deposits  on  the  heat- 
mi:  surface  of  the  boiler  as  soot  or  escapes  through  the 
I  liimney  as  smoke. 

To  prevent  incomplete  combustion  and  insure  smoke- 
l'-<iiess,  first,  the  required  amount  of  air  must  be  ad- 
iniiied;  second,  this  air  must  be  brought  into  contact  and 
mixed  with  the  combustible  gases,  and,  third,  a  high 
111  mace  temperature  must  be  maintained.  Any  one  or 
i\\()  of  these  conditions  will  not  prevent  the  loss  due  to 
the  formation  of  CO  or  smoke.  With  hand-fired  fur- 
iiiucs,  to  supply  the  required  amount  of  air  for  the  com- 
|iliti'  combustion  of  the  volatile  combustible  matter  when 
IVish  coal  is  put  in,  it  is  often  necessary  to  admit  some 
air  above  the  bed.  Most  of  the  so  called  smoke  consum- 
m-.  which  should  be  called  smoke  preventers,  are  con- 
-iiiicted  on  this  principle  of  admitting  air  above  the 
liiv.  The  main  trouble  is  that  it  is  practically  impos- 
-iMc  to  admit  the  correct  amount  and  the  cold  incoming 
lair  chills  the  furnace  and  arrests  combustion. 

1  This  air  supply  above  the  fuel  bed  is  required  only 
iwhile  the  distillation  of  volatile  matter  is  heavy,  as  for 
ja  few  minutes  after  a  new  charge  of  coal,  and  the  sup- 
ply should  be  shut  off  as  soon  as  smoke  ceases  to  escape. 
Smoke  indicators  are  of  value  because  they  show  the  fire- 
man whether  smoke  is  being  emitted  or  not,  and  they  as- 
sist him  to  determine  what  amount  of  air  he  ought  to 
iuse  to  prevent  smoke.  The  actual  loss  due  to  smoke  alone, 
which  is  very  small,  is  generally  overestimated.  AVitli  the 
verv  densest  smoke  the  loss  never  amounts  to  more  than 

2  per  cent,  of  the  coal  fired.  If  this  were  the  only  loss 
smoke  could  be  neglected  in  most  cases,  as  far  as  economy 
goes.  But  smoke  is  always  accompanied  by  valuable  com- 
bustible gases  and  vapors. 

There  are  objections  to  smoke  from  the  hygienic  stand- 
point and  others,  but  as  these  do  not  come  under  the 
head  of  power-plant  operation,  they  are  neglected  here. 


While  smoke  always  indicates  imperfect  combustion, 
the  absence  of  it  is  no  indication  of  ideal  conditions,  be- 
cause the  invisible  combustible  gases  may  be  escaping 
undetected.  In  down-draft  'furnaces  the  volatile  matter 
passes  through  the  highly-heated  fuel  bed  and  if  the  air 
supply  is  sufficient,  this  volatile  matter  will  be  completely 
consumed.  If,  however,  the  air  supply  is  insufficient, 
waste  results,  although  smokeless  conditions  will  still  be 
maintained.  This  is  because,  when  CO.  comes  in  contact 
with  incandescent  carbon,  it  gives  up  half  of  its  oxygen 
to  form  double  the  amount  of  CO. 

Properly  designed  dutch  ovens  are  valuable  as  smoke 
preventers.  In  them  the  burning  of  tbc  fuel  takes  place 
in  a  chamber  separate  from  the  space  wlieic  with  the 
ordinary  arrangement  of  furnace  the  fuel  is  Imrned.  With 
such  design  there  is  less  danger  of  combustion  being 
checked  due  to  the  flame  coming  in  contact  with  a  cool 
surface  as  the  furnace  is  of  brick  throughout  and  the 
bricks  act  as  heat  accumulators.  When  a  fresh  charge 
is  thrown  in,  vaporization  of  the  moisture  and  gasification 
of  the  volatile  matter  take  place,  both  of  which  processes 
require  heat.  As  the  brick  walls  are  at  a  high  tempera- 
ture, they  give  off  heat  and  thus  prevent  the  furnace 
temperature  from  dropping  below  the  ignition  point  of 
the  combustible  gases. 

UNBriiXKD  Carbon  Dhoj'imxg  Tiiroiuh  (iiiAXE 
The  fourth  loss,  due  to  the  unburned  carbon  dropping 
through  the  grate,  depends  greatly  upon  the  percentage 
of  ash  in  the  coal.  A  high  percentage  of  ash  in  the  coal 
means  a  high  percentage  of  unburned  carbon  falling 
through  the  grate  because  the  fire  needs  more  frequent 
cleaning  and  hence  more  unburned  coal  is  lost.  A  high 
ash  content  is  also  objectionable  in  other  ways.  The 
larger  the  percentage  of  ash,  the  smaller  the  percentage 
of  combustible  matter.  High  ash  makes  good  air  dis- 
tribution difficult  and,  hence,  frequently  requires  an  un- 
usually large  excess  air  supply.  High  ash  also  increases 
the  labor  cost.  The  air  spaces  in  the  grate  must  be  large 
enough  to  allow  the  required  amount  of  air  to  flow 
through,  but  at  the  same  time  they  must  not  be  too  large, 
else  too  much  unburned  fuel  will  fall  through. 

MoiSTURU  IN   Fl'kl 

The  fifth  loss  is  that  due  to  the  moisture  in  the  fuel. 
To  heat  1  lb.  of  water  1  deg.,  1  B.t.u.  is  required.  To 
evaporate  this  pound  of  water  from  212  deg.  into  steam 
at  the  same  temperature,  970.4  B.t.u.  are  needed.  To 
superheat  this  pound  of  steam  1  deg.  requires  about  0.45 
B.t.u.  To  illustrate  how  the  loss  due  to  the  moisture  is 
calculated,  assume  a  coal  containing  5  per  cent,  moisture; 
the  tem])erature  of  the  coal  when  fired  is  70  deg.  and 
the  temperature  of  the  flue  gas  500  deg.  To  raise  the 
temperature  of  the  water  contained  in  1  lb.  of  coal  from 
70  to  212  deg.,  would  require 

0.05  X    (212  —  70)   =  7.1  H.t.ii. 
To  e\'a])orate  this  water  into  steam  would  rocpiire 

0.05  X  970.4  =  48.52  B.t.n. 
Xi\i\  to  superheat  the  steam  from  212  to  500  deg.  would 
require 

0.05  X    (500  —  212)    X  0.45  =  6.48  B.t.u. 
Adding  these  quantities  together  gives  62.10  B.t.u.,  which 
is  lost  with  each  pound  of  coal  burned,     ff  the  coal  had 
a  heat  value  of  12,000  B.t.u.  as  fired  the  percentage  of 
loss  would  be 

62.1   -f-  12,000   X    100  =  0.52  per  cent 
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'I'his  is  not  nuicli,  l>iit.  considcriiifj  tlint  tliiH  moiHtiiro 
WHS  paid  tor  tli*>  hiuiio  iih  the  ((iiMi)iistil)l(>  iiiatttT  of  llic 
conl.  iind,  of  null  liuiidrcd  dolliiis  sjH'iit,  tivc  dollnrs  wciil 
lo  |iiiy  for  the  moist inf,  it  is  not.  only  ukc^Icbs,  l)ut 
tiiiinos  a  loss  in  llu-  furnace  as  well. 

In  sonic  |)lants  a  |)racticc  is  made  of  wetting  the  coal. 
No  donlil  with  soni(>  coal,  especially  slack,  this  is  heiie- 
licial.  The  engineer  should  rememher,  however,  heforc? 
allowing  the  (ireman  to  wet  Ihc  cdmI  more  than  merely 
necessary  to  prevent  dust,  tlinl  I  he  larger  the  amount  of 
water  evaporated  in  the  liiiiiacc,  llie  snialicf  will  hi-  the 
amount  evaporated  in  the  lioiler. 

KoK.M  AIION    Ol-    WaTKI! 

The  sixth  loss  is  due  lo  the  moisture  formed  hy  the 
comhustion  of  tlie  liydrogen  in  the  coal.  This  hydrogen 
eonlent  runs  from  :?  to  (!  jier  cent.  In  burning,  hydrogen 
fomhinos  with  oxygen  and  form.;  water,  1  Ih.  requiring 
S  111.  of  oxygen  and  forming  !»  Ih.  of  water.  About  18 
per  cent,  of  the  lieat  credited  to  the  hydrogen  is  lost  when 
it  is  burned  in  the  furnace.  The  heat  value  of  a  pound 
of  hydrogen  obtained  when  it  is  burned  in  a  calorimeter, 
where  the  products  of  combustion  are  cooled  to  about  or- 
dinary atmospheric  temperature  and  then  calculated  to  a 
basis  of  ;?2  (leg.,  is  G2,()()()  H.t.u.  In  a  boiler  furnace  the 
gases  ordinarily  escajie  at  a  temjierature  of  oOO  deg.  or 
more,  which  is  far  above  212  deg..  the  point  where  the 
vapor  would  begin  to  condense  and  give  up  its  latent  heat. 
Thus,  this  latent  heat  is  lost  as  well  as  all  the  sensible 
heat  of  both  water  and  va))or  above  the  tem})erature  on 
which  the  heat  value  of  hydrogen  is  based. 

W.vTKR  Wvroi;  i\  tuk  All! 

The  seventh  loss  is  that  due  to  the  water  vapor  in  the 
air.  The  loss  per  pound  of  coal  fired,  due  to  moisture  in 
the  air,  is  calculated  by  multiplying  the  weight  of  the 
moisture  contained  in  the  air  sui)])lied  per  pound  of  coal, 
the  specific  heat  of  steam  (water  vapor)  and  the  differ- 
ence in  temperature  between  tlie  flue  gases  and  outside 
air.  The  weight  of  moisture  in  the  air  is  found  by  multi- 
plying the  relative  humidity,  expressed  as  a  fraction,  by 
the  weight  of  moisture  in  1  lb.  of  air  saturated  with 
moisture.  As  the  direct  loss  due  to  moisture  in  the  air  is 
small,  and  cannot  be  controlled,  and  as  the  data  needed 
to  estimate  this  loss  are  not  often  available,  this  loss  is 
seldom  entered  as  a  separate  item  in  the  heat  balance,  but 
is  simply  included  in  the  "unaccounted-for"  item. 

Eadiatiox 

The  eighth  loss  is  that  due  to  the  radiation  of  heat 
from  the  furnace  walls.  To  lower  this  loss  boiler  settings 
are  generally  consti'ucted  with  double  walls  with  an  air 
space  between  and  until  recently  the  opinion  prevailed 
that  the  air,  which  is  a  very  poor  conductor  of  heat, 
served  greatly  to  prevent  the  heat  from  being  condiicted 
through  the  walls.  However,  recent  tests  made  by  the 
government  proved  that  this  is  not  so  and  that  a  solid 
wall  is  a  better  insulator  than  two  walls  with  an  air 
space  between.  The  conduction  of  heat  by  the  air  space 
is  really  smaller  but  the  radiation  across  the  empty  space 
is  great.  For  this  reason  it  is  desirable  to  fill  this  air 
space  with  some  loose  material  as  sand,  broken  brick, 
etc.  It  is  good  practice  to  cover  the  outside  surface  of 
the  boiler  walls  with  some  nonconducting  substance  as 
asbestos,  magnesia,  etc.     This  not  only  diminishes  the 


escape  of  heat  from   the  boiler  Bottingfl,  but  also  the 
infiltration  through   the  brick  work. 

in  conclusion,  it    is  well   to  give  due  attention   to  liic 
condition  of  all    boiler   ualls,   for   in   many   plants   r*   p^r 
cent,  or  more  of  the  coal    is  wasted   simply   because  tln' 
walls  are  cracked  and  allow  air  lo  leak  into  the  furnace. 
>! 

Furir^eice    Losses   amid   Air   Re- 

ci^iremmem^ts 

HV    II.WI.KTT   ()'.\i;ii,i. 

It  is  llic  purpose  of  {\h:  accomjiaiiyiiig  charts  to  hIiom 
graphically  the  furnace  losses  resulting  from  incomplete 
combustion  of  coal,  as  indicated  by  the  i)ercentage  of  car- 
bon monoxide  (i'O)  in  tin;  flue  gas  and  also  to  show 
the  amount  of  air  required,  as  in  a  forced-draft  equip- 
ment, to  produce  a  certain  combustion.  A  very  small 
percentage  of  CO  represents  a  large  loss,  especially  if  the 
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Heat  Loss  vv.w  Poind  of  Cahbox  Due  to  Ix- 
cojiplete  comisustiox 
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percentage  of  CO.,  is  small.  For  example,  assuming 
products  of  combustion  of  coal  running  14,300  B.t.u.  and 
80  per  cent,  carbon,  to  contain  G  per  cent.  COj  and  0.2 
per  cent.  CO,  the  loss  on  account  of  CO  is  325  B.t.u. 
per  lb.  of  carbon,  or  260  B.t.u.  per  lb.  of  coal.  With 
gas  containing  16  per  cent.  CO,,  the  loss  is  130  B.t.u. 
per  lb.  of  carbon,  or  104  B.t.u.  per  lb.  of  coal.  The  charts 
are  self-explanatory  and  convenient  for  ready  reference. 
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Heaters 

By  a.  C.  Waldrox 


.tier 


.'<]'yOPSJS-  Sonic  troubles  irltli  Iraki/  fecj-irnlcr  lieat- 
I'ls  of  the  closed  type  are  describeil.  The  pressure  put  on 
(I used  heaters  bi/  the  expansion  of  tli,e  water  is  usually 
I  he  cause  of  leaks. 

One  of  tilt'  most  coiiiinon  troubles  experienced  in  tak- 
inu'  charge  of  steam  plants  is  to  find  the  feed-water  heater 
li:iking  water  from  the  outer  casing  and  bolted  flanged 
]  Huts.  Upon  inquiry  one  is  invariably  informed  that 
the  heater  had  always  leaked,  for  it  is  not  always  an  easy 
matter  to  pack  the  flanges,  and  again  it  is  generally  a 
Sunday  or  a  night  job.  In  one  plant  the  writer  had  a 
lint-water  heater,  P^ig.  1,  which  consisted  of  a  2i/)-in. 
cdil,  which  carried  cold  water  and  through  this  coil  was 
passed  a  %^-in.  brass,  live-steam  pipe  connected  to  a  trap. 
At  the  end  of  the  coil  was  a  thermostat  which,  by  turn- 
ini;  the  wheel  A  either  way,  would  set  it  to  operate  for 
cither  hotter  or  colder  water.  The  diaphragm  valve  was 
'ipcrated  by  city  water  pressure.  The  pet-cock  B  had  to 
lii'  kept  slightly  open  all  the  time  so  that  when  the  ther- 
mostat shuts  the  city  ])ressure  off  the  14-in.  pipe  B,  the 
open  pet-cock  I)  will  relieve  all  pressure  and  the  spring  C 
will  push  up  the  diaphragm  and  open  the  valve  D,  admit- 
ting more  live  steam  to  the  coils. 

The  bolted  flanges  E^E.,E^E^Er^  were  invariably  leak- 
ing, especially  after  the  valves  F  and  G  were  closed,  as 
there  was  no  relief  valve  on  this  coil,  and  the  water  was 
allowed  to  heat  up,  producing  a  pressure  of  about  500 
lb.,  due  to  the  expansion  of  the  water.  It  was  not  until 
after  a  relief  valve  was  put  on  that  the  flanges  could  be 
kept  tight. 

Fig.  2  shows  a  heater  found  leaking  at  the  flanges  A-^A... 
The  cap  at  the  top  leaked  so  badly  that  water  would  ac- 
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Fig.  1.     Flanges  Leaked  on  This  Coil   Hkatki; 

cumulate  in  the  steam  space,  and  cause  serious  water- 
hammer.  This  heater  did  not  have  a  relief  valve  and  so 
had  to  withstand  high  water  pressures  when  the  feed- 
water  valves  were  closed.  Copper  and  lead  gaskets  were 
renewed  frequently  on  the  flanges  of  several  such  heat- 


ers. The  writer  has  operated  the  heater,  Fig.  3,  which, 
because  of  its  construction,  allows  for  expansion.  The 
pressure  in  this  type  of  heater  is  confined  to  the  coils.  A 
relief  valve  should  be  attached  to  the  heater  coil  between 
the  heater  and  the  outlet  valve.  The  relief  valve  on  the 
heater  referred  to  was  set  to  operate  at  200  lb.  pressure. 
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Fig.  2. 


Fig.  3. 


Fig.  2.  The  Large  Flanges  A,  and  A,  Leaked  Due  to  High 
Pressure.  Fig.  3.  Expansion  of  Water  Subjected  This  Heater 
to  500   Lb.   Pressure. 

and  every  night  when  the  valves  on  the  inlet  and  outlet 
of  the  heater  coil  were  closed,  the  relief  valve  would  run  a 
stream  of  water  while  the  engine  was  running. 

Determined  to  ascertain  how  much  pressure  would  ac- 
cumulate if  the  relief  valve  was  nuide  inoperative,  the 
writer  put  a  steam  gage  which  registered  up  to  300  lb. 
at  A  and  a  valve  at  D  and  closed  the  valve  D.  Steam  was 
sent  to  the  heater  and  the  gage  pointer  started  to  move, 
and  went  around  by  the  300  mark  and  hard  up  against 
the  stop  pin.  The  approximate  pressure  in  the  coils  and 
jiiping  due  to  the  expansion  of  the  water  was  500  lb. 
but  even  at  this  pressure  the  tubes  did  not  show  any  signs 
of  leaking. 

It  was  next  decided  to  determine  the  cul)ical  contents 
of  the  coils  by  filling  them  with  water  at  60  deg.  F.  The 
water  was  drained  out  and  found  to  weigh  78  lb.,  or  li/i 
eu.ft.  Next,  the  coils  were  filled  with  water  at  62  deg. 
F.  until  water  came  out  of  the  opening  into  which  the 
nipple  holding  the  gage  had  been  screwed.  Exhaust  steam 
was  applied  and  the  water  caused  to  expand,  the  overflow 
water  being  caught  in  a  pail.  While  heating  up  to  212 
(leg.,  4  11).,  or  roughly  \/,-  cu.ft.  of  water  was  forced  out 
of  the  opening  and  into  the  pail.  This  illustrates  what  a 
crowding  eflFect  there  is  in  closed  heaters  having  no  re- 
lief valves. 

It  is  too  common  for  firemen  to  close  all  the  feed 
valves,  thus  subjecting  a  closed  heater  and  the  feed  lines 
to    pressures   that    frequently   produce    serious   leaks. 
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WilKN  TO  DtiY  OiT — No  iMiuiiiiu'  .slioiild  !)(•  iml  iiilo 
.sorvicf  or  suhjcclcd  to  a  hrcakdowii  in.><uiHti(>ii  U'ni  wlicii 
the  insuliitioii  is  (iniii]).  'IMiis  applies  (o  ntartiii^'  up  iiIIit 
a  loiif,'  .'ilnililown.  as  wi-ll  as  (o  llio  orif,nnal  stml.  in 
soini'  ca.scs  tlie  |)ivsi'iuv  ol"  moisture  may  he  deleileil  by  . 
inspection.  Init  in  oliiers  tlie  insidalion  may  l»'  dam])  yet 
appear  ipiite  dry  to  tlie  toiiili.  To  determine  dednilely 
the  i-ondition  ot'  the  insidation.  llic  iii.sniiitioM  resistance 
slioidd  lie  measured.  'I'iiis  nuiy  he  done  hy  means  of  a 
me«.'^H'r,*  or  hy  the  use  ol'  direct  current  and  a  hifili-resist- 
ance  voltmeter.  When  it  is  jmi>ossihle  In  meiisure  the 
insulation  resistance,  it  is  advi.sahie  to  dry  mil  the  ma- 
chine as  a  precautionary  measure,  i'oi'  if  liic  dryiii<i  is 
pro|)erly  done,  no  harm  can  result. 

Whenever  insulation  resistances  are  less  than  the  values 
^nven  helow,  it  may  i)e  assumed  that  the  insulation  is 
damp,  and  the  drying  out  must  he  continued  till  these 
values  are  obtained. 

Machine  Voltage  Minimum  Insulation  Resistance  Cold 

700  and  below 1  meKohm   (1,000,000  ohms) 

Above  700 1500   ohms    X    voUaRe   of   machine 

When  the  machine  is  heated,  the  insulation  resistance 
will  drop  considerably.  Therefore,  it  is  necessary  to  al- 
low the  machine  to  cool  after  drying  before  a  comparative 
reading  can  he  oljtained. 

TiJiE  KnQUiRED — The  length  of  time  required  for  dry- 
ing will  depend  ui)on  the  thickness  of  the  coils  and  in- 
sulation, ujion  the  condition  of  the  insulation  with  regard 
to  dampness,  and  tipon  the  temperature  at  which  the  ma- 
chine is  maintained  while  being  dried  out.  Twenty-four 
hours  is  the  shortest  time  that  .the  drying  out  should 
be  continued  before  letting  the  machine  cool  and  taking  a 
resistance  reading.  The  rate  of  heating  should  be  such 
that  the  maximum  temperature  will  be  reached  in  from 
three  to  four  hours.  Resistance  readings  should  be  taken 
from  time  to  time  as  the  machine  cools  off,  for  these  read- 
ings may  indicate  whether  the  drying  has  been  carried 
far  enough  without  waiting  for  the  machine  to  cool. 

Cautiok — Several  thermometers  should  be  placed  in 
contact  with  the  coils,  which  .should  be  kept  at  a  tem- 
perature of  about  60  deg.  C.  (140  deg.  F.) 

While  being  dried  out,  the  machine  must  never  be  left 
without  attendance,  and  temperature  readings  must  be 
taken  at  regular  intervals.  Failure  to  follow  these  in- 
structions may  mean  the  destruction  of  the  winding 
through  overheating. 

Methods  Employed 

Alterxatixg  -  CrRREXT  Generators — Short-circuit 
the  armature  windings,  putting  an  ammeter  in  at  least 
one  phase.  Bring  the  machine  up  to  speed,  and  strengthen 
the  field  until  about  li/4  times  full-load  current  flows 
through  the  armature.  ^Vllen  the  desired  temperature  is 
reached,  the  current  should  be  held  steady  at  this  value. 
If  the  machine  is  run  at  less  than  full  speed,  the  ventila- 
tion will  not  be  so  good  and  less  current  will  be  required 
for  heating. 

Synchroxous  Motors — A  synchronous  motor  may  be 
treated  exactly  as  a  generator.  In  this  case  it  must,  of 
course,  he  driven  by  some  external  means. 

Tin  instrument  consisting  essentially  of  a  high-tension 
magneto  and  galvanometer  and  calibrated  to  read  in  megohms. 


Si,ii'-|{iN(!  Motors — Wliere  direct  current  is  available, 
the  motor  nuiy  be  treiited  as  a  generator,  by  Hhort-circuit- 
ing  the  stiitDP  winding  and  impressing  direct  current  on 
luo  of  the  lotor  slip-rings,  it  is,  of  course,  necesHary 
that  the  motor  be  driven  by  some  external  mcjans,  ani 
the  stalor  winding  must  never  be  opened  while  tliere 
voltage  on  the  rotor. 

S(iiiiini:!,-('.\(iE  Motors — 'i'he  best  way  to  proccM-d  m 
this  case  is  to  lock  the  rotor  ami  impress  a  V(M-y  low  volt- 
age across  tlie  stator  terminals.  Since;  the  rotor  iH  stii- 
tioiuiry,  the  cooling  will  be  poor,  and  considerably  l< 
than  full-load  current  will  probably  be  I'C'cpiired.  Usual! 
about  one-tenth  normal  voltage  will  be  sufficient  to  pro- 
duce the  desired  temperature,  and  care  must  be  exercised 
to  s(;e  that  no  part  of  the  machine  is  overheated. 

It  is,  of  course,  possible  to  dry  out  any  alternating-cur- 
rent machine  by  passing  direct  current  through  the  wind- 
ings, but  in  general  this  is  less  satisfactory  than  the  meth- 
ods described,  and  provisions  must  be  made  to  insure 
equal  currents  in  all   the  |jhases. 

DiRKCT-CrRRENT  (lEXERATORs — Sliort-circuit  the  ma- 
chine through  an  ammeter  (with  a  shunt)  and  run  it  at 
slow  speed  with  a  weak  field.  Shut  down  at  regular  in- 
tervals and  measure  the  temperature,  and  adjust  the  cur- 
rent to  give  the  desired  temperature  rise.  When  a  con- 
stant temperature  has  been  readied,  it  is  not  necessary  to 
shut  down  except  at  long  intervals,  the  heating  being 
adjusted  by  the  current  through  the  armature. 

DiRiCT-CuRRENT  MoTOR.s — If  the  machine  can  be 
driven,  it  may  be  treated  as  a  generator.  If  not,  the 
armature  should  be  securely  locked  and  current  passed 
through  it  by  way  of  the  commutator  and  brushes.  Since 
the  armature  is  stationary,  less  than  full-load  current 
will  usually  be  required.  A  heavy  tension  should  be  placed 
on  the  brushes,  to  insure  good  contact  with  the  com- 
mutator, and  care  must  be  taken  to  see  that  no  burning 
occurs. 

Gexeral — Another  excellent  method  applicable  to  all 
classes  of  machines  is  that  of  drying  with  hot  air  from  a 
stove.  It  is  particularly  applicable  wliere  a  large  number 
of  small  machines  are  to  be  dried  out.  The  machine  must; 
be  inclosed  in  some  form  of  heat-insulating  box,  which 
box  should,  if  possible,  be  made  of  sheet  iron  and  lined 
with  asbestos.  The  temperature  inside  the  box  is  raised 
by  means  of  an  electrical  resistance  or  by  a  stove.  The 
temperature  in  any  part  of  this  inclosure  should  not  ex- 
ceed 90  deg.  C.  (194  deg.  F.),  and  where  stoves  are  used 
the  smoke  or  gases  given  off  should  not  be  permitted  to 
come  in  direct  contact  with  the  windings.  A  supply  of 
fresh  air  should  be  admitted  at  the  bottom  of  the  box, 
and  arrangements  made  so  that  after  being  heated  it 
comes  in  contact  with  the  windings  and  then  escapes  at 
the  top.  T\Tiere  electrical  resistances  are  being  used,  the 
wiring  and  resistances  must  be  so  arranged  that  an  arc 
cannot  possibly  occur  inside  the  box. 

Measuring  Ixsulatiox'  Eesistaxce  by  Means  of 
A  Direct-Currext  Voltmeter 

First  read  tlie  voltage  across  the  line.  Then  connect 
the  voltmeter  in  series  with  the  insulation  to  be  measured 
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(i.e.,  between  a  commutator  bar  and  the  shaft,  slip  rings 
and  the  shaft  or  between  the  terminals  of  the  winding 
and  the  frame,  etc.)  and  read  tiio  volts  again. 

If  R  is  the  resistance  of  the  voltmeter,  V  the  reading 
across  the  busbars,  V  the  reading  of  the  voltmeter  when 
in  series  with  the  insulation,  then  the  resistance  of  the 
insulation  is 


R'  = 


R(V  —  V) 
V 


UR=  100,000  ohms; 
V  =  .500  ohms ; 
F'=  100  ohms; 

,„        100,000  (500  —  100) 

^'    ==  j^^ ^  =  400,000  ohms 

The  resistance  of  tlie  voltmeter  is  usually  marked  on 
the  back  of  the  instrument  or  on  the  carrying  case;  if 
not,  it  may  be  obtained  from  the  makers.  A  voltmeter 
with  as  high  a  resistance  as  possible  should  always  be 
chosen. 
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SYNOPSIS — Wlwri'  to  hull-  for  diul  how  to  avoid  bear- 
in;/  troubles.  Hints  on  how  to  secure  good  results  when 
babbitting  a  bearing. 

W. 
In  a  previous  article,*  attention  was  directed  to  the 
heavy  frictional  expense  incident  to  the  operation  of  ma- 
chinery throughout  a  mill  or  factory ;  to  the  requirements 
of  a  good  babbitt ;  to  the  fact  that  its  wearing  qualities 
are  dependent  quite  as  much  on  its  structure  and  the 
way  it  is  made  and  handled  as  on  its  composition ;  and  to 
the  properties  of  many  of  the  ingredients  of  bearing  al- 
loys. 

Cause  of  Bk.vrixg  'ruouBLEs 

In  searching  for  the  cause  of  bearing  troubles,  first 
look  into  bearing  conditions ;  then  determine  whether 
the  babl)itt  is  a  lead-based,  a  semi-tin-based  or  a  tin-based 
metal,  and,  finally,  break  several  bars  of  the  metal  to  as- 
certain the  extent  of  its  hardness  and  honu)geneity.  If 
the  metal  is  suitable  for  the  conditions  to  be  met,  then 
the  bearing  troulile  must  be  sought  in  some  one  or  sev- 
eral of  the  following  causes:  Excessive  bearing  pressure, 
insufficient  bearing  area,  journal  too  small,  shaft  out  of 
alignment,  bearing  warped,  metal  burned  or  not  properly 
stirred  when  applied,  bearing  too  tight  or  too  loose  on 
the  sides,  presence  of  abrasive  or  cutting  particles,  de- 
fective lubricating  appliances,  inferior  lubricants,  wick 
glazed,  clogged  or  leaving  insufficient  capillary  power, 
oiling  rings  or  chains  broken  or  jammed,  cups  clogged, 
and,  last  but  not  least,  negligence. 

Carelessness 

One  of  the  frequent  causes  of  bearing  troubles,  aside 
from  poor  or  defective  hdirication,  is  an  imperfect  under- 
standing as  to  the  proper  handling  of  the  babbitt  in  melt- 
ing and  applying  it  to  the  bearing,  or  else  to  that  care- 
lessness which  often  results  from  familiarity  or  a  long 
run  of  successful  babbittings.  As  an  illustration,  take 
the  brakeman  on  a  railroad  train.  When  he  first  starts 
out  he  is  cautious,  but  with  increasing  familiarity  and 
good  luck  he  becomes  careless,  and  the  unexpected  occurs. 
There  are  companies  which  have  used  a  certain  grade  of 
babbitt  for  years  with  satisfactory  results,  and  then  sud- 
denly they  have  trouble  from  hot  boxes,  flaking  metal, 
etc.  The  metal  is  blamed,  whereas  the  trouble  was  not 
due  to  a  change  in  its  grade.     Either  a  different  man  did 
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the  babbitting  and  did  not  handle  the  metal  right  in  one 
or  two  important  details,  or  the  same  man  had  had  good 
results  so  long  that  he  had  gradually  dropped  one  pre- 
caution after  another  until  he  was  getting  uneven  mix- 
tures, burnt  metal  or  oxides  in  the  bearings;  perhaps  the 
lubricant  or  bearing  conditions  had  been  subjected  to  a 
similar  change  in  attention. 

Pouring  the  Metal 
Proper  babbitting  conditions  require  clean  pots  and 
ladles.  A  hot  pot  or  ladle  can  be  quickly  cleaned  by 
brushing  it  with  powdered  resin  and  then  removing  the 
precipitant.  It  is  always  best  to  melt  the  babbitt  in  a  pot 
or  kettle  and  not  in  a  ladle,  the  latter  being  too  small 
to  insure  an  even  temperature  and  proper  stirring.  It  is 
iniportant  that  the  ladle  should  be  large  enough  to  con- 
tain more  metal  than  is  necessary  to  fill  the  I)earing.  1\ 
the  bearing  is  long,  be  sure  that'  the  gate  into  whicli  the 
metal  is  poured  is  amply  large  so  that  enough  metal  en- 
ters  at  a  time  to  reach  the  farthest  point  of  the  bearing 
without  chilling;  otherwise  the  result  will  l)o  an  impel- 
feet  bearing. 

One  concern  changed  from  a  lead-based  to  an  expensive 
tin-based  metal  because  many  of  the  bearings  had  cracked 
and  rattled  loose.  A  tougher  metal  was  thought  neces- 
sary. Accidentally,  it  was  found  afterward  that  the 
trouble  had  been  caused  by  using  too  small  a  ladle  in 
pouring.  These  bearings  required  more  than  one  ladleful, 
and,  while  they  were  dipping  for  sufficient  metal  to  com- 
l)lete  the  pouring,  that  already  in  the  bearing  would  set 
just  enough  so  that  when  the  ])alance  of  the  babbitt  was 
poured  a  seam  would  form  between  the  two  parts.  When 
this  bearing  was  put  into  service  the  jar  on  the  journal 
caused  it  to  crack  at  the  seam.  The  firm  changed  back 
to  the  lead-based  metal,  used  a  ladle  large  enough  for  one 
pouring  to  a  bearing,  and  the  trouble  ceased. 

Temperatures 
Overheating  the  babbitt  makes  it  brittle.  Further  the 
hot  metal  tends  to  shrink  as  it  comes  in  contact  with  the 
colder  surface,  resulting  sometimes  i„  a  loose  lining 
which  soon  cracks  under  heavy  stress  or  jarring.  The 
temperature  at  which  to  pour  a  metal  composed  of  tin, 
lead  and  antimony,  and  not  over  0.5  per  cent,  copper  if  it 
is  a  lead-based  metal,  not  over  2  per  cent,  if  it  is  a  semi- 
tin-based  metal  or  not  over  5  per  cent,  if  it  is  a  tin-based 
metal,  may  be  determined  by  inserting  a  white  pine  stick. 
If  it  is  heavily  browned  or  slightly  charred,  the  proper 
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tfm|HMii(mi'  liiis  Ix'on  rcm-hod.  .Snotticr  indiiiitioii  is  a 
vt'Udwisli  tinjic  roriniii^'  on  tin-  siirrmc  of  tlic  metal.  Dd 
not  wait  until  a  rnl  oxide  roriiis.  .\  metal  roiitaiiiing 
zine  or  eoiisideraMe  coiiper  must  lu'  lieated  until  it  can 
he   poured    frci'ly. 

'I'lie  l)eariii<r  into  wliuli  hut  mi'tal  i.><  |)oured.  and  also 
llu'  MUindrel.  shaft  or  journal,  should  he  lu-ated  to  ahout 
^00  to  ;fOO  dejr.  F. ;  otherwise  the  hahhitt  is  likel.v  to  re- 
sist its  eontaet  with  the  cold  surl'aee,  thus  eausiuf,'  shriuk- 
au'f  iiud  ail  impertVet  hearinj;.  A  shaft  or  mamlrel  should 
he  well  chalked  to  insure  freedom  from  frrcase  and  dain])- 
uess.  If  the  shaft  has  not  heen  heated,  the  chalkinfr  will 
|)revent  the  formation  of  hlow  holes  and  rough  surfaees 
on  the  fare  of  the  heariii';.  Shells  or  hushin'rs  should  he 
treated  in  the  same  way.  Small  i)earinf;s  are  l)(>st  iiourod 
vertieallv  and  hirfie  ones  horizontally,  with  a  larf^e  gate  on 
top  for  (he  inetal.  ('lav  is  the  l)est  inalerial  to  Mse 
'vliere  it  is  desired  to  kei'p  the  metal  from  running  out. 
Another  frecpiont  source  of  1  rouble  is  that  the  kettle 
and  the  hearing  are  too  far  ajjart;  then  the  metals  chills 
or  separates  i)efore  it  is  poured.  When  the  bearing  can- 
not be  brought  close  to  the  pot  a  ])ortable  furnace  should 
be  used.  Hold  the  ladle  close  to  the  bearings  to  prevent 
air  bubbles  and  cooling,  and  see  that  there  is  sufficient 
vent  for  :he  esca])ing  gases. 

Babbitt  poured  into  a  mold  or  bearing  at  a  tempera- 
ture far  above  its  pro])er  melting  point  is  generally 
coarse  grained  and  makes  a  jioor  lining.  Uapid  cooling 
produces  a  fine,  even  grain. 

Sometimes,  when  getting  in  a  new  lot  of  metal,  a 
purcliaser  will  compare  it  with  some  of  the  old  metal  on 
hand  by  hitting  the  bars  together.  Usually  the  old  bar 
will  dent  the  new,  indicating  that  the  new  metal  is  softer 
and  raising  a  question  as  to  whether  the  grade  and  qual- 
itv  are  the  same  as  formerly.  Undoubtedly,  they  are,  if 
tlie  metal  manufacturer  has  a  reputation  for  reliability, 
but  the  difference  is  that  metal  carried  in  stock  for  sev- 
eral weeks  or  months  is  harder  than  the  same  grade  when 
first  made. 

lUUEOrL.VRITIES 

Peening  the  lining  of  a  bearing  is  of  no  special  value 
except  in  the  case  of  shrinkage,  when  tightening  the  metal 
in  place  or  evening  up  the  silrface  in  the  event  of  some 
irregularity  from  pouring.  If  it  is  necessary  to  peen  the 
metal  to  tighten  it,  the  best  way  is  to  take  a  round-faced 
hammer  and  tap  the  bearing  lightly  up  and  down  a  line 
parallel  to  the  axis,  gradually  extending  the  blows  to  the 
right  and  the  left  until  the  metal  is  tightened  in  place. 

'boxcs  should  be  kept  snug  but  should  not  be  keyed 
down  too  tightly  at  the  start,  at  least  not  until  the  rough 
places  on  the  bearing  have  been  worn  smooth.  A  journal 
should  rest  evenly  on  a  bearing.  Weight  unevenly  dis- 
tributed by  a  shaft  out  of  alignment  is  disastrous  to  the 
babbitt,  and  particularly  to  a  lead-based  metal.  This 
defect  once  caused  a  millwright  to  change  from  a  cool- 
running  durable,  lead-based  anti-friction  metal  to  an  ex- 
pensive tin-based  metal,  which  stood  the  stress  only  be- 
cause of  its  toughness,  whereas  it  really  developed  higher 
friction  and  greater  cost  in  other  directions  through  lack 
of  its  anti-frictional  properties. 

There  is  no  excuse  for  a  poor  bearing,  so  far  as  its 
being  a  smooth,  solid,  good  fitting  casting  is  concerned,  if 
all  dampness  and  grease  are  removed,  the  mandrel  or 
shaft  and  the  back  of  the  bearing  are  properly  warmed; 


the  shaft  is  wrapped  with  a  thickness  (-(lual  to  tiie  oil 
space  HMpiired  iu'tweeii  the  siuift  and  the  hearing  Hufrace; 
if  the  metal  is  lluid,  its  temperature  right  and  it  is  tlior- 
ouglily  stirred  and  all  oxides  removed;  if  the  gate  into 
which  the  metal  is  poured  is  large  eiiougli  to  admit  a 
volume  that  will  reach  all  parts  of  the  bearing  (|Ui.kly 
before  chilling  at  any  one  point. 

If  a  hearing  warms  up  wlien  lirsl  started,  it  is  usuailj 
because  of  the  little  uneven  projections  that  are  being 
worn  down.  By  letting  the  bearing  run  a  few  moments, 
stop|)ing  it  to  cool  oil'  and  then  starting  it  again,  a  cool- 
running  bearing  usually  results,  other  conditions  being 
all   right. 

If  a  metal  Hakes  oil'  or  contains  hard  and  soft  sjmts 
and  is  pronounced  too  soft,  it  is  usually  because  the  metal 
has  been  left  too  long  in  a  highly  lluid  state  without  Htir- 
ring.  'I'his  allows  the  metals  to  separate,  and  instead  of 
a  homogeneous  luixtiiic  there  is  a  segregation  of  the  lead, 
tin  and  nnlimony.  and   trouble  naturally  follows. 

(il!AI)i;s    or    lUliHITT 

Bearing  metals  slioidd  ijc  selected  according  to  the 
speeds  and  pressures,  the  size  of  the  bearing  and  the 
thickness  of  the  babbitt  lining.  It  is  not  necessary  that 
a  different  babbitt  be  used  for  each  slight  variation,  but 
a  diU'erent  grade  is  preferable  where  the  conditions  are 
radically  different.  Practically  tliree  grades  will  cover  all 
mechanical  conditions;  one  for  general  light  work,  one  for 
medium-speed  and  pressure  and  one  for  high-speed, 
heavy-duty  work,  with  now  and  then  an  exception;  i.e., 
an  extremely  heavy  load  with  low  speed,  a  high  speed  with 
a  comparatively  light  load,  or  a  small,  Ihin-shelled  hear- 
ing built  out  of  all  proportion  to  the  load  and  to  the 
speed.  \\'liile  one  or  two  grades  might  generally  give 
satisfaction,  economy  would  be  better  served  by  selecting 
a  grade  best  suited  to  one  of  these  throe  or  to  the  special 
conditions.  Because  a  man  is  getting  what  he  considers 
good  service  out  of  his  16c.,  20c.,  or  25c.  metal,  it  is  no 
assurance  that  for  30c.  per  lb.  he  might  not  get  double 
the  service,  or  that  for  14c.  he  might  not  get  the  same 
service. 

Sometimes  the  mistake  is  made,  in  small  thin  bear- 
ings, of  making  too  large  oil  holes  and  deep  grooves 
in  various  directions  from  the  oil  holes.  This  skeleton- 
izes and  weakens  the  bushing.  These  grooves  occasion- 
ally extend  through  half  the  thickness  of  the  lining,  and 
under  constant  vibration  or  jar,  the  bushings  crack.  The 
remedy  is  thicker  linings  or  bushings,  or  else  sufficient 
tin  added  to  the  babbitt  to  make  it  tough  enough  to 
withstand  this  condition.  Some  wash  the  backing  against 
which  the  metal  is  to  be  poured  with  the  ordinary  plumb- 
er soldering  solution  so  that  the  balibitt  is  soldered  fast 
to  the  box  or  hacking. 

If  the  metal  pours  sluggishly,  the  trouble  may  be 
looked  for  either  in  the  temperature  being  too  low,  or  the 
metal  containing  too  much  copper  or  zinc.  The  increased 
use  of  smeltered  or  dro.ss  products  and  antimonial  lead 
containing  impurities  in  considerable  quantities  frequent- 
ly causes  this  trouble. 

Assuming  that  the  metal  is  made  right,  and  of  the 
right  materials,  then  the  important  features  to  be  ob- 
served are  that  the  right  grade  is  selected  for  the  con-' 
dition  to  be  met;  that  it  is  handled  properly  in  babbit- 
ting; and  that  as  many  as  possible  of  the  conditions  that 
tend  to  destroy  the  babbitt  lining  are  removed. 
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Wlhisvt  Are  Y®^  WorfeBiffig  Foip? 

Ask  anyone  what  the  ditiereiicc  is  l)etween  a  profes- 
sion and  a  trade,  and  the  answer  will  almost  certainly 
be  one  relating  to  the  character  of  the  work.  Probably 
the  law,  the  ministry,  or  medicine  will  he  mentioned  as 
examples  of  professions,  and  carpentry,  masonry,  tail- 
oring, farming  or  any  other  of  a  number  of  callings,  as 
trades.  We  submit  that  the  real  distinction  between  a 
profession  and  a  trade  is  the  spirit  in  which  it  is  usually 
followed.  Viewed  in  this  light,  your  vocation  is  the 
one  or  the  other  according  to  whether  you  engage  in  it 
foi'  what  you  put  in  it,  or  what  you  get  out  of  it.  In 
other  \\'ords,  whether  you  woi'k  for  the  love  of  it,  or  for 
tiie  money  it  brings. 

It  is  contrary  to  iiumau  instinct  to  be  idle.  Some 
naturally  prefer  the  good  and  live  to  l)e  useful;  others, 
evilly  inclined,  if  useful  at  all,  are  so  by  compulsion — 
in  order  to  live.  Between  these  extremes  are  the  care- 
less or  discoura'ged,  who  work  only  to  get  the  means  of 
a  living. 

We  would  not  be  misunderstood  as  meaning  that,  to 
be  a  professional  man,  one  must  work  for  nothing.  Money, 
being  the  medium  of  exchange,  must  be  the  return  to 
procure  the  necessities  of  life  and  the  comforts  and  rec- 
reation that  the  normal  man  requires.  To  this  extent, 
the  financial  reward  is  needful  in  any  line  of  work. 
Nevertheless,  the  truly  professional  man  who  deserves 
the  dignity  of  that  classification  makes  his  chief  con- 
cern the  good  he  can  do.  He  is  more  anxious  to  be 
useful  than  rich. 

Common  acceptance  of  the  term  makes  all  clergymen, 
doctors  and  lawyers  professional,  but,  more  is  the  pity, 
some  in  their  ranks  forget  that  the  mission  of  service  is 
fundamental,  the  acquisition  of  wealth  incidental.  Just 
as  there  are  these  exceptions  among  those  supposed  to 
be  of  these  professional  classes,  there  are  many  in  the 
humbler  walks  considered  to  belong  to  the  trades,  who 
care  more  to  excel  in  their  lines  than  for  anything  else. 
They  have  a  pride  in  their  work  and  will  do  as  con- 
scientiously whether  their  wages  are  high  or  low. 

When  the  writer  was  a  boy,  an  old-  Englishman,  an 
expert  wood-polisher,  came  to  the  house  to  polish  the 
rosewood  case  of  an  old  square  piano.  He  was  very  en- 
thusiastic over  its  beautifully  matched  grain.  Constant- 
ly, while  he  worked,  he  talked  about  it  and  admired  it 
and  showed  his  pleasure  in  polishing  it.  The  interest- 
ing part  of  this  incident  was  the  old  man's  philosophy 
on  the  hereafter.  His  idea  of  Heaven  was  a  place  where 
everyone  could  do  the  work  he  liked  to  do  and  he  expected, 
he  said,  to  go  right  on  polishing  wood,  because  of  his 
fondness  for  it.  Without  question,  he  got  a  satisfaction 
out  of  the  work  of  bringing  out  the  beautiful  grain  of  a 
piece  of  woodwork  that  was  akin  to  that  of  the  artist 
in  putting  a  picture  on  a  canvas.  Probal)ly  no  one  would 
call  wood  polishing  a  profession,  l)ut  this  ituui  had  the 
real  professional  spirit. 


All  of  this  leads  up  to  the  fact  and  perhaps  explains 
why  engineering  is  coming  to  be — yes,  has  become  a 
profession.  Time  was  when  there  were  many  engineers 
who  went  about  their  work  more  or  less  perfunctorily, 
whose  vLsion  held  little  beyond  the  pay  envelope  at  the 
end  of  the  week.  Jiapidly  is  this  race  becoming  extinct, 
even  as  the  lines  separating  the  technically  trained  from 
the  practically  trained  engineers  are  disappearing. 
We  have  no  patience  with  the  self-considered  elite  who 
would  have  the  steam-plant  operator  known  as  an  en- 
gineman  or  engine  runner  or  something  else  than  en- 
gineer. There  are  many  men  still  left  in  the  plant  who 
do  not  merit  being  called  engineers  yet,  and  perhaps 
never  will,  but  those  who  have  reached  the  stage  where 
they  can  intelligently  manage  a  plant  of  any  size,  are  as 
much  entitled  to  be  considered  engineers  as  any. 

After  all,  "What's  in  a  name?"  We  sense  it  that, 
whatever  he  is  called,  the  man  who  devotes  his  life  to  a 
work  he  delights  in,  who  strives  to  master  the  knowledge 
of  that  work  so  that  he  can  perform  it  most  effectively, 
who  is  earnestly  making  the  most  of  his  ability  to  be  the 
best  of  his  kind,  be  it  ever  so  humble,  is  as  much  a  man 
as  the  next.  Whether  he  gets  the  admiration  of  the 
crowd,  or  is  tagged  with  a  title  matters  not,  one  thing 
he  has,  which  no  one  man  can  take  away  from  him,  an 
inner  satisfaction  that  he  is  working  for  a  purpose  and  ' 
getting  there.  And  such  a  man  is  any  engineer  who  is 
making  it  his  main  effort  to  get  the  highest  efficiency  or 
the  best  performance  out  of  the  equipment  in  his  care. 
He  wastes  no  time  in  self-pity  because  he  is  not  getting 
the  salary  he  earns.  Like  as  not,  the  lack  of  salary  is 
more  than  made  up  to  him  in  the  happiness  he  gets 
out  of  his  work,  and  generally  the  higher  pay  comes 
automatically  sooner  of  later. 

Work  for  the  work's  sake  makes  life  worth  the  livinsj. 


The  opinion  is  held  by  many  that  municipal  electric 
light  and  power  plants  are,  as  a  rule,  inefficiently  oper- 
ated, give  inadequate  service  and  represent  a  waste  of  the 
people's  money.  While  representatives  of  private  power 
interests  have  undoubtedly  done  much  to  spread  this  im- 
pression, the  responsibility  also  rests  with  a  few  plants 
that  have  warranted  such  criticism.  However,  it  would 
be  as  unfair  to  condemn  municipal  plants,  as  a  cla.ss,  by 
the  experience  of  a  few  unsuccessful  ones,  as  it  would  be 
to  say  that  our  .system  of  government  is  a  failure  because 
dishonest  politicians  have  discredited  it  in  a  few  in- 
stances. 

It  should  be  possible  to  run  a  municipal  plant  as  effi- 
ciently as  a  private  plant,  under  like  conditions  of  ser- 
vice ;  and  we  believe  the  majority  are  so  run. 

In  fairness  to  the  community  which  it  serves,  every 
municipal  plant  ought  to  be  a  self-supporting  enter- 
prise.    That  is,   full   allowance  should  be  made  for  in- 
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ti-rost  on  till'  invo.-^limiil,  (U'pu'ciation,  rt'tin-nii'iil  of 
l»oiul«,  otr.,  in  luldition  lo  (lie  co.xl  of  opfiation,  the  rales 
bcinji;  lixt'tl  accortlin^ly.  If  all  the  fixod  cliargi-H  were 
not  iniliidcd,  llio.xf  nicnilKTs  of  the  coniniunity  who  uhg 
olt'ctrifity  wonid  |tr()(it  at  tiic  cxix'iisc  of  (lie  taxpayers 
who  aro  not  con.^iinirr.-. 

'riuMT  arc  over  liftccn  iinndrt'd  nmnicipal  clcctric-ligiit 
and  power  plant.-*  in  (he  United  State.**  serviiifr  private  eon- 
.>innuMs,  ami  ahont  two  hundred  in  Canada,  the  ninnher 
havinjj:  donhled  in  the  la.>*t  ten  years.  Thi.s  f,'rowtli  alone  fnr- 
nishe.s  a  .strong  arnnnient  in  their  favor.  In  many  cases 
these  ])lant.s,  hy  furnishinij  competition,  liavo  cut  in  two 
the  rates  formerly  paid  to  private  power  companies,  and 
.still  have  heen  altle  to  show  a  suhstantial  snrplus  at  (lie 
end  of  the  year,  after  dodnctijiir  all  charges.  Unfortun- 
ately, too  little  puhlicity  has  heen  given  to  these  ca.ses. 

We  hope  to  he  ahle,  with  the  cooperation  of  munici- 
pal plant  managements,  to  coin])ile  data  on  the  total  cost 
of  production  in  a  large  numher  of  these  installations. 
If  a  sutticient  nund)er  resiK)nd,  the  results  will  he  classi- 
fied according  to  the  size  of  ])l;)iit.  type  of  equipment  and 
character  of  service.  I'uhlished  in  this  form,  the  in- 
formation wouhl  ]iro\('  a  \alua!)le  reference,  as  it  would 
enahle  the  engineer  of  any  ])!ant  to  compare  his  own  re- 
sults with  tiiose  of  otiicr  plants  ()])erating  under  similar 
conditions. 

A.  Flea  (Tor  Ha^fiaer  Settiia^s 

At  a  meeting  of  engineers  recently,  the  disadvantagesj 
of  small  furnace  volume  or  low^  settings  were  heing  dis- 
cus.sed.  One  man  incpiired  as  to  who  started  setting 
hoilers  close  to  the  grate,  and  he  was  informed  that  the 
])ractice  started  with  designers  of  the  craft  which  plied 
the  Ohio  Eiver.  Whether  this  is  true  matters  little,  but 
the  fact  remains  that  the  practice  is  all   too  prevalent. 

Nearly  everybody  realizes  that  low  settings  do  not  fa- 
vor complete  combustion,  hut  instead  promote  all  the 
evils  that  tend  to  lower  furnace  efficiency,  especially  Avith 
soft  coals,  the  consumption  of  which  is  steadily  on  the 
increase.  This  realization  makes  one  wonder  why  so 
many  engineers  are  still  slaves  to  a  custom  that  never 
had  any  logical  application  to  stationary  practice.  Im- 
agine how  much  too  low  are  twenty-four-inch  settings  for 
even  ordinary  .soft  coal,  when  at  the  Delray  station  of 
the  Detroit  Edi.son  Co.,  the  flame  of  long-flame  West  Vir- 
ginia coal  strikes  the  top  of  the  combustion  chamber 
which  is  twenty-eight  feet  above  the  stoker.  This  hap- 
pens at  a  boiler  rating  of  275  per  cent.  For  complete 
combustion,  the  flame  should  consume  itself  before  strik- 
ing the  comparatively  cold  heating  surface. 

In  large  central  stations  and  railway  power  houses  the 
value  of  large  furnace  volume  is  fully  realized.  Each 
new  installation  has  boilers  set  higher  and  higher  above 
the  grate. 

It  is  not  so  long  since  the  water-tube  boilers  in  the 
South  Boston  station  of  the  Boston  Elevated  Eys.  Co., 
were  set  eight  feet  above  the  stokers  at  the  rear.  At 
the  time,  many  thought  this  was  going  to  extremes  and 
voices  of  disapproval  were  heard.  Xew  boilers  that  may 
be  installed  in  this  plant  will,  perhaps,  be  set  still 
higher. 

At  the  201st  Street  station  of  the  United  Electric 
Light  &  Power  Co.,  New  York  City,  which  is  conceded 
to  be  one  of  the  best  examples  of  central-station  engineer- 


ing, the  boilers  are  ten  feel  aimvo  the  Klokers  at  the  rear. 
Such  good  resullH  have  been  obtained  with  a  horizontal- 
tubular  boiler  Kct  sevority-Kix  inches  above  the  grate  in 
a  Newark,  N.  .7.  ice  plant,  that  another  boiler  with  like 
setting  is  being  installed  to  meet  the  steam  denniu'l 
in  the  double-furnace  water-tul)c  boiler  at  the  Fid 
ninth  St.  power  house  of  (he  Interborough  ihipid  Tran- 
sit (.'o.,  the  stoker  at  IIk?  rear  of  (he  boiler  is  al)ou(  (welve- 
fee(  below  (he  lowest  row  of  (ubes  and  is  more  ellicient 
than  (he  one  at  the  front  which  is  located  nearer  the 
tubes. 

Besides  the  amelioration  of  the  smoke  evil,  tiiere  aro 
other  advantages  of  high  settings  which,  as  the  writer 
pointed  out  in  a  recent  lecture  before  N'cwark  .Number 
Three  N.  A.  S.  E.,  are  not  fully  realized.  To  reduce 
heat  losses  due  to  running  boilers  at  low  rating,  many 
engineers  use  fewer  boilers  at  high  rating  to  carry  the 
load.  When  ])urning  the  fine  grades  of  anthracite  un- 
der com])aratively  high  draft  in  ordimirily  low  settinga 
much  of  the  coal  is  carried  away  from  the  fuel  bed. 
High  settings  greatly  reduce  this  evil.  Where  too  high 
ratings  are  not  used,  a  high  volatile  and  therefore  usually 
cheap  coal  may  be  used  in  high  settings  without  produc- 
ing objectionable  smoke. 

Po^'4''dles'e<d    Coal 

A  number  of  inquiries  have  been  received  lately  for  in- 
forination  regarding  powdered  coal  as  a  fuel.  The  arti- 
cle on  ])age  470  is  a  direct  res]jonse  to  the  evident  desire 
for  one  of  its  kind.  Interest  centers  in  the  practice 
mainly  because  of  the  possibility  of  utilizing  low-grade 
fuels.  Practical  difficulties  arise  in  tlie  high  furnace  tem- 
peratures and  the  finding  of  a  firebrick  lining  to  with- 
stand them. 

The  author  takes  up  a  number  of  the  designs,  many  of 
them  failures  to  a  greater  or  less  extent  and  gives  rea.son8 
for  their  non-success.  Altogther,  it  is  an  in.structive  re- 
sume of  the  more  important  work  today  in  this  relatively 
new  field,  deserving  the  attention  of  readers  who  are  fol- 
lowing the  developments  that  are  being  made  in  fuel 
engineering. 

m 

In  connection  with  the  cartoon  this  week,  if  you  have 
not  already  done  so,  read  the  editorial  that  appeared  in 
the  March  21,  issue,  page  41.5;  entitled  "New  York  State 
to  Economize  on  Coal."  The  reference  is  to  the  fact  that 
New  York  State,  like  New  York  City,  has  decided  to 
buy  the  coal  for  the  plants  over  which  it  has  control,  un- 
der specification. 

According  to  the  estimate  of  Frank  S human,  of 
Tacony,  Philadelphia,  the  man  who  has  done  perhaps  the 
most  in  that  line,  the  cost  of  an  equipment  to  absorb  en- 
ergy from  the  sun  would  be  about  $152  per  horsepower. 
An  excellent  steam  plant  could  be  put  down  for  forty  dol- 
lars, and  the  standard  charges  on  the  one  hundred  odd 
in  excess  of  this  would  pay  for  coal  enough  to  operate 
such  a  plant  ten  hours  a  day  with  coal  at  three  dollars 
per  long  ton.  It  would  appear  that  for  the  present  the 
sun  motor  is  in  the  same  category  as  the  -wave  motor. 
Energ}'  which  is  now  being  dissipated  can  be  conserved 
with  either,  but  at  a  cost  for  investment  which  makes  the 
yearly  outlay  greater  than  it  would  be  at  the  present 
price  of  fuel. 
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An  accident  happened  to  tlie  condenser  pump  during 
tlie  busy  season  in  a  paper  mill  wliere  I  was  the  operating 
engineer.  The  plunger  was  broken  beyond  repair,  and 
to  avoid  -shutting  down  part  of  the  mill,  temporary  re- 
pairs were  made,  as  follows:  We  measured  the  exact  size 
of  tlie  cylinder,  then  cut  two  iron  disks  fV  iQ-  thick,  one 


Plunger  Assembled 

inch  smaller  than  the  bore.  The  rod  being  tapered,  one 
was  drilled  to  fit  the  large  end  and  the  other  the  small 
end  of  the  taper.  Then  two  iy2-in.  planks  were  spiked 
together,  and  with  a  keyhole  saw  sawed  out  to  a  plunger 
■/j  in.  smaller  than  the  bore  of  the  pump  to  allow  for  the 
wood  swelling.  After  assembling  as  shown  and  putting 
in  place,  it  held  a  20-in.  vacuum  for  about  one  hour, 
then  gradually  increased  to  23  in.,  which  was  maintained 
for  two  weeks,  until  the  new  parts  were  received. 

J.  B.  Bedore. 
C'rivitz,  A\'is. 


A  15-hp.  direct-current  motor  developed  serious  spark- 
ing at  the  brushes.  It  would  run  satisfactorily  for  some 
time,  then  the  commutator  would  begin  to  turn  black,  and 
the  brushes  spark  and  heat  to  an  alarming  degree.  I  tried 
graphite  brushes  and  boiling  the  carbon  brushes  in 
paraffin,  but  without  success.  The  anuature  was  removed 
and  placed  in  a  latlie  tlii-cc  times  to  turn  down  the  com- 
mutator, but  tlic  same  ti-onble  ii|)])eared  after  about  three 
months  each  tiiuc. 

'i'lie  last  time  the  ai'mature  was  remov(Hl  1  decided  to 
undercut  the  mica.  A  tool  was  made  a  little  narrower 
tlian  the  width  of  the  mica,  and  placed  in  position.  The 
iiiniature  was  turned  in  the  lathe  until  a  slot  was  op- 
posite the  tool  and  then  the  tool  carriage  was  moved  by 
liand  parallel  fo  the  commutator,  beginning  at  the  out- 
side and  working  toward  the  armature  coils.  After  a  trip 
across  the  commutator  the  tool  was  moved  hack,  the  arma- 
ture turned  in  the  lathe  until  the  n(>xt  slot  was  opposite 
the  tool  and  the  operation  repeated. 


In  this  rminner  about  15(i  micas  were  undercut  Vo4 
in.  in  three-quarters  of  an  hour.  When  finished,  the 
commutator  was  polished  and  put  in  place.  The  result 
was  gratifying,  the  motor  running  better  than  it  ever  did. 

I  can  see  no  reason  why  this  could  not  be  applied  to 
large  motors  or  dynamos  where  it  would  be  out  of  the 
question  to  remove  the  armature.  A  tool  carriage  could 
be  fastened  to  the  frame  of  the  machine  and  operated  in 
the  same  manner  as  when  in  the  lathe.  The  only  diffi- 
culty might  be  the  inability  to  move  the  armature  so 
that  a  mica  would  come  to  rest  opposite  the  travel  of  the 
tool. 

La  Euk  H.  Stark. 

*)elavan,  Wis. 

m 

The  writer  has  found  magnesia  preferable  to  lime 
mortar  for  covering  the  brickwork  on  the  tops  of  boil- 
ers. Scrape  the  bricks  clean,  and  ap])ly  a  first  coat  of  85 
per  cent,  magnesia,  l^  in.  thick,  mixed  as  a  thin  grout. 
When  the  first  application  has  become  thorougldy  drv, 
apply  with  a  trowel  a  second  coat  I/2  in.  thick,  mixed  to 
a  consistency  of  thick  mortar.  The  surface  will  become 
firm  and  will  bear  walking  on. 

AViLLiAJi  Plaisted. 

Eedondo  Beach,  Calif. 

'*; 

A  crankpin  brass  on  a  twin-cylinder  gas  engine  sud- 
denly got  hot  without  any  perceptible  provocation.  The 
engine  was  shut  down  and  an  examination  showed  that 
the  pin  was  about  half  an  inch  out  of  the  disk.  On  closer 
examination  it  was  found  that  the  back  end  of  the  pin  had 


CrANKPIX     AXn    ('I!AXK 

not  moved,  making  it  plain  tliat  the  pin  was  broken  in 
tbe  disk.  This  pin  had  given  considerable  trouble  some 
time  before  and  it  was  suspected  that  it  was  working  in 
the  disk,  but  this  could  not  be  detected. 

The  old  pin  was  removed  and  a  new  one  turned  down 


lit;' 


i'(»  w  !•;  i; 


\()l.  :ii».  N'o.  1 1 


to   aluiUt    till'    si/.(<   of    tlu-    old    olli'.       'I'IhII    lllr    linlr    III    till' 

disk  was  ('alipcrcd  and  toiind  to  lie  iii  liad  .siia|)c,  l)iil  as 
tlu'  lu-aivst  |iortal>l»'  ixiiiajj  Imr  was  IS  miles  away  and  tlic 
cnf^inc  was  nt'odi'il  liadly.  it  was  dccidi-d  to  risk  pnttiiif^ 
llir  new  |)in  in  tiic  old  hole.  Accordinf^lv,  tlic  old  lioli' 
was  s(  i'a|)<>d  and  lilcd  as  sniootli  as  |)nu'ti('al>lc,  and  (he 
|)in  tinisiu'd  to  what  was  apiHircntlv  a  <;ood  driving  fit. 
'I'lu'  disk  was  then  heated  until  it  would  melt  solder  in 
the  hole.  A  rum  wirs  rmrde  fr-om  sorrre  old  sliirrtirifi  siis- 
ori  a   i(i|ie.  and  a   piree  of  haliliill   iiielal   was  I'msI- 
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d  of  a   rod  lo  liold  o\cr  llic  lace  oT  (he  |)irr 


eiiecl  on   I 
while  i'arrimin>j;. 

When  all  was  ivady,  the  pin  was  star-led  irr  and  the  ram 
l)r'ou>;lrt  into  iietion.  All  went  well  iriitil  the  pirr  lai  ked 
only  id)oirl  thr'ei'-l'orirlhs  of  an  inch  ol'  hcin^'  iimiie,  and 
there  it  stuek.  No  ainoimt  ol  rammirr>i  would  induce 
it  to  }io  Tar'ther-;  nor-  could  it  hi-  hacked  wirerr  the  rarrr 
was  applied    to   liie   olhei-  eird. 

The  pin  was  made  with  a  collar-  .1,  lo  lit  into  lire 
couirterhtirc  li.  a>  sluiwii.  We  at  last  decided  to  cut. 
away  lire  colhii-,  and  irsc  the  pin  as  it  was  nrrlil  we  corrld 
•,^•1  another-  pin. 

A  slediic  and  cold  chisel  w-ere  used  lo  cirl  the  rinjj  down 
to  alnrosl  finished  size,  and  tlien  the  tinished  cut  was  iriado 
with  the  i)in-lur-nin<^  device  that  had  heen  used  lo  tr-ue 
up  the  old  pin.  .Vftei-  the  pin  was  smoothed  irp  nicely. 
the  counterhor-e  was  filled  with  hahhitt  riietal  flush  witir 
the  face  of  the  disk.  The  hrass  was  then  put  cm  with 
ahoTit  two  thicknesses  of  tin  between  it  and  the  disk  and 
the  space  between  the  br-ass  and  lire  v\\i\  i-irii;-  on  the  jrin 
was  tilled  with  babbitt  metal. 

This  completed  the  job.  After  adjustino-  the  new  br-ass 
and  eonnectin<j  up,  the  engine  was  started  and  the  load 
pirl  on.  Hie  brass  ran  warm  for-  a  day  or  two,  but  it  is 
now  running  cool  under  full  load. 

Eaul  Pagext. 

Coffeyville,  Kan. 
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But  one  side  wall  of  a  boiler  selling  is  exposed  in  my 
plant,  and  keeping  it  in  good  repair  has  proved  both  a 
difficult  and  expensive  task.  When  this  batter-y  of  boil- 
ers was  originally  set,  it  was  allowed  to  stand  for  several 
weeks  befor-e  fires  were  built,  and  the  masonry  had  ample 
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time  to  dry.  Soon  after  tlic  Ijoiler  was  put  into  service, 
ho-wever,  cracks  appeared  in  this  side  wall.  About  four 
feet  of  it  was  taken  down  and  rebuilt,  but  cracks  soon 
appeared  in  the  same  places.  The  work  was  repeated 
but  proved  to  give  no  better  results  than  before. 


The  i-ods  holding  the  caHl-iion  frontH  in  pitiee  were 
irboirt  four  feet  long,  with  idxiul  kIx  inelieH  at  the  end, 
trrrrred  at  right  angles  for  an  anchor.  There  were  no  sup- 
ports at  the  r-eirr  of  the  wall.  On  one  oeeaKJon  when 
the  rrpjici-  pail  of  this  wall  wa.s  tjikerr  dowrr  for  repairs, 
the  short  r'od  was  r'r'irroved  and  a  long  oni*  Hirhstitiited, 
extending  tin-  length  of  the  wall,  with  a  large  waHlier, 
:rnd  a  nirt  at  the  rear.  This  was  an  inrpi-ovenient,  hut  it 
did  riol  wholly  |)revent  th<'  wall  from  i-r-aekirrg. 

Laler  orr,  this  wall  was  taken  down  to  within  2  ft.  of 
I  he  l)oiler--i-oom  floor,  and  se<irr-iirg  two  pieces  of  K-in. 
(  harrrrel  ir-on  they  wer-e  set  irp,  one  rrt  each  end,  ub  illns- 
I rated.  Holes  wer-e  chiseled  out  of  the  brick  floor  lo  !•<!- 
ceive  the  lower-  ends  of  these!  chanirel  ir-ons,  and  they 
were  ceinciilcil  ill  place.  Two  %-in.  r-ods  wei-e  thnfaded 
at  i)otlr  ends  to  r-ecei\e  rruts  and  wer-e  put  in  place  to  act 
like  thr-oirgh  br-aces  in  boiler  constrrrction.  They  w(!re 
birilt  into  the  wall,  arrd  as  the  irrorlar  dried  and  shrunk 
the  mils  were  lightened,  'i'lris  was  done  nearly  two  y(!ar-8 
ago,  and   no  <i-acks  ha\i'   vet    appear-ed. 

W.     II.     WAKE.MA.V. 

New   llavcrr.   Coiirr. 


The  trrrbo-geiier-ator  .shown  is  a  lOOO-kw.  nrachine,  and 
the  windings  ar-e  cooled  by  air  drawn  fr-om  outside  tlie 
power  house.  At  the  time  the  jrhotogr-aph  was  taken  the 
outside  temperatur-e  was  2(')  (leg.  below  zer-o  and  the  gen- 
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erator  w^as  covered  with  frost,  in  some  places  y^  in.  thick. 
The  dark  spot  is  wher-e  the  frost  started  to  melt  off  aflf^r 
a   full    load  for  two  hours. 

F.  p].  Albhecht. 
Lisbon.  Ohio. 


aim   JSC 

A.  Ct.  James'  experience  with  badly  corroded  boilers 
due,  in  his  opinion,  to  the  use  of  graphite,  does  not  tally 
with  my  experience.  We  use  artesian-well  water  contain- 
ing a  large  percentage  of  lime.  I  found  the  three  boilers 
scaled  badly  and  tried  different  compounds,  but  obtained 
the  best  results  by  first  painting  all  inner  surfaces  with 
graphite,  then  feeding  it  daily  as  directed.  The  boilers 
are  now  tlioroughly  clean  and  the  inspector  has  raised  the 
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pressure  limit  30  lb.,  on  two  of  them.  Mr.  James  say:? 
the  corrosion  was  found  at  the  annual  inspection.  I 
have  found  it  good  practice  to  give  boilers  a  thorougli 
jinternal  inspection  at  least  once  every  three  months.  It 
does  not  look  as  if  all  of  the  blame  can  be  placed  on 
sither  the  "Young  College  Graduate"  or  the  graphite. 

Chakles   V.  Becker. 
East  View,  N.  Y. 

Mr.  Crockett's  views  on  luliricatiiig  engine  Ix-arings,  in 
the  Jan.  20  issue,  are  held  by  many  good  mechanics,  but 
I  would  like  to  know  if  he,  or  any  other  man,  can  present 


Fig.  1.   GuoovEs  in  Bottom  Bearing  Shell 

%  logical  reason  for  cutting  such  grooves  in  journal  shells 
18  he  describes. 

If  a  journal  runs  hot  it  is  taken  apart  and  scraped  to 
i  fit,  and  if  it  happens  to  be  without  grooves,  deep  ones 


shaft  and  the  quarter  boxes.  This  should  not  be  any 
more  than  the  thickness  of  an  oil  film  or  the  shaft  will 
j)ound. 

As  the  shaft  revolves  it  carries  a  film  with  it.  Suppose 
this  film  is  heavy  enough  to  fill  the  groove  shown  in  Fig. 
4,  is  there  any  chance  that  the  shaft  will  pick  up  oil  if 
the  shaft  is  well  worn  in  the  bearing,  with  a  pressure  of 
at  least  100  lb.  to  the  square  inch?  I  think  not,  and  if 
this  same  film  is  depended  on  to  fill  the  grooves  shown 
in  his  Fig.  3,  I  will  have  to  be  shown.  If  the  shaft  is 
well  bedded  in  the  box  I  would  turn  the  engine  one  revolu- 
tion to  see  where  the  shaft  bearing  comes  and  make  it 
uniform  from  one  end  of  the  box  to  the  other. 

The  edge  A  of  the  bottom  box.  Fig.  1,  should  be  cut 
away  at  an  angle  of  45  deg.  with  the  face  B  to  within  % 
in.  of  the  ends  of  the  boxes.  The  oil  will  carry  around 
just  as  well  as  if  the  babl)itt  were  grooved  and  the  area 
that  would  have  been  used  for  them  is  left  for  its  real 
purpose. 

There  are  engines  which  are  overloaded  and  the  bear- 
ings heat  up  no  matter  how  carefully  they  are  fitted.  If 
these  bearings  are  watclied  before  they  begin  to  heat,  it 
will  be  found  that  the  shaft  will  come  up  dry,  because 
the  pressure  is  so  great  that  the  oil  is  forced  out  from 
between  the  shaft  and  the  bearing. 

The  surest  way  to  oil  such  bearings  is  to  automatially 
pump  oil  into  the  bottom  shell.  Oil  pumjied  into  the  cen- 
ter hole  will  be  forced  out  into  tlie  bearing,  due  to  the 


FIG.  2 


FIG. 4 


FIG.   3 

Mk.  Crockett's  Method  of  Grooving  Bearing  Boxes 


ire  cut.  If  the  journal  runs  cool  after  it  is  again  put  in 
service,  the  newly  cut  grooves  get  the  credit,  instead  of 
the  newly  dressed  bearing  surfaces,  which  are  more  likely 
;o  have  improved  conditions.  If  the  bearing  still  runs 
lot,  no  one  blames  the  oil  grooves. 
The  first  journal  I  jjut  up  without  oil  grooves  was  on 
belt-driven  rotary  pump  with  a  4-in.  shaft.  Three 
nonths  later  the  chief  had  the  caps  taken  off  to  facilitate 
removing  a  gear.  There  was  one  slot  cut  in  the  cap 
engthwiso,  but  none  in  the  bottom  shell.  He  called  my 
ittention  to  tlie  omission  and  said  things  not  fit  for  pub- 
ication.  Althougli  he  was  a  capal)le  man,  he  l)olieved  that 
ill  licarings  should  be  grooved,  and  the  fact  that  the  bear- 
nus  liad  run  cool  for  a  month  made  no  difference  to  him. 
lu'lernng  to  Mr.  Crockett's  sketch,  if  oil  were  intro- 
lu(  rd  to  the  top  of  the  grooves  in  his  Fig.  8,  if  these 
nii,.\es  were  connected  witli  those  in  Fig.  4,  and  the  lat- 
er grooves  connected  with  the  bottom  of  the  opposite  side 
quarter  box,  it  is  possible  that  oil  would  flow  through 
hem  and  supply  oil  to  the  shaft  at  all  parts  of  the  hear- 
ng.  With  oil  fed  onto  the  shaft,  and  allowing  that  the 
grooves  in  Fig.  2  are  always  kept  full,  with  steam  work- 
ng  in  the  crank  end  of  the  cylinder,  the  shaft  will  bo 
Dulled   back   the   amount   of   the   clearance   between   the 


pressure  being  greater  than  that  of  the  shaft  in  the  bear- 
ing. Here  I  approve  of  an  oil  groove,  l)ecause  I  can  see 
that  it  is  for  distributing  oil  the  length  of  the  bearing,  as 
also  do  the  shelves  at  A. 

As  for  oil  holes  in  crankpin  shells,  hardly  anyone  now 
uses  them  in  center-oiled  pins.  A  flat  spot  i/2X%-ii- 
should  be  filed  over  the  oil  hole,  and  grooves  of  iV-in. 
radius  cut  in  the  pin,  as  shown  at  C,  Fig.  5,  the  groo\es 
running  opposite  to  that  of  the  rotation  of  tli^  pin  from 
the  hole. 


Fig.  5.    Grooved  Crankpin 

T  have  found  can  oiling  wasteful,  dirty  and  dangerous 
arouiul  a  Corliss  gear;  a  grease  cup  is  clieaper  and  more 
satisfactory. 

S.  H.  Farnsworth. 
Chicago,  111. 
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Converting  Generator  into  a 
Motor 

'I  III'  owMi'i's  oT  !i  iniu'liiiu'  shoji  i'i'i|Uii'('il  an  lulilil  ioiial 
liiotoi'  lo  (Ifivo  Hoiiii'  new  iiiai'liinrs.  A  comiijoiiikI  ^vn- 
ciatiir  wa.s  roiimi  at  a  HctoiKl-liaiHl  dfalcr's,  which  lie  a.»- 
siiicil  tlu'in  woiilil  lie  lai'^^'c  ciioiiiih  to  ilo  the  work,  and 
<'onl(l  1)1'  readily  chan^'cd  to  a  niotoi'.  It  was  aeeordinj^ly 
punhascd  and  installed.  'I'lie  field  rheostat  was  retained 
nnd  ii  water  haiTcl  ])i'ovided  for  starting;,  'i'lie  ek'etrieian 
nuide  what  he  considered  the  proper  connections,  and  I'elt 
assured  that  they  were  right  when  the  motor  ran  ])ro])erly 
without  sparking  or  heating  with  no  load. 

The  moment  that  load  was  put  on,  the  hrushes  sparked 
badly,  the  motor  emitted  groans,  came  to  a  standstill  and 
then  immediately  speeded  up  in  the  opposite  direction,  to 
the  groat  mystilication  of  all   jireseiit. 


Fig.  1  Fi(i.  2 

Dl.-VOPAM    OK   CONXECTIONS   WITH   MaCHIXE    CONNECTED 

AS  Generator  and  as  Motor 

On  questioning  the  man  wlio  made  the  connections,  it 
Avas  found  that  in  the  first  place,  the  connections  were 
as  shown  in  Fig.  1.  When  it  was  decided  to  run  the  ma- 
chine as  a  motor,  he  made  the  connections,  as  shown  in 
Fig.  2,  neglecting  to  reverse  the  series-field  connection, 
Avhich  was  necessary  as  will  be  readily  perceived  from  a 
study  of  the  diagrams. 

Fig.  1  shows  the  connections  when  used  as  a  generator. 
If  the  direction  of  current  flow  is  noted  and  arrows  drawn 
and  then  compared  with  Fig.  2,  it  will  be  seen  that  the 
current  in  the  series  winding  does  not  flow  in  the  same 
direction  in  both  eases.  This  accounted  for  the  trouble. 
"WitJi  the  light  load  the  field  was  entirely  due  to  the  shunt 
winding.  PTitting  on  the  load  increased  the  current  in 
the  series  field  sufficiently  to  overcome  the  effect  of  the 
shunt  field  and  caused  the  motor  to  reverse.  Eeversing 
the  series  field  remedied  the  matter,  as  was  proved  by 
running  the  motor  with  and  without  load  without  any 
further  trouble. 

As  differentially  wound  motors  are  not  much  used,  a 
simple  method  for  determining  whether  a  compound 
motor  is  properly  connected  when  no  directions  are  at 
hand,  is  to  connect  it  in  the  usual  way,  then,  open  the 
shunt-field  circuit,  start  the  motor  with  the  series  field 
alone  and  note  the  direction  of  rotation.  Care  should  be 
taken  not  to  allow  the  motor  to  reach  too  high  a  speed, 
and  tests  should  be  made  without  load.     Start  up  again 


Willi  hoth  fields  connected  and  no  loud.  If  the  moior 
((inlinues  lo  run  in  tin-  same  direction  an  it  did  with  the 
series  field  alone,  it  is  properly  coiniecled.  If  not,  one 
of  the  field  coiineelioim  iiiUHt  he  changed  until  the  arma- 
liiiT  revohes  III  ihc  sami'  direction  willi  cillier  llclil  coii- 
necled. 

.Another  source  of  trf)ul)l(!  aftei'  overcoming  Home  oj 
the  aiiove  ohstacles  is  the  ipiestion  of  changing  th(!  di- 
rection of  riitatioM. 

'i'hrough  ignorance  or  inad\ertenie,  the  shunt  field 
alone  will  often  ho  reversed  to  accoinplish  this,  which  it 
apparently  does,  as  the  motor  will  reverse  \intil  full  Uwl 
is  ap[)lied,  wlu'n  the  troubh;  occurs. 

'I"he  safest  anil  <|uickest  way  iH  to  rever.se  the  arnui- 
tiire  connections,  or  hotter  still  if  feasible,  move  tlio  hriisli 
rocker  through  an  angle  of  180  deg.  in  the  case  f)f  a  bi- 
polar nnicliine;  IK)  deg.  in  a  four-pole,  and  (iO  deg.  in  a 
six-pole  machine,  to  accomplish  the  same  result. 

P.  Justus. 

Clevehuul,   Ohio. 

IHIoinnie=Ma<dle  Oil  Separator 

We  had  long  been  troul^led  with  cylinder  oil  from  an 
engine  driving  a  Ian  and  exhausting  into  the  heating 
coils.  The  oil  passed  through  the  coils  and  the  return 
line,  and  it  became  serious  wlien  it  got  into  the  l)oilers: 
besides,  it  formed  an  undesirable  insulation  on  the  inside 
of  the  coils. 

The  j)lan  liinted  at  in  the  sketch  eliminated  most  of 
our  trouble.  A  loop  or  drop  was  made  in  the  exhaust 
line   and   a    liome-niadc    trap    was   attached    at    the  lowest 


Oil  Drain 

point.  As  there  was  a  vacuum  in  the  exliaust  line  at  cer- 
tain times,  a  check  valve  was  used  to  exclude  air;  at  others 
there  was  a  back  pressure,  so  a  thermostatic  trap  such  as 
one  sees  on  radiators  w'as  added. 

The  device  is  automatic,  requires  no  attention  and  dis- 
charges oil  and  water  into  an  open  pit  almost  constantly. 

Edward  T.  -Binns. 

Philadeljihia,  Penn. 

[Since  taking  out  the  oil  seems  incidental  rather  than 
functional,  this  could  more  properly  be  termed  a  thermo- 
static drain. — Editor.] 
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ca^  Si  C©al©(dl 

This  nia\'  bo  old  to  some  but  1  only  lia])pc'iUHl  across 
t  lately,  and  wish  I  liad  known  it  long  ago,  as  it  would 
lave  saved  tinu'  and  money. 

Take  a  rod  somewhat  snudler  than  the  size  of  the 
priiig  desired.  Bend  a  handle  on  one  end  and  punch  or 
irill  a  hole  through  the  other  end,  the  size  of  the  wire 
)f  which  the  spring  is  to  be  made.     (Jet  two  blocks  of 


Assembled  PAiii> 


'ood,  preferably  hard  wood,  and  put  them  in  a  vise 
ith  the  rod  between  them,  and  clamp  all  together  firmly, 
'he  hole  should  be  a  little  past  the  center,  lengthwise 
f  the  blocks,  and  in  such  a  position  that  the  wire  can  be 
irust  into  it.  Put  the  wire  through  the  hole,  just  even 
■ith  the  other  side  of  the  rod,  and  then  wind  the  wire 
n  the  rod  by  turning  the  handle.  If  an  open  spring 
desired  start  the  wire  winding  the  desired  distance 
part.  If  a  close  spring  is  desired  start  it  winding  close. 
Then  it  is  nicely  started  it  will  make  a  groove  for  it- 
!lf  and  all  that  is  required  is  to  turn  the  handle.  This 
ill  make  a  first-class  spring  out  of  quite  large  wire. 

Winnipeg,  Man.,  Canada.  ^^-  ^^^-   ^-^^'^• 

Recap©  f©ir   Met^SIac  FsiclfeaEa^ 

A  good  cheap  metallic  packing  suitaldc  foi'  nousujier- 
loated  steam,  air,  gas  and  ammonia  may  be  made  as  fol- 
|)\vs : 

Melt  in  a  clean  ladle  the  following,  which  will  be  suffi- 
lent  for  slightly  over  S  lb.  of  packing: 
ioad ."■)  lb.     8.88  oz. 

ntiniony    1   II).     O.C^  oz. 

in    0.25  oz. 

isniiitb    O.'J.'i   oz. 

Wluni  melted  run  through  a  fairly  fine  sievt>  about    ,',; 

i.  iiH'sh  held  9  or  10  in.  over  the  surface  of  a  bucket 
(lean,  cold  water,  this  will  be  found  to  have  split  the 

etal  up  into  small,  rough  parts  of  approximately  ecpial 
;ze;  of  course,  the  metal  will  be  well  mixed  in  the  ladle 

'fore  pouring. 
A  Tier  the  metal  has  been  taken  froiu  the  water,  drv  it 


and  give  it  a  bath  in  1  I  oz.  of  the  best  jjarafliu  wax  melted 
i"  an  open  top  pan  with  Ht..')  oz.  of  best  lubricating 
graphite. 

in  ])acking  a  gland,  first  put  in  a  I'ing  of  some  good, 
soft  packing,  then  ram  the  stulfiiig-box  full  of  the  metallic 
packing  and  drive  it  u|-  with  a  piece  of  hard  wood,  finish- 
ing off  with  a  turn  of  soil  packing.  This  packing  takes 
about  a  day's  run  to  bed  up  when  it  will  give  satisfaction, 
esjjccially  on  Corliss  valve  spindles. 

E.  K.  Pearce. 

Poclidalc.    I'lnghiiid. 

Sett^Hnia^    dhammlbeiF  fee  IFaHttes' 
C©]k© 

A  number  of  the  o])en  heaters  now  on  the  market  use 
coke  as  the  filtering  medium.  This  often  gives  trouble 
by  being  carried  through  to  the  feed  pump  and  lodging 
under  the  valves.    The  sketch  shows  a  way  of  piping  the 


Drop-Leg  to  Catch  Cokk  from  Filter 

feed  pump  to  overcome  this  troul)]c,  the  coke  falling  into 
the  droj)  leg  before  it  can  be  carried  to  the  suction  cham- 
ber. 

Charlis  Fexwigk. 

Humboldt,  Sask.,  Can. 

[The  area  of  the  pipe  near  the  drop  leg  and  of  the 
pipe  of  which  the  drop  leg  is  made  should  be  large 
enough  to  reduce  the  velocity  of  the  water  through  the 
coke  chamber. — Editoi!.  I 


Among  the  machines  in  a  plant  where  1  was  once  em- 
ployed, was  a  small  motor-generator  set.  In  order  to 
make  repairs  to  the  commutator,  the  bearing,  of  the  si.: 
gle-ring  oiler  type,  was  removed  from  the  generator  end. 
After  the  repairs  had  been  made  and  the  niiiciiine  re- 
assembled, it  was  started  u])  alioul  D  a.m.  At  ;)  p.m. 
this  bearing  was  unusually  warm,  and  in  an  hour  more 
the  temperature  had  ri.sen  considerably. 

An  investigation  showed  that  Hic  oil  ring  had  been 
hung  up  out  of  the  slot  in  the  top  box  to  avoid  crush- 
ing while  putting  the  bearing  together,  and  had  been 
left  there.  A  stick  was  inserted  through  th(>  oil-well 
cover  and  the  ring  pushed  down  into  place;  in  half 
an  hour  the  temperature  of  the  bearing  was  again  normal. 

John-  A.  Levy. 

(^.recn field,  Mass. 
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Elesnentary  MecKanics— IKS 


A\s\vi:i{s    I'o   Lvsi'  \\'i:i:k's  (^i  i:s'I'[()Ns 

(i.  Tin-  I'l'siilliinl  (if  \\u>  ()i-  more  fofcrs  is  a  Kiiif^lc 
loiTf  llijit  will  |in)cliu<'  tlir  siiinc  clVcct  mi  a  IxmIv  as  tin; 
lombiiu'il  I'ilVrt  til  ilu'  oilier  loices.  'I'lie  resultant  can 
Ih'  found  lirst,  liv  a  i;ia|ilii(  al  solution;  second,  liv  the 
use  of  till'  f;eneral  I'orimila  lor  llie  i-esiijtant  of  two  lorces; 
and,  lliird.  i)V  resolving  iIh'  for.es  into  their  liorizoiilal 
and  vei'tii'al  I'oniponeiits  and  iisin;i  tin-  resultant  eoni- 
ponents  as  two  forces  actiufr  at  !>()  dcfj.  to  one  anotlicr. 

'.  'i'o  sol\c  this  |)rol)leni  the  student  must  hear  in 
mind  tiiat  wlieii  tlirci-  forces  act  on  a  iiody  any  one  force 
may  be  considered  as  tlu;  resultant  of  the  other  two  forces. 
Tlu'  ])ressni'e  exerted  by  the  steam  is  transinitteil  by  the 
piston  to  the  piston  rod  and  thence  to  the  connecting- 
rod,  throuj;li  tho  crosshead.  The  connecting-rod  exerts 
a  reaition  on  the  crosshead.  \\hich  ])ro(luccs  a  pressure 
l)et\veen  the  cro.ssliead  and  the  guides,  and  this  pressure 
is  at  right  angles  to  the  direction  of  motion  of  the  cross- 
head.  The  thrust  in  the  connecting-rod  can  then  be 
considered  as  the  resultant  of  the  reaction  exerted  by  the 
guide  on  the  crosshead.  and  the  i)ressnre  of  the  steam  on 
the  piston  rod.  In  Fig.  10,  let  the  length  of  the  line  OA 
rejjresent  the  load  P  on  the  piston  equal  to  (iOUO  lb.     Let 


II.  W  hell  ;i  force  acts  on  a  iiod\  ll^  pdiiil  of  applicu- 
lioii  (all  he  assiimi'd  anywhere  in  llie  line  (d  aclioii  of  the 
iiirce.  Consider  the  IliruHt  in  the  connect  ing-rod  Irans- 
IVrred  I  rom  the  point  O  to  \\u:  point  (',  and  let  its  value 
be  represented  by  ilie  leiiglli  of  tile  line  CF  ( Kig.  ID).  \s 
explained  in  Lesson  1,  any  force;  can  Ix-  resolved  into 
components  along  any  desired  lines,  tience,  resolve  the 
force  CF  into  two  com|)onenls,  one  a!  light  angles  to 
the  line  of  llie  crank  <)'('.  and  the  oilier  parallel  to  the 
crank.  'I'o  do  this  iliau  the  line  CS  at  right  angles  to 
O'C  and  exti'iid  the  line  of  llie  crank  to  K.  Draw  the 
parallelogram  rA7''>r.  The  jeiiglli  of  the  line  CS  will 
then  represeiil  the  force  lending  to  rotate  tli(f  erankjiin, 
and  (' l\  will  repr<'seiit  the  force  which,  ;it  this  instant, 
produces  a   tension    in   the  crank. 

]5y  conslruclion  the  angle  FCS  must  e(|ual  1^  dcg., 
since  CF  is  parallel  to  OH,  ami  CS  is  jiarallel  to  00'. 
Also  (;/''  =  OJi  =  (11  10  lb. 

CS  =   CF  cos   \f   =   GOOO  lb. 
and 

I'S  =  CF  sill  13°  =  12i).(i  lb. 


OB  represent  the  line  of  the  connecting-rod  and  ON  the 
direction  of  the  pressure  between  the  crosshead  and  the 
guide.  The  direction  of  tlie  pressure  between  the  cross- 
head  and  the  guide  is  given  by  ON,  but  OM  represents 
the  reaction  offered  by  the  guide.  Construct  the  parallelo- 
gram OAHMO.  The  diagonal  OB  will  give  the  desired 
thrust  in  the  connecting-rod,  and  its  value  can  l)e  found 
from  the  right-angled  triangle 


OABO.     As  cos  12  deg.  = 
0B=     ^'^ 


OA 
OB 

(5000 
cos  12°  ^  0.978 


=  G140  lb. 


This  ]jroblem  demonstrates  the  fact  that  when  the  lines  of 
action  of  three  forces  are  known  and  only  the  value  of 
one  force  is  given,  the  v  dues  of  the  other  two  can  readily 
be  found  by  applying  the  parallelogram  law. 

8.  The  pressure  between  the  crosshead  and  the  guides 
is  represented  hy  the  line  ON  which  by  construction  is 
equal   to  AB,  which  in  turn  is  the  altitude  of  the  tri- 

AB 
ansrle  OABO.     In  the  triangle  OABO.  fan  12° 


OA' 


Therefore, 


AB  =  OA  tan  12°  =  129.6  lb. 


10.  First  make  a  neat  drawing  of  all  the  forces  act- 
ing, representing  their  magnitudes  by  the  length  of  the 
lines  (to  a  given  scale)  and  showing  their  direction  by 
laying  off  the  necessary  angles.  Thus  in  Fig.  11  draw  the 
line  0.1  =  .-)0  lb.;  the  line  OB  (making  an  angle  of  30 
deg.  witli  the  horizontal)  =  40  lb.;  the  line  OC  (making 
an  angle  of  (iO  deg.  with  the  horizontal)  =  60  lb.:  and 
the  line  OD  (making  an  angle  of  120  deg.  with  the  hori- 
zontal) =  4.5  lb.  On  the  forces  F^  and  jP^  construct  the 
jiarallelogram  of  forces  giving  the  resultant  R;  in  like 
manner  combine  R  and  P^,  giving  the  resultant  R^:  and 
finally  combine  R^  and  P^,  giving  the  resultant  7?..  By 
careful  measurement  R.^  is  found  to  equal  143..')  lb. 

The  resultant  might  he  found  hy  resolving  all  the  forces 
into  their  horizontal  and  vertical  components. 

Thus  the  sum  of  the  horizontal  components  is 
n  =  .50  -f  40  COS  80°  -f  60  cos  60°  +  45  ro.<<  120° 

=  50  -f  (40  X  0.866)  +  (60  X  0.5)  —  (45  X  0.5) 
=  92.14 
The  sum  of  the  vertical  components  is 
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7  =  0  +  40  .s-//(  ;5()°   +  (iO  .s;//(  (i()°   -f-    15  si)t    12^)° 

=  0  -f  (-10  X  "•■">)  +  ((ii*  X  <».<S(;(;)  +  (45  x  0.8()G) 

=  IIO.'J 

but  jr  =  //-  +  v 

Tlicrcforu     ir  =  1)2. 14-  +   110.;)-  =  20  7!)") 
n  =    141.2   //;. 

TIk-  Miluc  (if  h'  is  a  IrilK'  hi:_;lR'i-  than  lliat  fouiiil  fi'oiii 
the  ^raiiliiral  sdlul um,  Imt   is  more  acciirak'. 

Tlic  direction  of  llie  I'esultant  force  /.\,  is  round    from 

tlie  eciuation,    fifii  a  =     ..  =  j.-,-',^  =  1--'J4 

a  ==  50°,  20' 
Thcrel'ore,  the  resultant  force  equals    144  Ih.  and   makes 
an  ang'ie  of  .lO  (h'g.,  20  min.  with  tlu'  liorizonlal. 

Fn\:v.  J).)i)Y 

In  the  problem  just  sol\-e;l  the  student  has  doul)lless 
noted  that  no  reference  was  made  to  the  size  or  shape  of 
liie  various  parts  of  the  steam  engine,  but  only  tlie  forces 
e.xerted  by  the  \'arious  parts  were  considered.  AVlien  all 
the  parts  of  a  machine,  structure,  or  body  are  replaced 
by  the  corresponding  forces,  or  reactions,  exerted  hy 
tlie  ])arts,  the  whole  is  spoken  of  as  a  free  body.  In  the 
pro!)lem  on  the  engine  the  wristpin  at  the  point  0  re- 
ceives the  thrust  of  the  connecting-rod  and  also  the  thrust 
of  the  piston  i-od,  yet  for  the  solution  of  the  proljlem 
it  is  easier  to  neglect  the  source  of  the  force,  or  the  parts 


Fig.  11 


transmitting  the  force,  and  consider  the  forces  only.  Take, 
for  example,  a  beam  resting  on  two  columns,  and  carry- 
ing several  concentrated  loads.  From  the  standpoint  of 
mechanics  the  beam,  the  form  of  the  loads,  and  the  na- 
ture of  the  columns  can  be  neglected,  so  that  the  problem 
would  take  the  form  sliown  in  Fig.  12.  The  reaction  ex- 
erted l)y  one  coliimn  lias  been  replaced  by  a  single  upward 
force  /?j  at  the  point  B;  the  concentrated  load  at  D, 
which  might  be  the  weight  of  a  machine  or  anotlier  col- 
umn, has  been  replaced  by  a  single  force  IF^  acting  do\\Ti- 
ward ;  the  load  C  has  been  replaced  by  the  force  W.,  and 
the  reaction  of  the  column  .1  by  the  single  force  /?,  act- 
ing upward.  Tn  the  solution  of  any  problem  dealing  with 
forces,  the  student  will  find  his  work  much  simplified,  if 
he  ^^^ll  first  analyze  his  problem,  then  isolate  all  forces 
and  reactions  and  solve  as  if  dealing  with  a  free  body. 
Fqutlibrtum 
When  i\nv  number  of  forces  act  on  a  bodv  so  as  to 
produce  a  state  of  rest,  or  uniform  motion  of  a  body  the 


forces  are  said  to  be  in  cijuUibruim  or  balanced.  An  oil 
can  is  resting  on  a  slielf.  'i'hink  of  the  can  as  a  free 
body  and  what  is  the  result?  'i'he  weight  of  the  can  will 
be  replaced  by  a  single  force  acting  downward,  while  tlie 
resistance  offered  by  the  shelf,  due  to  its  strength,  will  be 
replaced  by  a  single  force  acting  upward.  These  two 
forces  must  have  the  same  point  of  application  and  be 
equal  to  each  other  but  acting  in  opposite  directions.  The 
least   nuiiiber  of  f<ii-ces   that   can   pi-oduce  e(|uilibi'ium   is, 


W, 

w, 

i 

D                            C 

Fi(i.  12. 

"•-'' 

therefore,  two.  Hence  when  I iro  forces  act  on  a  body  to 
produce  a  state  of  equilibr'nnu  il  follows  that  these  forces 
must  hare  the  same  point  of  application  and  be  equal  in 
maf/niti(de  and  opposite  in  direction.  So  long  as  a  body 
remains  at  rest  it  is  self-evident  that  the  forces  are  bal- 
anced. Sujtpose,  however,  a  body  is  in  motion — are  the 
forces  in  equilibrium  as  before?  Take,  for  instance,  a 
steam  engine  running  at  a  uniform  rate  of  speed.  The 
pressure  of  the  steam  on  tlie  piston  is  just  sufficient  to 
balance  the  load  on  the  engine,  and  to  take  care  of  all 
friction  in  the  bearings,  pins,  etc.  As  long  as  these 
forces  are  balanced  the  engine  continues  to  rotate  at  a 
uniform  rate  of  speed,  and  will  continue  to  do  so  unless 
some  of  the  forces  are  changed.  For  example,  the  least 
drop  in  the  steam  pressure  will  cause  the  forces  to  be- 
come unbalanced  and  the  engine  will  start  to  slow  down; 
or  if  the  pi'essure  increases  the  equilibrium  is  again  de- 
stroyed and  the  engine  will  speed  u]).  Hence  the  condi- 
tion of  equilibrium  of  a  body,  whetlier  at  rest  or  in  a 
state  of  uniform  motion,  can  only  l)e  changed  bv  the 
addition  of  an  extra  force. 

AMiat  then  are  some  of  the  conditions  of  equililirium 
for  concurrent  forces  acting  in  the  same  plane?  Suppose 
all  the  forces  acting  on  the  body  are  resolved  into  tlieir 
horizontal  and  vertical  components.  It  must  be  evident 
that  if  there  is  to  be  equilibrium  of  a  body  the  resultant 
of  all  the  forces  acting  on  tlie  body  must  equal  zero, 
or,  ])ut  in  the  form  of  an  equation, 

For  the  resultant  to  be  zero  the  algebi-aic  sum  of  all  the 
horizontal  components  must  equal  zero,  and  the  algebraic 
sum    of    all    the    \ertical    components    must    equal    zero. 


Therefore, 

R^  =  IH^  +  IT-^ 

=  0 

(7) 

hence 

2'  ff  =  0 
I'V  =  0 

(8) 
(0) 

-     stands  for 

"summation  of,"  or  ". 

ilgebraie 

sum 

of." 

qUI- 


Study  Question's 

11.  V.hat  is  m(>ant  by  the  term  "free  body"? 

12.  Are  the  forces  acting  on  a  liodx-  a1    rest  in 
librium  ? 

l'>.  ("an  the  forces  acting  on  a  body  in  motion  be 
in  e(piilil)i-iuiii  ? 

14.  State  the  general  conditions  for  equilibrium  for 
concurrent   forces. 

15.  Make  a  sketch  showing  the  crankshaft  of  n  vor- 
tical side-crank  engine  as  a  free  body.  Assume  the  en- 
gine on  the  top  dead  center. 
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Thi-  Kiriit  bulk  tif  Mi<'  powi  i  In  Mm-  riil(<  •!  KliiKili>in  Ih 
Ki'lU'i'iitcil  l>y  xli'itni  bollt'i'M  iiiiil  Hti-iiiii  •iikIih'h  (if  viirUiUM 
kliuU,  iiH  hIiowii  III  KIk-  3.  It  la  I'Mttuiuti'd  Mint  thci'i'  arc  In 
the  Unlti'd  KiiiKiloni  IRO.UOO  Hti<nm-K<  tKiiitlnK  IiiiIIcmh,  iipiiil 
fioin   nillwiiy   liuoinotlvvn.   (if   wlilrli   In    P.Ul    th.r.'   wiir   22. ST  I 

.\h  Ihr  IndUHlrli-H  o(  thr  country  Hti'ailily  Incii'iiHc  In  niil 
put  iin>l  111  powiT  I'l'iiiili'i'iiii'iitM,  HO  Mil'  loliil  iinwcr  ili'Vi'loixil 
ti'iulw  to  liu'i'cuMt'.  TIiIh  imlmally  woultl  lall  for  an  IticrtiaMird 
nunilo'i'  of  slrani  IioIIits.  Iiut  Mils  ti'iiili'in'y  Ih  Hoiin-what 
i-lifrkcd  as  part  of  Mii'  liictraMf  of  power  Im  inovldcd  by  nan 
ciiKliies,  oil  iMi»;ln«'H,  and  the  like;  also,  that  n^■^v  IioIUth  when 
put  down  art'  »;:i'n<Tally  of  Ki'cuter  power  than  the  old  oneH, 
so  that  a  less  nuiiilier  do  the  siuiie  amount  of  work.  Furthir, 
by  Inereased  eeoiioniies  In  the  utilization  of  fuel,  a  smaller 
number  will  do  the  same  work.  On  the  whob'.  therefore,  even 
with  an  Inereasinn  liidiiiilrlal  output  the  teiideney  to  Increase 
in   the   total   number  of  boib-rs   will   be   materially   cheeked. 

In  FIk.  1  the  IlKiu'cs  n'ive  the  approximate  prop  .tlon.s  in 
which  the  boilers  of  the  different  classes  exist  !n  M  country, 
but  do  not  show  the  horsepower  ratInK  of  the  dlft  rent  types. 
They  also  afford  some  indication  of  the  chanse  •  which  are 
tukiiiK    place   owinp   to   various   causes. 

The  Lancashire  boiler  was  the  standard  type  up  to  a  few 
years  aKi>,  but  now  in  the  lars'cr  electric-power  stations. 
water-tube   boilers   are   more   j;enerally   adopted. 

The  Cornish  boiler  is  f^eiierally  used  only  for  such  indus- 
tries  where  It   is  desired   to  have  an   internally   tired   boiler  of 
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fore  movements  towar<l  lil^li  presBurcB  tend  to  favor  lb' 
•.vater-tiibe   boiler. 

In  18!I0  the  capacity  of  an  ordinary  water-tube  boiler  wan 
about  equal  to  one  Kancashlre  boiler,  with  an  evaporation  of 
5000  or  0000  lb.  of  water  per  hour,  whereas  at  the  present  tlnp 
in  various  power  stations  new  water-tube  boilers  are  piii 
down  equal  to  an  evaporation  of  four  or  Jive  I^ancashlre 
boiliTS  evaporatinK,  say  25,000  to  30,000  lb.  of  water  per  hour 

The  figures  show  an  increasini?  proportion  In  point  of 
numbers,  and  if  they  referred  to  Rrowth  of  capacity,  the  In- 
crease' shown  would  be  considerably  more,  as  many  of  the  new 
water-tube  boilers  which  count  only  as  one  boiler  have  rated 
evaporations    equal    to    several    Lancashire    boilers. 

The  locomotive  boiler  is  one  of  the  most  remarkable  types 
in  use.  Probably  if  it  were  today  presented  for  the  first  time, 
nearly   all   engineers   of  experience    would    predict   that   owIdk 
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Fig.  1.     Divisions  ix  Xumbkrs  Among  Types 


less  power  than  a  Lancashire  boiler.  The  general  proportion 
tends    to    decrease. 

In  recent  years  the  water-tube  type  has  shown  more  life 
and  movement  in  production  and  variety  of  types  than  other 
boilers  on  land,  although  on  its  introduction  in  Great  Britain 
about  30  years  ago  it  was  regarded  as  undesirable. 

It  is  much  easier  to  design  a  water-tube  boiler  for  high 
pressures,  such  as  200  or  250  lb.  per  sq.in.,  than  to  make  a 
satisfactory    Lancashire    boiler    for    these    pressures.      There- 


*Abstract  of  paper  read  before  the  Manchester  Association 
of   Engineers,   Jan.    24,    1914. 


to  its  complexity  and  rigidity  it  could  not  possibly  work 
satisfactorily.  It  has,  however,  given  satisfaction  in  various 
branches  of  industry  and  has  become  practically  the  standard 
type  of  movable  boiler  on  land.  At  first  designed  for  rail- 
ways, it  continues  practically  in  the  same  general  form  as  was 
settled  upon  many  years  ago. 

The  plain  cylindrical-type  boiler  is  a  rapidly  decreasing 
one.  It  was  one  of  the  earliest,  as  it  is  one  of  the  simplest 
forms  of  steam  boiler.  Generally,  its  disadvantage  is  that 
it  is  short  of  heating  surface,  and  the  external  shell,  beinp 
heated,  is  subject  to  various  kinds  of  defects  arising  from 
differences  of  expansion,   contraction    and   the  like.     To   over- 
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come  the  d(  riciciuy  of  heating  surface  in  the  old  days,  in- 
creased length  was  adopted,  and  with  boilers  5  ft.  6  in.  in 
diameter,  lengths  of  50  to  70  ft.  were  reached.  This  great 
length  led  to  defects  and  explosions  owing  to  rips  at  the  ring 
seams.  The  ger-eral  realization  of  the  insecurity  of  this  typi- 
in  the  long  form  has  made  it  obsolete,  and  few  new  boilers  of 
this  description  are  being  made. 

It  is  notable  that  ^he  exteinally  fired  cylindrical  multi- 
tubular boiler,  the  standard  I>w-pressure  boiler  of  the  United 
States,  has  never  obtained  any  substantia\  footing  in  Great 
Britain.  It  is  a  cheap  form  of  steam  generator  to  produce, 
but   it   subject   to   serious   risks   in    working;    consequently   in 
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Fk;.  ."5.     Divisions  of  Power 

the  United  Kingdom  the  influence  of  the  boiler-insurance 
companies  has  been  against  this  particular  t.ype,  and  has 
checked   or   prevented   its   wide   introduction. 

The  lower  line  in  Pig.  2  indicates  approximately  the  steam 
pressures  generally  adopted  in  the  case  of  Lancashire  boilers 
for  textile  factories,  etc.  Prom  about  1880  is  to  be  dated  the 
practical  introduction  of  the  modern  water-tube  boiler,  and 
the  upper  dotted  line  in  Pig.  2  may  be  taken  as  broadly 
Indicating  the  trend  of  the  maximum  pressures  in  the  case 
of  water-tube  boilers,  as  employed  for  electric-power  stations. 


lltilixiiiK'  (aiN-Kngine  Rejected  Heat — The  firm  of  .lohn 
Cockerill.  in  Seraing,  has  made  tests  to  determine  the  worth 
of  the  rejected  heat  from  a  gas  engine  for  developing  steam 
for  use  in  a  turbine.  Tt  was  found  that  practically  two 
pounds  of  steam  of  120  lb.  pressure  could  be  made  from  the 
heat  rejected  by  the  engine  for  each  horsepower-hour  de- 
veloped, and  this  being  used  in  a  turbine  requiring  14.3  lb. 
of  steam  per  kilowatt-hour  made  a  gain  of  13>4  i)er  cent,  in 
the  power  developed.  The  gas  engine  used  in  the  experiment 
developed  1250  horsepower.  Calculation  shows  that  in  an 
electric  station  with  four  gas-engine-driven  units  of  2500  hp 
each  the  cost  of  the  waste  heat  and  turbine  installation 
would    be    saved    in    less    than    two    years. 


OVISIR  THE  SFSIUILW^AY 

JUS  T   J  K  S  T  S,  J  \  »  S,  ,J  OS  H  K  SAND   J  U  M  ft  1.  K  8 


Last   week   we  v/rote  a   weather  fling. 
Bewailed   the  Wintei's  cold   and   sting. 
And   longed   for   balmy,   sunny  .Spring, 
"By  gosh,"  we  said;  "ain't  no  such  thing!" 

Now,  we're  sorry  we  bawled  out  Spring 
For  Winter's  now  a  busted  thing. 
And  sky  and  earth  chuck  full  of  Spring, 
It's  tough  what  luck  a  week   will  bring. 


They  had  a  mysterious  boiler  explosion  at  William  Shakes- 
peare, Jr.'s,  plant  in  Kalamazoo  recently.  Perhaps  an  enemy 
hath  done  this  thing.  The  elder  William  said  some  pretty 
stiff  things  in  his  time,  but  we  can't  seem  to  recall  that  he 
mentioned   Kalamazoo. 


Well,  well!  Heie's  Willie  Weller  who,  while  fixing  a  car- 
bon in  a  lamp  on  a  Pittsburgh  street,  was  overcome  by  sleep. 
His  spurs  were  in  the  pole,  his  body  in  the  belt.  The  fire 
company  tenderly  took  him  down  and  started  for  the  hospi- 
tal. Then  Willie  Weller  woke  and  went  back  to  his  pole. 
Willie   ought   to  watch   his   "lamps." 


Welcome  to  our  midst  the  brand  new  engineer — the  "rural 
life  engineer!  '  This  feller  "goes  into  rural  communities,  ana- 
lyzes their  life,  pursuits,  pleasures  and  needs;  cures  defects 
and  builds  character  by  living  among  the  people."  What's 
your  home  town,  feller,  we'd  like  to  know  you — and  ask  you 
how  you're  making  out? 

Our  consul  at  Shanghai  suggests  that  Americans  help  to 
establish  Western  dental  schools  in  China,  "thus  mitigating 
much  suffering."  As  a  dentist  has  a  hard  time  trying  to  be 
popular,  he'd  better  steer  clear  of  that  "painless"  brand,  and 
break   it   to  'em   easy. 

w. 

This  from  one  we  invited  to  contribute.  ''As  for  compensa- 
tion, we  need  not  worry  much;  for  if  I  write  what  I  like,  on  .i 
subject  I  like  to  write  about,  it  will  not  make  much  differ- 
ence what  the  rate  of  payment  is.  In  any  case,  whatever  t 
may  say  will  probably  need  a  great  deal  of  blue-penciling  an,! 
boiling  down  to  be  available  in  the  space  you  can  give  to 
such  subjects." 

This  contributor  looks  at  these  two  questions  the  way 
the  editor  thinks  he  should.  Like  Abou-ben-Adhem,  "May  his 
tribe  increase!" 


A  West  Virginia  reader  says:  "Ask  Billy  Spills  what  hf» 
thinks  of  an  engineer  who  has  run  a  400-hp.  engine  for  three 
years  and  says  he  doesn't  believe   in   indicators." 

Years  ago,  we  were  mixed  up  with  the  law  for  saying  just 
what   We   thought   in   cold   type.      We   pass. 


There's  nothing  like  knowing  what  the  chap  called  the 
pishological  moment.  Two  locomoteers  jumped  off  their  en- 
gine "at  the  first  sign  of  the  explosion."  which  is  stated  to 
have  been  when  "the  crown  sheet  blew  off  and  the  boiler 
busted."     This  is  going  while  the  going  is  good! 


I'ere's  a  "near"  explosion,  clipiied  by  frienil  Standley.  Port 
Wayne: 

"While  Smith  Bros,  were  trying  to  thaw  ice  out  of  a  pipe 
connected  with  their  hay  bailer,  they  discovered  that  the 
boiler  was  red  hot  and  no  water  in  it.  Tt  is  thought  that  quick 
work  in  drowning  the  fire  prevented  an  explosion  that  be- 
yond  a   doubt   would   have   resulted    seriously." 

Please  make  your  own  comment.  You  have  more  latitude 
than   we  have. 


It's  easy  enough  now  to  see  why  those  Boston  Commercial 
Engineers  are  such  hearty,  jovial  good  fellows.  Their  February 
"Bulletin"  says  their  annual  banquet  is  from  Mar.  21  to  .Tune 
13!  Better  let  up  long  enough  to  give  the  "Power  Show" 
one   of  your   rousing   boosts,   boys. 
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On  Saturilny  ovonlnK.  Mnr.  14,  I.  K.  Mmilti op.  at  a  Joint 
incotliiK  <>f  the  Aini-ilcan  Socli'ty  of  Mcclianlcal  IOukIik-'I'ih 
anil  tho  lOnKlnociM  t'lul>  of  I'hlladelphla.  at  tin-  honii-  of  the 
latttT  orKUiilzation.  dcllvt'ifd  a  loi'tuic  prepared  by  lihnHelf 
and  hl.M  aHHlHtant,  W.  N.  Smith.  In  whU-h  he  lllu^4tl•att■d  with 
lantern  olIdeH  a  number  of  the  larRc  American  central  Hta- 
tlons,  brhiKlKK  out  and  commentlnn;  upon  their  particular 
features. 

The  development  of  the  alternating-current  system  of 
poNver  transmls-Mlon  an<l  distribution  be^an  some  twenty 
years  npo.  and  about  the  first  of  the  lar^e  stations  to  avail 
Itself  of  the  possibilities  of  the  system  in  location  at  a 
point  of  convenient  coal  and  water  supply  was  the  Hay  UidKe 
.-station  of  the  lirooklyn  Kdison  Co..  built  about  1896,  and 
utiliziuK    (>600-volt    transmission. 

THE  STREET  RAILWAY  LOAD 
A  tendency  to  combine  the  sti-eet  railway  and  liphtin^ 
services  has  resulted  in  laiper  load  factors  and  better  con- 
ditions for  both.  The  propoition  of  railway  load  to  liKhting 
and  power  load  in  St.  Louis  is  about  40,  in  Washington  about 
50.  and  in  Chicago  over  :>0  per  cent,  of  the  total  central- 
station  outi)ut.  The  New  York  'Edison  Co.  has  lately  taken 
over  the  operation  of  the  KinKsbridRe  Station  of  the  Third 
Avenue   Ry..   with   about   40.000   kw.   capacity. 

WATER  SUPPLY 
The  importance  of  the  location  of  the  station,  with  refer- 
ence to  the  easy  incoming  and  storage  of  the  raw  material, 
the  coal,  and  of  access  to  an  abundant  and  cheap  supply  of 
water,  was  emphasized.  If  a  station  of  the  size  of  that  of 
the  Edison  Electric  Illuminating  Co.,  of  Boston,  lost  its  con- 
densing water  source  the  city  would  have  to  lay  a  separate 
water  main  to  supply  it.  The  amount  of  condensing  wa- 
ter required  is  equivalent  to  the  total  water  supply  of  a 
large  city.  Numerous  slides  were  shown  illustrating  the 
methods  of  coal  storage  and  handling  in  various  stations. 
RATIO  OF  BOILER  AND  GENERATOR  CAPACITY 
In  the  L  Street  Station  of  the  Boston  Edison  Co.  there 
were  originally  installed  eight  500-hp.  boilers  to  one  5000- 
kw.  turbine,  or  1  ^^  kw.  of  turbine  per  boiler  horsepower.  As 
the  station  developed,  larger  sized  turbines  were  used,  and 
with  their  better  steam  rate  and  the  modern  practice  of 
getting  from  200  to  300  per  cent,  rating  out  of  the  boilers, 
the  generator  capacity  of  the  station  has  been  increased  to 
96,000  kw.  with  a  boiler  capacity  of  only  24,000  hp.,  or  4 
kw.  per  boiler  horsepower.  At  the  Northwest  Station  of  the 
Commonwealth  Edison  Co.  in  Chicago  ten  580-hp.  boilers  are 
used  for  each  20,000-kw.  turbine,  giving  a  ratio  of  3.46  kw 
per  boiler  horsepower.  At  the  new  South  Boston  Station  of 
the  Boston  Elevated  Railroad  eight  600-hp.  boilers  were 
installed  to  one  15,000-kw.  turbine,  or  3.2  kw.  per  boiler 
horsepower.  One  additional  turbine  of  15,000  kw.  has  been 
installed  since  the  station  was  built,  and  four  boilers  will  be 
added  to  the  boiler  plant,  which  will  make  the  ratio  of  actual 
installed  capacity  about   3%   kw.  to  the  boiler  horsepower. 

At  the  No.  1  Waterside  Station  of  the  New  York  Edison 
Co.  there  are  56  boilers  of  650  rated  hp.  each,  making  a  total 
of    36,400    b.hp.    for    an    installed    generator    capacity    of    120,- 

000  kw..   or   3.3   kw.   per  b.hp. 

At  Waterside  No.  2  Station  there  were  installed  96  boil- 
ers of  650-hp.  capacity  each,  making  a  total  of  62,400  b.hp., 
for  a  generator  capacity  of  93,000  kw.,  giving  a  ratio  of  about 

1  50.  Since  the  use  of  underfeed  stokers  with  forced  draft,  36 
of  these  boilers  are  kept  regularly  out  of  service,  the  ratio  of 
those  in  actual  use  to  the  installed  generator  capacity  be- 
ing 4.2.* 

ARCHITECTURAL    EFFECT 

Many  of  the  early  plants  were  built  without  any  preten- 
sion to  architectural  effect,  but  an  important  public  utility 
buiUing  is  now  expected  by  the  public  to  be  more  than 
utilitarian  in  appearance.  The  central  power  station  nowa- 
days is  as  much  of  a  public  institution  as  a  po.st  office,  a 
library,    a   bridge,    a   city   hall    or   a    national    monument,    and 

iTt  the  201st  St.  station  of  the  United  Electric  Light  & 
Power  Co..  36  650-hp.  boilers  are  expected  to  care  for  HO.OOO 
kw  giving  4.7  kw.  per  b.hp.  At  the  Delray  station  of  the 
T^et^oit  Edison  Co.,  twelve  2365-hp.  boilers  will  serve  six 
20  OOO-kw  turbines;  giving  4.22  kw.  per  b.hp.  The  stacks  and 
hreechin^s  have  been  so  proportioned  that  in  emergencies 
ihrle  boners  may  furnish  two  turbines,  giving  5.65  kw.  per 
b.hp. — Editor. 


nurnerouH  exaniplcH  of  modern  contral-Htatlon  nrchltoctura 
wore  thrown  upon  the  Hcreen  to  Mhow  how  dignity,  power 
and  lieauty  can  llnd  ux|>reHHlon  In  ccntral-Htiitlon  archi- 
tecture. 

IIOILKItS 

The  water-tube  boiler  of  the  Habcock  &  Wilcox  type 
with  superheater  Is  practically  the  standanl  foi-  large  power 
construction  all  over  the  country.  A  modification  of  the 
Stirling  tyiie  has  lent  Itself  to  the  conHtruction  of  the  largoHt 
unit  yet  built,  2365  h)).,  which  takes  about  one-half  the 
cubic  space  and  about  one-fourth  the  floor  space  per  horse- 
I)ower  of  the  boilei-  of  the  usual  type.  Most  of  the  water- 
lube  boilers  for  central-station  service  are  built  In  sizes  of 
from    500    to    650    hji. 

Central-station  engineers  do  not  yet  seem  quite  ready  to 
adopt  units  of  larger  size,  chielly  because  a  larger  propor- 
tion of  boiler  capacity  will  be  thrown  out  of  service  by  a 
trouble  which  involves  the  shutting  off  of  a  single  boiler. 
Another  reason  for  keeping  to  the  present  standard  sizes  is 
the  exi)erience  obtained  during  the  past  few  years  in  run- 
ning boilers  from  200  to  300  per  cent,  of  their  rating  on  the 
l)eak  loads.  Generall.v  si)eaking,  the  peaks  are  of  short  du- 
ration, from  one-half  hour  to  two  hours,  and  the  efficiency 
at  the  greater  .ating  is  so  little  lower  for  this  short  pe- 
riod that  lioth  the  interest  on  the  lower  first  coat  and  the 
saving  by  banking  fewer  fires  overbalance  the  small  loss  In 
eHicienc.v   at   the   peaks. 

PRESSURES  AND  SUPERHEAT 
Station  iiressures  ire  slowly  rising,  being  frequently  175 
to  200  lb.,  and  in  the  Northwest  Station  the  pressure  is  250 
lb.  Superheat  varies  from  100  to  200  deg.  F.,  usually  the 
former,  and  is  commonly  produced  in  a  superheater  located 
in  tlie  boiler  itself  over  the  second  iiass.  Boilers  usually 
have  the  ordinary  brick  setting.  Some  engineers  have  tried 
inclosing  the  brick  setting  in  a  steel  casing,  as.  for  example, 
at  the  St.  Louis  ))lant.  This  is  done  in  order  to  increase 
boiler  efficiency  by  preventing  infiltration  of  air  through  the 
brick  work,  but  results  have  not  yet  been  convincing  enough 
to   spread    the   iiractice    widely. 

MECHANICAL  .STOKERS 
Automatic  stokers  have  been  for  many  years  considered 
a  necessary  part  of  central-station  equipment,  and  all  the 
largest  stations  have  them.  There  are  three  general  types; 
the  chain  grate,  the  overfed  inclined  grate,  and  the  under- 
fed type.  In  the  Middle  West,  where  much  low-grade  coal 
is  used,  the  chain  grate,  with  a  long  reverberatory  arch 
over  it,  has  proved  successful.  Chain  giates  are  being  tried 
out  in  the  Northwest  Station  with  two  different  kinds  of 
baffling.  In  the  East,  the  other  types  of  stoker  are  generally 
preferred,   especially  where  coking  coals  are   used. 

FURNACES 
During  recent  years,  the  municipalities  have  been  enforc- 
ing more  strictly  their  regulations  about  the  emission  of 
smoke  from  chimneys,  and  it  has  bicome  necessary  for  cen- 
tral-station engineers  to  plan  their  boiler  and  furnace  in- 
stallations with  a  view  to  smoke  prevention.  It  is  now  a 
well  recognized  fact  that  combustion  can  be  complete  only 
when  the  combustion  chamber  is  of  sufficient  size  to  permit 
the  combustible  matter  in  the  coal  to  be  thoroughly  com- 
bined with  oxygen  before  the  gases  are  cooled  by  the  boiler 
tubes.  Unless  the  volatile  hydrocarbons  can  be  burned  by  be- 
ing forced  through  the  fire,  as  is  the  case  with  the  under- 
feed stoker,  furnaces  of  the  Dutch-oven  type,  or  with  large 
combustion  chambers  are  a  necessity  for  the  usual  type  of 
boiler.  [The  back  ends  of  the  boilers  at  the  Boston  Elevated 
Station  are  set  8  ft.  above  the  grate,  and  those  at  the  201st 
St.,   New   York,   Station.   10    feet. — Editor.] 

ECONOMIZERS 

The  net  result  of  using  an  economizer  is  usually  not 
large  enough  to  justify  the  economizer  unless  the  load  factor 
approaches  that  of  a  manufacturing  plant,  or  unless  coal  is 
dear,  or  there  is  some  special  reason  for  needing  the  storage 
of  a  large  quantity  of  hot  water  to  help  out  the  boiler  plartt. 

The  e.xtension  of  the  Fisk  Street  Station,  in  Chicago,  is 
being  fitted  with  an  economizer  installation,  but  on  a  plan 
different  from  that  usually  followed  in  past  installations,  in 
that  there  is  to  be  a  separate  economizer  for  each  battery  of 
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boilers,  each  with  its  own  induced  draft  fans.  In  very  larpe 
stations  provision  has  to  be  made  for  the  proper  admission  of 
the  air  to  the  boiler  room  for  combustion,  particularly  where 
natural  draft  is  used.  The  required  quantity  is  so  enormous 
that  in  order  to  make  the  boiler  room  habitable  in  winter 
time  it  is  desirable  to  handle  the  air  necessary  for  combus- 
tion  through   the  ashpit,   and    not   through   the   firing  aisle. 

STKAM  TURBINES 
Passing  to  the  generator  end  of  the  subject  the  lecturer 
showed  a  slide  of  the  first  Westinghouse  turbine  installed  in 
a  central  station,  that  of  the  Hartford  Electric  Light  Co.  in 
1901,  and  of  the  first  5000  kw.  turbine  put  in  by  the  General 
Electric  Co.  at  the  Fisk  Street  Station,  which  was  one  of  the 
first  of  its  large  machines  to  go  into  commercial  service. 
After  a  few  years'  experience  with  sizes  of  5000  kw.  and 
under,  turbine  manufacturers  began  to  increase  to  7500,  10,- 
000,  15,000,  20,000,  and  have  recently  designed  a  turbine  of  a 
capacity  as  high  as  35,000  kw.  in  a  single  unit.  This  increase 
in  capacity  has  been  accompanied  by  increase  in  the  turbine 
speed,  which  has  enabled  modern  machines  of  very  large  ca- 
pacity to  be  built,  but  little  if  any  larger  in  overall  dimen- 
sions than  some  of  the  earlier  machines  of  a  much  smallei' 
output.  At  the  St.  Ijouis  Station  the  ratio  of  space  occupied 
per  kilowatt  is  about  one  to  ten  in  favor  of  the  turbine, 
as  compared  to  their  original  engine  installation.  The 
7500-hp.  reciprocating  engine  unit  built  for  New  York 
occupied  about  four  times  as  much  floor  space  as  the 
equivalent  steam  turbines  and  generators  which  came  along 
later.  Nowadays  the  ratio  would  be  even  greater.  A  30,000- 
kw.  unit  has  been  designee!  by  the  Westinghouse  Co.  to  be 
installed  by  the  Interborough  Rapid  Transit  Co.  in  its 
Seventy-fourth  Street  Station  in  New  York  City.  This  is 
being  built  in  two  units,  the  high-pressure  to  run  at  1500  and 
the  low-pressure  at  750  revolutions  per  minute.  With  200  lb. 
steam  pressure.  125  deg.  superheat  and  29  in.  of  vacuum,  a 
steam  guarantee  of  11.27  lb.  per  kilowatt-hour  at  30,000  kw. 
output  was  given.  The  Rankine  cycle  efficiency  of  the  com- 
bined units  is  guaranteed  to  he  75  per  cent,  which  is  said  to 
be  higher  than  for  any  machine  yet  designed.  This  is  par- 
ticularly significant  with   the   vacuum   specified. 

CONDENSERS 
The  question  of  condenser-tube  corrosion  sct'ms  to  have 
narrowed  down  to  a  search  for  an  alloy  of  high  heat  con- 
ductivity, which  is  not  deteriorated  by  the  treatment  that  it 
receives  during  manufacture,  and  is  not  subject  to  local  gal- 
vanic action  between  particles  of  the  different  metals  in 
its  composition;  nor  by  the  presence  of  impurities  in  the 
condensing   water. 

I  The  cooling  surface  in  the  condenser  of  the  25.000-kw.  Par- 
isons  turbine  in  Chicago  is  a  little  less  than  40,000  sq.ft.,  or 
1.6  sq.ft.  of  condensing  surface  per  kilowatt.  This  is  about 
40  per  cent,  of  the  cooling  surface  thought  necessary  ten 
years  ago.* 

AUXILIARIES 
Generally  speaking,  in   large  stations  steam  auxiliaries  are 

lUsed,  and  the  exhaust  is  passed  into  the  feed-water  heater. 
It  may  be  sufficient  to  heat  the  feed  water  to  200  deg.,  but 
in  very  laige  modern  stations  the  auxiliary  steam  exhaust  is 
usually   sufficient    only    during   times    of   light    load,    requiring 

^an    extra    supply    of    steam    from    other    sources    during     the 

jtimes   of   heavy   load,    when    the   auxiliary    exliaust    is   not    in- 

icreased   in  i)roportion. 

I  One  method  of  supplementing  the  feed-water  heaters  al 
peak  loads  is  by  bleeding  steam  from  one  of  the  intermedi- 
ate  stages   of  the   main   turbine   unit. 

Pumps  and  other  auxiliaries  that  can  be  designed  to  run 
at  high  speed  are  now  nearly  always  driven  directly  by  tur- 
bines, and  even  low-speed  apparatus  can  now  be  geared  to 
them.  At  the  new  201st  St.  station  in  New  York,  there  are  15 
small    turbines    driving    the    auxiliaries    for    three    15,000-kw. 

imain  units.  Turbine  drives  are  now  largely  used  for  boiler 
feed   and   for   hot-water  pumps. 

PIPING 

The  addition  of  superheat  to  high-pressure  steam  has  re- 
quired the  substitution  of  cast  steel  for  cast  iron  fittings 
land  valves  in  the  main  steam  line.  The  early  plants  where 
superheat  was  first  installed  had  to  learn  this  by  hard  ex- 
perience, and  many  rebuilt  their  pipe  lines  within  a  few 
years  of  their  installation.  The  valve  seats  and  stems  are 
now  usually  made  of  nickel  steel,  nickel  bronze,  or  Monel 
metal. 

A  matter  that  has  received  attention  in  some  large  sta- 
Itions,  and   will  doubtless  receive  careful  study  in  all  of  them. 


•A  condenser  with  25,000  sq.ft.  cooling  surface  will  care 
for  a  22,000-kw.  turbine  in  Waterside  No.  2.  This  is  less  than 
(1.14    so. ft.    per    kw. — Editor. 


is  the  installation  of  permanent  apparatus  for  weighing  or 
measuring  water  used  l>y  turbines,  and  taking  temperatures 
of  steam  and  water  wherever  these  weights  .and  temperatures 
can  be  of  use,  both  in  keeping  the  operating  force  informed 
on  the  day  to  day  or  even  hour  to  hour  economy  in  the 
station,   and    in    making   occasional    performance    tests. 

THE  BOILER  ROOM 
The  attention  of  engineers  is  being  directed  more  and  more 
to  securing  better  economy  in  the  boiler  room.  This  is  the 
point  in  the  station  where  intelligence  in  watching  and  fol- 
lowing conditions  of  boiler  operation  will  instantly  result  in 
appreciable  fuel  economy.  For  years  the  electrical  end  of 
every  station  has  been  completely  equipped  with  accurate 
and  expensive  indicating  and  recording  instruments,  but  it 
has  only  recently  become  the  practice  to  install  instru- 
ments  in   the   boiler   room. 

It  has  been  proved  by  actual  experience  in  Detroit  that 
if  men  who  rank  as  skilled  mechanics  are  employed  as  fire- 
men they  can  be  trained  to  become  combustion  experts, 
through  their  ability  to  follow  the  indications  of  steam-flow 
meters,  draft  gages,  COo  recorders,  and  similar  instruments. 
When  it  is  considered  that  about  60  to  70  per  cent,  of 
the  cost  of  central-station  operation  is  fuel  cost,  the  im- 
portance of  raising  the  standard  of  the  boilei-room  personnel 
is    self-evident. 

Recently  visual  load  indicators  have  been  mounted  in  the 
fire  room  to  warn  the  firemen  of  changes  in  load.  The  next 
instrument  to  be  exploited  was  the  CO^  recorder.  Being  a 
delicate  instrument,  and  one  whose  operation  is  not  easily 
understood  by  the  class  of  help  commonly  employed  in  fire 
rooms,  it  has  to  be  handled  with  great  care,  and  has  not 
given  universal  satisfaction.  It  is  now  well  recognized  that 
a  high  CO3  content  of  flue  gas  alone  is  not  the  best  all-round 
test  for  efficient  boiler  operation,  as  the  samples  of  the  gas 
may  vary  widely  from  different  points  in  the  flue. 

One  of  the  most  satisfactory  instruments  yet  devised  for 
keeping  track  of  steam-boiler  performance  seems  to  be  the 
steam  flow  meter,  which,  mounted  in  plain  sight  on  the  boiler 
front,  tells  the  fireman  just  how  many  pounds  of  steam  his 
boiler  is  evaporating  at  any  instant,  and  enables  him  to 
regulate   the   fires   accordingly. 

The  automatic  regulation  of  the  draft  here  referred  to  is 
not  the  common  damper  regulator  which  is  controlled  by 
the  steam  pressure,  but  a  simple  little  device  mounted  along- 
side the  furnace  wall  consisting  of  a  diaphragm  which  is 
actuated  by  the  pressure  or  vacuum  existing  in  the  furnace, 
the  idea  being  to  keep  the  furnace  conditions  constant  for  a 
predetermined  load.  This  device  is  useful  where  forced  draft 
is  used,  in  which  case  the  draft  regulator  controls  the  fans 
or  machinery  for  producing  the  forced  draft,  and  not  the 
damper  in  the  flue.  Drawing  a  parallel  with  the  electrical 
instrument,  the  draft  regulator  just  described  corresponds  to 
the  voltage  regulator  on  the  electrical  system,  and  the  steam 
flow^    meter    to    the    ammeter. 

DRAFT   APPARATUS 

In  the  past  engineers  have  felt  that  the  natural  draft  in- 
cidental to  the  chimneys  necessary  to  carry  off  the  products 
of  combustion  was  sufficient  for  the  operation  of  the  fur- 
nace. At  present,  however,  the  need  of  a  more  positive 
control  over  the  draft,  and  of  securing  high  draft  pressure 
almost  instantly  to  meet  some  sudden  demand,  is  leading  to 
the    general    introduction    of   forced-draft    apparatus. 

The  ideal  arrangement  seems  to  be  an  automatic  stoker, 
which  normally  runs  on  natural  draft,  with  some  cheap  ap- 
paratus for  materially  increasing  this  draft  by  putting 
pressure  under  the  grate  to  meet  heavy  peak  loads  and 
unexpected  demands.  Such  is  the  arrangement  at  the  L 
Street  Station,  Boston,  where,  by  means  of  steam  jets,  boil- 
ers are  operated  for  peak  work  at  300  per  cent,  of  rating. 

FEED    WATER 

In  very  large  stations  care  is  now  l)eing  taken  to  keep 
the  feed  water  pure,  not  only  with  respect  to  solid  matter, 
but  also  to  the  alkalies  in  solution.  With  the  present  tend- 
ency to  force  boilers  it  becomes  more  necessary  to  remove 
the  scale-forming  ingredients.  A  bit  of  scale  dropped  in  a 
tube  where  it  is  exposed  to  flame,  will  cause  a  bulge  or 
rupture  in  a  short  time.  The  purer  the  water  the  less  fre- 
quently will  boilers  have  to  be  blown  down,  and  the  less 
make-up   water  will   be   required. 

With  feed  water  that  does  not  require  filtration  the  open 
type  of  heater  is  useful  as  a  purifier,  and  is  for  this  reason 
widely  used   in   the  Middle  W^est. 

Even  in  a  surface  condensing  plant  where  the  amount  of 
make-up  water  from  outside  is  a  minimum,  the  open  heater  Is 
more  economical  than  a  closed  heater,  because  all  of  the 
heat  units  in  the  auxiliary  exhaust  are  utilized  by  its  direct 
mixture  with  the  steam. 
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Half-Million-Dollar  Experiment 

Station 

I'latiH    for    Ih.     pi  ■•poHi'il    Jfiiin.i xpci  Itiiriit    xliilliin    nf    tint 

V.  S.  Hiii'fiUi  (>r  Mliii'H,  to  be  liii'iid'd  In  I'ltlHliiirKli,  I'niii., 
huvv  b<-i>n  iipiirovi'd  by  Iho  ooinnilHHliin  iippolMtcd  by  Comki-i-mh 
for  that  purpoHr.  Tho  Fi-di-iul  CSoveniniiTil  now  owiih  thr 
pioptrty  upon  which  will  W  erected  a  Ki'oup  of  bulldlnKH. 
cspei-ially  doslKiunl  and  adapted  for  the  carrying  on  of  the 
inliu'-safi'ty  work  and  othiT  InvestlKntlonB  in  which  thu 
llurt-uu   of  Mlni'8  Is   Intrirstrd. 

ConRross.  a  year  aKO.  authorized  a  new  home  for  the 
Kuroau  of  Mines,  to  cost  J600.000.  Tt  Is  now  expected  that 
roHKress.  In  Its  present  seSHlon,  will  make  a  specific  appro- 
priation so  that  construction  work  may  begin.  It  Is  hoped 
that   contracts   may   be   let   by   July   1. 

The  proposed  site  consists  of  nearly  12  acres  of  land,  part 
of  It  on  the  hlRher  level  of  the  city  streets  and  part  of  it 
on  the  level  of  the  Maltiniore  .t  Ohio  R.H..  which  will  furnish 
lu'equate   facilities   for   piissenKers   and   frelKht   trafflc. 

The  group  consists  of  the  three  main  t)uildiii>;s.  The  cen- 
tral buildlnc  of  the  Rroup.  the  mining  building,  will  be  three 
stories  in  i.cinht,  flanked  by  the  mechanical,  anil  the  chemical 
buildings.  In  the  rear  of  these,  and  Inclosing  a  court,  will  be 
the  service  building.  Beyond  the  service  building,  and  span- 
ning what  is  known  as  Tanther  Hollow,  thereby  connecting 
the  Bureau  of  Mines  buildings  with  the  Carnegie  schools, 
will  be  two  buildings,  over  the  roofs  of  which  will  pass 
the  roadway  from  Forbes  St.  to  the  Carnegie  schools  and 
Schenley  Park. 

The  portion  of  Panther  Hollow  above  the  power  buildings 
will  be  arranged  as  a  miners'  field,  the  slopes  of  the  ravine 
being  utilized  as  an  amphitheater,  which  will  accommodate 
20.000  spectators. 

The  main,  or  mining,  building  will  contain  the  adminis- 
trative ollices.  and  those  of  the  mining  force.  In  it  will  be 
an  assembly  and  lecture  hall,  a  library,  smoking  room  and 
other  rooms  for  demonstratiors  and  training  in  mine  rescue 
and  first-aid.  The  mechanical  building  will  be  for  experi- 
ments and  tests  of  mining  machinery  and  appliances;  and  the 
chemical  building  for  investigation  and  analyses  of  fuels,  ex- 
plosives  and   mineral   substances. 

The  buildings  now  used  by  the  Bureau  of  Mines  as  an 
experiment  station,  at  Pittsburgh,  were  loaned  by  the  War 
Department,  as  an  emergency  measure,  when  the  bureau  was 
created. 

Dr.  Sfiaeldoua's  25^1h\  Aiaiaiversarg^ 

On  Saturday  evening,  Mar.  21,  at  the  Hotel  Astor,  New 
York  City,  Manhattan,  a  dinner  was  tendered  Dr.  Samuel  Shel- 
don in  honor  of  his  25  years  of  service  as  professor  of  physics 
and  electrical  engineering  in  the  Polytechnic  Institute,  Brook- 
lyn. About  150  guests  were  present,  including  students  and 
alumni  of  the  Polytechnic  and  men  prominent  in  engineering 
circles  of  today. 

Thomas  Commerford  Martin,  ex-president  of  the  American 
Institute  of  Electrical  Engineers,  acted  as  toastmaster.  Dr. 
Fred.  W.  Atkinson,  president  of  the  college,  spoke  on  the 
life  of  Dr.  Sheldon  and  his  studies  abroad.  Samuel  Owen 
Edmonds,  a  patent  lawyer  of  note,  told  of  Dr.  Sheldon's  work 
as  an  expert  in  several  large  patent  cases.  Several  interesting 
reminiscences  of  the  Polytechnic  in  1890  were  given  by  Wil- 
liam Lord  Bliss,  the  oldest  student  in  the  first  class  of  electri- 
cal engineering  which  Dr.  Sheldon  taught  at  the  Polytechnic. 
Ralph  Wainwright  Pope,  honorary  secretary  of  the  American 
Institute  of  Electrical  Engineers,  spoke  reminiscently  of  many 
interesting  matters,  and  mentioned  Dr.  Sheldon's  success  as 
president  of  that  organization. 

In  reply  to  these  addresses.  Dr.  Sheldon  expressed  his 
deep  appreciation  of  the  kind  thought  and  feeling  which  had 
led  to  the  testimonial  banquet.  He  sketched  his  experienced 
career  prior  to  accepting  the  call  to  the  institute,  25  years 
ago,  and  then  spoke  of  the  growth  of  the  Polytechnic  until 
today  it  stands  as  one  of  the  foremost  schools  of  its  kind  in 
the  country. 

"When  I  joined  the  faculty,"  said  Dr.  Sheldon,  "plans  for 
the  new  institute  building  were  being  made,  and  courses  lead- 
ing to  the  degrees  of  civil  and  electrical  engineers  had  been 
determined  upon.  I  was  asked  to  take  charge  of  the  develop- 
ment of  the  latter  course  in  addition  to  directing  the  work  in 
the  department  of  physics.  Outside  of  a  few  civil  engineering 
instruments  and  some  apparatus  for  the  experimental  illus- 
tration of  lectures,  there  was  no  laboratory  equipment.  The 
problem  which  the  faculty  undertook  to  solve  at  that  time, 
and  which  is  even  yet  under  consideration,  was  the  elevation 
of  scholastic  standards,   without   the   cessation   of  student   at- 


tendance and   without  the  expenditure  of  lurge  mumih  of  ni' 
for    the    piirehane    of   udc(|Uate    ecjulpment." 

The   affair  aN  a    whol<,   waw  a   Hplendld    tributi'   lo  a  Hpl< 
man      ,Slu<len(   eheem  ami  hoiikh  under  lln-   Iradii'Hhlp  of  II 
Vr>UMK.      H,    added    to    till,    general    eiit  liiiNliiHin.       Il    wuH    a    ' 
of    Kood    will    and    Uliidlv    feelinu 

Natnom^al  Heating   Convention 

The  Hlxth  annual  convriilloii  of  the  National  l;lHlrl(l  Heat- 
ing AHHodatloii  will  be  held  In  Itoehester,  N.  Y.,  ,VIay  26,  JT,1 
2H  and  29,  1!>I4.     The  program  Is  Hubstuntiully  uh  followii:  ^ 

TUESDAY,  MAY  26,  2  P.M.  l 

Welcome  addren8,  by  the  Mayor  of  Rochester;  reHponw; 
president's  address;  report  of  secretary-treasurer;  appointment' 
of  nominating  committee;  report  of  underground  constructlooi 
committee,    K.    Darrow,    IndianapollH,    Ind.,    chairman. 

Entertainment:  For  the  ladles,  auto  ride,  leaving  .Seneca 
Hotel  at  3  p.m.,  and   returning  at  5;30  p.m. 

TUESDAY,   MAY   26,    8    P.M. 

Report  of  the  nominating  committee.  Address — R.  M. 
Searle,  vice-president,  Rochester  Ry.  &  Light  So.  Subject, 
"Public  I'olicy  of  Utilities."  Address,  "Manufacture  of  Welded 
Iron  and  .Steel  Pipe,"  accompanied  by  moving  pictures  shew- 
ing  the   progress  of  manufacture. 

At  the  evening  session  the  ladles  will  be  Invited  to  attend 
as   the   addresses   will   be   Interesting   to  all. 

WEDNESDAY,   MAY   27,   9:30   A.M. 

Report  of  the  meter  committee,  A.  D.  Spencer,  Detroit. 
Mich.,  chairman.  "Use  of  Bleeder  Turbines  In  connection  with 
Steam  Heating,"  by  R.  D.  De  Wolf,  Rochester,  N.  Y.  Election 
of  officers.  Report  of  record  committee,  A.  P.  Biggs,  Detroit. 
Mich.,   chairman. 

WEDNESDAY,   MAY  27,   2  P.M. 

Discussion  session.  Subjects  to  be  discussed  as  follows: 
"Hot-Water  Heating  under  Forced  Circulation."  "Expense 
of  Operating  Centrifugal  I'umps  vs.  Double-Acting  Pumps." 
"Some  Effects  of  Utility  Higulation  as  Affecting  District  Heat- 
ing." "Effect  of  Superheated  Steam  on  Heating  Systems." 
District  Heating  for  Small  Towns  and  Cities  of  10,000  Popu- 
lation and  Under."  "Heat  losses  from  Buildings  of  Latest 
Construction."  "Which  Is  More  I'rofltable,  to  Shut  Off  Steam 
at  Night  or  Keep  It  On  Continuously?"  "Economic  Advan- 
tages to  Consumers  of  Central-Station  Heating  Service  Over 
Individual  Heating  Plants." 

Entertainment  for  Wednesday:  For  the  ladies,  Wednesday 
morning,  shopping  tours;  ^Vednesday  afternoon,  trip  on  Lake 
Ontario,  returning  at  6  p.m.  Wednesday  evening,  theater 
party    for   all. 

THURSDAY,   MAY   28,   9:30  A.M. 

Report  of  rate  committee,  E.  L.  Wilder,  Rochester,  N.  Y.. 
chairman.  "Customers'  Steam-Heating  Systems,"  H.  R.  Wein- 
erell,    Peoria,    111. 

THURSDAY,    MAY    28,    2    P.M. 

"Commercial  Steam  Heating  in  New  York  City,"  George  W. 
Martin,  general  manager.  New  York  Service  Co.  Report  of 
educational  committee,  D.  .S.  Boyden,  Boston,  Mass.,  chairman. 
Report  of  station-operating  committee,  B.  T.  Gifford,  Grand 
Rapids,   Mich.,   chairman. 

Entertainment  for  Thursday:  For  the  ladles,  Thursday 
morning,  10:30,  card  party  at  Seneca  Hotel.  Afternoon,  auto 
ride,  with  tea  at  Oak  Hill  Country  Club.  Evening,  for  all. 
informal  dance  at  Seneca  Hotel,  8:30  to  11  p.m.  For  the  men. 
Thursday,  4  p.m.,  visit  to  the  Taylor  Instrument  Factory. 
FRIDAY,   MAY   29 

The  entire  convention  as  the  guest  of  the  American  Dis- 
trict Steam  Co.  will  go  to  Niagara  Falls  on  a  special  Pullman 
train,  via  New  York  Central  Lines,  stopping  en  route  at  Lock- 
port,  where  the  first  district  heating  plant  was  installed, 
taking  luncheon  at  the  works  of  the  company  at  North  Ton- 
awanda,  and  spending  the  afternoon  sight-seeing  at  Niagara 
Falls,  followed  by  dinner  at  the  Clifton  Hotel  on  the  Can- 
adian side,  and  returning  to  Rochester  in  the  evening. 

The  program  as  outlined  is  good,  and  assurances  already 
received  indicate  that  the  sixth  convention  will  be  the  larg- 
est attended  yet.  The  entertainment  committee  has  a  large 
fund  at  its  disposal.  A  cordial  invitation  has  been  extended 
to  those  district  heating  stations  that  are  not  now  members 
to  join  the  association  either  at  the  convention  or  in  advance. 
There  will  be  a  complete  exhibit  in  connection  with  the  con- 
vention and  applications  for  space  should  be  made  directly 
to  Secretary  D.  L.   Gaskill. 

The  Seneca  Hotel  at  Rochester  will  be  the  headquarters 
of  the  association  and  reservations  for  rooms  should  be  made 
directly   with   the   hotel  management. 
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Tlhreadeim  M.sit®  IRedl^ctioim 

A  mandatory  ordiiiaiice  now  iii'ndinK'  bi-forc  the  city  coun- 
cil of  Cleveland.  Ohio,  will,  if  i)asscd,  reduce  the  Cleveland 
Electric  Illuminating'  Co.'s  maximum  rate  to  residence  custom- 
ers to  3c.  per  kw.-hr.  The  ordinance  has  passed  its  first 
reading-. 

Residence  customers  are  now  served  under  a  sliding'  scale 
tf  prices,  the  maximum  being  10c.  per  kw.-hr.  and  the  average 
rate  earned  under  this  schedule  being  6.25c.  per  kw.-hr.  The 
average  lighting  bill  in  Cleveland  homes  is  $1.91  a  month. 
J,.t  present  the  coinpany  has  no  established  minimum  bill. 
The  general  impression  seems  to  prevail  among  the  (company's 
staff  that  the  rate  is  confiscatory  and  will  not  be  sanctioned 
by   the   Public   Service    Commission. 


[<d.  F^Eimpaim^  SUsi^aoiza  Ma^^  Be 


j          Receuat  Cotmipt  Decisioias 
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Commissioner  Ingersoll.  of  the  Brooklyn  Park  Department, 
announces  that  the  pumping  station  at  the  foot  of  Lookout 
Mountain,  Prospect  Park,  which  for  many  years  has  supplied 
the  park  lakes  with  water,  may  soon  be  closed.  William  T. 
Travers,  the  engineer,  recently  resigned  after  44  years  of  ser- 
vice. There  has  been  no  one  appointed  to  succeed  him.  The 
firemen  were   assigned  to  other   duties   in  the  department. 

That  the  machinery  is  in  need  of  repairs  and  new  ma- 
chinery would  cost  about  $7000.  is  one  of  the  reasons  for  clos- 
ing the  station. 

The  artesian  well  in  the  pumping  station  which  is  con- 
sidered one  of  the  landmarks  of  Prospect  Park,  was  sunk  by 
C.  C.  Martin,  the  engineer  who  had  charge  of  the  building 
of  the  Brooklyn  Bridge.  The  well  is  50  ft.  in  diameter  and 
50  ft.  deep.  An  iron  stairway  leads  down  to  its  surface,  and 
there  are  hundreds  of  callers  daily  to  inspect  it.  The  work  of 
sinking  the  well  was  difficult  from  an  engineering  standpoint 
because  it  had  to  be   built   with  a  coffer-dam. 

Since  the  temporary  shutting  down  of  work  at  the  pump- 
ing station,  the  water  for  the  park  lakes  is  being  taken  from 
the  city  reservoirs.  The  Catskill  aqueduct  will  soon  bring 
an  enormous  quantit.v  of  water  to  the  city,  and  for  that  reason 
the  Prospect  Park  well  may  never  be  needed. 


KIjEMENTAL    MAGNETISM    AND    ELECTRICITY.      By    C.    M. 
Jansky.      McGraw-Hill    Book    Co.,    New    York.      Cloth;    212 
pages,  6x9%   in.;  121  illustrations.     Price,  $1.50. 
APPLICATION  OP  POWER  TO  ROAD  TRANSPORT.     By  H.  E. 
Wimperis.      D.   Van   Nostrand   Co.,   New   York.      Cloth;    125 
pages,   4%x7',4    in.;    illustrations;    tables.      Price,   $1.50. 
I'^UEL.       By    J.    S.    S.    Brame.       Longmans,    Green    &    Co.,    New 
York.     Cloth;  372  pages,  5i/4x9  in.;  73  illustrations;  table.s. 
Price,    $3.50. 
The   Supplymen's  Association  of  the  American  Boiler  Man- 
ufacturers'   Association    announces    the    completion    of   its    list 
of  boiler,   tank  and   stack  manufacturers  of  the  United  States 
and   Canada.      It   is   compiled    in    neat   booklet    form    and   con- 
tains the  names  and  the  addresses  of  over  900  manufactuiers. 
These  books  are  offered  to  interested  parties,  such  as  tool  an  1 
material  manufacturers   for  the  sum  of  $3   per  copy.     Address 
I'.  B.  Slocum,  Secretary.  The  Continental  Iron  Works,   West  & 
C'alyer  Sts.,   Brooklyn,   N.   Y. 


Traniway  (on-strnotion  and  >Iuterial — Proposals  are  re- 
quested by  the  Direccion  General  de  Obras  Publicas,  Minis- 
tjrio  de  Fomento,  Madrid,  Spain,  for  the  concession  and  con- 
struction of  an  electric  tramway  in  Madrid.  The  American 
consul  at  Madrid  states  that  the  estimated  cost  of  this  tram- 
■»'ay  is  $22,935,  and  its  rolling  stock  must  include  at  least  two 
electric  cars.  Work  must  be  commenced  within  one  month 
from  the  date  of  award  and  finished  within  three  months  from 
the  same  date.  Proposals  should  be  submitted  through  a  resi- 
dent agent  before  Apr.  22.  A  list  of  such  agents  can  be 
obtained  from  the  Bureau  of  Foreign  and  Domestic  Commerce, 
W'ashinaton.   D.   C 

LiarK'c  FunnelM — The  last  of  the  four  funnels  of  the  new 
•  unard  liner  "Aquitania,"  the  largest  British  steamship,  was 
placed  in  position  in  Clydebank  dock.  The  funnel  was  lifted 
into  place  by  a  150-ton  crane.  The  width  of  the  funnel  fore 
and  aft  is  24  ft.,  and  extends  above  the  kee!  161  ft.  Each  one 
v/ith  its  section  of  uptakes  and  boilers  weighs  1500  tons. — 
"Practical   Engineer."   London. 


MinneNola  Hollor-Salety  Law — Mar.  3  a  jury  sitting  in  St. 
Paul  exonerated  the  St.  Paul  Boiler  Manufacturing  Co.  of  a 
charge  of  having  delivered  a  defectively  constructed  boiler  to 
a  customer.  Section  4746  of  the  Minnesota  Statutes,  1913, 
reads:  "Every  person  who  shall  construct  a  boiler  or  steam 
pipe  of  iron  or  steel  plates  known  to  be  faulty  or  imperfect, 
or  shall  drift  any  rivet  hole  to  make  it  come  fair,  or  who  shall 
deliver  any  such  boiler  for  use,  knowing  it  to  be  imperfect  in 
its  flues,  flanging,  riveting,  bracing,  or  in  any  of  its  other 
parts,  shall  be  guilty  of  a  gross  misdemeanor,  and  punished 
by  a  fine  of  $200,  one-half  of  which  shall  be  paid  to  the  in- 
former." A  prosecution  was  instituted  against  the  boiler 
company  under  this  law,  it  being  alleged  in  the  indictment 
that  the  company  delivered  to  one  Chas.  J.  Gustafson  a  high- 
pressure  boiler,  which  was  faulty  and  imperfect  in  its  rivet- 
ing, bracing,  and  the  insertion  of  gage  cocks.  It  was  speci- 
fically charged  that  rivet  holes  near  the  firebox  door  were 
drifted  to  make  them  come  fair;  that  there  were  no  braces 
from  the  boiler  head  and  rivets  were  placed  to  simulate  such 
braces;  and  that  the  lower  and  middle  gage  cocks  were  im- 
properly inserted  below  the  crown  sheet.  After  a  vigorous 
trial  of  the  case  for  two  days,  the  jury  returned  an  immediate 
verdict  in  the  company's  favor,  thus  finding  that  the  company 
established  its  claim  that  the  boiler  was  properly  constructed 
and  conformed  to  the  warranty  under  which  it  was  sold  that 
it  was  adapted  to  a  woiking  pressure  of  100  lb. 

I'efiral  Statu.s  of  Public  Service  FrancliiHeH — Suit  may  be 
maintained  in  the  name  of  the  state  to  forfeit  a  public 
service  corporation's  franchise  granted  by  a  city,  since,  in 
granting  franchises,  municipalities  act  as  agents  of  the  state. 
The  city  is  entitled  to  sue  to  annul  a  fianchise  for  breach  of 
its  contractual  provisions;  but  the  state  is  the  proper  party 
to  sue  for  abuse  of  the  franchise.  "It  is  implied,  as  the  es- 
sential condition  upon  which  corporate  life  and  powers  are 
granted  to  public  service  corporations,  that  they  shall  fairly 
and  substantially  perform  the  functions  and  discharge  the 
duties  for  which  they  have  been  created.  A  willful  and  per- 
sistent failure  to  do  so  may  subject  their  franchises  to 
forfeiture    and    themselves    to    dissolution." 

This  implied  duty  is  violated  by  unreasonable  discrimin- 
ation in  service  or  charges  to  consumers,  or  by  illegal  com- 
l)ination  with  other  public  service  companies.  Although  re- 
fusal of  service  in  particular  instances  will  not  ordinarily 
furnish  ground  for  forfeiting  a  franchise,  they  may  be  con- 
sidered with  other  breaches  of  duty,  in  determining  whether 
there  has  been  such  abuse  of  the  franchise  as  warrants  a 
forfeiture.  (Alabama  Supreme  Court,  State  vs.  Birmingham 
Water  Company,   64   "Southern   Reporter"   23.) 


EHGIMEERHHG  AFFAIRS 


The  trustees  of  Columbia  Uiiiversit.N  will  raise  the  re- 
quirements of  admission  to  the  schools  of  mines,  engineering 
and  chemistry.  After  July  1,  candidates  will  be  required  to 
present  evidence  of  such  preliminary  general  education  as 
can  be  had  by  at  least  three  years'  study  in  a  college  or 
scientific  school  of  high  rank.  Candidates  for  degrees  will 
be  admitted  to  the  second  year  of  the  present  course  upon 
showing  evidence  that  they  have  completed  the  work  of  the 
present  first  year  in  addition  to  the  existing  entrance  re- 
quirements. 

The  New  England  Association  of  Commercial  Engineers 
gave  its  annual  dinner  at  the  Revere  House,  Boston,  on  Sat- 
urday evening,  Mar.  21.  About  150  members  and  guests  were 
present.  Mayor  James  W.  H.  Myrick  acted  as  toastmaster. 
The  speakers  were  District-Attorney  Joseph  C.  Pellitier,  of 
Suffolk  County,  and  the  Hon.  William  S.  McNary,  ex-member 
of  Congress  and  chairman  of  the  Harbor  and  Land  Commis- 
sion. John  A.  Hill,  of  the  Hill  Publishing  Co.,  and  Jack 
Armour,  of  "Power,"  New  York,  were  also  among  the  guests. 
A  very  enjoyable  cabaret  show  was  given,  and  the  meeting- 
ended  with  a  stage  performance. 


Oil-Burnlu!;-  Liooomotlvea  In  India — The  Northwestern  Rail- 
way, of  India,  has  recently  built  its  first  locomotive  fitted  to 
burn   oil   as   fuel. 
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lUiiK    Kfadiiuti-a    I 
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Wlllliim  T.  TnivciH.  fur  14  yciiiH  .iikIik-.t  at  tin-  I'l  oMii.ct 
Park  iniiniiliik'  Mliitluii,  lliiinkly n.  N,  V..  Iian  iihIkikcI.  A  brief 
nccoiiiit   Ih  Klvfii  i>f   IhlH  iilil   piiinpiiik'  Mtiitlmi  on  aiiotlur  paKO. 

Kii'il  n.  Smith  haH  Ix-i-ii  appoiiiloil  aMnl»laiit  to  I'lOHldont  T. 
K  Mnnvlllo  of  tlio  II.  W.  .lohiiH-MaiivlIIe  Co.,  New  York  City. 

Walti'i-  C.  Allon,  for  tlio  pa.Mt  nvo  yoarH  KPneral  mananci-  of 
tho  Tnlo  .t  To\viu>  MatuifactniliiK:  Co.,  wan  elected  n  vlie- 
pre.xldfiil  of  that  company,  following  the  annual  nieetliiK  of 
tho   stockhohlcis   on    .Ma:-.    1-. 


KDWIN    M.   COUYKW. 

Kdwin  M.  ("oryell.  consulting;  enKinecr,  New  York  City, 
.lied  from  heart  disease  in  hi.s  olllce  at  11  Broadway.  Mar.  23. 
He  was  in  his  fifith  year  and  hail  heen  for  many  years  con- 
sulting eiiKinecr  for  the  Cameion  Steam  I'ump  Works  of  New 
Yoik   ("it\. 

.IAMi:S   W.    TIIO.MSON 

James  W.  Thomson,  chief  ensineer,  U.  S.  N..  letired,  di°d 
at  his  home  in  Moorestown,  N.  J.,  Mar.  17.  He  was  born  in 
Wilmington.  Del.,  Nov.  10,  1S3G.  He  was  appointed  third 
assistant  en>rlneer  in  the  United  States  Navy  in  1856,  and 
was  promoted  until  he  was  chief  engineer  in  1862.  He  was 
retired  in  l^Ufi  with  the  rank  of  rear-admiral. 
WAl.TKU   1,AI1)1<A\V 

On  Wednesday,  Mai'.  2.5,  Walt<>r  I.aidlaw,  secretary  of  the 
International  Steam  Pump  Co.,  New  York  City,  died  of  heart 
disease  while  on   the  way  to  his  office. 

Every  ensineor  who  had  the  privilege  of  personal  contact 
with  Ml-.  1-aidliiw  honored  his  unswerving  integrity,  loyalty 
and  faiiness,  and  respected  the  ready  application  of  his  vast 
experience  and  his  clear,  commonsense  consideration  of  prac- 
tical engineering  and  manufacturing  problems.  Very  few, 
however,  knew  of  his  unvisvially  interesting  earlier  experience 
and  his  highly  privileged  personal  associations. 

Mr.  Laidlaw  was  born  in  Scotland  in  1849.  In  his  youth 
he  served  an  apprenticeship  of  4%  years  as  machinist  with 
James  Shell,  maker  of  machinery  for  the  manufacture  of 
Scotch-Tweed,  engines,  waterwheels,  shafting  and  gearing. 
This  course  was  supplemented  by  1  >,i  years'  service  as  an 
"inipeiial  erector"  with  Caird  &  Co.,  shipbuilders  and  engi- 
neers, Greenoch,  Scotland,  where  he  was  engaged  In  the 
erection  of  first-class  ocean  steamships.  He  endured  the  usual 
hardships  and  privations  of  the  apprentices  of  his  class  at 
that  time,  but  his  interest  and  ambition  were  such  that  in 
spite  of  the  hard  and  continuous  labor,  he  heartily  enjoyed 
the  service  and  his  opportunity  for  acquiring  knowledge  and 
experience. 

He  next  entered  the  engineering  department  of  Trinity 
House,  which  body  has  official  charge  of  the  lighthouses  of 
Great  Britain.  He  served  as  engineer  and  chief  engineer  for 
10  years  and  worked  in  this  most  interesting  period  of  light- 
house development  shoulder  to  shoulder  first  with  Prof. 
Michael  Faraday,  and  later  with  his  successor.  Prof.  Tyn- 
dall:  he  also  enjoyed  the  acquaintance  and  at  times  coopera- 
tion of  Lord  Kelvin  in  some  of  these  developments. 

Mr.  Laidlaw  -n-as  actively  engaged  in  the  design,  equip- 
ment and  erection  of  some  of  the  most  famous  British  light- 
houses. While  in  this  service  he  drew  the  specifications  for 
and  purchased  the  first  direct-acting  generator  ever  used  for 
lighting,  which  he  installed  and  for  a  while  operated  in  the 
lighthouse  at  the  Lizards,  where  it  is  still  in  satisfactory 
operation   as  an  auxiliary. 

In  1891  he  came  to  the  United  States  and  went  to  Cincin- 
nati, working  for  a  while  as  draftsman  for  the  Lane  &  Bodley 
Co.  and  then  as  constructing  engineer  for  Procter  &  Gamble. 
Ivorydale,  Ohio. 

In  1909.  he  became  vice-president  and  manager  of  the 
works  of  the  Laidlaw-Dunn  Co.,  afterward  the  Laidlaw-Dunn- 
Gordon  Co.  During  this  period  Jlr.  Laidlaw  realized  the  full 
development  of  his  engineering  abilities  and  became  greatly 
Interested  in  the  technical  education  and  advancement  of 
young  men.  as  will  clearly  be  attested  by  a  host  of  prominent 
engineers  in  the  Central  W'est.  It  was  largely  through  his 
efforts  that  the  Ohio  Mechanics  Institute  was  placed  upon  a 
solid  basis  and  began  its  successful  expansion.  He  served  at 
one  time  as  president  of  the  institute  and  recently  stated  that 
<me  of  the  most   pleasant  memories   of  his  life   was  the   priv- 


ib^<'    of    uwjiKlIng    the    dIplomiiH    to    tli< 
whom    lie   had   taken   ho   much   Inlen-Ht. 
a   life   member   of  llie   corporation. 

In  inOfi  he  wan  elected  a  MiembiT  of  the  American  Soeleli 
of  Mechanical  KnKlneerH.  In  l!)10  he  became  Keiieral  tnanaK<' 
f)f  thi.  Snow  .Steam  I'ump  WorkM  nt  lluffalo,  and  In  lltll  : 
member  of  the  executive  eomniltti-r.  of  the  International  Slean 
I'ump  Co.,  for  which  poHltlon  hlH  trnlnliiK  liad  i-niliK'ntly  lltlii 
hitn.      In    1914    he   became   ItM  Hi-crctary. 


W'altioi;  Laidlaw 

Mr.  Laidlaw's  death  was  a  great  shock  to  his  immediate 
associates  and  the  engineering  profession.  His  modesty  pre- 
vented reference  by  him  to  his  earlier  experiences  and 
associations,  and  it  is  believed  this  short  sketch  will  be  of 
interest  to  those  engineers  who  had  not  previous  knowledge 
of  them. 
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owned    by    69    employees,    3    ex-employees,    and    14    others    who 
are   wives,   daughters   or   relatives   of  employees. 

Known  bondholders,  mortgagees,  and  other  security  holders 
holding  1  per  cent,  or  more  of  total  amount  of  bonds,  mort- 
gages or  other  securities.  Mortgage  on  building  held  by 
Dime  Savings  Bank,  Brooklyn,  N.   Y. 

C.  W.  Dibble.  Vice-President, 
HILL    PUBLISHING    COMPANY. 
Sworn     to     and     subscribed     before    me    this    24th    day    of 
March.    1914. 

RICHARD  L.   MURPHY. 

Notary  Public. 
(My  commission  expires  March  30,  1915) 
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WILL   THE   FUTURE   HOLD   AS   MANY   SURPRISES   FOR   US? 


iL'V  v_Jj.>j> 


.i.i[ii='§\jji]l2ier 


l?Y     TllDM    \N      W    II.NON 


>■  )'.\7>/',s7iS' — .1(1  iilirn  slim/  nil-ciuiiuc  /ildiil  i  iiiildiiiliiij 
r.ihniist  lirntrrs  to  tililizr  llir  liral  in  the  cilinnst  i/dscs,  n 
s/irrial  cooler  for  llir  jiirkcl  irater  and  a  hydraulic  oil- 
Jiii  11(11  iini  si/slciii. 

y. 

'I'lic  |M)ssil)ililics  ol'  tlic  oil  cnj^iiic  iis  a  faclor  in  ilic 
]i()\vt'i'-pliiiil  lii'ld  ill  tliis  (iiiiiilix  liaxc  to  a  ccrlaiii  cxlciil 
Ik'i'II  (U'liioiislraled  Ity  the  works  ol  llu'  ISiiscli-Siil/.cr  Bros. 
Dii'si'l  Kiifjino  C'o.,  in  St.  I.oiiis,  Mo.  This  coiiipaiiy  lias 
just  coinplotod  a  million-dollar  plaiil  for  tlio  exclusive 
manufacture  of  tlio  Diesel  engine.  \\\  iinmediate  cajiac- 
ity  of  from  10  to  15  engines  per  moiitli  is  available  ami 
provision  has  been  made  for  extension  as  the  demand  in- 
creases. J.  Iv.  Harris,  vice-president  and  general  man- 
ager, and  Max  Kottcr,  cliicf  engineer,  entered  ])rominent- 
ly  into  the  design  of  the  cniii-c  plant,  while  the  Arnold 
Co.,  Chicago,  were  the  engineers  and  constructors  for  the 
buildings  and  the  general  equipnient. 

The  ])re.sent  grouj)  of  buildings  occupies  abimt  one-half 
of  a  nine-acre  site  located  a  quarter  of  a  mile  from  the 
Mississi])pi  IJiver  and  in  communiiation  with  excellent 
railway  facilities.  There  are  a  sei  vice  and  an  ollice  build- 
ing, the  power  house,  machine  slioj),  forge  shop,  pattern- 
storage  buikling  and  a  I'-shaped  structure,  one  leg  being 
devoted  to  the  storage  of  raw  material,  and  the  other  to 
(inished  material  and  an  erecting  and  testing  floor.  The 
maihine   shop  connects   the  two.  so   that   the  process  of 


.(l'J     EngiiiiiiC 


mliiMioUs  from    raw  nialerial   In  llif  Icsl- 


iiunii  hirl  iiri' 
ing  Hour. 

Considerable  power  is  re(piired  \,\  ibc  various  machines, 
traveling  craiu's  and  elevators.  Individual  motor  dri\' 
with  jiush-button  control  has  been  employed,  and  tlieir 
are  about  1")0  motors  in  all,  ranging  from  '/|  to  TiO  lij». 
They  o|)eratc  on  direct  current  at  2'Hf  volts,  and  arc  near- 
ly all  of  the  variable-speed  type.  Tungsten  100-watt  lamjt^ 
are  used  lor  yard   lighting,    ID-  to  .^O-watt  lanijtH  are  dis- 
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Fig.  2.     The  Thrke  225-Hp.  Diesel  Exgine  Uxits 


trilnitcd  lliroujrhout  llic  buildings  for  special  work  and 
for  gL'iu'i'al  illiiiiiiiialioii  flainiiig  aivs  liave  Ix'on  selected. 
Witli  nuiiieroiis  imandescents  in  addition  to  a  special 
watchman's  circuit,  consisting  of  25-watt  tungsten  lamps, 
the  lighting  load  should  average  about  40  kw.  Adding 
to  this  the  average  demand  of  tlie  motors,  a  total  load 
approximating  400  kw.  may  be  expected. 

To  su])|)ly  current  for  Ibe  power  and  lighting  loads, 
the  coni])any  has  installed  an  oil-engine  plant  which  is 
featured  by  the  utilization  of  the  e.xhaust  gases  for  heat- 
ing the  buildings,  a  sjx'cial  cooler  designed  to  maintain 
the  engine  jacket  water  b(>low  a  specified  temperature,  and 
a  hydraulic  oil-handling  system.  A  boiler  room  may  seem 
out  of  place  in  a  Diesel-engine  plant,  but  here  it  was  de- 
sired to  operate  a  number  of  hammers  in  the  forge  shop 
with  high-pressure  steam  and  to  supply  some  steam  to 
fill  in  the  gap  between  tlie  heat  available  from  the  en- 
gines and  the  requirements  during  the  colder  weather, 
there  being  23,000  sq.ft.  of  radiation.  Three  100-hp. 
Heine  boilers  to  work  at  100  lb.  pressure  have  been  in- 
stalled. Oil  fuel  is  supplied  through  Best  burners,  one 
to  a  boiler,  and  the  products  of  combustion  are  carried 
away  tli rough  a  3-ft.  stack  which  extends  just  above  the 
roof.  A  i)0-in.  Sturtevant  induced-draft  fan  supplies  the 
air  for  the  three  units. 

EXGINE  liOOJI 

The  p:i  iie  movers  are  three  225-hp.  Diesel  engines, 
Kix24  in.,  of  the  typical  vertical  three-cylinder  type,  nuide 
by  the  company.  Each  is  connected  to  a  KJO-kw.  Crocker- 
Wheeler,  three-wire,  110-220-volt,  direct-current  gen- 
erator. Space  has  been  left  for  a  fourth  unit  of  the  same 
size  so  that  the  plant  will  eventually  liave  a  capacity  of 
900  hp.  in  a  room  ();)x40  ft.,  which  gives  2.8  sq.ft.  of  floor 
space  per  horsepower  of  rating.  At  full  load  these  engines 
will  develop  a  brake  horsepower-hour  on  0.45  lb.  of  oil 
containing  19,000  B.t.u.  per  lb.,  or  on  8550  B.t.u.  As 
will  be  apparent  in  the  illustrations,  the  plant  has  been 
laid  out  on  liberal  proportions,  and  care  has  been  taken 
to  secure  an  attractive  a])peai'ance.  The  floors  are  of 
concrete  with  cement  finish.  A  G-ft.  wainscoting  of 
enameled  face  tile  and  the  piping  color  scheme  (given 
herewith)  add  to  the  general  effect.     An  unusual  propor- 

COLORS  FOR  Ar.L  EXPOSED  PIPES  AND  FITTINGS 


Except  exposed  pipes  .and  radia- 
tors in  first,  serond,  :uul  third 
floors  of  office  buildint'.  wl.ich 
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dead  white:    lirown^jurnt  sienna;    black^dead  black. 


tion  of  gla.ss  in  the  walls  and  monitor  admit  the  light 
and  fresh  air  so  desirable  in  an  engine  room. 

The  air  required  for  starting  and  fuel  injection  is  com- 
pressed by  two  motor-driven,  three-stage  air  compressors, 
li>.  (jy^  and  3  by  12  in.,  and  stored  at  a  pressure  of  750 
11).  absolute  in  14  steel  bottles  arranged  along  the  wall. 
Kach  has  a  capacity  of  IV2  cu.ft.  and  one  c()mj)ressor  will 
sui)ply  the  demands  for  the  day. 

Cooling  Water 

Cooling  water  for  the  engine  jackets  is  supplied  from  a 
1500-gal.  tank  on  the  roof.  There  is  a  low-level  float  con- 
trol which  admits  makeup  water  from  the  city  mains 
when  necessary.  A  4-in.  main  brings  the  supply  to  the 
engine-room  floor,  from  which  2-in.  tajjs  lead  to  each  en- 
gine. From  the  jackets  the  wafer  discharges  through  4- 
in.  pipes  to  a  common  (l-in.  main  with  an  outlet  to  the 
hotwell  and  to  a  rotary  cooler  installed  by  the  Tower 
Specialty  Co.  It  then  flows  to  a  siini|)  and  by  means  of 
a  float-controlled  centrifugal  j)unip  is  elevated  to  the  tank 
on  the  roof.  Fig.  5  shows  the  jacket-water  and  water  con- 
nections for  the  boiler-feed  and  lavatory  pumps. 

Fig.  7  is  an  exterior  view  of  the  cooler  which  is  a  hori- 
zontal cylinder  6  ft.  8  in.  in  diameter  and  7  ft.  long.  The 
cooling  surface  within  consists  of  four  rotating  drums 
made  up  of  galvanized-steel  ])lates,  Xo.  2G  gage,  arranged 
in  concentric  rings  on  a  cast-iron  center  and  supported 
from  the  shaft  by  steel  spokes;  a  space  of  about  3  in. 
sei)arates  the  drums  arranged  lengthwise  on  the  shaft. 
Between  the  rings  of  plates  there  are  narrow  s])aces,  so 
that  when  the  drum  revolves  in  the  wafer  at  the  bottom 
of  the  encasing  cylinder,  thin  films  adhere  to  the  surface 
on  both  sides  of  the  plate.  A  large  surface  is  thus  ex- 
posed to  the  air  blown  through  the  cylinder  by  a  fan 
mounted  at  the  end  and  discharged  through  a  flue  leading 
to  the  roof.  A  small  motor  rotates  the  fan  and  througli 
chain  and  friction  drives  also  turns  the  drums.  The 
cooler  has  a  capacity  to  abstract  2,200,000  B.t.u.  per  hr. 
from  5!)00  gal.  of  water  at  140  deg.,  when  the  dry  bulb 
temperature  is  85  deg.  and  the  relative  humidity  75  per 
cent.  The  hotwell,  from  which  feed  is  taken  for  the  boil- 
ers, is  maintained  at  a  flxed  level,  drawing  its  supply 
from  the  jacket  water  before  it  reaches  the  cooler.  By 
this  arrangement  a  considerable  portion  of  the  water  is 
diverted  and  a  part  of  the  waste  heat  in  the  jacket  Avater 
utilized. 

Gas  and  Steam  IIk.vtirs 

Evans- Almirall  hot-water  heating  under  forced  circula- 
tion has  been  installed  throughout  the  shops,  which  are 
equipped  with  23,000  sq.ft.  of  radiation,  mostly  in  pipe 
coils.  Either  of  two  DeLaval  steam  turbine-driven  6-in. 
centrifugal  pumps  circulate  the  water,  which  is  sent  out 
through  a  6-in.  main  dividing  into  a  5-in.  line,  supplying 
the  southern  group  of  buildings,  and  a  I -in.  to  the  north- 
ern group.  At  a  temperature  of  — 5  deg.  F.,  of  which 
St.  Louis  averages  about  three  days  annually,  the  heat 
lo.ss  from  the  buildings  figures  7.250,000  B.it.u.  per  hr. 
With  the  usual  drop  of  30  deg.,  241,070  lb.  of  water  per 
hour,  or  about  480  gal.  per  min.,  would  be  required  to 
supply  this  amount  of  heat,  which  would  be  given  up  at 
the  rate  of  315  B.t.u.  per  lir.  per  sq.ft.  of  surface.  The 
requirements  as  computed  for  temperatures  ranging  from 
— 5  to  55  deg.  and  the  number  of  days  of  each  tempera- 
ture are  given  in  Fig.  8.  At  a  temperalure  of  35  deg.,  an 
api)roximate  average  for  ihe  winter,  the  lieat  loss  drops 
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Fig.  8.    l'i..vN   OF  Powkk  House 


era;,'!'  winter  tein|i<Miiture  the  exhan 
sleain  lii'Mlir  will  l.r  needed  and  in  tlaj 
i-oldesl  uiiilhrr  iIh'  live-steam  heater 
MiiiM  lie  iiMMJ.  'I'll,.  lH.;iters  are  so 
|iili''d  thai  any  uiir  of  llic  three,  or  any 
romhiiialion,  may  he  put  into  servi' 
Tlie  water  eirenits  of  the  f^as  heati  i 
arc  arraiifjed  in  multi|)le,  and  one, 
luo  or  three  heaters  may  aet  as  one 
iinii.  'I'lie  livc--ti';ini  heater  receives  its 
-li'iini  direct  rroin  the  hollers  at  100 
]i).  pressure,  while  the  exhaust  from  the 
turliine-drivcii  |Mimps  of  the  heating 
systein,  llic  hoiler-feed  and  lavatory 
|)iinips,  and  tlie  indneed-draft  fan  en- 
f,nne  f^oes  to  tlie  exhaust-steam  heater. 
The  eondeiisatioii  from  the  heaters  is 
discharged  hy  a  duplex  pump  into  the 
hoiler-feed  line  lliroui^li  a  eheck  valve, 
with  a  lelief  valve  opening  into  the 
hotwell. 

Each  gas  heater  has  200  .«q.ft.  of 
surface,  and  is  guaranteed  to  raise 
the  temperature  of  5700  lb.  of  water 
From  110  to  170  deg.  (equivalent  to 
171,000  B.t.u.)  when  the  engine  is 
operating  at  full  load  and  deliver- 
ing in  the  exhaust  gases  290,000  B.t.v. 
]>er  hr.  to  the  heater,  the  tem- 
]U'raturc  of  the  gases  to  be  500  deg. 
With  the  engine  u.sing  0.45  lb.  of  oil 
per  kilowatt  hour  at  19,000  B.t.u.  per 
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lb.,  the  2i)0,000  B.t.u.  is  about  IT)  per  cent,  of  the  heat 
in  tlie  oil,  and  ol"  this  the  water  passing  tlirougli  the 
heater  abstracts  about  171,000  B.t.n.,  or  (10  per  cent., 
which  is  equivalent  to  about  9  ])er  cent,  of  the  heat  de- 
livered to  tlie  engine.  Tlie  three  licatcrs  would  then  give 
•^,0  the  water  .■)  1:5,000  B.t.u.  per  br.  Tbi*  gas  is  conveyed 
through  an  8-in.  pipe  to  each  beater  and  is  discliarged 
Ihrough  a  flue  leading  to  the  root. 

Keference  to  the  foregoing  |)aragrapli  and  to  Fig.  S 
will  show  that  tlie  gas  heaters  will  sujiply  sufficient  heat 
for  the  shops  in  weather  averaging  .55  deg.,  of  which  there 
are  -40  days  during  the  heating  season.  At  the  average 
winter  temperature  of  3.')  deg..  tliev  will  supply  about  20 
per  cent,  of  the  demand,  and  the  exbaiist  beater  will  just 
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about  care  for  the  other  80  per  cent.  Below  35  deg.  it 
will  be  necessary  to  cut  in  the  live-steam  heater,  using 
just  enough  steam  to  raise  the  water  to  the  temperature 
required. 

Oil  Sri'i'LY 

The  ])lant  has  storage  capacity  for  60,000  gal.  of  oil 
made  up  of  five  12,000-gal.  tanks  814  ft.  in  diameter  and 
32  ft.  long.  The  tanks  are  encased  in  concrete  and  have 
their  tops  21/0  ft.  below  grade  level.  Three  of  the  tanks 
are  about  300  ft.  south  of  the  power  house  near  the  test- 
ing pit  and  the  other  two  are  back  of  the  boiler  room. 


Fig.  G.   BoiLKi;  l>oo5r 

Tile  oil  is  delivered  in  car  shipments  to  tlie  three  tanks 
near  the  testing  pit,  where  oportunity  is  afforded  for 
testing  before  it  is  transferred  by  a  small  rotary  pump 
to  the  tanks  near  the  boiler  room.  Oil  for  the  engines 
and  boilers  may  be  drawn  from  either  tank  or  the  same 
tank.  It  is  supplied  through  separate  lines  with  a  meter 
on  each  to  measure  the  consumption.  The  oil  reaches  the 
bui'ners  of  the  boilers  under  a  head  of  about  4  ft.  and  in 
the  engine  room  is  delivered  to  an  auxiliary  tank  8  ft. 
above  tlie  floor  level,  from  which  it  flows  to  the  oil  pumps 
on  the  engines. 

A  hydraulic  system  has  been  installed  to  handle  the 
oil  in  the  plant.  In  operation,  this  system  depends  upon 
the  difference  in  specific  gravity  between  the  oil  and  the 
water.  A  column  of  water  connected  to  the  bottom  of  the 
oil-storage  tank  forces  the  oil  to  the  point  of  demand,  the 
pressure  at  the  delivery  end  depending  upon  the  height 
to  which  the  column  is  carried.  The  principal  elements 
of  the  system  are  a  control  valve  to  turn  on  the  pressure 


Fig.    7.   Jacket- Watkk    Cuulek 


Fig.  U.  Gas  and  Sjkam    lli:\Ti'i;s 


ami   a  llnal   Ixix  iniuuM  I  in;;   willi   llir  (il\    iiiMin>   In  iimiiii' 
a  (uiisliiiil    licad. 

To  pivpart-  llic  svHtciii  r<ir  opcnitiori  tlir  lever  dP  tlic 
Mater-coiitrol  valvo  it*  niiHed.  This  climeH  the  |)oii  h-adinj; 
|i>  the  \valei-(lis(liarj;e  valve  and  npeiiH  llie  |)()il  leadiii;; 
to  the  waler-lloat  l)i)\.  so  that  tlie  water  can  Mow  down 
throii;;h  the  le<r  at  the  liotloni  of  llie  storaji^e  tank  and  up 
into  the  lank  itself,  where  a  di-lleclor  spreads  it  evenly. 
Thi'  water  rising:  in  the  lank  forces  out  the  air  ahead,  anil 
its  appearance  in  a  ^ajje-<,dasrt  indicates  lliat  tlie  tank  is 
liill  and  that  all  Ihe  air  lias  heeii  expelled.     The  lever  is 
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I'"r(;.  S.     EsTlMATKi)   IIkat  Losses  ki.-om   IU'ildinos 

I  lien  dr()|)ped,  closing  the  ])ort  to  tlio  water-float  box  and 
o|)ening  the  jJort  communicating  with  the  water-discharge 
pipe.  This  allows  the  M-ater  in  the  pipe  above  the  water- 
controlling  valve  to  return  to  the  storage  tank  and  dis- 
charge an  equal  volume  of  water  to  the  sewer. 

Having  been  freed  from  air.  the  system  is  then  ready 
to  receive  oil.  This  is  introduced  into  the  top  of  the  tank 
and  a  deflector  spreads  it  evenly  over  the  surface  of  the 
water.  The  oil  forces  the  water  out  of  the  tank  through 
the  water  pipe  and  water-controlling  valve  to  the  sewer 
until  the  column  of  water  from  the  control  valve  down, 
balances  the  oil  column  and  prevents  further  admission. 

To  start  the  flow  of  oil  toward  the  points  of  consump- 
tion, the  lever  of  the  water-controlling  valve  is  again 
raised,  closing  the  discharge  port  and  opening  the  port 
to  the  float  box.  Water  then  passes  into  the  tank  under 
the  oil  and  forces  it  out  of  the  top  of  the  tank  to  de- 
livery points.  ITp  to  the  control  valve  the  column  of  water 
balances  the  oil  column,  so  that  the  head  from  the  control 
valve  u])  to  the  water  level  in  the  float  box  is  the  factor 
controlling  the  pressure  at  delivery.  In  the  present  plant 
this  head  is  about  42  ft.,  representing  a  pressure  of  5  lb. 
I^ 

To  Electrify  Selkirk  Tunnel — Westinghouse,  Church.  Kerr 
&  Co.,  Montreal  and  New  York,  have  been  retained  by  the 
Canadian  Pacific  Ry.  as  engineers  to  investigate  the  matter 
of  the  proposed  electrification  of  the  new  double-traclc,  5%- 
mile  Selkirlt  Tunnel  in  British  Columbia.  The  itivestiga- 
tions  will  cover  in  general  the  type  of  system  to  be  installed, 
the  relative  economies  of  steam  and  water  power  and  the 
effect  of  the  electrification  upon  operating  conditions. 


FisHing  for  Pipe  in  Deep  \¥ell 

IJv    I'liiw  uii)  ( ».  .Ion  Nsos 

The  writer  was  called  upon  to  llsh  a  l-in.  pipe  about 
'iO  ft.  long  from  a  well  in  which  it  had  fallen,  owing  to 
poor  tackle  imed  for  lowering  the  pipe  inl<i  the  well. 

'i'iie  lop  end  of  tlu!  [)ii»(!  was  lifttHJ  with  a  cou|)ling  and 
a  bushing  A  screwed  in  lightly  as  shown.     Through  tin 
hole  in  the  hushing  was  a  %-in.  eye-bolt  Kwiveled  to  allo^ 
screwing  the  pi|)e  on  the  piece  below.     Just  how  much 
the  tackle   remained    in    the;   well    was   unknown,   for   tl 
drop   was   so  sudden    that   nobody   seemed    to    reineiid)e 
just  how  the  tackle  looked. 

However,  since  we  conld   uoi    find   it  outside   the;  wel 


Showi.vc 


How  Sling  Was  Slipped  oveh  Eye-Boli 
OF  Well  Casixc; 


we  concluded  it  was  in  the  well.  We  fished  for  a  iev 
hours  and  finally  hooked  on  something  that  felt  like  an 
eye-bolt.  Finding'  it  was  fast  we  prepared  for  the  final 
task  of  getting  the  70-ft.  length  of  pipe  up  the  long  lift. 
From  the  surface  of  the  ground  to  the  water  was  ap- 
proximately 30  ft. ;  the  top  of  the  pipe  was  down  20  ft. 
further.  We  coupled  three  lengths  of  %-in.  pipe  and 
made  a  cone  B  of  wood  small  enough  to  go  in  the  8-in. 
casing  and  leave  an  annular  space  around  it  of  about 


wo  iiiclu's.     Tlie  under  side  of  the  cone  was  hollowed 
Hit  and  Uie  outer  .surface  sheathed  with  strips  of  tin. 

A  short  piece  of  chain  with  a  ring  C  was  used  as  a 
ling  and  secured  to  a  rope  for  hoisting.  The  sling  was 
icd  open  by  a  weak  piece  of  cord,  which  was  designed  to 
reak  when  the  rope  holding  the  chain  was  jerked.  First 
he  wooden  cone  and  pipe  were  let  down  cai'efuUy  until 
e  wore  sure  the  cone  was  directly  over  the  eye-bolt  and 
osting  on  it.  We  the i  let  down  the  sling  tied  open  and 
erv  ciircrully    (lest  w  >  should  break  the  tie  string)    felt 


it  stop  at  the  cone.  Gently  we  forced  the  sling  in  over 
the  cone  until  it  was  again  going  freely  down  the  well. 
When  it  had  passed  the  top  of  the  pipe  a  foot  or  more  a 
sudden  jerk  was  given  to  the  sling  in  the  hope  of  break- 
ing the  tie  string,  thus  allowing  the  ring  to  slip  over  (he 
chain  and  close  the  sling. 

The  third  attempt  to  grab  the  eye-bolt  was  successful, 
and  the  way  that  sling  adjusted  itself  and  hold  could 
luit  have  been  better  had  it  been  ]>ut  on  by  liaud.  This 
inctli(ul  is  practical  in  omorgoncios. 


cjfiiini 
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By  R.  a.  Cvvnix 


!VNOPSIS — A  description  of  a  metJtod  of  rencu-imj  cup 
athers  on  pilot  and  main  hydraulic-elevator  valves.  Aho 
le  mannier  of  making  the  leather  packing  cups  at  thei 
lant. 

W. 
Most  pilot  and  main  valves  of  hydraulic  elevators  are 
ncked  with  pressed-leather  cups  or  rings  of  suitable 
liape.  These  valves  resemble  the  piston  valve  of  a  steam 
ngiue.  They  have  two  disks  on  each  end  of  a  short 
pindle.     A  cup  is  fittc-d  o\or  each  inner  disk,  and  is  held 

Lea-f-her  ^-^  Leaf  her 


Fig.  1.     Pri.oT  Valve  axd  Gage 


iglit  i)y  the  outer  disk,  as  shown  in  Fig.  1.  Some  of  those 
alve  si)indles  require  skill  in  i)utting  on  the  leather  paok- 
igs,  especially  where  the  disks  are  screwed  on  the  stems, 
nd  held  tight  by  nuts,  lest  the  position  of  the  disks  on 
le  stem  or  the  distance  between  them  be  changed. 

Lengthening  or  shortening  of  this  distance  will  cause 
fie  valve  to  leak  or  fail  to  open  to  the  full  port  opening, 

hich  will  cause  the  main  valve  to  be  slow  in  responding. 
i  the  pilot  valve  leaks,  the  car  is  apt  to  start  and  en- 
janger  the  passengers  and  operator. 

I  It  is  good  policy  before  removing  the  old  leathers  from 
|ie  disks  to  take  a  piece  of  %x2-in.  board,  the  length 
,lf  the  valve,  and  mark  on  the  edge  the  exact  position  of 
jie  disks.  Then  drive  small  nails  or  pins  in  the  edge  of 
iie  board  and  file  off  sharp.  This  makes  a  gage,  which 
jin  be  preserved  for  future  use,  and  the  disks  can  be  re- 
llaced  in  their  exact  position  with  the  leather  cups  be- 
jveen  them  on  each  end  and  screwed  up  tight,  as  illus- 
■ated  in  Fig.  1. 

Both  pilot  and  iiiaiii  valves  may  bo  constructed  in  the 
iianncr  as  described.  There  are  also  both  pilot  and  main 
|ilves  having  the  two  inside  disks  cast  in  one  piece  with  a 
i)le  through  the  center  through  which  the  rod  passes; 
)th  disks  are  machined  so  that  the  distance  between 
,iem  is  sucli  that  the  disks  will  cover  both  ports  in  the 
Uve  case.  This  type  of  valve  is  less  liable  to  be  mis- 
Ijusted  wlioii  renewing  the  leather  packings,  as  it  is  only 


necessary  to  remove  the  loeknut  and  one  follower  disk 
on  one  end  of  the  spindle  and  the  two  center  disks  can  be 
slipped  off  the  spindle  without  disturbing  the  loeknut 
and  follower  disk  on  the  other  end. 

The  leather  cups  for  packing  can  then  be  put  on  the 
stem  and  the  disks  replaced  in  their  original  position  witli 
little  risk  of  getting  them  out  of  adjustment,  even  if  the 
gage  is  not  used. 

There  is  a  slight  variation  in  the  space  allowed  between 
the  valve  piston  and  the  casing  for  the  leather  cups  to 
fill  and  care  must  be  taken  to  have  the  leather  of  the 
right  thickness.  If  they  are  made  of  too  thin  leather, 
although  ihey  may  be  a  nice  fit,  they  will  wear  away 
quickly;  if  too  tiiiek  it  will  be  hard  woxk  to  replace  the 
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FIG.   2 
BOTTOM-HALF  OF  DIE 


FIG.  3 

TOP-HALF  OF  DIE, BOTTOM 

UP 


FIG. 4    LEATHER  SET  IN  DIE. 
READY  TO  BE  PRESSED 


FIG.  5 
LEATHER  CUP 


FIG. 6 
SIDE  VIEW  OF 
LEATHER  CUP 


piston  in  the  valve  case  and  there  will  be  danger  of  cut- 
ting the  leather  cups  on  one  side. 

This  difi'erence  in  the  thickness  of  the  leather  from 
which  the  cups  are  made  is  generally  the  cause  of  mis- 
adjustment  in  reassembling  the  piston.  Leather  disks 
can  be  obtained  from  the  manufacturer,  but  those  are 
not  always  satisfactory,  as  they  are  usually  hard  and  dry, 
vary  in  thickness  and  if  allowed  to  stand  in  stock  for 
some  time,  will  frequently  crack,  and  become  unfit  for 


usi'.  lint  if  IIh'v  arc  of  the  proper  thicknoBB  nnd  in  K"<>'1 
ronditioii  tliry  ciiii  Ik-  snnkt'd  in  Inkc-wann  wiitcr  iiini  |)iit 
in  pimr.  'I'lu'v  will  ^jcncrally  wear  well  liccinisc  llic  (ilx-r 
of  till'  U'ullicr  liM.-  lu'cn  iiunprfssfd  in  I  hi'  making.  It»t  arc 
iiard  to  I'ntcr  into  llu-  lasc  on  this  account. 

Sonu'  cn^'int'crs  prefer  to  make  the  cups  nnd  iiii^'k,  a-- 
the  stock  can  lie  picked  and  they  are  not  jiressed  (piitc 
so  Inird.  are  llexihle  when  used  and,  as  tlie  leather  jrt 
selected  of  the  rif,'ht  thickness  for  the  oips  and  rinj^s, 
there  is  little  trouble  in  entering  the  |)istons  into  the 
casinjis. 

To  make  these  lups  a  s|iccial  die  for  each  size  and  some 
form  of  invss  to  shape  them  is  required.  Kig.  '-'  is  Uie 
bottom  half  of  such  a   die;   Kifj.   ;5   is  the  top  half. 

The  leather   is  cut    into  disks  enou<;h   Iar<;er   than  tlie 


cylinder  to  give  (le|)th  to  the  clip.  A  holt  is  passed  throi; 
till  center  of  the  die.  'I"li«  leather  is  soaked  in  liike-Wii 
water  and  placed  hetwecii  the  dies  aH  shown  in  Ki;.' 
The  holt  is  then  tightened,  drawing  the  two  llalv(■^ 
the  die  together,  which  preHses  the  leather  into  the  hIi 
of  a  (Up.  It  is  allowed  to  stand  long  enough  for 
leather  to  partially  dry  and  assniiie  its  shape. 

Kig.  T)  shows  the  leather  after  being  jirosscd  into  ■ 
shape.  Kig.  (>  re|)resents  the  >ha|ic  of  the  leather,  lool 
at  it  edgewise. 

It  is  not  always  convenient  to  press  the  leather  with 
holt  as  illustratcsd  in  Kig.  I,  hut  it  can  he  done  if  no  i 
ter  means  are  at  hand.    A  bench  vise  can  be  uficd  to  w 
advantage   for  picHsing  the  die  together  and  much  i 
ami  labor  saved  by  its  use. 


ModeiTini  BoiiIleir^IB^ooinm  Practice^ 
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t^lWOrSlS — Deals  irilli  heat  lushes  due  to  c.rccss  air. 
Sources  of  excess  air.  Findin>j  the  correct  draft  and 
depth  of  fuel  bed  for  given  loads.  Limits  of  the  duties 
of  firemen.  Poor  and  (jood  practice  in  flue-gas  sampling. 
Soot  troubles.  Large  furnace  volume  allows  of  more  com- 
plete combustion  of  high  volatile  and  therefore  cheap 
coal;  high  combustion  rates  may  be  had  with  the  fine 
grades  of  anthracite  without  it  being  carried  over  the 
bridge-wall.  Most  manufacturing  plants  needlessly  suffer 
heal  losses  due  to  running  boilers  below  rating.  Furnace 
heights  and  ratio  of  boiler  to  kilowatt  capacity  as  prac- 
ticed in  large  plants.     Hints  on-  purcha.'<e  of  coal. 

This  sul)ject  is  so  broad  that  1  can  iiit  only  the  high 
spots  in  a  single  evening's  talk. 

Consider  a  boiler  as  something  of  two  distinct  parts,  a 
furnace  where  combustion  of  the  fuel  takes  place  to  pro- 
duce heat,  and  a  shell  containing  water  to  absorb  that 
lieat  and  furnish  steam.  Successful  boiler  operation  lies 
in  getting  as  much  of  the  heat  in  the  fuel  into  the  water 
in  the  shell  as  is  practically  possible.  Consider  the  two 
parts  of  a  hoiler  as  distinct,  because  you  may  have  the 
best  possible  furnace  efficiency  while  the  heat-absorbing 
efficiency  of  the  heating  surface  may  be  extremely  low, 
due  to  scale  and  soot  accumulation. 

ExcKss  Air 

If,  in  tilling  a  lO-quart  pail  from  a  faucet,  part  of  the 
stream  ran  on  the  outside  of  the  pail,  more  than  10  quarts 
of  water  would  have  run  from  the  faucet  when  the  pail 
was  filled.  That  which  did  not  go  into  the  pail  would  be 
excess  water.  Theoretically,  11.6  lb.  of  air  is  required 
to  burn  1  lb.  of  coal.  Practically,  20  to  24  lb.  is  needed. 
The  difference  between  ll.G  lb.  and  24  is  the  excess 
amount — excess  air.  As  boiler-room  practice  goes,  the 
excess  air  admitted  to  the  furnace  may  be,  and  generally 
is,  50  to  400  per  cent.  From  25  to  45  per  cent,  excess 
air  must  be  admitted  to  the  furnace  to  obtain  complete 
combustion  and  the  heat  it  is  possible  to  produce. 

The  greatest  of  the  heat  losses  result  from  the  follow- 
ing causes:  Too  much  air  admitted,  even  though  it  is 
well  mixed  with  the  gases,  as  when  the  draft  is  too  strong 


♦From  a  lecture  before  Newark,  N.  J.,  N.  A.  S.  E.,  No.  3. 


for  liic  thickness  of  (he  fire  or  the  lire  has  "holes,"  or 
when  there  is  much  leakage  of  air  through  the  setting  at 
the  first  and  second  passes.  The  draft  may  be  correct 
for  normal  conditions,  but  owing  to  the  presence  of  a 
proper  combination  of  iron,  silica,  lime,  sulphur  and  clay 
in  (he  fuel,  the  coal  may  clinker  and  slag,  stopping  the 
admission  of  the  right  amount  of  air  through  the  grate. 
Then  CO  instead  of  COj  will  form  and  about  only  one- 
third  of  the  heat  will  be  obtained  from  the  same  amount 
of  fuel  as  would  be  obtained  if  it  were  burned  to  CO,. 

As  for  draft,  we  are  interested  chiefly  in  the  volume 
of  gases  passing  over  the  heating  surface,  because  on  this 
depends,  almost  solely,  the  rate  of  steam  production,  pro- 
vided we  have  apportioned  the  air  supply  correctly  and 
the  boiler  is  clean.  Therefore,  for  a  given  fuel  and  grate 
we  can  determine  the  thickness  of  fire  and  the  boiler 
draft  (pressure  difference  between  the  furnace  and  up- 
take) that  will  give  the  best  results  for  a  given  load.  This 
condition  of  fuel  bed  and  draft  must  be  determined  for 
each  load  condition  on  each  boiler. 

Coals  of  different  constituents  require  different  amounts 
of  air.  Every  shipment  of  fuel  varies  in  quality  and  con- 
stituents. To  save  being  on  his  feet  too  much  the  fire- 
man covers  the  fire  too  heavily.  Many  firemen  turn  the 
fire  upside  down  and  mix  much  ash  with  the  white-hot 
coal  every  tinie  they  use  the  slice  bar.  The  ash  melts 
and  by  the  time  it  reaches  the  grate  it  has  cooled  and 
formed  slag  and  clinker,  increasing  the  resistance  of  the 
fuel  bed.  This  fire  is  not  attended  to  because  the  clock 
does  not  say  it  is  time  to  do  so.  This  boiler  loafs  and 
wastes  fuel.  The  other  boilers  are  worked  harder  to 
carry  the  load  and  this  condition  prevails  until  cleaning 
time  by  the  clock,  not  by  the  state  of  the  fire.  Here  is 
where  a  steam-fiow  meter  serves  well  as  a  check  on  the 
work  of  the  boiler. 

Every  fireman  should  understand  that  just  as  much 
fuel  can  be  wasted  by  excess  air  coming  in  through  un- 
even and  too  thin  fires  as  through  an  open  furnace  door. 
Too  much  air  is  too  much,  no  matter  where  it  comes  in. 

LnriTs  TO  Duties  of  Firemax 

Too  much  is  expected  of  the  fireman.  His  dut\'  is 
well  done  and  ends  when  he  maintains  the  correct  height 
of,  and  a  level,  even  burning  fire,  regulates  the  draft  to 
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'suit  the  load  ami  fuel  r-onditions,  maintains  a  uniform 
water  level,  and  keeps  soot  out  of  the  boiler.  Fin(lin<j  air 
leaks  in  the  setting  with  a  torch  or  eandle  and  stopping 
them  with  cement  or  waste  and  fireclay,  determining  the 
proper  height  of  the  fire  and  correct  draft  for  the  load 
conditions,  is  the  engineer's  job.  You  cannot  fire  boilers 
with  a  template.  The  fireman  must  use  some  judgment, 
hut  the  fuel  and  load  conditions  in  nearly  every  plant 
admit  of  finding  what  furnace  adjustments  are  needed. 
Find  what  these  adjustments  are  by  closing  all  air  leaks 
in  the  setting  and  its  doors  and  the  boiler  headers,  and 
analyzing  for  VO.^  until  the  thickness  of  fire  and  di-afl 
is  found  that  will  produce  the  highest  (H)^,  and  still  make 
the  boiler  do  its  share  of  steam  making. 

Hold  the  fireman  to  these  adjustments.  You  must 
rely  on  liim  to  care  for  the  slight  exceptions  to  the 
routine  you  have  laid  out  for  him,  and  you  should  check 
his  day's  work  by  COj  analysis  oi'  charts  and  l)y  record- 
ing the  coal  and  water  used. 

In  the  801st  St.  station  of  the  United  Electric  Light 
&  Power  Co.,  New  York  City,  the  boiler  settings  are  in- 
cased in  steel  with  insulation  between  the  brickwork  and 
the  steel.  These  casings  cost  a  lot  of  money,  but  the 
saving  in  heat  losses  by  radiation  and  infiltration  of  air 
is  expected  to  pay  for  them  and  earn  money  on  the  in- 
vestment, as  interest  is  paid  on  bank  deposits. 

If  the  settings  are  scraped  and  painted,  first  use  a  thin 
mixture  of  fireclay  or  cement,  or  preferably  both,  and 
ilet  the  bricks  soak  in  all  they  can.  If  an  asphaltum-base 
jpaint  is  used,  be  sure  to  get  one  that  will  not  run  at  the 
temperatures  dealt  with.  Asbestos  board  covered  with 
canvas  and  painted  makes  a  good  final  covering  if  cared 
for  properly. 

COo  Recorders 
\ny  C'O.^  recorder  is  a  delicate  instrument,  and  to 
prove  successful  must  have  one  or  two  responsible  in- 
dividuals to  care  for  it.  In  too  many  plants  this  person 
is  a  boiler-room  helper,  an  oiler  or  the  fireman,  or  all 
jointly  take  a  hand  in  "getting  it  going."  The  engineer 
is  the  one  properly  responsilile.  He  should  instruct  one 
or  two  firemen  or  an  oiler  how  to  care  for  it,  but  should 
not  leave  the  machine  solely  in  their  hands  until  he  is 
ure  that  they  are  competent. 

I  think  it  poor  practice  to  have  one  single  recorder 
piped  to  a  number  of  boilers  unless  the  valves  which 
put  the  machine  in  connection  with  any  boiler  are  housed 
and  locked.  Even  then  the  fireman  can  discover  easily 
|to  which  boiler  the  machine  is  connected  by  manipulat- 
jing  the  furnaces,  one  at  a  time,  meanwhile  watching  the 
:rccorder  for  marked  variations  in  the  reading.  This 
Connected  boiler  will  then  be  made  to  loaf  on  the  line, 
the  damper  and  fire  being  regulated  to  produce  high  CO^- 
|The  gain  due  to  driving  the  other  boilers  harder  is  off- 
set usually  by  the  losses  occasioned  by  the  loafing  boiler. 
The  valves  controlling  the  water  inlets  and  outlets  of 
Sas-sample  collectors  should  be  locked  to  prevent  false 
samples  being  collected.  If  unlocked,  a  firenuin  can  fire 
badly  nearly  all  day  and  at  the  end  of  his  shift  produce 
high  CO^,  fill  the  collector  with  water,  get  an  instantane- 
ous sanijile  while  the  CO.^  is  high  and  be  credited  with 
|an  excellent  day's  work. 

■  It  will  he  found  expedient  to  ])rovidc  a  shelf  for  (bo 
gas  analyzer  at  the  collector  and  draw  gas  fi'om  the  col- 
lector direct  instead  of  using  cumbersome  bottles  to  con- 
tain the  gas. 


Soot 

Soot  works  a  threefold  harm.  It  lowers  the  heat-ab- 
sorbing efficiency  of  the  heating  surface;  it  obstructs  the 
gas  passages  through  the  tubes  which  necessitates  more 
di'aft  for  a  given  steaming  rate;  it  contains  more  or  less 
sulphur,  and  if  the  soot  gets  wet  from  leaks,  sulphurous 
and  sulphuric  acids  arc  formed,  causing  corrosion  of  the 
tubes.  The  day  will  come  when  permanent  soot  blow- 
ers will  be  installed  with  every  boiler  just  as  stop  valves 
are  installed. 

Stoppage  of  gage-glasses  and  blow-off  jupes  must  be 
guarded  against  as  flic  fdrnicr  f rouble  has  caused  some 
disastrous  explosions. 

Furnace  Volume 

It  seems  strange  that  after  all  which  has  been  said  of 
the  value  of  high  settings,  or  large  furnace  volume,  there 
should  be  so  few  in  new  boiler  installafions.  The  only 
loss  is  that  by  radiation  and  air  infiltration,  which  is 
negligible,  as  both  may  be  reduced  to  a  minimum.  Com- 
bustion will  be  complete  before  the  Jieating  surface  is 
reached,  and  high  furnace  temperature,  which  is  most 
essential  to  economy,  may  be  maintained.  The  volatile 
combustible,  containing  so  much  heat,  will  give  that  heat 
instead  of  forming  smoke  and  soot.  Highly  volatile 
and  cheaper  coal  may  be  used  to  advantage.  Slow  gas 
velocity  in  the  furnace  with  comparatively  high  combus- 
tion rates  is  possible,  and  fine  coal  may  be  burned  with- 
out a  large  percentage  of  it  being  carried  over  the  bridge- 
wall  or  to  the  tubes  and  the  stack.  It  is  a  fact  that 
"soot"  taken  from  back  of  the  bridge-wall  has  had  a 
heat  value  of  as  much  as  12,000  B.t.u.  per  pound.  The 
cost  of  high  settings,  and  possibly  of  higher  buildings 
required  for  them,  is  many  times  ofi'set  by  the  reduction 
of  heat  losses  over  low  settings. 

At  the  South  Boston  station  of  the  Boston  Elevated  Hys. 
Co.,  the  B.  &  W.  boilers  are  8  ft.  above  the  stoker  grate 
at  the  rear.  At  the  201st  St.  station  of  the  United  Elec- 
tric Light  &  Power  Co.,  New  York  City,  they  are  10 
ft.  above;  at  the  Northwestern  station  of  the  Chicago 
Commonwealth  Edison  Co.  the  front  header  is  13  ft. 
3  in.  from  the  floor;  at  the  Delray  station  of  the  De- 
troit Edison  Co.  the  gases  travel  28  ft.  from  the  undej'- 
feed  stokers  before  they  strike  the  heating  surface;  an 
84-in.  by  18-ft.  horizontal  tubular  boiler  at  the  plant 
of  the  North  Newark  Cold  Storage  Co.,  Newark,-  N.  J., 
is  72  in.  above  the  grate.  High  settings  are  as  advantage- 
ous in  small  as  in  large  plants. 

The  ideal  condition,  and  one  that  can  be  closely  ap- 
pi'oached,  is  to  have  the  setting  high  enough  so  that  no 
visible  flame  will  be  noticed  touching  the  heating  surface, 
even  under  reasonably  high  ratings.  The  flame  should 
consume  itself  before  leaving  the  combustion  chamber. 
At  very  high  ratings  and  with  long  flaming  coal,  the 
flame  reaches  great  heights.  Here  is  an  extreme  ex- 
ample :  With  275  per  cent,  rating  and  long-flaming  West 
A'irginia  coal,  the  flame  reaches  the  top  of  the  combus- 
tion chamber  in  the  Delray  boilers  at  the  Detroit  Edison 
Co.     This  shows  how  much   too  low  are  24-in.  settings. 

Combustion  Rates 

Next  to  heat  losses  by  excess  air  because  of  leaky  set- 
tings and  improper  firing,  are  those  due  to  combustion 
rates  far  below  the  capacity  of  the  boiler.  Comparatively 
few   plants  are  not  subject   to   this   usually   iru>xcusable 
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Iiracticc.  lulled  ImhIit  riijiiicitv  is  |iiirtmll\  ilisif^^iiidcd 
in  ^(Hxl  (ipi'i'iiling  |ii'at'ti('i',  Inil  wliiiu  it  in  good  uh  h  giii(l(! 
ill  d('si<;iiin^'  and  i)iiyiiig,  llici'i'  is  iiol  niiu-li  iihc  for  il  in 
optTating  wlicn  tare  in  uaod  in  forcing  llie  Ixiilcr. 

'I'lii'  l)oilt'r  room  rc|iri'si'iits  .1  large  part  of  the  total 
powcr-planl  inveslineiil.  \\  lien  hoilers  art;  run  far  l)e|r)\v 
rating,  the  loss  is  doiihle.  iiUei'esl.  insurance,  (lc|)reiia- 
tiiHi.  all  lai'ge  items  in  hoiler  praclice,  musl  \h'.  charged 
against  all  lioilers  in  excess  of  those  iiiliiall\  neediMJ  for 
the  steam  nM|iiii-eiiii'nls.  am!  also  those  iicedi'd  for  i-csci\e 
or  emergencies.  In  addition,  lie  invcstiui'iil  loi  those 
hoilcrs  not  really  re(|iiired  nn.v  he  considered  a  nearly 
comploto  loss  unless  a  correspo'uling  increase  in  steam 
capacity  will  be  needed  soon  after  the  ir.'tial  installation. 
Tiie  otlier  loss  is  a  heat  losa.  As  boilors  arc  run  helow 
capacity,  the  excess  air  adinitted  increases  rapidly,  the 
CO,  percentages  drop  lilewiso,  and  the  fuel  losses  due 
to  low  CO^  are  too  well  '  nowii  to  be  discussed. 

Ma.ximum  boiler  etliciei'cy  is  nearly  always  obtained  at 
a  rating  much  below  normal.  The  <lrop  in  elliciency  is 
quite  small  for  ratings  as  liigli  as  200  to  300  per  cent. 
Where  peak  loads  mast  be  liandled,  it  niiglit,  and  often 
would  be,  more  economical  to  operate  the  boilers  at  '?00 
to  300  per  cent,  rating  for  a  short  time  to  carry  the 
peaks,  than  to  carry  haiiked  (ires  under  sfandiiy  hoilcrs. 
This  i)ractice  admits  of  greatly  reducing  the  heavy  over- 
head charges  in  the  hoiler  room,  which  are  such  large 
factors  in  increasing  the  unit  idst  of  power.  The 
amount  of  overload  must  always  be  governed  by  the  qual- 
ity of  the  feedwater  and  the  cleanliness  of  the  heating 
surface. 

The  day  is  not  distant  when  a  far  greater  ratio  of 
boiler  capacity  to  that  of  the  prime  movers  will  prevail 
in  manufacturing  ])lants,  especially  those  subjected  to 
peak  loads.  This  practice  is  being  vigorously  followed 
out  in  large  central  stations  and  railway  power  houses. 
As  much  as  4.7  kw.  is  being  allowed  per  rated  boiler 
horsepower. 

Owing  to  future  growth  or  other  local  conditions, 
overhead  charges  on  the  boilers  installed  to  care  for  the 
future  demands  are  unavoidable.  The  overall  expense 
is  needlessly  increased  when  all  the  boilers  are  run  con- 
siderably below  rated  capacities,  as  is  common  practice. 
Wherever  possible,  building  and  equipment  foundations 
should  be  put  in,  and  as  the  demand  comjiels,  the  build- 
ing and  equipment  are  extended  accordingly.  This  is 
done  in  the  best  central-station  practice,  and  there  is  no 
real  reason  why  it  will  not  apply  in  most  rapidly  grow- 
ing numufacturing  plants. 

Troubles  Die  to  High  Uatixgs 

Deterioration  of  fui-nace  walls  and  stokers  is  consider- 
ably greater  at  high  than  at  low  ratings.  In  some  plants 
the  question  of  how  much  firebrick  per  imit  of  delivered 
steam  one  can  afford  to  burn,  determines  the  boiler 
ratings. 

FiREBliICK   TROIBLES 

The  brick  walls  in  modern  boilers  do  not  support  more 
than  their  own  weight,  and  this  makes  possible  much 
higher  combustion  rates  than  if  these  walls  were  loaded. 
The  melting  and  fusing  temperatures  of  firebrick,  or 
the  temperatures  at  which  it  becomes  soft  under  its  own 
load,  are  of  great  importance.  Inseparable  from  this  is 
the  quality  of  mason  work  in  the  walls,  and  the  lineal 


expansion  ot  the  hrick  under  furnace  tempeialiiro.  i'liiek 
that  expands  too  much  will  Hiirely  cniiHc  the  walls  tO' 
bulge.  The  inspeclion  of  Ihe  setting  must  bi;  uh  tlior- 
oiigh  as  liinl  of  I  be  healing  and  steam  surfaces  when 
high    rating  ohlains. 

The  fusing  temperature  of  the  brick  may  be  inlluenceil 
by  the  slagging  quality  of  the  ash.  'j'he  firebrick  nmy 
fuse  at,  say,  HOOd  deg.  I-'.,  ihi'  a-h  slag  at  5iG()0  cleg., 
hut  in  combination  in  a  fiirnaie  hoth  may  slag  ut,  say, 
■.ii(M)  (leg.  When  ihe  fiiriiace  temperature  is  IjcIow  the 
fusing  lemperaliire  of  the  brick  and  the  brick  and  tlit 
asli  fuse  considerably,  it  will  pay  to  get  a  coal  having 
a  dill'erent  proportion  of  constituents  to  j)revent  exccHsive 
slagging  of  the  lirehri<k. 

Ti  hi:  Tiioriti.Ks 

Many  o|)eraliiig  eiiLiiiieers  fear  that  at  very  high  coiii- 
liuslion  rates,  ihe  sicaiii  hiihhies  are  formed  so  rapidly 
that  they  do  iu)l  allow  the  water  to  make  good  contact 
with  the  tubes,  and  con.sequently  there  is  grave  dan- 
ger of  overlieating.  Experience  shows  that  with  clean 
tubes  and  good  cii'culation,  the  water  will  aljsorb  the 
heat  as  rajjidly  as  it  is  practicable  to  supply  it.  The 
danger  lies  in  scaled  or  scaled  and  muddy  tubes.  At 
hii,di  rating,  therefore,  great  care  must  be  taken  to  pre- 
cil)ilate  the  suspended  matter  and  neutralize  the  scale- 
forming  .solids,  especially  those  that  form  sulphate  scale. 
The  nature  of  the  feed  water  may  make  il  hazardous 
without  being  thoroughly  treated  to  run  at  extremely 
high  ratings.  The  Passaic  and  the  Delaware  Eivers 
(New  Jersey)  are  examples  of  such  waters.  Before 
boilers  heretofore  run  at  or  below  normal  rate  are  to 
])(■  run  at  very  higli  rates,  it  should  be  positively  known 
that  the  tubes  are  clean  to  the  metal.  It  is  not  uncom- 
mon to  find  boilers  having  .scaled  tubes  which  were 
thought  to  be  free  of  scale. 

If  soda-ash  is  used  and  there  is  to  be  a  change  from 
low  to  high  ratings,  the  amount  of  soda-ash  should  be 
reduced  until  it  is  known  what  (piantities  may  be  sup- 
plied without  causing  .severe  foaming  and  priming. 

C'oliROSIOX 

The  most  widely  accepted  theory  of  corrosion  is  the 
electrolytic.  Briefly,  it  is  this :  The  substances  compos- 
ing the  metal  are  not  intimately  and  thoroughly  mixerl 
and  distributed.  Electrically,  some  substances  are  nega- 
tive and  others  are  positive.  The  water  or  dampness 
covering  the  metal  acts  as  an  electrolyte  to  set  up  a 
flow  of  current  between  one  positive  substance  and  one 
negative.  The  metal  goes  into  solution  at  the  point 
from  which  the  current  flows  and  pitting  liegins.  Ex- 
]X'rience  shows  that  pitting  is  often  started  at  places  on 
the  plate  where  pieces  of  scale  or  other  foreign  substances 
have  been  deposited. 

Boilers  left  full  of  water  while  out  of  service  often 
suffer  from  external  corrosion,  because  the  cool  heating 
surface  condenses  the  vapor  in  the  air,  the  vapor  cover- 
ing the  surface,  which  soon  corrodes.  Corrosion  from 
wet  soot  has  been  ment-oned. 

Where  creek  and  river  waters  are  used,  and  especially 
if  the  streams  drain  coal,  iron  or  other  mining  districts, 
the  corrosion  will  usually  be  severe.  During  the  spring, 
when  the  snow  melts,  much  acid  is  carried  by  the  waters 
that  drain  mining  districts  and  often  the  water  must 
receive  special  treatment.     "Home"  remedies  are  not  to 
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be  reconiineiided  for  siicli  conditions.  Bo  suro  to  rloscly 
inspect  i'or  corrosion  where  tubes  enter  the  heads  or 
headers.  1  liave  seen  tubes  eaten  away  to  ^  in.  thick  at 
these  points.  After  cleaning  the  tubes,  examine  them 
by  the  aid  of  a  portable  electric  lamp  pulled  through 
from  one  or  both  ends.  Never  allow  men  to  work  in  a 
boiler  which  is  being  filled  with  steam  througli  a  leaky 
stop  valve  without  having  one  man  to  watcli  and  play  a 
hose  into  the  boiler.  It  is  difficult  to  pull  an  uncon- 
scious man  tlii'ough  a  manhole. 

( )Tni:i!  (Vjxsidkrations 

If  a  j)iant  designed  for  saturated  steam  is  to  use  super- 
heated steam,  stop  valves  and  gaskets  should  be  adapted 
to  the  new  conditions  at  the  time  the  superheaters  are 
installed.  Failure  to  do  this  has  turned  75  per  cent,  of 
the  operating  engint'ers  against  superheated  steam. 

Wliere  coal  costs  more  than  $3  per  ton  and  the  plant's 
capacity  is  reasonably  higli,  the  value  of  economizers  is 
unquestioned.  Small  plants  will  not  find  them  ad- 
vantageous unless  the  exit  gases  are  of  a  very  high  tem- 
perature or  the  water  is  used  for  industrial  purposes. 

Automatic  stop  valves  should  be  considered  as  neces- 
sary as  safety  valves.  In  preventing  a  shutdown  of  all 
boilers  in  case  of  accident  to  one,  tliese  valves  would  save 
far  more  than  their  cost. 

Till-:  Purchase  of  Coal 

The  cost  of  coal  in  any  kind  of  plant  will  be  between 
55  and  ?5  per  cent,  of  the  total  power  cost.  An  average 
in  well  conducted  ])iants.  favorably  located,  will  be  (35  per 
cent.  The  chief  reason  for  scientific  methods  of  purchas- 
ing are,  therefore,  sound,  even  tliough  the  power  cost 
111  manufactories  is  only  2  to  7  per  cent,  of  the  total 
cost. 

An  example  worthy  of  mention  to  show  the  efl:'ect  of 
ilie  increasing  price  of  fine  grades  (Nos.  2  and  3  buck- 
wheat) of  hard  coal,  and  as  evidence  of  the  necessity  of 
careful  buying,  is  that  presented  by  practice  in  a  lai-ge 
Eastern  textile  manufactory.  About  18  years  ago  this 
firm  saved  approximately  $50,000  a  year  on  about  45,000 
tons  by  using  these  instead  of  the  large  grades.  Today, 
with  the  most  careful  buying  and  burning,  $(inO  a  year 
is  the  best  saving  possible  on  the  same  consumption.  The 
first  year  Xew  York  City  bought  coal  under  specification, 
a  total  saving  of  over  $200,000  was  realized.  New  York 
State  will  hereafter  purchase  coal  under  specification, 
and  by  prudent  buving  and  slight  corrections  in  tlie 
lioiler-room  ])ractice  of  its  42  institutions,  expects  to  save 
at  least  $250,000  a  year. 

No  explanation  is  necessary  to  con\'ince  one  of  the 
value  of  buying  coal  on  specification,  but  mucli  needs  to 
be  said  of  the  character  of  the  specifications. 

The  purcliase  of  coal  on  a  strict  British  thermal  unit 
basis  is  wrong  to  the  dealer  and  the  user.  The  lieat  value 
in  British  thermal  units  may  be  high,  but  the  fuel  may 
1k>  so  unsuited  to  the  furnace  and  grate  that  it  would  be 
])i'oliil)itivo.  Further,  the  pi'obability  that  the  samples 
on  a  large  sliipment  reduced  finally  before  analysis  to 
about  a  thimbleful,  are  not  truly  representative,  is  too 
-reat  to  be  a  deciding  factor.  The  power  plant  is  not  a 
laboratory,  and  practical  methods  are  necessary  in  all 
its  departments. 

If  the  coal  is  bought  strictly  on  analysis,  the  percent- 
age of  ash^  volatile  combustible,  sulphur  and  the  limits 


in  heat  units  slKJuld  be  specified  lor  each  kind  aiul  grade 
of  coal.  Whether  or  not  the  allowable  moisture  content 
should  be  specified  is  a  question  on  which  authorities 
are  somewhat  divided.  I  understand  that  the  Bureau  of 
Mines  recommends  disregarding  it,  partly;  it  is  not  men- 
tioned in  the  New  York  State  specifications,  the  reason 
being  that  neither  the  miner  nor  the  dealer  can  well 
control  it,  and  as  the  coal  is  weighed  at  the  point  of  de- 
livery and  the  payment  is  based  on  that  weight,  the  pur- 
chaser may  gain  by  the  drying  of  the  coal  in  transit,  or 
the  dealer  may  gain  by  rains  or  leakage  in  boats  while 
the  coal  is  in  transit.  Personally,  I  believe  a  limit  for 
moisture  should  lie  sot  when  the  weight  of  the  coal  "as 
delivered"  is  pnid  I'or.  Large  shipments  of  fine  coal 
can  hold  a  large  amount  of  water.  Also  there  is  too  much 
temptation  to  "saturate"  it  before  weighing.  Compara- 
tively useless  water  should  not  he  bought  on  a  coal-])rice 
basis. 

\\'liether  a  bonus  should  be  paid  on  coal  of  a  quality 
better  than  specified,  is  a  much  discussed  question.  The 
experiences  of  many  large  consumers  who  buy  on  an 
.  evaporative  basis  show  that  on  thousands  of  tons  de- 
livered but  little  coal  is  of  better  quality  than  specified. 
It  runs  below  usually,  but  uot  so  much  as  to  warrant 
penalizing  the  dealer,  except  at  rare  intervals.  A  new 
dealer,  unfamiliar  with  the  nu>tliods  of  the  consumer, 
will  frequently  try  to  "get  by"  with  a  shipment  inferior 
to  the  trial  sample,  but  when  he  learns  that  the  quality 
is  being  checkecl  with  that  specified,  and  that  he  must 
either  suffer  a  reduction  in  price  commensurate  with  the 
inferior  quality  or  take  away  the  shipment  at  his  own 
expense,  he  is  careful  to  meet  the  specifications  at  all 
times.  It  pays,  therefore,  to  purchase  from  a  contractor 
who  has  learned  his  lesson. 

Coal  should  be  purchased  on  a  basis  fixed  by  the  value 
of  the  fuel  to  the  plant  and  not  on  its  British  thermal 
unit  or  ash  content.  Coals  giving  good  evaporation  re- 
sults may  so  clinker  and  slag  as  to  be  intolerably  tiouoie- 
some  to  burn.  When  coal  is  bought  on  an  evaporative 
basis,  therefore,  the  contract  should  contain  a  clinkei 
and  slag  clause,  besides  those  relating  to  slate  and  bone ; 
otherwise  a  prolonged  dispute  will  arise.  It  may  or  may 
not  be  possible  to  get  a  reduction  in  price,  for  the  con- 
tractor has  the  advantage  of  havmg  met  specifications  as 
to  evaporation  results.  The  contractor  should,  of  course, 
have  the  privilege  of  conducting  a  test  when  disputes 
arise.  The  boiler  on  which  a  test  is  run  should  have  the 
blowoff  blanked  and  the  feed  water  carefully  measured 
in  a  calibrated  tank  or  meter.  The  temperature  must 
also  be  recorded  at  the  tank  or  meter  and  at  the  entrance 
to  the  boiler,  if  economizers  are  used. 

That  the  use  of  soft  coal  must  continue  to  increase  each 
year  will  readily  be  realized  by  a  casual  inspection  of  a 
map  of  the  coal  fields  of  this  country,  for  a  comparatively 
small  spot  indicates  the  anthracite  fields.  The  supply 
being  limited,  the  price  keeps  advancing  which  promotes 
the  sale  of  soft  coal. 

Large  manufacturers,  especially  those  in  manufactur- 
ing centers  like  Newark,  N.  J.,  might  find  it  quite  ad- 
vantageous to  buy  their  coal  by  specification  through  a 
joint  committee.  A  testing  bureau  to  check  the  quality 
of  shipments  by  analysis  could  be  maintained.  ^lost 
])lants  could  use  the  same  grades  of  coals  by  slight 
changes  in  grates  and  boiler-room  methods.  The  first 
year's  saving  would  exceed  the  initial  cost  of  the  plan. 
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6').\V)/'.s7.s'  11/7//  ///«•  (//■(/  of  olliiiiwnil  rinirls  llin- 
vioiiiclcr-slnii  mnrtliinis  iinii/  be  (ihlttiiiril  rriKlilj/  for 
both  siiii/ih'  ciiivrj/ciicc  diiil  for  raloriiiirlrir  work'  whvrc, 
the  (lilJi'micc  in  Itiii iirniliirr  is  drsirrd. 

Durini;  Si'ptcmlH'r.  1!M0,  iIutc  a|»|ic;ii('(l  in  I'ow  i;i;  ;i 
ramily  of  liyiu'rholiis  plotted  to  riiciiilalc  the  lalculalioii 
of  till'  ronrctioii  lor  the  ('incrirciit  steins  of  iherinoin- 
rlers.  'Plu>  writer  lias  applied  the  |)rineiples  of  the  alij^ii- 
nieiit  eharl  to  lliesr  calcnlaliiins.  and  lielic\es  lliat  this 
method  will  |>i-o\e  more  conveniciil  foi'  use  in  e\crv- 
dav  work. 

For  the  lieiielit  of  llio.se  who  may  not  he  familiar  with 
tiie  stem  eorrcitioii,  the  following-  e.\|ilaiiatioii  and  de- 
rivation of  formulas  is  uiveii: 

Inuigine  a  thennomeler  entirely  submerged  in  some 
medium  at  a  temperature  T.  Then,  as  thermometers  are 
generally  graduated  for  total  submergence,  the  observed 
temperature  /  will  be  the  same  as  that  of  the  surrounding 
medium.  oi-  /  -     7'. 

Now  sujijiose  that  the  thei-momcter  is  submerged  only 
to  some  division  .N'  with  a  ]>art  of  the  merciirv  column  t 
—  iV  exposed  to  a  cooler  medium.  The  mercury,  con- 
tracting because  of  the  ditrerence  of  temperature  between 
the  bulb  and  the  stem,  or  T  —  /.  will  give  a  lower  read- 
ing t  than  the  true  temperature  T.  However,  the  glass 
in  the  stem  also  contracts,  making  the  bore  smaller,  thus 
increasing  th(>  observed  temperature  t.  The  contraction 
in  length  of  the  stem  will  also  apparently  increase  the 
heiirht    of   the  mercurv. 


Fig.  1. 

Sow,  let  Ej^j  represent  tlie  coefficient  of  cubical  ex- 
pansion of  the  mercury  for  some  range  of  temperature, 
and  Eq  the  coefficient  for  glass  througli  the  same  range. 
Let  K  =  Ej^f  — -  Eq.  Then  the  correction  6  in  degrees 
to  be  added  to  the  ol)served  temperature  t  will  be 
0  =  K  (t-N)    (t-f) 

The  correction  6  is  to  be  added  if  the  stem  is  at  a  lower 
temperature  than  the  bulb,  and  subtracted  if  the  stem  is 
at  a  higher  temperature  than  the  bulb. 

Seheel*  has  given,  for  the  volume  of  mercui'y  at  a 
temperature  t  degrees  Centigrade,  the  formula 


\'l  \'o    (I    -f    ().(M)()lS|H-.i/     \-    O.OOIKMMIOOO'IS/^) 

wiiicii,  when  reduced  to  l''ahrenheit  iinitH,  becomes 
^1  =  ''sJ'   +  •>.()(»()1()1(»1    (/  —  -M)   -\-  ().O()(M»00()O()43 

(/  -  ivzy^] 

.\pplying  these  formiihiK,  the  average  coellicieiil  of 
eiihical  expansion  <>(  mercury  is  found  to  be  (l.()001H2)J 
|.er  (leg.  ('.,  and  ().<I0()|01  II  per  (leg.  F.  These  coetli- 
cieiils  ajiply    for  a    range  of    1000  deg.   ui  each  case. 
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Reichsanstaltf  gives  the  coefficient  of  cubical  expan- 
sion of  Jena  glass  as  0.00002533  per  deg.  C,  which  re- 
duces to  0.00001407  per  deg.  F. 

Then,  for  a  Centigrade  thermometer, 

K  =  0.0001826  —  0.00002533  =  0.00015727 
say,  0.000157,  and  for  a  Fahrenheit  thermometer 

E  =  0.0001014-4  —  0.00001407  =  0.00008737 
say,  0.0000874. 

Substituting  these  values  of  K  in  the  fundamental 
equation. 


•Fifth  revised  edition,  Smithsonian  Physical  Tables,  p.  225. 
tFifth  revised  edition,  Smithsonian  Physical  Tables,  p.  224. 
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e  =  0.()()()ir)7  (<  —  .V)    {t  —  f)  for  a  Centigrade 
thermometer 
and 

6  =  0.0{)()0874  {t  —  N)    {t  —  f)  for  a  Fahrenheit 
thermometer 
For  convenience,  E  may  be  used  in  place  of   {t  —  A' 
and  D  in  place  of  {t  —  /). 
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Now  consider  another  case,  that  of  calorimetric  work, 
where  the  absolute  reading  of  temperature  is  not  desired 
so  much  as  the  difference  between  .iie  initial  and  linal 
temperatures  in  the  calorimeter.  Then  comes  the  ques- 
tion: "What  correction,  if  any,  is  required  for  the 
emergent  stem  in  this  case?" 

This  is  just  as  simple  as  the  preceding  cases.  For  ex- 
ample, let  the  initial  temperature  be  t.^  deg.,  final  tem- 
l)erature  ig  deg.,  temperature  of  stem  /  deg.  and  ther- 
mometer submerged  N  degrees.  What  is  the  correction 
to  be  added  to  the  differential  temperature  t^  —  'i  ? 

Prom  the  foregoing  j)aragraphs  it  will  be  seen  that 
at  a  tempearture  t^,  the  correction  is 

e,  =  K  {t,  -  N)  (t,  -  f) 


whil 

e  at  t^ 

it  is 

K  = 

A' 
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Clearly,  the  correction  for  the  difference  <,  —  ^i  will  be 

e^  —  e^.  But 
e,-e,  =  e  =  k  \{t,  -  N)  (t,  -  /)  -  {t,  -  n) 
(<i  -/■)] 

Simplifving  the  above 

0  =  K   (t,  —  t,)    (t,   +  t,  —  N  —  f) 
where   A'   is   0.000157   or   0.0000874   for   Centigrade   or 
Falirenheit  thermometers,  respectively. 

For  convenience  this  eauation  may  be  written 
e  =  KdX 
in  wliicJi  6  and  K  are  as  before, 

d  =  U  —  t^ 
and 

X  =  t^  +  U  —  N  —  f 
Fig.   1   illustrates  the  method  of  making  the  calcula- 
tions; for  example:     Let  t  =  390  deg.;  /"  =  100  deg. 
and  X  =  150  deg.,  then 

E  =  t  —  N  =  240  deg. 
Z>  :=<—/  =  290  deg. 


and  fl  —  i;.l  '/»•'/. 

r()r  H   Fiihrt'iilicit   tlii'iiiiomi'lcr. 

Kip*,  'i  iiinl  .'5  arc  for  ('cnlim'adc  llirrnmini-liis.  llic 
ii|iltcr  liinil  liciii;;  tliosi'ii  .">(i(l  dc;;.,  (ir  a|i|iiii\iiiiiilfl\  pion 
(IcK.    !•'. 

I'"i>,'s  I  and  .">  arr  similar  to  Kig8.  ^'  and  :i.  Imt  arc  fur 
Fahrciilu'it  tlicniioiiiftiTH. 
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Fig.  6  is  intended  for  use  in  making  corrections  for 
differential  readings  of  temperatures.  As  most  thermom- 
eters intended  for  calorimetric  work  are  graduated  in 
Centigrade  degrees,  Fig.  (>  is  for  Centigrade  thermom- 
eters, and  no  chart  has  been  made  for  Fahrenheit  ther- 
mometers. 

Hydro-electric  Fertilizer  Plant — American  capitalists  have 
purchased  extensive  water-power  privileges  extending  alonpr 
the  Saguenay  River  from  I^ake  St.  John  to  tidewater  in  the 
Province  of  Quebec.  It  is  said  that  some  300.000  hp.  is  to  be 
developed  at  an  estimated  cost,  for  development  of  hydro- 
electric power  and  construction  of  plant,  amounting  to  $60 
or  $70  per  horsepower,  to  be  used  for  the  production  of  phos- 
phoric-acid fertilizer  in  electric  furnaces  by  heating  phos- 
phate rock  (Florida  pebble)  with  silica  or  sand.  It  is  claimed 
that  approximately  3  tons  of  45  per  cent,  double  superphos- 
phate can  be  produced  per  horsepower  per  annum  in  the  pro- 
posed plant. 


S-C  Vertical  Feed-Water 
R.egulator 

This  fccd-walcr  regulator  iH  designed  to  he  utlaclK' 
I  lie  water  colniiiii  of  liigli-|)resHiire  hoilcrH,  to  coiiliol 
height   of    the    water    within    certain    liniils    and    nl    lia, 
.same  time  to  give  a   conlinuonK  gradnaled    feed. 

The  a|i|iaratiiH  coiiHiHts  of  a  halanccd  valve  made  lor 
|iiessiircs  u|>  to  .■!."»(•  II)..  having  an  inserted  Moncl  mdal 
or  nickel  scat.  ThiH  valve  is  operated  \>\  a  ruhhcr  digp 
piiragni,  which  works  against  a  spring  at  the  Ixittom  ai 
I  he  valve  disk,  witii  cold-wati'r  pri'ssnre  on  the  top 
the  diaphragm.  The  valve  thus  cDiitrols  the  diHcliar|| 
of  feed  water  to  the  hoiler. 

'i'he  other  (essential    features  an-  the  generator  .1    and 
radiator  //.    The  generator  consists  of  a  cvlinder  tliroi 
uhicli  a    '/s-i'i-   l)i|>e-sizc   tuho   (!  extends.     'I'he   lulu 
(oiinected  to  tlie  water  column  or  to  the  hoiler  hy  o\' 
heavy   %-in.    nij)pl('s   and    fitting,   so   arranged    that 
|)()sition  and  location  may  he  varied  to  meet  the  o|)erab' i 
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Rubber  Diaphragm 


Dotted  lines  in 
water  column 
and  generotcr 
show  relative 
variation  of 
wafer  in  gener- 
ator whenwatf 
drops  in  boiler 


Detail,s  of  A'ei!Tical  FEED-^\'ATl•:n  Kegulaxou 

ing  conditions.  The  tube  is  under  boiler  pressure,  the 
lower  part  being  filled  with  water  to  the  corresponding 
level  in  the  boiler.  The  space  above  the  water  is  filled 
with  steam  through  the  top  connection  for  the  water  col- 
umn or  boiler. 

In  the  generator  the  space  surrounding  ihe  tube  is 
connected  to  the  valve  diaphragm  by  flexible,  seamless 
brass  tubing  and  is  filled  with  water  as  showm.  The 
water  within  the  tube  is  exposed  to  radiation  through 
the  radiator  B,  and  exposed  to  the  heat  of  the  steam  in 
the  tube.  Any  portion  containing  steam  will  be  heated 
and  will  evaporate  the  water  in  the  generator  surround- 
ing it  into  steam.  The  steam,  being  confined,  drives  the 
water  through  the  connecting  tube  to  the  diaphragm, 
opening  the  valve  in  pro))ortLon  to  the  amount  of  tul)e 
exposed  to  the  steam. 

Pleat  radiated  through  the  thin  walls  of  the  generator 
assisted  by  the  attached  radiators,  condenses  the  steam 
in  the  generator  and  reduces  the  pressure  therein  as 
rapidly  as  the  tube  fills  with  water.  The  spring  on  the 
reverse  side  of  the  valve  moves  the  vahe  disk  toward 
the  closed  position. 

If  the  generator  is  placed  vertically,  the  water  in  the 
boiler  must  drop  10  in.  to  fully  open  the  2V2-in.  valve, 
while  if  the  generator  is  placed  nearer  a  horizontal  posi- 
tion, the  valve  will  be  fully  opened  in  relatively  closer 
levels.    Under  ordinary  conditions,  a  30-  to  4.5-deg.  angle 
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is  desirable,  as  Ihis  position  will  carry  a  higher  water 
level  with  light  loads  and  will  thus  liclp  on  a  peak  load. 
The  regulator,  manufactured  by  the  S-C  Regulator 
Co.,  Fostoria,  Ohio,  is  said  to  give  a  constant  feed  and 
water  level.  .\s  will  he  noted,  the  regulator  is  free 
from  floats,  pilot  valves,  weights  and  levers  and  its  one 
moving  part  is  the  valve  stem. 


If  the  feed-water  temperature  is  above  812  deg.  F.,  or 
if  the  water  is  bad,  an  outside  spring  is  used.  An  ex- 
tension stem  is  secured  to  the  valve  disks,  and  by  using 
a  inonkey  wrench  on  the  end  unit  the  disks  can  he 
rotated  against  the  seat,  crushing  any  scale  that  nuiy 
accumulate  and  cleaning  ti)e  valve  while  it  is  ia 
service. 


'ip->LfiiffliiM£Kii- 


By  John-  A.  Raxdoleh 


S]'XOPSIS — Reactances  as  used  to  protect  generatiitfj 
(i/)/i/irattis  from  heavy  surges  due  to  short-circuits.  The 
(i/jcralion,  connections  and  construction  of  the  principal 
I.I//IPS  of  such  reactances  are  explained. 

The  reactance  coil  in  its  various  forms  is  extensively 

used  on  light  and  power  systems  to  provide  the  imped- 

iiiice  or  choking  effect  necessary  nnder  certain  conditions 

II  which  alternating  or  oscillatory  currents  are  involved. 

I I  is   commonly   used   on   direct-current   overhead   lines 

III  connection  with  lightning  arresters  and  in  this  service 
IS  generally  known  as  a  choke  coil  However,  its  most 
<\ tensive  and  varied  application  is  on  aitematinjr-cur- 
rt'iif  systems. 

The  principal  uses  can  be  classed  under  three  head- 
iiiys:  First,  those  employed  in  connection  with  lightning 
iirresters  and  other  protective  apparatus;  second,  those 
'd  for  voltage  regulation  in  connection  with  compouud- 
ind  rotary  converters,  for  giving  stability  to  the  op- 
>  'iition  of  synchronous  motors  and  to  assist  in  tying  sta- 
tiims  together  over  lines  of  high  resistance;  third,  those 
.used  with  generators,  feeders,  busbar  sections  and  auxil- 
iiiry  apparatus  to  limit  the  current  which  can  be  dis- 
(  iiarged  into  a  short-circuit.  This  article  will  be  devoted 
I  hiefly  to  the  last  class. 

OrEKATION 

The  reactance  coil  accomplishes  its  purpose  by  reason 
ot  me  back  pressure  which  it  exerLs  against  alternating 
cavrents.  This  back  pressure  is  kii-.wn  as 'inductance  or 
ihe  eleclrotiiotive  i'orce  of  self-induction.*  Its  value  de- 
peiids  UTJon  the  frequency  of  oui-reut  reversals  and  the 
St  length  of  the  magnetic  field.  The  latter  depends  upon 
the  number  of  turnn  in  ihe  coil  and  the  strength  of  cur- 
i(i)t:  in  other  words,  the  ampere-turns  of  the  coil.  The 
value  ot  the  electromotive  force  of  self-induction  is  ex- 
pressed by  the  equation 

Es  =  %-fLO 
in  which  f  is  the  frequency,  L  the  coefficient  of  self-iu- 
(hu  lion  and  C  the  current  in  amperes.  From  this  it  will 
lie  seen  that  the  intensity  of  the  electromotive  force  of 
sell-induition  in  a  given  coil  is  dependent  upon  the 
^1  length  and  the  frequency  of  the  current.  Hence  the 
giealer  the  current  or  frequency,  or  both,  the  greater  will 
I",   llie  electromotive  force  of  self-induction. 

It  is  due  to  this  action  that  reactance  coils  are  able  to 
keep  out  lightning  discharges  from  the  apparatus  which 
tliey  protect.  The  lightning  is  of  a  highly  oscillatory 
nil  lure  and  produces  a  counter  electromotive  force  in  the 
reaelauce  coil  so  great  that  the  discharge  is  forced  through 


the  lightning-arrester  gaps  to  ground,  the  arrester  gaps 
offering  less  opposition  to  the  current  than  the  imped- 
ance of  the  coil. 

The  effectiveness  of  the  reactor  in  protecting  apparatus 
against  injury  from  short-circuits  depends  upon  the  fact 
that,  as  the  resulting  current  assumes  an  abnormal  value, 
the  inductance  of  the  coil  also  rises  until  it  becomes  so 
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*See  "Power,"  Feb.  24,  1914. 


great  as  to  keep  the  current  from  rising  high  enough  t> 
injure  the  apparatus.  Reactors  are  so  designed  that,  with 
the  normal  current  flowing,  the  counter  electromotive 
force  is  such  a  small  percentage  of  the  working  voliag'! 
that  only  a  comparatively  small  impedance  is  offered. 
However,  with  abnormal  currents,  the  inductive  etYect 
assumes  a  value  which  enables  it  to  greatly  impede  the 
current  and  thus  to  prevent  it  reaching  a  value  high 
enough  to  cause  serious  injury.  The  short-circuit  cur- 
rent of  a  generator  not  protected  by  a  reactor  may  rise 
to  ?30  or  .30  times  the  normal  full-load  current,  depending 
upon  the  amount  of  impedance  contained  in  the  arm  a- 
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I'lrt'  <>r  iho  p'lii'ratnr.  With  ii  [jpopcrly  cIkwcii  icmldr 
fomit'cli'd  lo  the  jjcnciator,  (lie  sluirl-circuit  ciirii'Mt  \>ill 
tie  rcdiu-nl  lo  lens  tliaii  liiiir  this  aiiioiiiil. 

'I'lit'  I'lTfftivciU'Hs  of  the  reactor  as  a  iirolcctioii  a;;iiiiisl 
.4iii;;(.4  Miny  also  Ih-  cv  tlaiiicd  in  the  same  nianiuT  as  in 
llu'  case  oC  slioi  (-ciiTi  its ;  the  lu-avv  cniTcnls  rcsnllinj^ 
I  roiM  a  siirjrc  iniTcasi'  lln'  iniin'iliincc  to  siicli  an  cxtciu 
tlial   (laniajjc  is  |)r('vcnlril. 

I'SKS 

With  lilt'  increasing;  capacily  for  wliicli  modern  large 
j,'eneratinf,'  stations   are  desij^ned,    llic    disastrous   results 

Genera  tors 


Generators 

Fig.  2.     Rkactaxcks  betweiuv  Busbar  Sections  as 
Well  as  betweex  Generatok  and  Busbars 

of  sliDrt-circiiils  have  l)econie  more  |)ronouneed.  Witli  sta- 
tions having  a  normal  output  of  many  thousands  of  kilo- 
watts, the  possii)le  momentary  discharge  into  a  short- 
circuit,  unless  effectively  cliecked,  is  almost  unlimited. 
The  automatic  oil  switches  will  open  the  defective  cir- 
cuit and  stop  the  current  flow  if  it  is  not  too  great.  How- 
ever, if  the  short-circnit  l)e  at  or  near  the  station,  the 
current  may  assume  such  a  value  that  opening  of  the 
oil  switch  will  occasion  a  heavy  surge  and  produce  a  high 
momentary  rise  in  voltage.  This  may  cause  the  current 
to  jump  to  ground  either  at  the  switch  or  at  some  other 
point  on  the  connected  circuits.  The  arcing,  upon  the 
opening  of  the  switch,  may  also  be  so  intense  as  to  seri- 
ouslv  damage  or  ruin  it.  Moreover,  the  opening  of  oil 
switches  requires  a  certain  interval  of  time  which,  al- 
though short,  may  be  sufficient  to  permit  serious  damage 
to  generators  and  other  apjiaratus.  It  is  to  avoid  so 
far  as  possible  such  contingencies  that  the  use  of  react- 
ances at  generating  stations  is  now  becoming  the  general 
practice. 

Reactance  in  the  various  circuits  may  be  provided  in 
one  of  two  ways  or  by  both.  It  may  be  supplied  by  mak- 
ing the  design  of  generators  and  transformers  such  that 
thev  will  contain  an  amount  of  reactance  sufficient  for 
protection  against  short-circuits.  This  procedure  may  be 
commendable  and  give  good  results  under  certain  condi- 
tions.   However,  it  has  been  found,  especially  with  large 


ajiparntuH.  thai  a  reaclancp  of  inore  than  2  or  .'J  j>cr  «ent. 
alVccts  llie  regulation  of  IransformerH  and   by  moilifvint.' 
the  ((instruction   of   the   generator  coils   Iowupb    llie  ell 
ciency.     Therefon!,   il    is  advisable  lo   |)rovide  llie  exli 
reactance  in  the  form  of  exterior  coils,     'i'lie  amount  oi 
reactance   of    these   coils   is    usually   (iXjiresHed    as   a    |tei- 
ceiitage    which    represents   the    ratio    lielweeii    the    reaeti\' 
pressure  at  full-load  current,  and  the  voltage  of  the  en 
cuit. 

CONXKCTIOXS 

The  comieclions  of  reactances  lo  their  respective  cir- 
cuits are  com  pa  la  lively  simple,  as  they  are  always  placed 
in  series  with  the  lines  which  they  are  designed  to  [iro- 
tccl.  (leiKialor  reactances  should  be  connected  between 
the  generator  and  the  busbars  and  on  the  generator  side 
of  the  oil  switch,  as  shown  in  Fig.  1.  It  will  be  observed 
that  in  case  of  a  short-circuit  on  the  i)usbars,  fet^ler  cir- 
cuits, or  iiny  of  the  other  nuicbines,  the  generator  will 
be  protected  by  the  choking  effect  of  its  reactor.  On  the 
ot'"er  iiand,  if  a  short-circuit  occurs  in  the  alternator  it- 
self, the  !)usbai's  will  be  prevented  frruii  discharging  a 
heavy  current  into  the  fault,  and  thus  wrecking  the  gen- 
erator. 

In  Fig.  2  is  .shown  the  diagram  of  connections  used 
between  busbar  .sections  and  in  busbar  tie  lines.  In  case 
of  a  short-circuit  on  any  section,  the  adjoining  sections 
arc  prevented  from  discharging  their  full  capacity  into 
the  fault.  Thus,  not  only  is  the  apparatus  protected, 
but  a  possible  general  shutdown  is  avoided. 

Construction 

Reactance  coils,  while  of  comparatively  simple  con- 
sti'uction,  require  careful  consideration  in  design.  In 
turbo-generators  of  large  capacity  the  cross-section  of 
copper  required  is  so  large  that  it  is  often  impracticable 
to  provide  the  necessary  sectional  area  in  a  single  con- 
ductor, owing  to  the  difficulty  of  winding  and  also  be- 


1 


Fig.  3.     General  Form  of  Pancake 
Type  of  Reactor 


i 


cause  of  eddy-current  and  ventilating  oi^tacles.  These 
difficulties  are  avoided  by  providing  two  cables  connected 
in  parallel  and  placed  side  by  side.  The  cables  are 
stranded  to  reduce  eddy  currents  and  to  render  flexibility 
in  winding.  Bare  or  thinly  wrapped  cable  is  generally 
used  to  facilitate  free  ventilation,  to  make  the  overall 
size  of  the  coil  smaller  than  it  would  otherwise  be,  and 
to  render  the  first  cost  as  low  as  is  consistent  with  good 
design. 

In  insulating  the  coil  it  should  be  rememl^ered  that 
the  reactor  may  at  any  time  be  subjected  to  voltages  far 
in  excess  of  normal.  The  insulation  must,  therefore,  be 
sufficient  to  withstand  these  strains.     Moreover,  in  any 
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coil  through  which  a  current  is  passing  a  certain  amount 
of  heat  is  generated  which  causes  a  rise  in  tlie  tempera- 
ture dependent  upon  the  proximity  of  the  component 
turns,  upon  the  strength  of  current  and  upon  the  venti- 
lation. This  is  especially  important  in  the  design  of 
large  reactors.  The  conductor  must,  t'  refore,  be  so 
wound  and  suj)j)orted  that  a  free  circulation  of  air  can 
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Fig.  4.     Section  axd  Plan  of  Pancake  Type 
OF  Reactor 

take  place  at  all  times.  To  provide  an  insulation  both 
electrically  and  mechanically  secure  and  which  will  not 
be  injured  or  affected  by  heat,  porcelain,  composition  and 
treated  wood  are  used,  supplemented  by  asbestos  or  mica. 
The  parts  used  for  insulation  must  also  serve  as  sup- 
ports for  the  cables  and  must  be  sufficiently  strong  to 
withstand  the  mechanical  stresses. 

Another  important  feature  is  the  heavy  magnetic  field 
induced  in  the  coil  and  especially  at  a  time  of  short- 
circuit.  Iron  cannot  be  used  as  a  core  for  the  reactor 
as  it  would  become  magnetically  saturated  in  times  of 
trouble  and  thus  impair  the  efficiency.  This  is  on  ac- 
count of  the  excessive  size  and  weight  that  would  be  nec- 
essary. Furthermore,  no  magnetic  material  of  any  kind 
should  be  iised  in  the  construction  of  the  coil  and  no 
metals  of  this  nature  should  exist  in  close  proximity  to 
the  reactor.  For  this  reason  brass  is  commonly  used 
for  tie-bolts,  screws,  fittings  and  connections. 


In  the  construction  of  reactors  two  general  forms  ai'e 
followed,  the  pancake  and  the  drum  types.  By  the  pan- 
cake type  is  meant  a  coil  whose  layers  are  wound  in 
planes  perpendicular  to  the  axis  of  the  coil,  as  in  Fig. 
3.  In  the  drum  type  the  layers  are  of  cylindrical  form 
and  are  wound  concentricallv  with  the  axis.     An  advant- 


age claimed  for  the  pancake  type  is  that  no  two  points 
of  the  reactor  winding  having  a  wide  difference  of  po- 
tential are  adjacent.  This  renders  insulation  easiiM-  and 
gives  the  coil  a  large  factor  of  safety  against  mechanical 
and  electrical  stresses. 

Fig.  4  is  a  form  of  construction  used  with  I'cactors 
whose  layers  are  of  the  pancake  type.  The  cables  are 
placed  in  slots  in  a  series  of  porcelain  arms  arranged 
radially  to  the  axis  of  the  coil  and  held  in  place  by  the 
concrete  core  at  one  end  and  the  outer  shell  at  the  other. 
The  arms  of  the  different  layers  are  placed  directly  over 
those  of  the  layers  underneath  in  such  a  manner  tliat 
they  rest  upon  the  latter,  thus  rendering  the  coil  com- 
pact and  mechanically  secure  against  heavy  stresses  be- 
tween layers.  The  outer  porcelain  shell  serves  both  to  in- 
sulate the  coil  from  surrounding  objects  and  to  assist  in 
the  support  of  the  interior  parts  as  well.  It  is  made  up 
of  segments,  thus  making  it  easy  to  assemble  or  take 
apart.  The  ends  are  of  concrete  and  are  perforated  with 
radial  slots  to  allow  a  circulation  of  air.  The  various 
parts  are  held  together  by  brass  tie-bolts  fastened  at  the 
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Fig.  5.     Durxr  Type  of  Rkactor 

ends  to  tlio  t(i[)  and  Iioltoni  covers  and  extending  througb 
the  outer  shell.  The  cores  are  of  concrete  or  alberene 
stone  and  are  so  constructed  as  to  hold  the  radial  sup- 
porting arms  securely  in  place,  at  the  same  time  allow- 
ing for  up  or  down  movement. 

Another  type  of  reactance  which  is  widely  used  em- 
])l()ys  the  drum  type  of  windings,  as  in  Fig.  5.  The  cables 
are  held  upon  strong  supports  equally  spaced  radially 
to  the  axis  and  extending  throughout  the  full  length  of 
the  reactor.  The  supports  are  commonly  made  of  treated 
v.-ood.  As  a  protection  against  heat  and  also  as  an  added 
insulation,   an   asbestos   covering  is   placed   between   the 
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ral)li'  iiikI  Hie  wood.  W'ooil  ImrricfM  iirc  fiiRlcnt'il  tn  tlic 
Hii|i|iorts  til  tilfonl  a  f^rnilcr  arcii  oT  iiiHiilaliii;;  Hiii-racc 
liclwccii  llic  n'S|»t'«-tivt'  lavt'iH.  'I'lir  sii|)|)(trls  an-  lidd  in 
plaii'  liv  lirass  liolts  rastciicil  to  nniimajjiictic  aiiclior 
plates  in  till'  «•(»!•('.  Tlic  core  is  of  ('oiicri'lc  and  lias  a 
l(iii;;itui!inal  hole  cxlcndinj;  tlir<iii;,'li  tin-  ccntiT  as  a  <<)n- 
vcniciit  acct'ssDrv  for  assi'iidilinj;  of  takiiij;  apart  and  also 
as  an  added  feature  of  streiiu'lh.  It  is  a  eoimnon  practice 
in  dnini-lype  reactors  to  divide  the  winding'  into  two  bcc- 
tions  so  wound  tliat  tlie  reactance  terniinala  can  he  lo- 
cated on  the  outside  of  the  coil  without  the  necessity  for 
n  crossing  or  unsynuuetrica!  arran;.;enient  of  cahles. 

I'l  i;i<)l!M  WCh 

IJeactors  umler  test  lia\c  hei'U  found  to  reduce  llie 
short-circuit  current  on  lar<re  jrciierators  lo  a  valiic  less 
than  lialf  what  ii  would  otherwise  assuuu'.  Moreovci',  il 
has  hcen  found  ilial  uhcu  <reuerators  ecjuipped  with  i-e- 
actors  wore  suhjcclcd  to  a   full  sliorl-circuit,  no  dainajrc 


has  lieen  sustained  hy  the  p-ni'rator  and  its  apparatus, 
altliou>,di  various  voltap's  and  conditions  were  used  in 
the  tests. 

Weactors  arc  now  coiiiniouly  used  on  p'lierators,  hus- 
hars,  exciters,  motor  jjeiu'rators,  transforinerH  and  lo 
some  exteiil  on  feeders.  The  percentage  of  reactance 
j,'enera!ly  employed  in  the  coils  varies  according  to  con- 
ditions. For  cxciti'rs  and  motor  fienerators  il  is  usinilly 
low,  heing  coiiiinniilv  hefween  ."5  and  I  per  cent.  For 
j/enerators  it  usually  ranj^cs  from  I  to  H  per  cent.,  <le- 
pcndin;,'  iijion  tlu!  output.  Heactors  j)lac('d  hetween  huB- 
har  seclio!is  and  in  hushar  tie  lines,  owinj^  tf)  the  larf^e 
ainouiits  of  jiower  involved,  generally  contain  a  coini)ara- 
li\i'ly  lii;.di  rcaclMiicc  the  value  of  whicli  is  commordv 
aliiint    IS  or  -Ji)   per  clmI. 

W'licii  once  iuslalled.  reactors  rcipiire  hut  little  altcn- 
liou.  this  consisting  chiefly  of  an  occasional,  inspection 
and   removal   of  accumulations  of  dust. 


Mons^Mre  iim  Gommpiressedl  Anr 


By  Frank  liicjiAiins 


SYNOPSIS — Free  air  alwaifs  contains  moisture,  and 
prartiralhf  nothing  can  be  done  for  its  removal  until  the 
air  has  been  compressed,  when  tronhlexome  moisture  can 
be  removed  by  draining  it  off  as  water;  the  higher  the 
pressure  the  greater  the  opportunity. 

It  is  to  he  noticed  lliat  correspondents  of  Povvkr  are 
still  in(]uiring  ahout  the  way  to  keep  the  water  out  of 
compressed  air  and  to  prevent  the  freezing  up  of  the 
exhaust  passages  of  air-operated  machines.  This  water 
and  freeziug-up  trouhle  hegan  with  the  earliest  using  of 
compressed  air,  and  always  must  be  encountered  if  the 
proper  arrangements  are  not  made  to  avoid  it.  Tliose 
of  long  experience  with  compressed  air  liave  generally 
learned,  more  or  less  completely,  wliat  it  is  necessary  to 
do  in  the  case,  but  as  a  second  or  a  third  generation  of 
air  users  is  now  getting  into  the  business,  it  seems  to  be 
necessary  to  rehearse  the  matter  again,  with  occasional 
repetitions  in  the  future. 

Thi:i!1':  Is  Xo  Dry    Free  Air 

Tn  the  first  ])lace,  ])ractically  nothing  can  be  done  until 
the  air  has  been  compressed.  Carrying  water  is  one  of 
the  principal  functions  of  the  air,  and  we  never  catch  it 
that  it  does  not  carry  more  or  less  water  vapor,  mixed 
with  it.  The  daily  reports  of  the  weather  show  that 
luimidity  is  the  most  variable  of  the  atmospheric  condi- 
tions, being  much  more  so  than  the  temperature  or  the 
barometric  pressure.  But  there  is  a  lower  limit  of  at- 
mospheric humidity,  far  above  the  zero  mark,  which  is 
never  reached  and  seldom  closely  approached.  Wlien  the 
humidity  reaches  100  per  cent,  that  becomes  the  "dew 
point,"  for  the  conditions  then  prevailing;  the  air  can 
carrv  no  more  moisture  in  the  form  of  vapor,  the  excess 
being  immediately  condensed  into  water,  at  first ^  only 
minute  globules,  but  still  actual  water. 

Fntil  the  dew  point  is  reached  the  air  is  perfectly 
transparent,  and  to  the  touch  it  is  dry  air:  but  when 
in  the  upward  direction  the  dew  point  is  passed,  the  con- 


ilensed  vapor  is  seen  as  mist,  i"og  or  cloud  in  the  air, 
more  or  less  dense,  according  to  the  amount  of  water 
liberated,  and  the  air  in  this  condition  will  wet,  or  at 
least  dampen,  whatever  it  may  happen  to  touch. 

The  reason  that  the  atmospheric  humidity  reports  are 
so  constantly  varying  is  that  the  moisture-carrying  ca- 
pacity of  the  air  is  so  dependent  upon  two  constantly 
varying  conditions:  pressure  and  temperature,  the  latter 
especially.  So  far  as  the  presstire  alone  is  concerned, 
the  vapor-carrying  capacity  of  the  air  is  almost  directly 
as  the  volume,  or  inversely  as  the  absolute  pressure.  Thus, 
if  air  is  taken  into  a  compressor  at  atmospheric  pres- 
sure, say  l")  lb.  absolute,  and  at  50  per  cent,  humidity 
(though  it  is  apt  to  be  above  that)  then  if  the  air  is 
compressed  to  lo  lb.  gage,  or  two  atmospheres,  its  humid- 
ity becomes  100  j)er  cent.,  and  the  air  can  carry  no  more 
water  as  vapor.  If  the  same  air  is  compressed  to  45  lb. 
gage,  ()0  lb.  absolute,  or  four  atmospheres,  then  one-half 
of  the  x-apor  is  condensed  into  water,  and  so  on  for  other 
pressures.  Tf  the  air  we  started  with  at  -jO  per  cent, 
humidity  was  compressed  to  105  lb.  gage,  120  lb.  abso- 
lute, or  eight  atmospheres,  then  only  one-quarter  of  the 
original  moisture  could  remain  in  the  air  as  vapor,  and 
three-quarters  of  it  would  be  condensed  into  water.  These 
figures  will  be  referred  to  later. 

"We  have  gone  along  here,  as  theorizers  are  apt  to  do, 
considering  only  the  one  condition  of  pressure,  or  cor- 
responding volume,  and  entirely  ignoring  the  tempera- 
ture. We  could,  of  course,  only  have  realized  the  results 
above  predicted  if  the  temperature  had  remained  con- 
stant all  through,  which  certainly  would  not  hax^e  been 
the  case. 

Tf,  now,  we  consider  the  temperature  alone  of  the  air 
under  compression,  we  come  to  results  quite  different, 
and,  we  may  say,  quite  astonishing.  The  capacity  of  air 
for  vapor  of  water  rises  rapidly  xvith  increase  of  tera- 
peratiire.  The  following  gives  approximately  the  weight 
(lb.)  of  aqueous  vapor  per  pound  of  atmospheric  air  at 
50  per  cent,  of  saturation  and  at  various  temperatures : 
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Temp. 

Fahr. 

60 

80 

100 

120 


Weight  of 
Vapor  per 
I^b.  of  Air 
0.00547 
0.01099 
0.02127 
0.04020 


Temp. 
Fahr. 

140 
160 
180 
200 


Weight  of 
Vapor  per 
I.b.  of  Air 
0.07575 
0.14776 
0.32471 
1.13400 


From  lliese  figures  it  will  be  seen  that  it  requires  a  rise 
of  only  a  little  over  20  (leg.  F.  to  double  the  vapor-carry- 
ing capacity  of  air.  li'roni  (iO  (leg.  to  200  there  would 
be  seven  of  these  doublings,  or  the  vapor-carrying  ca- 
pacity of  the  air  would  have  increased  from  1  to  128.  The 
actual  increase  shown  is  1.1340  -^  0.00547  =  206,  but 
this  excess  is  accounted  for  by  the  much  more  rapid  rise 
in  the  last  interval  between  180  and  200  deg. 

It  is  to  be  remembered- that  the  above  figures  apply 
to  given  weigJits,  or  actual  quantities  of  air,  and  not  to 
volumes. '  In  compressing  to  eiglit  atmospheres  the  vapor- 
carrying  capacity,  so  far  as  volume  is  concerned,  is  only 
one-eigiith  of  what  it  was  before  the  compression,  but 
with  seven  doublings  of  vapor-cai'rying  capacity  in  con- 
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sequence  of  the  rise  in  temperature,  the  air  still  has  128 
-^  8  =  16  times  the  vapor-carrying  capacity  whicli  it 
had  before  the  compression  began. 

The  case  is  moi'e  complicated  than  here  outlined,  be- 
cause in  adiabatic  compression  the  volume  during  and 
at  the  completion  of  the  compression  is  not  reduced  in 
proportion  to  the  actual  pressure  increase :  but,  on  the 
other  hand,  the  temperatures  are  much  higher  than  we 
have  assumed,  and  it  is  evident  that  at  the  time  of  dis- 
charge the  air  must  be  really  in  a  thirsty  condition,  al- 
though there  has  been  no  diminution  of  its  vapor  content. 

In  connection  with  the  preceding,  the  diagram  shown, 
will  be  found  serviceable.  It  shows  the  weights  of  aque- 
ous vapor  in  pounds  per  1000  cu.ft.  of  air  for  prac- 
tically the  entire  ordinary  range  of  atmospheric  tem- 
peratures and  for  different  percentages  of  saturation,  the 
latter  being  read  horizontally  at  the  bottom  and  the 
weights  of  water  vertically  at  the  side  of  the  diagram. 
Each  oblique  line,  or  "curve,"  is  figured  for  the  tempera- 
ture which  it  represents.  The  greater  spacing  for  the 
higher  temperatures,  showing  the  increased  water  capac- 
ity, is  quite  striking.  At  100  per  cent,  saturation,  as 
also  for  any  other  percentage,  the  difference  in  the  mois- 
ture content  between  100  and  95  deg.  F.  is  just  equal 
to  the  difference  between  45  and  10  deg.,  the  latter  dif- 


ference being  seven  times  as  many  degrees  as  the  former. 
By  extending  the  scale  of  temperatures  upward,  the  dif- 
ferences would,  of  course,  show  much  larger. 

When  free  air  is  taken  into  a  compressor  at  a  normal 
temjierature  of,  say,  60  deg.,  and  is  compressed  to  105  lb. 
gage,  the  theoretical  temperature  is  close  to  500  deg., 
which  tem])erature  is  much  lowered  if  the  compression 
be  in  two  stages  with  efficient  intercooling.  If  there  is 
no  aftercooler,  it  is  doing  well  if  the  air  is  delivered 
at  a  temperature  not  above  200  deg. 

The  air  now  is  in  no  condition  to  give  up  any  of  its 
moisture,  and  with  the  air  receiver  located  near  the  com- 
pressor, the  air  is  only  slightly  cooled,  if  at  all,  in  pass- 
ing through  the  receiver.  There  are  those  who  continue 
to  expect  it,  but  they  are  continually  disappointed. 

The  Cooling  of  the  Air 
If,  however,  the  air  after  leaving  the  receiver  is  trans- 
mitted through  suitable  pipes  to  a  considerable  distance, 
as  it  usually  is,  it  is  almost  certain  to  be  cooled  to  about 
normal  temperature.  The  specific  heat  of  air  is  low,  so 
that  when  its  temperature  is  high  to  the  senses  or  to  the 
thermometer  it  represents  little  in  actual  heat  units  and 
has  little  heat  to  surrender  to  its  surroundings,  even 
when  cooling  rapidly.  With  the  air  thus  cooled  in  the 
pipes,  both  the  con(iitions  of  high  pressure  and  of  low 
temperature  will  be  the  best  pos,5ible  for  the  condensation 
and  release  of  the  greatest  possible  amount  of  ■water 
vapor.  With  the  temperature  of  the  air  the  same  as  it 
was  liefore  the  compression  began,  the  temperature  will 
no  longer  have  any  effect  in  increasing  the  vapor-carry- 
ing capacity,  and  with  the  volume  of  the  air  reduced  to 
one-eighth  of  what  it  was  at  the  beginning,  its  vapor  ca- 
pacity will  be  only  one-eighth  of  what  it  was.  If  the 
air  when  taken  in  is  at  the  point  of  saturation,  or  100 
per  cent,  humidity,  then  if  the  air  is  compressed  to  one- 
eighth  the  volume,  seven  eighths  of  the  vapor  can  no  long- 
er be  carried  as  vapor.  If  the  air  was  taken  in  at  50  per 
cent,  of  saturation,  then  only  one-quarter  of  the  original 
vapor  can  be  carried  as  such,  and  three-quarters  of  the 
vapor  will  be  condensed,  and  so  on  for  other  pressures. 

Draining  Off  Condensed  Vapor 
When  the  saturation  ])oint  is  reached  and  passed,  in 
consequence  of  a  change  in  the  combination  of  volume 
and  temperature,  the  one  being  increased  or  the  other 
reduced,  then  the  air  at  once  unerringly  gives  up  all  the 
surplus  of  vapor  beyond  what  it  can  carry.  That  is, 
the  vapor  is  condensed  into  liquid  globules,  but  unless 
something  more  is  done  about  it,  the  moisture  will  still 
remain  in  the  air  though  in  the  liquid  instead  of  the 
gaseous  state.  At  the  point  of  saturation,  if  the  pressure 
were  diminished  or  the  temperature  increased,  some  of 
the  liquid  would  be  vaporized  again  and  become  an  in- 
timate part  of  the  air  as  before.  If  the  conditions  were 
reversed,  the  pressure  being  increased  or  the  tempera- 
ture reduced,  more  of  the  vapor  would  be  condensed 
and  the  proportion  of  vapor  remaining  as  part  of  the 
air  would  be  reduced.  On  a  summer  day  one  may  watch 
the  clouds  forming  or  gradually  disappearing  before  his 
eyes  as  minute  changes  of  pressure  or  of  tcmiperature 
occur. 

The  water  condensed  from  vapor  in  the  air,  but  still 
rtmiaining  in  it  in  the  liquefied  condition,  seems  to  be 
ready  enough  to  get  out  of  the  air  if  given  the  oppor- 
tunity.    If  compressed  air  just   delivered   from  a  com- 


|iii'8Miir  iiiitl  tlniH  i>vfrloM(li'(l  willi  cotKlciiscd  iiioiKliin', 
loiild  Im'  ki'pl  in  a  imiss  in  a  (|nit'Hiciil  slate,  tin-  wntrr 
would  sliiwlv  jro  to  till'  l)Mtl(>tM  of  lln'  conlaiiiiiifx  vcssrl; 
l)ut  it  liiis  IK)  time  to  stop  wlieii  passing'  tliroii;,'li  an  or- 
diiiarv  rei'eiver.  If  llie  air  is  in  iiiolion  llie  lilieiated 
moisture  it  coiiImIHv  will  wcl  iind  rlin;^  to  whatever  the 
air  touelies. 

If  tlie  air  in  this  super-saluialed  ((iiiiiiiinii,  iliie  to 
hijili  jiressure  and  hiw  temperature,  is  passed  throuj,'h  a 
steam  separator,  of  anv  of  the  types  of  proved  cnieiency, 
the  entrained  water  will  he  tiikcii  out  of  tiic  air  just  as 
it  is  taken  tuil  of  wet  steam.  \>  liie  uci  air  Hows  alonjj 
in  a  jiipe  lim-,  tin-  iniu-r  surface  of  the  pi|)e  will  he  wet, 
the  water  will  trickle  down  the  sides  ami  How  alon<i  in  a 
stream  at  the  hottom.  Ff  there  are  low  |)laces  in  the  line, 
and  if  jiockets  or  settling,'  chand)ers  are  provided  at  these 
points,  the  watiT  will  accumulate,  there  and  can  he  drawn 
otr  at  intervals.  If  tiic  water  is  not  thus  drawn  off.  it 
must  he  carried  along  hodily  hy  tho  air  at  last  into  the 
drills,  pneumatic  hammers  or  other  tools,  and  the  ncfjflect 
to  drain  off  the  water  before  tho  air  comes  to  the  ])oint 
where  it  is  to  bo  used  is  the  cause  of  most  of  the  trouble 
of  which  complaint   is  made. 

It  is  a  natural  and  proper  inference  from  the  precedinij 
that  the  hifrlu'r  the  transmission  jjressure  of  the  air.  the 
greater  will  be  the  opportunity  oi'  draining  it  of  mois- 
ture, and  if  the  opportunity  is  taken  advantage  of.  the 
less  will  be  the  jxissibility  of  trouble  in  the  subsequent 
use  of  the  air.  With  a  .system  calling  for  comparatively 
low-])ressure  air.  with  single-stage  compression  and  with- 
out aftercooler  or  separator  or  any  provision  for  taking 
the  water  out  of  the  jtipes.  the  water  will  not  allow  itself 
to  he  ignored  when  it  comes  to  the  e.xhaust  passages. 

HkHI'.ATING    COMPKISSED    AlR 

Nothing  j)robably  needs  to  be  said  of  the  theoretical 
economy  and  advantage  of  reheating  comjiressed  air  be- 
fore putting  it  to  use.  By  reheating,  the  working  vol- 
ume of  the  air  may  be  quite  materially  increased  at 
slight  cost  and  the  freezing-up  trouble  may  be  annihi- 
lated. It  must  be  remembered,  however,  that  practically 
little  reheating  has  l)een  or  is  being  done.  For  driving 
tools  or  machines  which  are  only  operated  intermittently, 
and  wliich  have  no  fi.xed  position,  reheating  of  the  air  is 
not  practicable  and  costs  more  than  it  is  worth,  but  for 
the  driving  of  pnnips  or  for  any  other  constant  employ- 
ment, the  air  should  always  be  reheated  as  closely  as  pos- 
sible to  the  work. 

:« 

By  E.  E.   Pi-.-iRCE 

Since  the  turbine  has  been  developed  to  its  present 
reliable  state,  it  is  generally  preferred  to  electric  motors 
for  auxiliary  drive.  It  is  much  easier  to  keep  up  than 
some  types  of  small  engine,  gives  no  more  trouble  than 
a  motor  to  look  after  and,  what  is  perhaps,  most  im- 
portant, its  reliability  is  greater. 

Supposing  turbines  are  adopted  to  drive  the  auxiliaries, 
and  their  exhaust  naturally  being  free  from  all  traces 
of  oil,  the  point  arises  in  the  case  of  small  stations  as  to 
the  necessity  of  putting  in  a  feed  heater  and  storage,  or 
carry  the  exhaust  directly  into  the  feed-pump  suction 
line  through  the  medium  of  either  a  suction  condenser 


or  e\liaust-Hteam  inji-ctor.  rnli-HS  the  lift  is  only  !i  or 
■  i  ft.  a  suction  eoiidenser  shoidd  he  used,  the  feed  Mow- 
ing to  the  point  where  the  condenser  is  (Itled  if  poKHihle. 
In  either  case  cli.'ck  valves  innsi  he  (itled  in  the  e.vhauHl 
)iipe  to  prevent  water  hacking  into  the;  cylinder  or  turbine 
casing  and  also  an  atmospheric  e.xhausl  with  suitable 
valves  for  changing  over  in  case  of  necessity.  iOitlier  of 
the  above  apparatus  can  he  arranged  in  series  or  in  sin' 
gle  units,  all  exhaust  being  piped  to  theiri.  lioth  deviceH 
ai'e  simple,  require  little  atti'ution  and  transler  all  the 
heat  in  the  exhaust  steam  to  the  feed  water.  To  remove 
dirt  and  any  scale-forming  matt(!r  thrown  down  by  llie 
heating  of  tlu!  feed  water,  pressure-type  filters  may  be 
n.sed. 

'I"he  only  drawback  to  this  arrangment  arises  in  cases 
where  a  water  gives  off  a  large;  (puintity  of  harmful  gases, 
and  these  may  he  removed  to  a  certain  extent  by  fitting 
large  air  vessels  with  small  automatic  compressors  and  a 
bleeding  arrangement  fitted  from  either  the  top  or  hot- 
tom of  the  air  vessel  according  to  whether  the  gas  given 
off  is  lighter  or  heavier  than  air.  Most  of  this  gas  would 
be  released  by  th(>  diui-ning  action  in  the  feed  pump  and 
if  the  air  vessel  be  placed  close  over  the  pump  undoubted- 
ly a  large  amount  would  be  trapped.  In  practice,  how- 
ever, it  is  doubtful  if  it  would  be  worth  fitting  any  such 
gas-removing  .scheme  unless  peculiar  coiulitions  existed 
to  warrant   it. 

The  following  results  are  from  an  actual  experiment, 
the  accompanying  sketch  giving  dimensions  of  the  mix- 
ing cluunber:  The  total  suction  lu-ad  on  the  pump  was 
2  ft.,  the  temperature  of  the  exhaust  steam  214.4  deg.  F., 
the  temperature  of  the  inlet  water  113.3  deg.  F.,  the  tem- 
])erature  of  the  discharge  12!t.r)  deg.  F.,  and  the  tempera- 
ture of  the  outlet  from  the  economizer  253  deg.  F.  The 
boiler  pressure  was  HJO  lb.  gage.  Under  the  above  con- 
ditions the  %-in.  opening  will  pass  5.82  lb.  of  steam  per 
minute.  The  weight  of  water  1  lb.  of  the  exhaust  steam 
would  raise  to  the  temperature  of  the  discharge  would 
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Sketch  of  ExHAr.sT-SrEAM  In.iector 


be  62.8  lb.,  and  the  total  weight  passed  per  minute  would' 
be  3ri.316  lb.,  or  22,279  lb.  per  hr.  In  this  particular 
case  the  coal  burned  per  hour  was  3130  lb.,  so  that  the- 
evaporation  was  approximately  7  lb. 

Unfortunately  the  writer  was  unable  to  obtain  the 
mean  steam  pressure  in  the  pump  cylinders,  but  the 
pump  was  a  9  and  514  by  10-in.  duplex  Worthington, 
making  strokes  of  8  to  9  in.  at  the  time  the  above  par- 
ticulars were  taken.  One  reason  for  the  evaporation  be- 
ing so  low  was  that  the  boilers  were  being  forced  and 
the  economizers  had  only  one-half  the  heating  surface 
they  should  for  a  plant  of  the  size. 

The  best  results  will  he  obtained  when  there  is  a  head 
on  the  suction  side  of  the  pump,  but  in  any  case  this 
will  be  one  of  the  factors  governing  the  maximum  tem- 
perature to  which  the  feed  can  be  raised. 
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|j()use-leal'  books  and  I'ard  catalogs  incline  tile  operating 
( iiuineor  to  acquire  a  rusty  memory  regarding  dimensions, 
si/es  of  equipment  and  other  plant  statistics  of  secondary 
importance.  While  his  ability  to  turn  out  a  kilowatt-hour 
at  a  low  cost  is  not  affected  by  his  reliance  upon  records 
t(ir  these  details,  it  is  well  to  keep  posted  enough  to 
answer  questions  bearing  upon  the  installation  with  what 
might  be  called  a  zero  factor  of  hesitation.  Individuals 
differ  in  their  capacity  to  retain  plant  statistics.  One  can 
do  it  without  effort,  whereas  an  e(|ually  good  enginee;' 
may  find  it  hard  to  recall  anything  beyond  the  nominal 
horsepower  of  the  boilers  and  engines  and  the  height  of 
the  stack. 

Some  may  ask  :  "What  is  the  good  of  memorizing  such 
data  as  the  dimensions  of  the  turbine  and  boiler  rooms, 
the  wattage  of  the  lamps  used,  their  height  above  the 
floor,  the  inside  diameter  of  the  chimney,  depth  of  stack 
foundations,  size  of  engine  cylinders,  capacity  of  circulat- 
j  ing  pumps,  etc..  wlicn  all  such  information  can  be  had 
i  from  a  notebook  y" 

There  are  many  advantages,  apart  from  the  saving  in 
time.     Perhaps  the  most  important  aire  the  mental  disci- 
j  pliiie  and  the  evidence  which  the  ability  to  give  quick 
I  and  accurate  replies  to  questions  of  detail  gives  of  per- 
i  soual  efficiency.     When  the  superintendent  or  manager 
j  calls  the  engineer  to  his  office,  he  can  take  along  his  note- 
book, but  it  makes  a  better  impression  if  he  can  answer 
I  every   inquiry   for   information   of   more   or   less   settled 
character  without  referring  to  it.     Busy  executives  like  a 
I  subordinate  whose  mind  is  cultivated  to  hair-trigger  pre- 
cision in  delivering  routine  information.     Such  evidence 
I  of  quick  thinking  and  retentive  powers  shows  the  fitness 
I  of  the  employee  for  his  job  and  leads  to  promotion.  Visi- 
tors to  his  plant  appreciate  an  engineer's  ability  to  answer 
leading  questions  "off  the  reel,"  and  many  times  this  has 
j  been  a  factor  in  the  receipt  of  offers  from  other  ])lant 
I  owners. 

j  Burdening  one's  memory  with  data  of  only  trifling 
value  is  useless,  but  a  live  operating  man  should  know 
I  the  rating,  speed  and  fundamental  dimensions  of  every 
{engine,  turbine,  pump,  boiler,  fan  and  motor  on  the  place, 
the  size  of  grate  surfaces,  capacity  of  stokers,  number  and 
jsize  of  tubes  in  the  surface  condensers,  diameters  of  in- 
'take  and  discharge  piping,  length  and  height  of  circu- 
ilating-water  conduit,  size  of  steam-delivery  outlets  at 
boilers,  header  sizes,  span  of  the  traveling  crane,  flue 
cross-sectional  dimensions  entering  the  stack,  capacity  of 
tanks,  bunkers,  ashpits,  etc.  It  is  the  statistics  of  operat- 
ing significance  that  are  the  most  useful,  rather  than  di- 
mensions of  trifling  consequence,  such  as  the  clearances 
between  various  systems  of  auxiliary  piping  at  various 
points  or  the  overall  dimensions  of  a  feed  pump.  When 
those  minor  data  are  wanted,  careful  measurements  or 
protracted  studies  of  plans  and  elevations  are  necessary 
and  there  is  plenty  of  time  for  them. 


W'luil  the  engineer  needs  to  have  at  his  command  are 
data  upon  which  such  matters  rest,  as  the  rush  ordering 
of  spare  parts,  the  comparison  of  bids,  interpretation  of 
plant  performance,  critical  study  of  unit  apparatus,  rough 
estimates  of  the  cost  and  desirability  of  plant  changes 
or  additions,  fitness  of  new  machinery  for  a  trial  on  the 
premises,  and  other  problems  of  executive  concern.  In 
the  collection  and  study  of  such  data  and  in  the  mastery 
of  vital  statistics  hinted  at  as  desirable,  the  ambitious 
engineer  will  find  ample  opportunity  to  put  his  mind  to 
good  use  and  to  fit  himself  in  part  thereby  for  larger  ser- 
vice and  correspondingly  increased  remuneration. 


In  the  lecture  on  "Modern  Boiler- Room  Practice,"  by 
a  member  of  this  staff  and  printed  elsewhere  in  this  issue, 
a  timely  word  of  caution  on  the  (luestion  of  high  boiler 
ratings  is  sounded. 

We  believe  that  Mr.  Stott,  of  the  Interborough  Rapid 
Transit  Co.,  is  the  pioneer  in  the  practice  of  operating 
boilers  at  very  high  ratings.  With  him,  it  was  necessary 
to  meet  the  rapidly  increasing  steam  demands  on  the 
Fifty-Ninth  Street  power  house.  He  showed  that  this 
could  be  done  without  materially  increasing  the  invest- 
ment charges.  On  some  occasions,  the  boilers  in  the 
Fifty-Ninth  Street  plant  have  been  operated  at  ratings 
as  high  as  three  hundred  and  fifty  to  four  hundred  per 
cent.  Since  this  demonstration  of  the  feasibility  of  this 
practice,  the  profession  has  applied  it  extensively,  espe- 
cially in  central-station  and  railway  power  houses. 

In  1903  each  5000-kilowatt  turbine  in  the  Fisk  Street 
station  of  the  Chicago  Commonwealth  Edison  Company 
was  furnished  steam  by  eight  boilers,  each  with  5000 
square  feet  of  heating  surface.  Based  on  ten  square 
feet  of  heating  surface  as  equivalent  to  one  boiler  horse- 
power, there  was  a  total  of  4000  boiler  horsepower  to  5000 
kilowatts.  This  gives  1.25  kilowatts  per  boiler  horse- 
power. A  little  later  the  same  boiler  capacity  furnished 
P3,000  kilowatts,  or  three  kilowatts  per  boiler  horse- 
power. At  present  the  ratio  is  about  one  to  three  and 
one-half. 

In  the  Two  Hundred  and  First  Street  station,  New 
York  City,  thirty-six,  650-horsepower  boilers  are  expected 
to  care  for  110,000  kilowatts,  or  4.7  kilowatts  per  boiler 
horsepower.  At  the  Detroit  Edison  Company's  new  sta- 
tion, the  stacks  and  breechings  have  been  so  proportioned 
that  in  emergencies  it  is  expected  that  three  2365-horse- 
power  (rated  capacity)  boilers  will  care  for  two  20.000- 
kilowatt  turbines.  This  gives  the  very  high  figure  of  5.65 
kilowatts  per  boiler  horsepower. 

While  indulging  in  enthusiasm  over  the  benefits  of 
high  boiler  ratings,  it  is  well,  as  the  lecture  points  out, 
to  consider  the  dangers  that  accompany  the  practice.  The 
factors  that  determine  how  much  a  boiler  may  be  over- 
loaded are  first,  the  scale-forming  agents  and  suspended 
solids  in  the  feed  water;  second,  the  thoroughness  of  the 
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wattT  cirnilatioii.  mid  lust,  tlic  amoiiiil.  of  fuel  wliicli 
il  is  pdHsililc  to  liiirii  jtcr  unit  area  of  ^'nilc  in  a  unit 
of  tiiiif.  Till'  liif,'li  overloads  on  niaiiiu-  lioilcrs  f,'<'ncrnlly 
an-  contrasted  witli  tlie  usual  loads  earried  liy  land  lioil- 
ers.  it  sliould  lie  relllenil)ei'eci  that  in  Miaiiiic  |ir,i(tnc> 
tlu'  feed  is  mostly  condensate  and  IJieicluir  I'lrc  I'ldin 
scale-foiniin;;  solids. 

Some  scale,  when  ,»idije(ted  in  teiM|M'iiilurc  Minalnpn, 
will  (lack  olT  in  places.  When  scale  ll.us  (liseiif,'a;,'ed 
lodf,'es  on  tlie  tidies  or  shells  of  a  iHiUcr  that  is  driven 
hard,  serious  haf,'s  usnally  result.  At  hiirli  ratin/^s.  the 
water  hoils  .so  vioh'iitly  that  scah'.  whicii  niav  have  he- 
come  loosened,  will  snnicliincs  he  kept  fmni  ((jntact  with 
the  slu'll  or  tuhes,  hut  when  the  boiler  has  (cased  to  slcani 
rapidly,  as  when  the  jieak  load  has  pas.sed  and  the  lire  is 
■  tanked,  the  scale  settles  on  the  metal  surface  and  the  heat 
tidni  llic  finnace  walls  and  arches  is  sometimes  cnoufjh  to 
'<UiX  the  tulic  or  shell.  Other  tidte  trouhles  are  the  result 
(d'  the  cll'cct  of  the  hlovv-torch  flame  often  ])n)ducc(l  in  a 
fuel  hed  suhject  to  hiirh  forc(^d  draft,  the  intensely  hot 
tlanic  impiniiini;-  on  one  or  a  few  tuhes  usually  causes 
them  to  (|uickly  overheat. 

When  hiph  ratings  are  adopted,  many  forms  of  fur- 
nace trouble  and  rejiairs  not  anticijiated  will  manifest 
ihemsehes.  Higli  ratings  have  not  yet  become  common  in 
manufacturing  plants,  and  before  they  do,  let  the  engi- 
neers of  these  plants  realize  that  where  ratings  of  two 
hundred  to  three  hundred  and  fifty  per  cent,  are  em- 
jiloyed.  the  boilers  are  so  operated  for  but  brief  periods, 
usually  not  longer  than  an  hour  and  a  half. 

The  aim  should  be,  first,  to  install  or  use  enough  boil- 
ers to  make  it  reasonably  certain  that  one  is  not  courting 
dangerous  troubles.  'I'his  means  that  the  reduction  of 
investment  or  overhead  charges  by  practicing  high  ratings 
should  always  be  governed  by  the  consideration  of  safety. 


There  is  much  written  (and  more  said  whicli  wouIg 
not  look  well  in  writing)  on  the  subject  of  coal  analy- 
sis and  coal  specifications  in  general.  The  ultimate  con- 
sumer— the  engineer  or  fireman — and  the  chemist  do  not 
get  together  and  understand  one  another  thoroughly.  In 
fairness  to  both,  it  should  be  conceded  that  each  is  hon- 
est in  his  effort,  competent  in  his  line,  and  has  just  reason 
for  complaint  that  he  is  not  receiving  the  hearty  support 
and  cooperation  of  the  other,  but  it  is  probably  true  that 
each  expects  too  much  and  gets  too  little,  like  the  guest 
who,  in  his  endeayor  to  relieve  the  anxiety  of  the  hostess 
as  to  the  dinner,  said :  "It  is  first  rate  what  there  is  of 
it,  — er.  I  mean  there  is  a  great  plenty  such  as  it  is." 

The  user  says  the  chemist's  test  is  all  right  so  far  as 
it  goes,  but  that  it  does  not  go  far  enough,  or  that  he  can- 
not tell  how  coal  from  which  a  given  sample  is  taken 
will  behave  under  conditions  which  are  not  known  to  the 
chemist,  while  the  chemist  feels  that  the  user's  reports 
are  quite  abundant  such  as  they  are,  but  not  thoroughly 
good. 

The  main  reason,  as  stated  before,  is  that  they  do  not 
enter  enough  into  the  work  of  each  other.  The  fireman 
struggling  with  a  coal  not  suited  to  his  equipment,  and 
therefore  unable  to  meet  the  peak-load  requirements,  can- 
not be  expected  to  enthuse  over  the  report  of  the  chemist 
that  the  sample  shows  the  coal  of  the  best  quality,  etc. 
He  cares  nothing  about  the  chemical  content  so  long  as 


the  steam  jiriwiirc?  iw  up,  and  Icsh  when  the  prcHMure  it 
down.  The  chemiKt  is  too  prone  to  swear  by  Ids  t  ■ 
suits  and  the  engineer  at   lliem. 

The  chemist   should   remember  thai  his  function   i-   k. 
till   the  chief  elements  in  apjiroximately  the  percentageu 
in  uhidi  they  are  found,  and  when  the  imohI  satisfactory 
((imliination  obtainable  is  arrived  at  iiy  experiment  and 
trial  under  the  boilers,  he  is  to  see  that  fuel  of  this  ci 
position   is  delivered  so  long  as  operating  conditions 
main  the  same.     .\  closer  cooperation  Ixdween  the  cIk 
ist    and    the   engineer    will    go   a    long   way    toward    |" 
fecting  the  system  <d'  purchasing  coal  by  sjiecification. 

.V  practical  chemist,  sjieaking  of  oils,  once  told  the 
writer:  "I  cannot  tell  you  what  chemical  charaeteristies 
the  oil  should  lia\c  for  your  ])lant,  but  if  you  give  me 
a  samjile  of  an  oil  which  has  proved  satisfactory,  I  can 
tell  you  what  it  is  composed  of  and  see  that  the  oil  you 
get  in  the  future  conforms  to  it.  If  later,  the  oil  does 
not  seem  so  good,  you  may  (ind  that  the  trouble  lies  iit 
the  bearings  or  elsewhere,  and  not  that  the  quality  of  the 
oil  has  changed."  This  seems  to  be  the  crux  of  the  mat- 
ter. The  i)urchase  of  fuel  on  the  jire.sent  basis  i.s  vastly 
better  than  the  wrangle  with  the  dealer  as  Jieretofore. 
Let  us  have  a  more  (omplete  test  coupled  with  observa- 
tion when  it  is  in   use. 

Another  dejilorablc  accident  has  happened  in  whicli 
two  men  were  seriously  and  ])erhaps  fatally  scalded  due 
to  the  i)rolific  cause,  a  combination  of  inexperience  and 
a  hazardous  occupation.  Two  men  undertaking  to  clean 
a  boiler,  proceeded  to  remove  the  handhole  jilates  before 
the  boiler  had  been  drained.  "A  torrent  of  hot  water 
and  steam  gushed  out  upon  them  and  the  only  means  of 
escape  was  through  a  small  opening."  One  became  fas- 
tened and  had  to  be  dragged  through. 

Where  lies  the  blame ? 

That  the  men  themselves  were  at  fault  by  rea.son  of 
their  negligence  does  not  obtain  if,  as  appears,  it  was 
known  that  they  were  inexperienced ;  if  not  known  the 
fact  might  easily  have  been  learned.  It  was  obviously 
then  the  duty  of  someone  to  see  that  they  were  duly  in- 
structed and  protected.  Training  men  in  their  duties 
of  whatever  nature,  in  or  about  a  power  station,  is  the  first 
essential  to  safety.. 

Has  the  owner  or  his  agent  the  legal  or  normal  right 
to  employ  or  allow  an  nicompetent  to  jeopardize  his  own 
life  or  the  lives  of  others?  This  question  applies  to  all 
employments  and  positions  in  the  plant.  How  is  the 
employer  to  distinguish  between  the  two  ?  This  forms 
the  most  complex  problem  and  cannot  be  answered  in 
such  a  way  as  to  apply  in  all  cases.  But  there  is  a  vast 
difference  between  the  known  and  confessedly  incompet- 
ent and  the  man  who,  by  reason  of  long  experience,  may 
be  expected  to  do  the  right  thing,  but  fails  at  some  criti- 
cal time.  The  deciding  element  too  often  is  the  wages 
for  which  the  daily  services  of  either  can  be  obtained. 
Let  there  be  more  regard  for  human  life. 

Suppose,  as  the  cartoon  this  week  suggests,  Hero,  or 
Watt,  or  any  other  of  the  forefathers  of  steam  engineer- 
ing should  return,  like  "Peter  Grimm"  and  visit  one  of 
our  modern  power  houses.  They  sure  would  be  some 
surprised ! 
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I  cannot  coinmend  II.  P.  Clarke's  method  ol'  shrinking 
and  riveting  on  pistons,  as  stated  in  the  Jan.  14  issue. 
There  is  always  some  doubt  as  to  the  holding  power. 
P'urther,  it  is  applicable  only  to  the  smaller  sizes  of  pis- 
Ions,  and  even  then  it  is  not  applicable  to  a  tandem  en- 
liine.  These  opinions  are  based  on  experience  with  many 
jtistons,  varying  in  diameter  from  4  to  108  in. 

I  have  always  used  one  of  the  two  following  ways, 
favored  by  most  engineers  here,  for  securing  the  rod. 
J'or  pistons  up  to  48  in.  in  diameter  and  having  Junk 
rings,  tapering  the  rod,  forming  a  shoulder  and  fitting 
a  ]<ev  and  cotter,  both  of  which  are  prevented  from  work- 
ing out  by  the  junk  ring,  as  shown,  are  common  and 
uood  practice.  The  junk  ring  must  be  taken  off  before 
the  cotter  and  key  can  be  removed. 

The  second  method  is  to  taper  the  rod  and  fit  a  steel 
nut  having  a  castle  head.  The  nut  is  prevented  from 
turning  as  the  split  pin  fits  in  a  recess  in  the  nut. 

If  the  piston  has,  say,  a  couple  of  1-in.  holes  drilled 
and  tapped  on  each  side  of  the  piston  eye,  it  is  an  easy 


Old  Method  of  Fitting  Pistons 

matter  to  remove  the  piston  liy  placing  a  heavy  plate 
across  the  end  of  the  rod  (after  removing  nut  and  cot- 
ter) and  using  two  long  studs  extending  through  the 
piston  and  the  plate  on  the  end  of  the  rod.  By  put- 
ting a  fair  amount  of  tension  on  the  plate,  the  piston 
will  come  away ;  if  it  happens  to  stick,  a  few  heavy  blows 
on  the   plate  while   the  tension   is  on   will   be  sufficient 


usually  to  start  the  piston.    When  a  piston  is  well  shrunk 
on  the  rod  it  is  nearly  impossible  to  get  it  off. 

E.  E.  Pearck. 

Kochdale,    Kngland. 

<»: 

There  were  two  drying  rooms  or  ovens  situated  oa 
above  the  other,  each  containing  1500  ft.  of  1-in.  pipe  ar- 
ranged on  the  sides  of  the  rooms  in  the  form  of  a  bo  ? 
coil.  Both  ovens  were  connected  to  the  main  steam  liiic 
carrying  150  lb.  steam  pressure,  with  a  common  return 
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//"V  "Connection 

[To  Trap  .„^,^ 

Original  and  Changed  Connections 

line  to  a  trap,  of  the  tilting  type,  located  in  the  bas(« 
ment.  The  lower  coil  gave  trouble ;  it  would  not  drai ) 
properly,  so  that  it  was  nearly  always  half  filled  with 
water,  and  the  desired  temperature  could  not  be  main- 
tained in  the  oven. 

I  found  that  the  coil  was  not  air-bound,  and  that  the 
trap  was  of  ample  capacity  and  working  properly,  so  I 
traced  out  the  drain-pipe  lines  and  found  them  connected 
as  shown  in  the  sketch  at  a.  After  substituting  a  Y  for 
the  T ,  as  shown  by  dotted  lines,  both  coils  worked  satis- 
factorily. 

C.  E.  Anderson. 

Chicago,  111. 

W. 

EHH  A<fi^as<edl  WanadlflKa^  dhiaia^es 

With  an  electrical  machine  of  good  design,  which  the 
operator  has  in  no  way  imdertaken  to  modify,  the  pos- 
sible troubles  are  limited.  If  simple  tests  fail  to  dis- 
close anything  the  matter  with  the  machine  itself,  one 
may  look  to  defective  indicating  instruments,  overload, 
excessive  voltage  or  some  characteristic  of  tlu^  connected 
load. 

A  direct-current  motor  driving  a  centrifugal  blower, 
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f;a\f  comnuiljilioii  Inuilili-  lliiil  .-i  'mcd  lo  he  iliir  to  llif 
coiiiiiuitittor  ilislortiiig  iiiid  to  its  btirn  liccoiiiiti^  loose. 
Natunillv  tlii<  c-oniiiiutalor  was  Itlaincd  and  a  new  one 
wa.x  iiistalK'd;  but  in  a  lew  davs  the  new  one  jjavc  the 
same  troid)U>.  A  ^ood  roiiniuitator  man,  not  siippoHed 
to  know  anvlliiiij;  alioul  fjiMicral  testing,  diajjnosed  the 
tronUit'  MS  due  (o  cxccssivi'  sperd  and  proved  his  lase  l)V 
takiiifl  the  speed  with  llie  l)V|>a.'is  on  tiie  blower  dosed. 
.Ml  previous  speed  tests  had  i)een  made  witli  the  motor 
under  load  and  witiioiit  observitifj  tlie  rebition  between 
the  speed  and  the  load,  'i'he  so  railed  I'lill-load  spee<ls, 
whieh  liad  not  proved  exeessive,  were  revealed  to  ix"  really 
the  sju'ed  correspond inj;  to  beaw  overloads.  .\l  iinriii;il 
current  load,  the  speed  was  actually  :{•">  per  cent.  Iiijili 
ami  on  no  load  the  motor  almost  raced. 

It  seems  the  oi)erator  wanted  to  "speed  the  motor  up 
a  little,"  so  he  rewound  the  Holds  with  a  smaller  size  of 
wire,  thereby  not  only  producing  excessive  speed,  l)Ul 
otherwise  ini|)airing  the  motor's  commutation  character- 
istics. 

^.       .^.  .J.    .\.    IIOKTON. 

Schenectady.   N  .    i  . 

WlhatL  Did  tfrae  JEEagaiaeer  Cset? 

In  the  Mar.  10  issue,  page  'M\\  Warren  O.  Rogers  cites 
a  case  where  "Kngineer  Wise."  on  taking  charge  of  a 
plant  already  in  operation,  saved  his  employers  $K5."J.20 
per  week,  or  $?();?(). 40  per  annum  by  changing  the  grade 
of  fuel,  making  changes  in  machinery,  etc.  I  wonder 
how  much  of  this  amount  was  added  to  the  engineers 
salary  over  and  above  what  was  paid  by  liis  employers  to 
the  man  who  preceded  him  in  the  plant. 

It  may  seem  sordid,  but  an  e.xperience  covering  numy 
years  has  caused  me  to  think  it  is  as  miuh  tlie  duty  of 
an  engineer  to  look  after  the  condition  of  his  own  pocket- 
book  as  of  that  of  his  cmplover's.     How  about  it? 

W.  H.   Odell. 
Yonkers,    \ .    i  . 

'^. 

It  is  well  known  to  engineers  liiat  in  any  condenser 
the  temperature  of  the  air-pump  suction  is  a  few  degrees 
below  the  temperature  of  the  steam  as  it  enters  the  con- 
denser from  the  e.xhaust  pipe.  This  difference  is  30  deg. 
F.  in  some  cases,  and  though  sometimes  mentioned  in 
textbooks  is  but  rarely  explained  ;  it  is  due  to  the  im- 
possiinlity  of  keeping  the  condenser  absolutely  free  from 
air  leaks. 

The  explanation  of  why  the  presence  of  air  affects  the 
temperature  is  as  follows:  Let  it  first  be  assumerl  that 
the  pi'essure  throughout  the  condenser  is  constant  (it  is 
practically  so  within  small  limits)  and  that  the  condenser 
contains  a  mixture  of  air  and  steam  in  a  certain  ratio. 
Dalton"s  Law  of  Gaseous  Pressures  states  that  the  pres- 
sure of  a  mixture  of  gases  is  equal  to  the  sum  of  the  in- 
dividual pressures  of  the  gases  which  would  result  if  each 
Avere  to  occupy  the  entire  space  alone.  Hence,  the  pres- 
sure in  the  condenser  is  made  up  of  the  pressure  due  t'l 
the  steam  plus  the  pressure  due  to  the  air. 

The  entering  steam  consists  of  a  mixture  of '  water 
vapor  and  air  in  a  certain  proportion,  but  as  soon  as  some 
of  the  water  vapor  is  condensed  the  proportion  of  air  to 
vapor  is  raised.  Hence,  the  pressure  due  to  the  air  in- 
creases while  the  pressure  due  to  the  water  vapor  dimin- 


ishcH,  and  this  decrease  in  vapr)r  pressui'e  is  accom()aMi<'(| 
by  a  corresponding  fall  in  temperature. 

l''oi'  example,  sujtpose  there  is  a  ioiidenser  pressuie  of 
:t  lb.  |ier  Hij.in.  almolute ;  2  lb.  per  si|.in.  being  <iue  to  steam 
and  1  II).  per  si|.in.  to  the  presence  of  air.  The  steam 
tem|)eratnre  corresponding  to  M  Jb.  per  H<|.in.  absolute 
is  1  ll.T)  (leg.  I''.,  while  tlie  actual  tempeiature  coirespond- 
ing  to  a  steam  pressure  of  2  lb.  per  s<|.in.  absolute  is 
IV!()  deg.  the  final  temperature  is  therefore  IT)..')  degreea 
lower  than  would  he  the  case  if  the  entire  pressure  was 
due  Id  steam  alone. 

,,,  ^,         ,         ,  .)f»ll\     11.   (IKO.    MOUHIHON. 

t.lastjow,   Scollaml. 

V' 

Writiir^f^  SpeciAccttions 

Writing  specilicalions  of  ail  powei'-|)lant  sujiplies  or 
pails  of  iiny  kind  is  one  of  the  best  educatiomd  exercises 
possil)le.  It  is  also  of  practical  use.  .\s  a  lest  of  how 
much  or  how  little  attention  is  given  to  the  details  of  any 
familiar  object  seen  diiil\-  in  liie  power  plant,  let  th<' 
reader  uiulertakc  to  write,  uitiioiil  consulting  a  book  or 
a  catalog,  a  complete,  binding  spccidcation.  .\  specitica- 
lioii  must  hold  even  an  unscrupulous  bidder  to  exactly 
the  thing  wanted.  It  should  avoid  "freak"  conditions 
or  recpiirements,  which  if  actually  specified,  would  mean 
additional  cost  to  manufacl  nre  and  useless  expense.  Then 
let  him  compare  what  he  has  written  with  standard 
specifications  and  see  how  far  short  he  falls. 

Try  something  easy  at  first,  for  example,  a  cast-iron 
flanged  fitting  14xcSxlO,  with  companion  flanges  cover- 
ing the  following  in  full: 

1.  Articles  called  for: 

Number 

For  what  pressure 
For  what  temperature 
What  material: 

a    Cast  iron 

b    Semi-steel 

c    Cast  steel 

2.  Test: 

a  Kind  of  test 

b  Pressure  of  test 

c  Weight  limits 

d  Thickness  limits 

e  Where  made  and  by  whom 

f  By  whom  paid  for 

g  Causes  for  rejection 

h  Fillers  allowed  or  not 

3.  Delivery: 

a    When 

b    Where 

c    Whose  expense 

d    Final  acceptane.e 

4.  Dimensions: 

a    Face  to  face 

b    Face  to  center 

c     Diameter  of  flanges 

d    Diameter  of  bolt  circle 

e    Thickness  at  bolt  circle 

f     Number  of  holes 

g    Drill  size  of  holes 

h    Position  to  center  line 

Packed  joint: 

a    Rough  or  smooth  cut 

b    Plain  or  raised  face 

c    If  raised,  diameter  and  height  of  face 

d    If  male  and  female,  diameter  and  height  of  male;  diameter  and  depth 

of  female 
c    If   tongue-arJ-^rooved,   outside  and  inside  diameter  and    height  of 

tongue;    jutside  and  inside  diameter  and  depth  of  groove. 

5.  Flanges: 

How  to  be  attached  to  pipe: 

a    Thread  tapered  or  straight 

b    ''or  standard,  extra  heavy  or  double  extra  heavy  pipe 

c     Kind  of  thread,  pitch  and  diameter 

d    Screw  joint 

e    Screwed  and  peened  in  thread 

f     Screwed  and  peened  into  chamfer 

g    Shape  and  size  of  chamfer 

h    Thickness  of  flange  at  thread 

i     Peened  without  thread 

j     Diameter  of  bore,  shrunk  or  slipfit 

k    Thickness  on  pipe 

1     Chamfer  shape  and  size 

m  Calking  recess — depth,  large  and  small  diameter 

6.  Bolts: 
a    Size 

b  Length 

c  Kind  of  head,  hex.  or  square 

d  Kind  of  nut,  hex.  or  square 

e  Finish 
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While  the  foregoing  appears  formidable  on  first  sight, 
it  is  in  fact  implied  if  not  specified  in  any  order  for 
such  a  fitting;  tlierefore  if  the  fittings  are  wrong,  it 
may  be  due  wholly  to  lack  of  detailed  specifications. 

If  the  whole  power  plant  is  gone  over  in  this  man- 
ner, it  will  be  a  complete  analysis  which  may  never  liave 
been  thought  of  before. 

When  something  new  is  to  be  ordered,  write  a  specifica- 
tion of  it  carefully  and  completely  and  there  will  be  less 
to  cause  contention  and  dissatisfaction.  'J'ry  it  and  see 
how  well  it  works  out. 

Li;oN   Lewis. 

Kew  York. 


Plstoia  IRaEa^s 

In  our  plant  of  four  AVestinghouse  gas  engines,  wliich 
have  been  in  constant  service  for  12  years,  we  recently 
had  the  cylinders  of  two  of  them  rebored  and  fitted  with 
new  ])istons  and  rings. 

The  last  of  the  two  to  1)0  rebored  was  a  vertical  three- 
cylinder  engine,  14x18  in.,  and  rated  at  175  hp.  One 
cylinder  was  in  bad  condition,  having  been  scored,  and 
it  usually  began  to  give  trouble  if  a  heavy  load  was  put 


Fig.  1.    PisTox  as  It  Came  Out  of  C'ylixdee 


on  it,  while  the  left-hand  cylinder  lias  given  unusually 
good  service,  the  piston  not  having  been  out  for  about 
ten  years  until  it  was  removed  recently  to  rebore  the  cyl- 
inders. 

Fig.  1  sliows  the  piston  as  it  came  out  of  the  cylinder 
with  the  rings  in  place  without  disturbing  the  carl)on 
(Ie])osit;  all  of  the  outside  sections  were  free  and  could  be 
moved  around  but  were  worn  thin,  'llie  inner  segments 
were  held  in  the  groves  by  the  carbon  deposit,  l)ut  the 
carbon  was  not  hard  as  it  could  easily  be  scraped  out  with 
a  screwdriver.  The  piston  had  never  shown  any  signs 
of  blowing  by  the  rings. 

Fig.  2  shows  one  of  the  old-style  spring  segment  rings 
found  on  the  piston,  showing  it  just  as  it  was  removed 
from  the  cylinder  without  the  carbon  deposit  being  dis- 
turbed;  this  can  be  seen  on  the  inside  of  the  segments. 
This  type  of  ring  has  been  obsolete  for  years,  as  it 
usually  got  carbon  bound  much  sooner  than  any  other 
ty]ie,  especially  if  a  poor  grade  of  oil  was  used.  In  the 
center  of  Fig.  2  are  three  views  of  broken  pieces  of  the 
outside  ring. 

During  the  first  eight  years'  service  of  this  set  of 
rings  the  engine  ran  six  days  a  week  and  Ki  hr.  each  day; 
the  last  two  years  the  set  has  been  in  ser\ice  every  other 
day  for  the  same  number  of  hours  each  day. 

L.  M.  Johnson. 

Emsworth,   I'enn. 

Motors  built  for  suhmei'gcd  service  are  usually  of  spe- 
cial design  and  are  large  for  their  output  in  order  that 
excessive  heating  may  be  avoided;  these  features  make 
the  cost  high. 
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Casing  fok  Submerged  Motor  and  Detail  of  Joint 

The  arrangement  here  described  employs  a  motor  of 
the  standard  floor  type,  no  changes  being  necessary  in 
the  ])atterns  or  in  any  of  the  windings ;  hence  a  quick 
shipment  is  easily  made.  The  tube  inclosing  the  motor  is 
of  thin  sheet  metal  and  rests  on  cast  feet  welded  to  it. 
Cast  feet  are  also  placed  inside  the  tube  upon  which  the 
motor  rests,  being  welded  to  the  tube  in  order  to  avoid 
bolt  or  rivet  holes.  A  stuffing-box  is  provided  wliere 
the  shaft  extends  through  the  rear-tube  cover. 

The  tube  ends  are  of  sheet  metal  and  are  fastened,  as 
shown  in  detail  at  .1.  A  bar  of  rectangular  section  is 
bent  into  a  ring  and  then  welded  to  the  tube.  Into  this 
ring  is  turned  a  groove  to  receive  the  packing  B.  Studs 
and  nuts  are  used,  and  to  avoid  possible  leakage,  the  stud 
holes  are  not  drilknl  through  the  ring.     Attached  to  the 
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covers  or  ends  aic  iiuti  |»i|n's  tliinii;;li  wliiili  air  is  funcd 
to  the  IuIk',  insuring;  ;;oo(|  \cntiliitioii  of  the  iiiol<ii-.  'I'lu' 
air  ciitiMS  at  tlu-  coimiiulalor  end.  'I'lic  wires  Icadiii;,'  to 
till'  iiiotoi'  arc  iiiclosfil  In  unc  ul'  tin'  |ii|)('S,  so  tlial  no 
water  comes  in  coiitail   uilli   lliciii. 

In  order  to  insure  j;ood  lidirieation  fur  Imij;  ])erioda 
witlioiit  tlie  attenlion  of  the  operator,  an  (nl  reservoir 
has  lu'en  provided  in  addition  to  tiie  re;,ndar  one  cast 
in  the  bearinj^  lionsiiij;.  This  athlitiona!  oil  clianil»er, 
shown  at  (',  consists  of  a  plain,  closed  cylinder,  piped  to 
tlio  oil  reservoir  in  tlie  l)earin;j  Jiousin};;. 

Machinery  of  all  kinds  is  invariahly  tain|)ered  with 
while  idle  by  j)orsons  nii.scliievously  inclined,  and  elec- 
tric motors  arc  no  exception.  Such  tampcsring  would 
render  an  etiuipment  useless  at  a  time  of  emeryoncy.  Hy 
entirely  iiulosin<x  the  nu)tor  .this  nuisance  is  avoided, 
especially  where  the  motor  is  not  continually  sul)mer<ied. 

(J.     F.    Wi;iGAND. 

Eli/al)eth.   X.   J. 

FaiiPEiiess  to  ^imdles'Sttuidlfles  Siiradl 
§tiaccessos°s 

Kcferring  to  your  editorial  on  this  subject,  in  the  Mar. 
10  issue,  1  am  sorry  that  retiring  engineers,  whether  they 
leave  from  choice  or  otherwise,  frequently  do  give  their 
successors  all  the  trouble  they  can.  Probably  their  idea 
is  that,  by  so  doing,  they  magnify  their  own  importance. 
However,  it  is  a  poor  policy  and  sometimes  acts  as  a 
boomerang. 

Some  years  ago  the  engineer  of  a  drug  inill  left  to 
take  a  situation  at  more  pay,  and  his  former  employers 
got  another  man.  The  new  man  went  to  the  factory  on 
Sunday  and,  as  the  engineer  who  was  leaving  did  not 
come  near,  lie  looked  over  the  plant  alone  until  he 
tliought  he  had  it  well  in  hand.  The  plant  consisted  of 
a  12.\24-in.  engine  and  a  boiler  to  correspond.  The  en- 
gineer did  his  own  firing.  The  engine  was  of  an  old 
type,  having  poppet  valves  operated  by  a  cam  shaft 
parallel  with  the  cylinder. 

During  the  following  morning,  the  firm  I  was  with 
got  word  that  there  was  something  wrong  with  the  en- 
gine, as  they  could  not  keep  up  steam,  and  I  was  sent 
to  investigate. 

When  I  got  there,  the  engineer,  a  stranger  to  me, 
was  doing  his  best  in  the  fire  pit,  but  the  engine  labored 
hard.  I  looked  it  over  and  found  nothing  hot.  Then 
1  went  through  the  three-story  factory  but  found  noth- 
ing until  I  got  OH  the  roof  and  saw  the  exhaust.  I  knew 
then  that  the  trouble  was  at  the  engine,  and  my  first 
imjiression  was  that  the  former  engineer  had  tampered 
with  the   piston. 

While  waiting  for  noon  to  make  an  examination,  I 
noticed  that  the  rollers  on  the  end  of  the  poppet-valve 
levers  continued  to  roll  even  when  the  concentric  part 
of  the  cam  was  passing,  instead  of  clearing  it.  Evidently 
the  rollers  on  the  valve  levers  had  been  lowered  enough 
to  prevent  the  valves  seating  properly,  thus  causing  con- 
tinuous blow.  As  soon  as  I  raised  the  rollers  to  clear 
the  concentric  part  of  the  cams,  the  engine  bounded  to 
its  work. 

The  new  engineer  was  a  good  man,  and  no  doubt  would 
have  discovered  the  trouble  himself,  but  for  the  fact 
that  he  had  to  do  his  own  firing  and  had  no  time  for 
anvthing  else   until   noon.      To   my   mind   it   is   mighty 


small    business    for    a    retiring   engineer    lo    jilay   such   a 
trick  either  iiinlii  lously  oi"  as  a  joke. 

!-.    S.     W 1 1,1,1  AM H. 
riiiliolrlpliiii,   I'cnri. 

Remmoviniff  Frost  froma  Direct- 
Elxpansios^  Coils 

K'elative  to  the  discussion  on  this  subject,  and  to  tli'- 
letter  by  \.  (J.  Solomon,  in  the  .Mar.  17  issue,  I  olVi-r 
the   following: 

Ammonia  cannot  condense  and  evaporate  as  it  pleascH 
without  the  transfer  of  a  lot  of  heat.  If  hot  gas  is  ad- 
mitted to  a  cold  coil,  the  gas  will  condense  only  after  it 
has  given  out  from  r)'A)  to  (iOO  or  more  li.t.u.  per  pound, 
the  exact  amount  depcsnding  ujion  the  temjx'rature  and 
th(!  pressure.  One;  j)ound  of  hot  ammonia  gas  will  melt 
ai)out  I  lb.  of  ice  before  all  of  it  will  be  conden.sed.  If 
licpiid  at  !)0  deg.  F.  is  admitted  to  the  coil,  1  lb.  will  melt 
aijout  Vij  lb.  of  ice  in  cooling  to  32  deg. — that  is,  it 
takes  about  nine  times  as  much  liipiid  as  gas  to  do  the 
same  thawing. 

Mr.  Solomon's  argument  about  the  machine  doing  no 
work  on  the  other  coils  because  of  lack  of  ammonia,  was 
evidently  got  from  experience  in  thawing  frost  with 
liquid,  as  a  large  quantity  would  be  required ;  he  would 
also  have  trou])le  getting  that  liquid  out  of  the  coils 
again.  Mr.  Solomon  should  l)e  sure  he  did  not  drain 
the  receiver  of  all  li(|uid  and  then  let  gas  into  the  coil 
through   the  expansion  valve  and  thaw   with  the  gas. 

It  is  the  same  old  notion,  but  in  another  form,  that 
it  is  all  gas  beyond  the  expansion  valve  and  that  gas  does 
the  cooling.  If  it  is  proper  to  cool  with  gas,  use  liquid 
for  heating.  It  is  the  change  of  state  that  gives  out  or 
absorbs  heat.  Changing  from  gas  to  liquid  gives  out 
heat;  changing  from  liquid  to  gas  absorbs  it.  The  am- 
monia and  steam  condensers  and  steam  radiators  give  out 
heat;  the  cooling  coils  and  a  steam  boiler  absorb  it.  The 
quickest  and  best  way  to  thaw  ice  off  a  coil  is  to  operate 
that  coil  temporarily  as  a  condenser  by  supplying  it  with 
hot  gas  instead  of  with  cold  li(]uid,  as  in  regular  opera- 
tion. As  a  consequence,  long  before  the  coil  is  full  of 
liquid  the  frost  will  be  melted  otf,  or  if  very  heavy,  will 
be  loose  from  the  pipe  and  can  be  rattled  off  with  a  stick 
without  danger  to  the  pipe  or  the  fittings.  A  good  scraper 
will  do  the  work,  l)ut  it  is  more  work  and  takes  longer. 

Hauky  D.  Everett. 

Fort  Snelling,  Minn. 

A  Ts'o^lblesosiffie  lEEagiiae  ClicR 

After  an  engine  liad  been  down  for  a  general  over- 
hauling and  was  again  started,  a  peculiar  knock  de- 
veloped. It  differed  from  the  usual  pound  in  being  more 
of  a  metallic  click.  The  engineer  failed  to  locate  the 
trouble  beyond  deciding  that  it  jnust  be  in  the  cylinder. 

He  took  the  head  off'  and  found  no  clue,  but  on  replac- 
ing the  head  he  put  a  layer  of  thick  paper  over  its  sur- 
face, which  changed  the  sound  to  a  dull  thud.  On  again 
taking  the  head  off  he  found  a  slight  indentation  in  the 
paper  which  showed  that  one  of  the  nuts  on  the  piston 
stood  out  farther  than  the  rest.  This  nut  was  filed  down, 
ending  the  trouble. 

Sidney  K.  Eastwood. 

Philadelphia,  Penn. 
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I'lNton   KinK   Uiiimetfr — For  a   14-in.   diameter   cylindt-r   how 
lar^o  should  the   ring   be   turned? 

M.   O.    D. 

The  ring  should  be  14  V4   iu.  in  diameter  before  it  is  cut  and 
sprung  into  the  cylinder. 


Poppet  Valves — AVhy  are   poppet  valves  used  on  some  large 
engines? 

M.    O.    D. 

Poppet  valves  are  used   because   they  can  be   made   as  bal- 
anced valves,  and  are  readily  operated  to  give  a  sharp  cutoff. 


IncreaHing  Power  of  Engine — How  can  the  power  of  a 
Steam  engine   be   increased? 

G.  J. 

The  number  of  horsepower  which  the  engine  can  develop 
may  be  increased  within  the  working  capacity  of  its  parts, 
by  increasing  the  speed  of  the  engine,  or  supplying  the  engine 
with  steam  at  higher  initial  pressure,  or  by  reducing  the 
back  pressure,  as  by  use  of  a  condenser. 


Boiler  with  Superheater — What  precaution  should  be  taken 
in  starting  a  boiler  with  a  superheater? 

M.    O.   D. 

In  starting  up  a  boiler  with  a  superheater,  start  up  with 
the  superheater  "flooded,"  allowing  the  water  level  to  lower 
gradually  before  the  boiler  and  superheater  get  into  regular 
use. 


Dead  Power  Factor  Meter  Readlns — When  there  is  no  cur- 
rent on  the  instrument  where  will  the  pointer  of  a  power 
factor  meter  stand? 

A.    T.    S. 

As  most  pointers  are  mounted  on  jewels  without  springs. 
It  will  stand  wherever  it  happens  to  be  when  the  current  is 
turned  off. 


Compound  Engine  Exhau.st  Pre.ssure — If  the  cylinder  ratio 
of  a  compound  engine  is  four,  and  the  cutoff  at  one-quarter 
of  the  stroke  in  the  high-pressure  cylinder,  what  will  be  the 
absolute    terminal    pressure    in    the    low-pressure    cylinder? 

M.    O.    D. 

Without  allowing  for  drop  or  clearance  it  would  be  one- 
sixteenth  of  the  absolute  initial  pressure  in  the  high-pressure 
cylinder. 


If  the  Governor  Belt  Break.s — If  an  engine  governor  belt 
should  break  would   the  engine  run  away  or  slop? 

J.    G. 

Unless  the  engine  is  provided  with  an  automatic  stop 
valve  or  the  governor  itself  is  supplied  with  an  automatic 
stop  motion,  more  steam  will  be  admitted  to  the  engine  than 
Is  necessary  to  keep  up  the  proper  speed  and  the  engine  will 
run  away. 


Height    of    Slphonage — What    limits    the     height    to    which 
water  will  rise   in  a  siphon? 

B.   A.   N. 

I  The   water   is   forced    upward    in   the    rising   leg   of   a   siphon 

by  the  pressure  of  the  atmosphere  acting  on  the  free  surface 

of  the   water.      The   water  will   rise   until   the  pressure   due   to 

the  height  of  the  water  in  the  rising  leg  of  the  siphon  and  the 

'   pressure   at  the   top   of   the   siphon   are    together   equal    to   the 

I   pressure   of  the   atmosphere. 


.\lignlng  an  Engine — How  may  a  horizontal  engine  cylin- 
der be  squared  with  a  line  shaft  in  a  building? 

M.  O.    D. 

Draw  a  line  through  the  center  of  the  engine  cylinder,  or 
parallel  to  the  center  line  of  the  cylinder,  and  place  the  en- 
gine so  that  such  a  line  will  be  square  with  a  line  stretched 
level  and  plumb  under  the  center  line  of  the  line  shaft  at 
the  same  level  as  the  cylinder  center  line,  or  the  line  which 
has   been   stretched   parallel   to   the    cylinder   center   line. 


Beveled  Safety  Valve  Seat — What  is  the  advantage  of  hav- 
ing the  seat  of  a  safety  valve  beveled  at  an  angle  of  45  deg. ? 

M.  O.  D. 
The    advantage    is    that    as    soon    as    the    valve    lifts    from 


its  seat,  a  larger  area  is  presented  for  the  pressure  of  steam 
to  act  on  the  valve,  thereby  compensating  for  the  reduction 
in  pressure  right  at  the  point  of  release  of  the  steam.  An- 
other advantage  is  that  the  valve  and  its  seat  do  not  wear 
away  so  rapidly,  and  the  valve  will  thereby  be  kept  tight 
longer. 


Saturated  Steam  From  a  Superheated  Supply — If  a  battery 
of  boilers  were  fitted  with  a  superheater  and  the  whole  out- 
put of  steam  were  to  be  taken  from  one  main  pipe,  how 
could  one  particular  engine  be  supplied  with  steam  that  i» 
not    superheated? 

M.    O.    D. 

The  steam  for  that  particular  engine  could  be  carried  off 
separately  through  an  uncovered  pipe  and  allowed  to  lose  its 
superheat,  if  desired,  before  the  steam  is  supplied  to  this 
engine,  thereby  reducing  the  steam  to  the  condition  of  ordin- 
ary  saturated   steam. 


Velocity  of  Pump  DlMcharge — On  page  314,  Mar.  3  issue,  is 
given  a  formula  for  figuring  the  velocity  of  a  pump  discharge 
against  80  lb.  pressure.  How  could  the  velocity  be  calculated 
for  other    pressures? 

D.    F.    B. 

The  mention  of  80  lb.  pressure  was  superfluous  beyond 
indicating  that  the  water  pumped  is  a  homogeneous  liquid. 
Considering  water  as  an  incompressible  liquid,  for  a  given 
rate  of  pump  displacement,  the  velocity  or  speed  attained 
by  the  liquid  when  pumped  through  a  given  size  of  pipe 
would   be   the   same   for  all   pressures. 


Furnace-Llnlng  Trouble — The  side  walls  of  our  boiler  fur- 
naces burn  out  very  quickly  down  next  to  the  grates.  What 
causes   it? 

J.  W.  D. 

If  burning  out  of  the  firebrick  is  due  to  the  material  of  the 
brick,  as,  for  instance,  presence  of  sand  melting  to  glass, 
the  trouble  may  be  detected  by  examining  whether  slag  has 
formed  within  the  brick.  If  slag  forms  only  on  the  furnace 
face  of  the  firebrick,  it  is  probably  due  to  presence  of  silica 
(sand)  in  the  coal  or  mixed  with  the  coal.  If  the  brick  crum- 
bles with  a  clean  fracture  the  crumbling  is  due  to  expansion 
of  some  material  or  substance  in  the  pores  of  the  brick,  prob- 
ably water  due  to  moisture  in  the  brick  when  laid,  or  after- 
ward absorbed. 


Unit  of  Evaporation  and  Factor  of  Evaporation — What  is 
meant  by  the  terms  unit  of  evaporation  and  factor  of  evap- 
oration? 

J.  D. 

The  unit  of  evaporation  is  the  common  standard  to  which 
the  results  of  boiler  performances  are  compared,  being  the  heat 
required  to  evaporate  1  lb.  of  water  from  a  feed-water  tem- 
perature of  212  deg.  F.  into  steam  at  the  same  temperature, 
which,  according  to  standard  steam  tables,  is  equivalent  to 
970.4  B.t.u.  A  factor  of  evaporation  is  the  quotient  which 
results  from  dividing  the  number  of  heat  units  necessary  to 
evaporate  1  lb.  of  water  under  actual  conditions  of  feed-water 
temperature  and  steam  pressure,  by  the  heat  equivalent  of 
a   unit   of  evaporation,   i.e..   b.v   970.4    B.t.u. 


Resetting  Pump  Rod  Spool — If  a  spool  slips  on  a  pump  rod 
how    should    it    be    reset? 

M.   O.   D. 

Move  the  piston  rod  of  the  side  which  carries  the  spool 
so  the  steam  piston  on  the  same  rod  strikes  one  end,  and 
then  move  it  so  it  strikes  the  other  end,  each  time  making 
a  mark  on  the  rod  even  with  the  end  of  the  stuffing-box. 
Next  find  a  point  midway  between  the  marks  and  move  the 
piston  rod  into  the  cylinder  until  this  mark  comes  even  with 
the  end  of  the  stuffing-box.  The  piston  will  then  be  in  the 
middle  of  its  stroke.  Then  remove  the  valve-chest  cover  and 
set  the  rocker  so  that  when  the  rocker  arms  and  the  valve 
rod  of  the  opposite  side  of  the  pump  are  standing  still  the 
"lost  motion"  will  permit  the  valve  to  be  moved  as  far  to  one 
side  of  its  central  position  as  the  other.  When  this  condition 
is  satisfied  the  spool  will  be  in  its  right  position  on  the  rod, 
and   can  be  fastened   in  place. 
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E-lewmeinvtary  MeclbairTiics— IV 

L  \M'   Li  ssoNs   .\\s\\  i:u> 

II.      When  a   hodx    is  rctiiinicd  as  acted   ii|)om  l)y   fui 
onlv  it   is  lallfd  a  "rice  liodv." 
l\?.      V.'s. 

i; 


Yes. 

II.     •I'll.' 
result  a  lit  = 
poiit'iits 
colli  pononts 


(•(iiidiliniis   n(  (Mniililninin    ai'c    that    (  I  )    lln- 
0;  (',.*)  the  simniiation  of  tlic  horizontal  com- 
0:   and    (.'!)    llir   suniination   of   the   vertical 
0. 

ITi.  In  Fig.  i;)  the  foici'  /',  icpresenls  tlic  force  e.x- 
ortod  hv  tlie  steam  on  ilic  piston,  t  i-ansinitted  tiirongh 
tJie  piston  and  connect inij-rods.  to  the  crankjiin.  Tlie 
force  P„  might  represent  either  I  lie  weigiit  of  a  flywheel, 
or  the  rotating  liehl.  or  armature,  of  a  generator.  The 
forces  /i'l  and  1!.^  represent  the  reactions  offered  l)y  the 
main  hearings,  and  the  foreo  P,  couhl  be  either  the 
weight  of  a  ])ulley,  or  the  weiglit  of  a  flywheel,  depend- 
ing upon  tlie  type  of  engine  and  tlie  nature  of  the  load. 

l']Qri].ini!ir.M   Coxtim  kd 

If  the  three  conditions  of  eipiilibrium,  as  stated  at  tiie 
close  of  last  week's  lesson,  are  thoroughly  mastered  l)y 
the  student,  but  little  trouble  will  be  experienced  in  deal- 
ing with  forces  which  produce  a  state  of  uniform  motion 
or  rest  of  a  body.  Keferring  to  Fig.  10  in  Lesson  III, 
the  force  T  is  the  resultant  of  OM  and  the  force  P,  but 
this  resultant  T  is  balanced  liy  the  corresponding  reac- 
tion of  the  crankpin  on  the  counecting-rod.  There- 
fore, since  the  forces  are  all  in  balance  the  resultant 
must  equal  0.  To  find  the  force,  then,  required  to  bal- 
ance a  system  of  forces  it  is  necessary  (1)  to  isolate  all 
the  forces  from  the  body  on  which  they  are  acting,  (2) 
to  resolve  these  forces  into  their  horizontal  and  vertical 
components,  (3)  from  the  components  thus  found  to 
determine  the  resultant  force,  and   (i)   then  the  desired 
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Fig.  13. 

force  will  be  a  force  which  is  equal  and  opposite  to  the 
above  resultant. 

To  demonstrate  this  principle  take  the  ordinary  type 
of  flywheel  governor,  as  shown  in  Fig.  14.  As  the  en- 
gine speeds  up,  or  slows  down,  the  balls  B  and  A  move 
farther  away  from,  or  closer  to  the  spindle  OD:  AVhen 
the  engine  is  running  at  a  uniform  speed  the  governor 
balls  remain  at  a  fixed  distance  from  the  spindle. 

T>et  Fig.  15  represent  one  of  the  balls  ns  a  free  body. 
The  line  OB  is  drawn  parallel  to  the  line  OA  and  repre- 


sents the  resistance  oflVied  by  the  arm.  The  line  Ol-J 
is  vertical  and  proportional  to  the  weight  of  the  hall  .1, 
and  tlie  liorizontal  line  OF  indicatcK  the  centrifugal 
force  tending  to  pull  the  ball  A  in  a  straight  line.  Con- 
struct (he  parallelogram  UOKSB  and  draw  the  diagonal 
ON,  which  is  the  resultant  of  the  forces  7'  and  W .     'I'he 
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centrifugal  force  exerted  by  the  ball  A  must  then  be 
equal  and  opposite  to  the  resultant  OX,  and  when  such 
a  condition  holds  true  all  the  forces  are  in  balance  and 
will  continue  to  be  so  until  the  speed  of  the  engine 
changes.  This  will  change  the  value  of  the  centrifugal 
force  C  and  then  the  arm  OA  will  take  a  new  positimi 
until  the  forces  again  come  into  a  state  of  equilibrium. 

Triaxgle  of  Forces 

\Mien  three  forces  acting  in  the  same  plane  keep  a 
!)i>dr  in  equilibrium  the  resultant  of  any  two  of  the 
forces  must  be  equal  and  opjwsite  to  the  third  force.  For 
this  to  be  ti'ue  the  third  force  must  pass  through  the 
same  point  as  the  other  two.  Tlierefurc,  ■.-lien  three 
forces  acting  in  the  same  plane  produce  a  state  of  equi- 
librium, these  forces  must  pass  through  a  common  point. 

Example — Let  Fig.  16  represent  a  common  form  of 
Mall  crane  and  assume  the  load  as  acting  at  the  point  A. 
This  load  W  causes  (1)  a  tension  or  pull  in  the  tie-rod 
AC  which  is  counteracted  by  the  rod  exerting  a  corre- 
sponding reaction  T,  from  A  to  C :  and  (2)  a  compres- 
sion or  push  in  the  beam  AB,  which  is  counteracted  by 
the  reaction  P  of  the  beam  from  B  to  .4.  From  the 
previous  discussion  it  follows  that  the  resistance  offered 
bv  BA  is  equal  and  opposite  to  the  resultant  of  the  ten- 
sion in  the  tie-rod  AC  and  the  M^eight  W. 
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Let  Fig.  17  rcprc'sont  tlio  point  A  as  a  free  body.  The 
line  OG  replaces  tiio  resistance  offered  by  the  beain  BA, 
tlie  line  W  replaces  the  weight  W,  and  the  line  ON  re- 
places the  resistance  offered  by  the  rod  AC.  From  the 
point  N  draw  the  line  NH  equal  and  parallel  to  the  line 
11'.  Draw  no  equal  and  parallel  to  OG.  There  is  thus 
formed  the  triangle  ONIIO  in  which  it  will  be  noted  that 
the  force  T  is  acting  from  0  to  N ,  the  force  W  from  N 
to  H,  and  the  force  /'  from  //  to  0.  In  other  words,  the 
three  forces   acting  on   the   point   0  have  been  replaced 


by  a  triangle  which  is  called  a  force  triaiKjlr.  Hence  the 
following  mile  can  be  stated  : 

M'hen  three  forces  acting  at  a  f/imi  point  on  a  body 
are  in  equilibrium,  these  forces  can  be  represented  in 
direction  and  magnitude  b)/  the  sides  of  a  triangle  taken 
in  order,  if  the  sides  of  the  triangle  are  parallel  to  the 
respective  forces.  Conversely,  if  three  forces  acting  on 
a  body  can  be  represented  in  direction  and  magnitude  by 
the  sides  of  a  triangle  taken  in  order,  the  forces  will  be 
in  equilibrium. 

This  law  is  simply  another  application  of  the  parallelo- 
gram of  forces.     The  im])ortant  part  of  the  law  is  that 


Fifi.  1(5. 


the  sides  must  be  taken  in  the  same  order,  or  in  the  same 
way  around.  This  law  does  away  with  the  necessity  of 
resolving  forces  into  their  horizontal  and  vertical  com- 
ponents. Thus  in  the  triangle  ON  HO  (Fig.  17)  the 
angle  NOH  must  equal  the  angle  a    (which   is  known) 


and  the  side  NH  equal  the  known  weight  or  load  ]\\ 
The  hypotenuse  ON  will  then  equal  the  unknown  tension 
T  in  the  tie-rod  .\C  and  the  base  OH  will  give  the  com- 
pression in  the  beam  AB. 

Example — Suppose  the  angle  a  (Fig.  1(5)  is  30  deg. 
and  the  load  If  =  1000  lb.;  what  is  the  tension  T  in  the 
rod  AC,  and  what  is  the  compression  P  in  the  beam  .Ml? 
Use  the  force  triangle  of  Fig.  1 7,  letting  the  angle  NOH 


--  30  deg. 

and  the  line  Xff  =   1000  lb. 

NN      W 

erefore. 

T  =  J     =.'^^  =  2<m!b 
sin  a        0.5 

Iso 

NH        W 

tan  a  =  -^^^  =  -^ 

therefore. 


/'  = 


W 


1000 


tan  a       0,577 


=  1 73-^  lb. 


This    pn)l)lciii    is   comparatively   sini])l(;    because   the   tri-- 
angle  contains  a  right  angle. 

Study  Questioxs 

1(5.     Two  forces  of  SO  and   100  lb.  act  on  a  body  and 
make  an  angle  of  (50  deg.  with  (>ach  other.     Find  the  ili- 
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rection  and  magnitude  ol'  a  third  force  to  produce  equi- 
librium.    Assume  the  force  of  100  lb.  as  horizontal. 

17.  In  Fig.  16  the  tension  T  must  not  exceed  2000 
lb.  If  the  angle  a  is  35  dog.,  what  is  the  maximum  load 
that  can  be  suspended  from  the  point  .-1  ? 

18.  In  Fig.  15,  if  the  weight  F  =  40  lb.  and  the 
centrifugal  force  (7  ==  30  lb.,  determine  the  tension  in 
the  arm  OB. 

19.  In  Fig.  1(5,  let  the  weight  11'  be  suspended  at  a 
point  midway  between  the  points  A  and  B.  Will  the 
tension  in  the  tie-rod  .iC  be  increased  or  decreased? 

20.  Will  the  pressure  at  the  point  B  remain  hori- 
zontal? If  not,  how  could  its  line  of  action  be  deter- 
mined? 

m 

To  Teach  Fuel  Keonoiny — To  teach  employees  of  the  Nort.i  - 
ern  Pacific  Ry.  system  how  to  use  coal  economically,  and  how- 
to  avoid  creating  smoke  nuisances,  George  T.  Conley,  fuel  su 
pervisor  of  the  system,  will  deliver  lectures  at  the  principal 
stations  on  the  line.  Mr.  Conley  will  travel  in  a  special  car 
fitted  out  to  serve  as  a  lecture  hall,  and  it  is  estimated  that 
he  will  consume  more  than  a  year  in  completing  the  course 
of  instruction. 
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OVER  THE  SPILLWAY 

JUST  JKSTH,  JA»S.  JOH  II  i;s  A  N  I)  J  II  MH  MIS 


THe  Pskssinf^  of  a  Bac 


It.    T.    STItollM 


I..aHt    week   JomIiiIi    IIiu'Iiiw'h   Mill 

lU-Kuii  to  wui'k  at  Iluukui'H  mill. 

For  ho   WUM  Huch  ii  K(>l-<lai'iic(l    fool 

It  wain't  no  u.su  to  ko  to  hcIiooI. 

They  turiieil  him  loose  with  hru-sh  an'  broom 

To  Hwoep  an'   (lu.Mt   the  enKinu    room. 

Almut    the    tinio    that    he    was   throiiKh, 

The  Kuvner  belt  bii.st   rlnht  In   two. 

Then   that  olo  engine  .she   cut   loo.se 

An'   ran  to  heat  the  very  deuce. 

The  enjtlneer  woke  up  an'   swore, 

An"   then  he  heat  It  for  thts  door. 

IU;t  thlnkln"   he  mi^ht   save  the   mill, 

He  bellered,   "Grub  her   throttle,   Hill!" 

Now   Hill,   poor  dub,   he  couldn't  see 

Jii:U    where    her    throttle    oui^ht    to    be; 

Hut  he   was  willin',   youn^;  and   spry. 

An'  when  the  crosshead  caunht  his  eye 

He  braced  his  laiKs  an'   took  a  breath 

An"  grippe<l  it  with  the  grip  of  death. 

It   rastled  poor  Bill   to  an"   fro 

Some  eighteen  thousand  times  or  so. 

His   laiRs    went    lloppin'    everywhere. 

Now   on  the  floor,    now   in   the  air. 

It  banged  his  bean  down  on  the  floor 

Some  twenty  million  times  an'  more 

Before  Hill  got  a  little  wit 

An"   thought   he'd   best  let  go  of   it. 

But   when   he  let  it   go  at   last. 

Poor  Bill  was  speeded  up  so  fast 

He  slithered  off  acrost   the  floor 

An'  then  out  through  the  open  door. 

He  took   the  pasture   in  a  jump 

An"   sailed    right   by   the   village   pump. 

He    bounced    along    the    quiet   street, 

Now   on   his   head,    now   on   his   feet, 

An'   so   on   through   the  big   glass   plate 

■Up  at  the  store  of  Old  Man  Tate. 

He   knocked  it   into  smithereens 

An"  come  to  rest  among  some  beans 

An'   prunes  an'    rice   an'   other  trash 

So  dry  an'  hard   they  couldn't  smash. 

Bill   sot   there   for   a   little   while 

A-smilin'    of  a   thoughtful   smile. 

An'  while  he  thought  he  took  a  prune 

An"  absent-minded  got  to  chewin." 

Then  Old   Man    Tate  he   lost  his  head. 

His  face  went  white,  his  neck  got  red. 

He  yelled   "Police!"   an'   Jacob  Dunn 

Come    tearin'   up   street   on   the    run. 

Whenever   Jake   don't   get   too    full 

He  is  our  local  constabull. 

He   sorted   Bill  out   from   the  beans 

An'   pulled   a   pistol   from   his   jeans. 

An'   told   Bill  not  to  stop  or  talk 

But  step  off  at  a  lively  walk. 

Bill  saw  that  balkin'  was   no  use 

An'  marched  off  to  the  calaboose. 

We  thought  the  Court  would  make  him  pay 

For  bustin'    up   the  store   that   way; 

But    sakes    alive!      Judge    Adam    Squeers 

Gave  Bill  a  term  of  seven  years 

For  stealin'  prunes  from  Old   Tate's  shop. 

Sez  he,   "This  wave  of  crime  must  stop!" 

Bill    took    his   sentence   ca'm    enough 

But    said    he    thought    it   kind    of    tough 

To    make   him    run    so   far   an'    fast 

To   get   one    measly    prune   at   last. 


"That's  our  general  superintendent — son  of  the  president — 
he  began  at  the  bottom  and  worked  up — started  in  b<|ing  an 
oiler,   right  after  he  left  college!" 

"'V\'hen  was  that?"' 

"Oh,   he  graduated  last  June!" — "Puck." 

Now,  oilers,  if  your  dad's  a  president,  show  him  the  joke 
— and  you'll  probably  be  worked  up.  If  he's  not,  you'll  be 
worked  up,   anyhow. 


Buyiinif  Coc&l  on  Speciflcation 
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In  till'  plant  llu;  wriU.T  i)|)i'rati'S  coal  is  iHircliHHotl  <»ii 
llii"  H|a'rifi(alion  baHis.  All  ci»al  delivered  iniiHt  be  of  a 
(|iiaiity  ('(|iml  or  HuptTior  to  tlio  Htandnrd  analyKis  for  the 
varioiiH  sizes  f^ivcm  in  Tabic  1. 

TAIU.K   1.     ,STANI)Ann  A.N'AI.VSIS 


Si?. 
Hl.>vt 


nuckwheat  No.  1 
Uurk»h<nt  No.  2 
Duckwlicut  No  .( 

As   it 


I'.r  C<-iit. 
.Moixtun-  iw 
Dclivcrod 


r.r  f '.lit. 
Volnlili'  Com- 
Viit.    bu-tihlc  Mnl- 

l>ry     U'T  in  Dry 
III  Coal 

8 


Pit  Cent. 
Volnlili, 

.Siilpliiir    Hcnt  I'niUi 
)ry       i>ir  1,1.   of 


Colli 
1 
1 
1 


?Jry  Coitl 
U.2I)II 
i:i,(XK) 
12,.'t(X) 
12,2(X) 
12,I(K) 
12,(KX) 


iiiiltorlaut  tiiat  tin;  coal  used  should  be  as 
uniroi'in  as  pos.sible,  any  variation  in  size  greater  tlian 
allowed  in  Table  2  is  cause  for  rejection. 

TAIU.K  2.     SPECIFICATIONS  ON  SIZE 


90  IVr  C<-iit.  Should 

PaHH  throuKli  Sf]uiir(— 

.Mc»h  S<r..<-n 

In 


2i 


90  Per  Cent.  Should 

Piuw  over  Square- 

-MfHh  Screen 

In. 

2 


^ 


1 


Size  of  Coal 

EgR 

Stove 

Pea 

Buckwheat  No.  1 

Buckwheat  No.  2 

Buckwheat  No.  3 

A  sample  of  the  delivered  coal  is  taken  at  the  point 
of  weighing;  about  200  lb.  for  a  100-ton  delivery.  This 
is  reduced  by  quartering  to  about  5  lb.,  which  amount  is 
put  into  moisture-proof  receptacles,  and  taken  to  a  speci- 
fied laboratory  for  analysis  to  determine  the  percentage 
of  moisture,  ash,  volatile  combustible  matter  and  vola- 
tile sulphur.  The  heat  units  are  determined  by  means  of 
a  bomb  calorimeter. 

Correction  is  then  made  in  the  gross  weight  delivered, 
for  any  excess  per  cent,  found  over  that  allowed  in  the 
standard  analysis,  at  the  following  rates : 

For  excess  moisture,  the  gross  weight  is  corrected  by 
an  amount  directly  in  proportion  to  such  excess  per  cent. 
For  instance,  an  excess  of  2  per  cent,  moisture  will  re- 
duce the  gross  weight  2  per  cent,  and  so  on. 

For  excess  ash,  the  gross  weight  (corrected  for  mois- 
ture) is  reduced  at  the  rate  of  1  per  cent,  for  each  1  per 
cent,  of  ash  found  in  excess  of  the  standard. 

For  excess  volatile  combustible  matter,  the  gross  weight 
(corrected  for  moisture)  is  reduced  at  the  rate  of  2  per 
cent,  for  each  1  per  cent,  of  volatile  combustible  mat- 
ter found  in  excess  of  that  allowed. 

For  excess  volatile  sulphur,  the  gross  weight  (corrected 
for  moisture)  is  reduced  at  the  rate  of  .5  per  cent,  for  each 
1  per  cent,  of  volatile  sulphur  exceeding  that  allowed. 

For  B.t.u.  below  that  specified  the  gross  weight  (cor- 
rected for  moisture)  is  reduced  at  the  rate  of  1  per  cent, 
for  every  100  B.t.u.  below  the  specified  amount. 

All  deductions  for  ash,  volatile  combustil)]e  matter, 
volatile  sulphur  and  heat  units  are  then  added  together 
and  subtracted  from  the  gross  weight  as  corrected  for 
moisture.  The  balance  is  the  weight  paid  for.  This 
method  has  given  good  results.  Xo  check  analysis  is 
allowed  on  moisture,  a.«  the  fir.^t  re.«ult  i.<  final. 
'^. 

Electrification  of  the  Norwegian  government  railroads  is 
the  subject  of  a  newly  submitted  report  by  a  special  com- 
mission. The  excessive  prices  of  imported  coal  (Norway 
having  no  coal  mines)  led  to  the  investigation  of  the  feas- 
ibility of  using  "white  coal,"  and  the  electrification  of  seven 
trunk   lines   at    a   cost    of   $9,000,000    is   recommended. 
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m  of  Boiler 


By  Fuaxcis  H.  Davies 


SVNOPSIS — Internal  and  external  corrosion,  pitting, 
the  forming  of  acids,  electrolytic  action  and  the  use  of 
:inc  plates  to  retard  its  effect. 

'V, 

Under  ordinary  conditions  ol'  working  the  principal 
cause  of  steam-boiler  deterioration  is  corrosion.  Wasting 
may  be  said  to  commence  immediately  after  the  rolling 
of  the  plates,  and  through  its  entire  life  a  boiler  is  con- 
tinuously subjected  to  an  insidious  process  of  decay  which 
is  often  difficult  to  locate  and  to  prevent.  Broadly  speak- 
ing, there  are  three  main  forces  which  contribute  to  the 
gradual  destruction  of  a  boiler.  The  chief  are  chemical 
and  electrical  action,  but  mechanical  movement  or  strain 
is  also  largely  responsible.  '^I'he  effect  of  these  actions 
IS  apparent  both  internally  and  externally,  the  former  be- 
ing more  dangerous  and  complicated  than  the  latter  as 
the  destructive  forces  at  work  are  more  numerous.  P]x- 
ternal  corrosion  usually  becomes  evident  before  much 
harm  is  done,  and  almost  without  exception  the  cause  is 
oxidization  or  rusting  brought  about  by  various  means. 
Moisture  is,  of  course,  the  root  of  this  trouble,  and  its 
presence  may  be  due  either  to  exposure  to  the  atmosphere, 
the  careless  use  of  water  around  the  boilers,  leaky  seams 
and  rivets  or  the  absorption  of  water  by  the  brickwork. 

Of  the  careless  use  of  water  around  the  boilers  the  best 
example  lies  in  the  practice  of  quenching  ashes  when  the 
fires  are  cleaned.  A  result  is  the  formation  of  sulphuric 
acid  which  rapidly  corrodes  any  metal  it  may  come  in 
contact  with.  Should  it  collect  on  the  plates  in  its  earlier 
forms  of  SO,  or  SO3  it  is  harmless,  but  any  small  leaks 
which  may  occur  at  seams  or  rivet  heads  will  add  to  the 
trouble  at  once  by  providing  the  necessary  moisture.  Such 
small  leakages  are  generally  ignored  as  they  do  not  in 
themselves  constitute  a  serious  source  of  weakness  and 
are  often  difficult  to  calk,  but  if  left  unattended  it  will 
only  be  a  question  of  time  for  the  combined  eroding  and 
corroding  actions  to  produce  a  more  serious  state  of  af- 
fairs. It  must  be  borne  in  mind  that  rusting  or  oxidatioii 
is  greatly  facilitated  by  heat  and  also  by  the  presence  of 
carbon  in  the  form  of  coal  dust.  Add  to  these  moisture 
to  an  appreciable  degree  and  the  result  is  the  formation 
of  ferrous  carbonate  on  the  plate,  which  in  turn  is 
oxidized  and  changed  into  ferric  oxide.  Carbonic  acid  is 
liberated  during  these  chemical  reactions  and  in  con- 
junction with  oxygen  from  the  air  assists  in  decay  of  the 
metal. 

In  Lancashire  boilers,  external  cori'osion  is  most 
marked  in  the  Hues  and  close  to  the  brickwork.  The  lat- 
ter is  capable  of  retaining  a  great  store  of  moisture,  and 
hence  the  well  known  and  dangei'ous  result  of  corrosion 
at  the  seatings.  Should  the  boiler  be  situated  on  damp 
ground  it  is  essential  that  it  should  be  provided  with  a 
good  concrete  foundation  as  this  is  the  only  means  of 
keeping  out  moisture  which  rises  from  the  ground.  So 
far  as  the  brickwork  is  concerned,  the  best  plan  is  to 
place  sheets  of  iron  between  it  and  the  boiler,  in  which 
case  the  sheets  alone  will  be  attacked.  Owing  to  the 
destructive  action  of  lime   when   wet,   clav  mortar   onlv 


should  be  used  in  close  proximity  to  the  plates.  Flue 
corrosion  arises  from  the  fact  that  the  gases  are  rich  in 
the  products  of  sulphur  and  carbon,  which  in  the  pres- 
ence of  moisture  form  a  powerful  corrosive  agent. 

So  far  only  chemical  action  has  been  considered,  but 
it  is  also  necessary  to  take  into  account  the  equally  de- 
structive electrical  action  which  is  the  natural  sequence 
of  the  chemical  effects.  Iron  oxide  is  electro-negative  to 
iron,  and  the  two  in  conjunction  with  even  the  smallest 
amoimt  of  moisture  form  an  active  electric  cell  which 
rapidly  eats  away  the  metal.  This  is  particularly  the 
case  in  flues  where  the  electrolyte  formed  by  the  com- 
bination of  flue  gases  and  moisture  is,  electrically  speak- 
ing, more  highly  exciting  than  moisture  alone.  The  same 
effect  is  noticeable  in  iron  coal  bunkers,  where  the  contact 
of  wet  coal  with  the  plates  sets  up  electrical  action  and 
eats  away  the  latter,  but  perhaps  the  best  example  of 
electrolytic  corrosion  is  provided  liy  brass  or  gunmetal 
fittings,  such  as  water  and  pressure  gages,  check  valves, 
etc.  The  unequal  expansion  of  the  two  metals  gives  rise 
to  leakage,  and  this  provides  the  remaining  essential  for 
the  formation  of  an  electric  cell.  In  such  cases  corrosion 
is  often  rapid  and  subsequent  trouble  will  be  avoided  if 
such  fittings  are  from  the  first  thoroughly  looked  after. 

Internal  corrosion  presents  a  more  difficult  prol)]em 
than  the  foregoing,  as  the  number  of  destructive  forces 
to  take  into  account  is  greater.  Grooving  is  well  known 
to  be  a  serious  disease,  which,  arising  in  the  first  place 
from  faulty  construction  and  too  rigid  staying,  is  greatly 
aggravated  by  corrosion.  There  is  a  considerable  differ- 
ence in  the  temperature  of  the  top  and  the  bottom  of  a 
furnace  tube,  which  consequently  tends  to  arch.  This 
should  be  and  generally  is  provided  for,  but  if  expansion 
is  too  greatly  restricted  by  staying,  the  plates  of  the 
furnace  tube  are  subjected  to  severe  stress,  and,  unless 
very  ductile,  the  continued  repetition  results  in  cracks 
which  usually  occur  at  the  furnace  end.  The  fresh  metal 
thus  exposed  is  immediately  attacked  by  any  acids  whicli 
may  be  present  in  the  water  and  the  original  crack  is  in 
course  of  time  developed  into  a  groove.  This  serious  de- 
fect cannot  be  remedied  without  somewhat  drastic  alter- 
ations in  the  construction  of  the  boiler,  but  further  weak- 
ening may  be  prevented  by  judicious  reinforcing  of  the 
plate. 

The  familiar  phenomenon  of  jiittiiig  may  arise  from 
several  causes,  both  chemical  and  electrical.  During  the 
process  of  rolling  the  plates  snuill  pieces  of  carbon  and 
slag  are  sometimes  forced  into  the  metal,  and  when  these 
come  under  the  influence  of  the  water  in  the  boiler,  elec- 
trolytic action  is  at  once  set  up  and  the  metal  in  close 
proximity  to  the  fragment  of  scale  is  eaten  away.  There 
are,  however,  more  common  causes  than  this,  and  per- 
haps the  most  prevalent  arises  from  oil  in  the  feed  water. 
An  animal  or  vegetable  oil  decomposes  into  various  acids 
when  subjected  to  heat,  and  these  naturally  attack  the 
plates,  particularly  in  positions  where  the  emulsified  oil 
has  settled  upon  them.  There  is  no  excuse  for  the  em- 
ployment of  such  oils  in  engine  cylinders  as  the  harm 
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<1h'v  I'lTt'ct  is  well  known,  Iml  the  I'm  I  iciniiinH  llinl 
thi'on^h  a  inisttikcn  idea  til'  rtoMoniv  llit-y  aru  still  ol'lcn 
i'ni)iliiviMl  knowin^^'lv  and  |ii>i'ha|m  more  (il'tcii  unwitlmKly 
as  ailuitcrantK  in  niini'ial  oils.  ('Iu'a|)  oil  in  a  tondcnHin^ 
|)lant  is  always  a  inislak<>,  as  lioilcr  cornisioii  is  an  in- 
»'\  ilalilc  s('(|iu'l.  i'illin;,'  is  oltiMi  found  intniuilly  ojjpositf 
tilt*  lines  of  soatin;;;,  and  in  this  case  it  arises  from  the 
com  para  live  cooliu'ss  id'  these  portions  and  the  jireHenee 
for  a  ionjier  time  of  the  oei'luded  pises  in  the  water. 
Also,  tiiere  is  little  douht  that  it  is  aeeentuated  hy  elee- 
trolytie  action  arisinjj  from  the  dilTerenee  in  temperature 
of  the  two  parts  of  the  plates.  Sueh  temperature  (lilfor- 
ehce  arts  upon  the  moleeular  st  iiieliirc'  of  the  metal  in 
sueh  a  way  that  the  part  of  the  plate  at  the  higher  tem- 
perature heeomes  eleetro-positive  to  the  cooler  part,  and 
the  fornu'r  is  conse(]m'ntly  coi'roded.  The  same  etl'ect  is 
found  in  furnace  tuhes  at  the  sides,  and  }j;enerally.  cases 
of  pittinj;  which  seem  ine.xplicahle  m;  y  often  he  traced 
to  this  cause. 

(ienoral  wasting;  and  ])itling  arise  from  the  presence 
of  air  or  oxygen  in  the  water,  the  plates  heing  attacked 
and  an  oxide  or  scale  formed.  Iron  does  not  rust  in  ])ure 
and  dry  air  or  oxygen,  neither  does  it  corrode  in  pure 
distilled  water  entirely  free  from  oxygen,  but  if  both  are 
present  as  must  necessarily  he  the  case  in  ordinary  ])rac- 
tice,  the  result  is  that  natural  wasting  which  terminates 
the  life  of  a  boiler  by  sini])le  old  age. 

For  the  purpose  of  retarding  electrolytic  action,  it  is 
custonuiry  to  place  in  the  boiler  zinc  plates  connected  eluc- 


(rically  to  the  shell.  The  prim  ipic  is  to  deliberately  set 
up  electnilylic  action  between  llie  two,  but  the  zinc  Huf- 
fers,  being  electro-positive  to  iron  or  steel,  and  tlie  boiler 
shell  is  prote.'ted  from  the  electrically  exciting  action  of 
any  acids  that  may  be  prr'sent  iri  the  water.  There  is  no 
tjuestion  that  this  is  an  efrective  way  of  mitigating  cor- 
rosion, i)ut  everything  will  depend  upon  the  manner  in 
uliicli  the  arrangement  is  installed.  It  is  (|uite  imek'SK 
to  |)lace  a  zinc  slab  in  a  boiler  without  any  electrical 
connection,  although  this  is  fre(|uently  done;  neither  will 
it  be  etl'ective  to  suspemi  the  slab  from  some  convenient 
stay  by  a  loose  piece  of  wire.  .\  sound  and  substantial 
electrical  connection  with  the  shell  must  be  made,  and  the 
best  arrangemcMl  is  to  nut  down  several  zinc  slabs  to 
studs  screwed  into  ibc  sides  of  the  furnaiies  or  combuB- 
tion  chambers.  TIk;  slabs  should  be  about  1  in.  thick 
and  should  eac-h  have  an  area  of,  say,  <)<)  sq.in.  The  con- 
tact surfaces  should  lie  thoroughly  clean  and  bright,  and 
the  nut  screwed  up  iuiiil  enough  to  keep  moisture;  from 
finding  its  way  between  them.  This  is  a  much  more  sat- 
isfactory arrangement  than  that  of  attachment  by  wires. 
soldered  or  othei'wise,  since  such  connections  are  in  the 
way  during  cleaning  and  seldom  have  sufficiently  ample 
contact  surface. 

For  a  new  boiler  satisfactory  and  effective  protection 
will  be  obtained  l)y  using  the  proportion  of  1  sq.ft.  of 
zinc  to  every  ')()  sq.ft.  of  heating  surfaci-.  l)ut  as  the 
boiler  ages  this  proportion  may  safely  be  reduced  to  1  to 
75  or  1  to  100. 
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Endl  Care  of  TujirIbo« 
inerators 


By  H.  M.  McLkllan 


A  perfect  alignment  must  be  secured  and  maintained 
between  the  rotating  parts  of  the  turbo-generator  set.  Any 
out-of-alignnu'nt  causes  wear  on  the  coupling  faces  and 
tends  to  create  vibration.  Special  care  must  be  taken 
that  plenty  of  oil  is  conveyed  to  the  coupling  faces 
through  the  oil  holes  provided  for  that  purpose.  Lack 
of  sufficient  lubrication  at  this  point  will  cause  excessive 
wear  in  the  coupling,  with  consequent  vibration.  Or- 
dinarily, the  clearance  between  the  two  halves  of  the 
coupling  should  not  be  less  than  g\  in.  with  the  halves 
as  close  together  as  the  bearings  will  allow,  when  cold. 

Bearings  must  always  be  adjiistable  so  as  to  secure  the 
best  possible  alignment.  The  working  clearance  in  the 
bearings  should  be  as  small  as  possible,  and  should  not 
exceed  0.01  in.  The  end  clearance  must  also  be  small, 
not  exceeding  g^  in.  on  each  bearing  for  the  exciters,  and 
from  ^/64  to  '/g4  in.  on  each  beai-ing  for  the  generators. 
The  end  clearances  may,  of  course,  be  increased  where 
end  motion  is  prevented  by  the  coupling.  -Also  the  thrust 
shoulders  on  the  shaft  should  be  generously  proportioned. 

Care  must  be  taken  that  the  oil  is  retained  in  the  bear- 
ings, and  does  not  escape  or  creep  along  the  shaft  and 
get  into  the  generator  windings  as  it  will  eventually  de- 
stroy the  insulation. 

The  stator  must  be  set  magnetically  central  with  the 
rotor,  both  longitudinally  and  radially.  The  longitudinal 
position  can  best  be  determined  by  running  tlie  set  ex- 


cited and  adjusting  the  position  of  the  stator  until  all 
end  thrust  is  eliminated.  When  this  position  is  ob- 
tained, the  stator  should  be  securely  doweled  to  its  base. 
When  erecting  on  its  site,  it  will  generally  be  sufficient 
to  divide  the  clearance  between  the  rotor  and  the  end 
covers  equally  at  each  end,  as  these  clearances  are  usually 
adjusted  to  suit  the  magnetic  center  when  on  the  testing 
floor  of  the  manufacturer.  In  no  case  should  these  clear- 
ances be  materially  altered  without  first  referring  the 
matter  to  the  makers. 

A  perfect  l)alance  in  the  rotating  parts  must  be  ob- 
tained. In  many  cases  where  there  is  difficulty,  the 
trouble  is  not  due  so  much  to  lack  of  balance  as  to  a  lack 
of  proper  alignment,  imperfect  fitting  of  coupling,  or  ex- 
cessive clearance  in  the  bearings ;  hence  the  necessity  for 
eliminating  all  chance  of  trouble  by  proper  attention  to 
these  points  when  erecting.  If  it  is  suspected  that  the 
trouble  is  due  to  the  rotor  being  out  of  magnetic  bal- 
ance, this  can  be  determined  by  running  the  machine 
unexcited,  and  comparing  with  the  balance  when  excited. 

Of  course,  the  l)rushes  must  be  properly  bedded,  and 
have  the  faces  clean  and  smooth,  and  kept  from  chat- 
tering. If  sparking  takes  place,  the  cause  should  be  as- 
certained and  removed,  as  a  continuance  of  this  trouble 
will  rapidlv  destroy  the  brushes  and  also  the  surface  of 
the  slip  rings  or  commutator.  The  mica  between  the 
bars  on  the  exciter  commutator  should  be  filed  down,  and 
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copper  picking  by  the  l)rushos  should  l)e  stoppetl  by 
using  paraffin  on  the  cornniutator,  running  without 
load  until  it  has  taken  a  polish.  Trouble  which  cannot 
immediately  be  remedied  on  the  brush  gear  shoxdd  be 
reported  to  the  maker,  as  it  is  cumulative  in  its  eflfect 
and  ra])idly  destroys  the  brushes  and  collecting  gear. 

Sparking  at  the  brushes  may  be  due  lo  any  of  the  fol- 
lowing : 

(1)      Brushes  may  be  jammed  in  holders. 

(8)      Brushes  may  require  facing  up. 

(3)  Brushes  may  be  pressing  too  liglilly  on  tlie  slip 
rings. 

(4)  The  rings  may  be  rough.  If  so.  tbcy  sboidd  i)e 
smoothed  off.  The  rings  shouli!  run  smoothly  and  true 
with  a  dark,  glossy  surface. 

(5)  The  machine  may  vibrate  excessively,  due  to  poor 
foundations,  or  to  the  revolving  Held  being  out  of  bal- 
ance. 

(6)  The  rings  may  be  dirty  or  oily. 

When  brushes  used  with  radial-type  slip  rings  are 
made  to  lie  at  an  angle  other  than  90  deg.,  the  direc- 
tion of  rotation  should  be  against  the  angle. 

The  machine  should  be  kept  clean  and  free  from  oil 
and  moisture.  Compressed  air  may  be  vised  for  blowing 
out  dust  or  dirt,  at  a  pressure  usually  not  exceeding  -40 
lb.,  and  care  should  be  taken  that  the  air  contains  no 
moisture. 

All  insulation  washers  or  collars,  or  surface  insulation, 
should  be  given  special  attention  and  be  wiped  clean 
whenever  necessary.  All  screws,  connections  and  terminals 
on  the  machine  must  be  kept  tight.  If  any  connec- 
tions or  terminals  show  signs  of  becoming  dirty  or  cor- 
roded, their  ends  as  well  as  the  contact  parts  must  be 
thoroughly  cleaned. 

•*: 

By  1).  E.  Foster* 
The  customary  way  of  obtaining  the  circumference  of 
a  circle  on  the  ordinary  slide  rule  is  to  place  the  figure 
3.1410  of  the  C  scale  opposite  the  figure  1  or  10  on  the 
D  scale.  This  process  may  be  simplified  by  the  addition 
of  a  second  D  scale  placed  on  the  edge  of  the  rule  beneath 
the  regular  D  scale,  with  the   figure  3.1416  of  the  new 


Another  method  is  to  place  the  figure  0.7854  on  the  B 
scale  under  the  figure  1  on  the  A  scale.  The  area  is  then 
found  on  the  H  scale  after  the  cross-hair  has  been  placed 
over  the  given  diameter  on  the  D  scale. 

These  processes  may  be  simplified  in  a  manner  similar 
to  the  one  described  al)ove  by  the  addition  of  a  second  .1 
scale  located  on  the  upper  edge  of  the  \-\i\ii  above  tiie  regu- 
lar A  scale,  and  set  to  the  right  a  distance  suHicient  to 
make  the  figure  0.7854  of  the  new  scale  lie  directly  over 
the  figure  1  of  the  regular  A  scale.  By  setting  the  cross- 
hair over  the  diametei'  on  the  D  scale,  the  result  may  be 
found  on  the  new  A  scale. 

A  glance  at  the  illustration  will  suffice  to  show  how 
these  results  may  be  accomplished.  The  cross-hair  indi- 
cator is  not  shown  in  the  figure,  as  it  was  removed  to 
facilitate  the  photographic  work  necessary  to  build  up 
the  illustration. 

The  advantage  of  being  able  to  oljtain  the  circumfer- 
ence and  the  area  of  a  circle  at  a  single  setting  of  the 
cross-hair  without  moving  the  slider  is  evident.  There 
is  another  advantage,  however.  Suppose  one  wishes  to 
know  the  area  of  a  circle  when  he  has  the  circumference. 
He  sets  the  cross-hair  on  the  figure  representing  the  cir- 
cumference on  the  new  circumference  scale  and  reads  the 
area  of  the  circle  on  the  new  area  scale.  At  the  same 
time  he  may  read  the  diameter  on  the  D  scale  and  the 
area  of  a  circumscribing  square  on  the  B  scale.  Hence 
it  is  evident  that  if  one  of  these  four  functions  is  known, 
the  other  three  may  be  determined  by  one  setting  of  the 
cross-hair.  There  are  a  number  of  other  common  prob- 
lems that  will  be  considerably  shortened  by  the  use  of 
these  two  new  scales. 

m. 
Auald's  S®.i®tw  Vsilve 

A  design  of  safety  valve,  the  invention  of  David  Auld 
&  Sons,  Ltd.,  Glasgow,  is  illustrated  herewith.  It  is  of 
the  class  adapted  to  allow  overpressure  steam  to  escape 
from  the  full  area  of  the  main  valve  or  nearly  so,  the 
main  valves  being  opened  by  the  steam  pressure  acting 
on  one  side  of  a  piston  secured  to  the  main  valve  when  the 
pressure  on  the  other  side  of  the  piston,  which  maintains 
the  valve  in  the  closed  position,  is  relieved  by  au.xiliary- 
valve  opening  by  the  action  of  the  overpressure  on  a  pis- 
ton secured  to  the  au.xiliarv  valve.     In  this  design  onlv 
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scale  in  line  with  the  figure  1  above  it  on  the  I'egular  D 
scale.  By  setting  the  cross-hair  over  the  given  dianu'ter 
on  the  regular  D  scale,  the  operator  can  find  the  circum- 
ference at  once  on  the  scale  below. 

One  of  the  usual  ways  of  obtaining  the  area  of  a  circh; 
on  the  rule  is  to  set  the  figure  1  or  10  on  the  C  scale  op- 
posite the  given  diameter  on  the  D  scale.  The  result  is 
then  found  on  the  .4  scale  opposite  the  figure  0.7854  on 
the  B  scale. 


♦Pi-ofessor    of    mechanical 
^^'ashingrton,  Pullman. 
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one  cylinder  is  employed  for  the  two  pistons,  which  are 
connected  to  the  main  valves,  and  fitted  to  move  simul- 
taneously in  opposite  directions,  while  a  cage  arrangement 
is  ada])ted  to  hold  the  moving  parts  in  ]iosition  while  per- 
mitting them  to  bo  easily  withdrawn  for  inspection  or 
repair. 

Fig.  1  is  a  front  elevation  of  a  doid)le  safety  valve. 
Fig.  2  is  a  corresponding  side  elevation  partly  in  section, 
and  Fig.  3  is  a  front  sectional  elevation.  The  inlet  A 
and  the  outlet  B  are  foi'ined  by  the  casing  of  the  valve, 
and  are  separated  by  that  portion  forming  tlie  cylinder  C. 
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W  itiiiii  this  cvliiulfi'  arc  litlrd  (he  pistons  D  and  K, 
wliiili  air  loniuMl  in  one  willi  (he  two  main  valves  /•'  and 
Ci.  A  ;;iiidi'  pin  is  srii-wcd  into  llii'  piston  I),  and  cntrrs 
an  I  ye  in  llic  piston  /•/'  to  act  as  a  guide  and  steady  tlw 
motion  of  tlic  pistons.  Tiie  scat  for  tlie  valve  /''  is  formed 
on  tiic  casing  and  tlie  seat  for  tlic  valve  (i  on  the  cage 
ilcvice  //.  lu'gidating  springs  arc  fitted  around  the 
spindles  of  the  main  valves.  'I'lic  auxiliary  or  regulating 
valve  lonsists  of  a  valve  ./  connected  by  a  s|)indle  to  a  pis- 
ton A'  lu'low  which  is  always  open  to  the  steam  ])rcssure 
through  the  duct  A  leading  from  the  hoiler  to  the  cham- 
licr  .1/.  The  valve  spindle  is  hollow  above  the  valve  and 
is  fornu'd  with  a  piston  .V  to  i)alance  the  valve  ./.  A 
spring  is  provided  for  controlling  the  action  of  the  valve 
./.  The  steam  is  led  fi-oiii  (lie  space  between  tlu'  ])is(()ns 
/'  and  F.  bv  llie  port  <)  and  duel  /'  to  a  cluunber  (,)  be- 
low the  regulating  valve  ./. 

The  ai-tion  of  the  valves  is  as  follows:  Fluid  pressure 
enters  the  nuiin-valve  i-asing  by  the  inlet  branch  .1  and 
llows  along  the  ])orls  or  ducts  A'  into  the  space  between 
the  main  valves  F  ami  (l  and  maiu  pisLoua  D  auti  E.  The 
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fluid  pressure  also  leaks  past  the  main  pistons  into  the 
space  .S  in  the  main  cylinder  C,  thereby  acting  on  the 
opposite  sides  of  the  main  pistons  and  holding  the  main 
valves  tightly  to  their  seats.  The  fluid  pressure  in  the 
space  S  between  the  main  pistons  passes  through  the  port 
0  and  duct  P  to  the  chamber  Q  under  the  regulating 
valve  J.  The  inlet  pressure  also  passes  by  the  port  or 
duct  L  to  the  chamber  M  and  acts  on  the  underside  of 
the  piston  K  connected  to  the  regulating  valve  J.  This 
regulating  valve  is  loaded  to  a  predetermined  pressure 
bv  means  of  the  spring  shown,  and  immediately  the  inlet 
pressure  tends  to  exceed  this  amount  the  regulating  valve 
J  is  forced  off  its  seat  by  the  pressure  on  the  piston  K  and 
under  the  valve  overcoming  the  force  exerted  by  the 
spring.  On  the  regulating  valve  J  opening  the  pressure 
contained  in  the  space  S  between  the  main  pistons  is  ex- 
hausted  through   0   and  P  reducing  the   pressure. 

Although  the  pressure  under  the  regulating  valve  J 
is  altered  by  this  action  the  adjustment  of  the  regulating 
valve  is  kept  constant  by  the  inlet  pressure  constantly 


acting  undir  the  piston  A'.  'I'he  pressure  contained  in  tho 
space  N  between  the  nniin  |)istons  being  eoiiHideial)ly  r(!- 
duced,  the  initial  pressure  acting  on  the  annular  part 
around  the  outside  of  the  nuiin  pistons  ovei'comes  the 
I)ressure  liolding  the  main  valves  on  their  seats,  thereby 
opening  the  nuiin  valves.  Fluid  pressure  Jiow  flowH 
through  the  valve  seats  into  the  outlet  branch  li  from 
tlu!  valve  F  by  the  duct  T,  and  from  the  valve  <i  through 
openings  in  the  cage  device  //  and  duct  U.  When  all  the 
sur[)lus  pressure  has  been  discharged  the  spring  closes  the 
regidating  valve  ./.  shutting  off  the  escaiM;  of  ])ressure 
from  the  space  N  between  the  main  jiistons,  wherein  the 
initial  pressure  then  accumulates  and  closes  the  nuiin 
valves  by  acfiTig  on  the  main  pistons.  The  same  cycle  of 
o])erations  is  re|)eated  so  long  as  the  inlet  pressure  tends 
to  rise  above  that  to  which  the  regulating  valv(!  is  sel. 
When  the  regulating  valve  ./  is  opened  by  means  of  the 
haiul  easing  gear  i)rovi(le{l,  the  main  valves  will  be  opened 
in  the  same  manner  as  when  the  regulating  valve  ./  auto- 
matically opens,  due  to  overpressure. — The  Mar  haul (ul 
Kii'jiiircr. 


Re'^ollvnira^  Cofflmpeiasator 

The  adoption  of  a  revolving  compensator  witli  one  col- 
lector ring  for  obtaining  the  neutral  connection  with 
three-wire  operation  is  embodied  in  a  design  recently 
brought  out  by  the  General  Electric  Co.,  superseding  the 
familiar  separate  stationary  compensator  and  two  col- 
lector-ring arrangement.  The  revolving  compensator  con- 
sists of  a  circular  magnetic  core  upon  which  are  mounted 
suitable  exciting  coils,  the  core  with  its  coils  being  as- 
sembled on  a  cast  bracket  bolted  directly  to  the  back  end 
of  the  armature  spider,  as  shoAvn  in  Fig.  1.  The  com- 
pensator fits  under  the  overhanging  end  windings  of  the 
armatiire,  projecting  only  a  short  distance  beyond  the 
main  winding. 

The  compensator  windings  are  connected  to  the  main 
armature  winding  at  proper  points,  and  the  neutral 
connection  is  taken  through  the  armature  spider  to  a 
single  collector  ring  mounted  on  the  outer  end  of  the 
commutator  shell.  This  ring  may  be  seen  in  Fig.  2.  The 
neutral  brushes  bearing  on  this  ring  are  supported  by 
and  insulated  from  the  main  brush-holder  studs.  The 
simplicity  of  this  design,  self-contained  with  the  arma- 
ture, eliminates  floor  space  taken  by  the  stationary  com- 
pensator, requires  fewer  collector  rings  and  brushes  and 
reduces  the  number  of  cable  leads  to  the  switchboard. 
These  generators  are  of  the  commutating-pole  type. 

m 

The    Construction    of    Large    Brick    Chimneys    is    a    job    for 

skilled  workmen.  The  taper,  which  sometimes  changes 
several  times  in  the  height  of  the  stack,  is  determined  by  a 
templet  of  triangular  form,  having  a  plumb  line  and  bob  on 
the  vertical  side  and  a  spirit  level  on  the  horizontal  (top) 
side,  the  third  side  being  cut  to  the  proper  angle.  The  wor".: 
is  checked  frequently  by  the  inspector,  who  makes  measure- 
ments of  the  interior  diameter.  The  bricklayers  work  on  a 
platform  supported  by  two  or  four  cross  timbers.  An  upright 
post  fastened  to  the  inside  of  the  stack  projects  above  the 
platform  and  carries  a  horizontal  timber  (with  inclined 
braces),  having  a  pulley  at  each  end.  The  hoisting  line  from 
an  engine  on  the  ground  passes  over  these  pulleys  and  down 
inside  the  stack,  the  material  being  hoisted  generally  on  the 
inside.  If  it  is  to  be  hoisted  on  the  outside  the  cross  timber 
is  made  long  enough  to  carry  the  pulley  clear  of  the  base  of 
the  stack.  (From  a  paper  by  E.  E.  T.  Tratman,  read  before  the 
National    Brick    Manufacturers    Association.) 
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A  new  design  of  pump  valve  and  valve  seat  lias  recent- 
ly been  placed  on  the  market  by  Tryon  &  lieid,  67  Mont- 
gomery St.,  Newburgh,  N.  Y. 

JWWM 


Yalvk  axd  Seat  Casing 

The  seat  and  bushing,  which  is  fitted  to  the  valve  deck 
of  the  pump,  has  its  inside  thread  at  the  top  in  which  a 
cap  is  screwed  to  keep  the  valve  spring  in  place. 

The  copper  or  brass  valve  disk  has  a  flat  seating  sur- 
face. The  three  !)rackets  between  the  base  of  the  bush- 
ing and  the  top  of  the  cage  keep  the  valve  in  place,  which 
insures  proper  seating,  and  its  saiicer-shape  top  prevents 
the  bottom  of  the  spring  from  working  out  of  place. 
This  design  allows  the  valve  disk  to  raise  to  a  sufficient 
height  to  discharge  freely.  The  stem  is  eliminated  and 
there  can  be  no  wear  at  the  center  of  the  disk. 


By  I).  McGkegok 

The  accompanying  sketch  shows  how  a  boiler  may  be 
piped  to  a  differential-draft  gage  to  obtain  the  var- 
ious readings  and  be  adaptable  either  to  forced-  or 
natural-draft  conditions.  The  arrangement  requires  I/4.- 
in.  pipe  fittings,  six  straightway  and  two  three-way  cocks ; 
the  latter  can  be  made  out  of  regular  cocks  by  drilling  a 


Piping  and  Valves  for  Draft  Gage 

small  hole  through  the  side  of  the  body  and  half-way 
through  the  plug  when  set  open. 

Following  is  a  list  of  readings  and  how  they  are  taken ; 
all  cocks  are  to  be  closed  except  those  mentioned. 

For  the  ashpit  pressure,  open  the  valves  A  and  BD, 
straightway,  and  the  three-way  cock  E  to  the  atmosphere. 

For  the  furnace  pressure,  open  the  BD  valves,  straight- 
way, and  the  valve  E  to  the  atmosphere. 

For  furnace  suction,  open  valves  CE,  straightway,  and 
valve  D  to  the  atmospliore. 


If  it  is  desired  to  determine  the  drop  in  draft  through 
the  fuel  bed,  open  AC  and  DE,  straightway. 

For  the  drop  in  pres.sure  from  the  ashpit  to  the  second 
pass,  open  the  valves  AF  and  DE,  straightway. 

For  the  drop  from  the  ashpit  to  the  third  pass,  open 
the  valves  AG  and  DE,  straightway. 

For  the  total  available  draft  from  the  ashpit  to  the 
Hue,  open  the  valves  AH  and  DE,  straightway. 

For  the  drop  through  the  boiler  from  the  furnace 
lo  the  second  pass,  open  the  valves  BF  and  DE.  straight- 
way. 

For  the  drop  through  the  boiler  from  the  furnace  to 
the  third  pass,  open  the  valves  BG  and  DE,  straightway. 

For  the  drop  from  the  furnace  to  the  flue,  open  the 
valves  BH  and  DE,  straightway. 

For  the  draft  at  the  second  pass,  open  the  valve  D  to 
the  atmosphere  and  E  and  F,  straightway. 

For  the  draft  at  the  third  pass,  open  the  valve  D  to 
the  atmosphere,  and  E  and  G,  straightway. 

For  the  draft  in  the  flue,  open  the  valve  D,  to  the  at- 
mosphere, and  E  and  //  straightway. 

Unless  otherwise  stated,  the  valves  D  and  E  are  opened 
straightway  from  the  draft  gage. 


fe'^^^eis'M   Ho  Ac 
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On  Monday  evening,  Apr.  6,  Newark  No.  3  Association,  of 
the  National  Association  of  Stationary  Engineers,  held  a 
banner  educational  meeting.  When  about  200  members  and 
visitors  attended  an  illustrated  lecture  on  "Modern  Boiler 
Room  Practice,"  by  Charles  H.  Bromley,  associate  editor  of 
"Power." 

The  presence  at  the  meetin;;?  of  Harry  C.  Cosins.  first  Na- 
tional President,  one  of  the  founder  of  the  N.  A.  S.  E.  and  the 
present  national  pi-esident,  James  R.  Coe,  gave  added  interest 
to   the   occasion. 

Although  the  lecture  was  not  to  betjin  until  8:30,  the  hall 
was  overcrowded  long  before  this.  It  was  necessary  to  re- 
move a  portable  partion  betwen  the  main  and  rear  halls  to 
accommodate  those  present.  The  associations  of  New  Jersey 
showed  their  interest  in  the  occasion  by  being  represented 
by  several  members  each,  many  men  coming  from  as  far 
south  as  Perth  Amboy.  Several  engineers  from  New  York 
and   Brooklyn   were  also   present. 

Number  three  association  has  entered  this  lecture  for  the 
prize   offered   by   the   National   officers. 


JecnsaoHas 

STRIOIOT 


Digested   by   A 


Validity  of  Contract  for  Joint  Use  of  Poles — A  telephone 
company,  having  encountered  difficulty  in  securing  authority 
from  a  city  to  erect  poles  and  wires  along  a  street,  agreed 
orally  with  an  electric  company,  which  had  existing  poles, 
that  if  the  electric  company  would  permit  it  to  erect  poles  for 
the  use  of  its  wires  in  place  of  the  electric  company's  poles, 
it  would  permit  the  electric  company  to  put  up  and  keep  its 
wires,  etc.,  on  these  poles  and  on  any  other  poles  owned  by 
the  telephone  company  on  other  streets.  Dispute  having 
arisen  between  the  companies,  the  telephone  company  sued  to 
compel  the  electric  company  to  remove  its  wires  from  the 
former's  poles.  In  affirming  a  decree  which  dismissed  the 
suit,  the  Kentucky  Court  of  Appeals  recently  held  in  this 
case  (East  Tennessee  Telephone  Co.  vs.  Paris  Electric  Co., 
162  "Southwestern  Reporter"  530)  that  although  the  contract 
was  originally  invalid  under  the  Kentucky  statute  which  re- 
(luires  agreements  not  to  be  performed  within  one  year  from 
their  making  to  be  reduced  to  writing,  this  invalidity  was 
crured  by  part  performance  of  the  agreement,  the  telephone 
company  having  erected  the  poles  and  the  electric  company 
having  installed  its  wires  thereon.  But  the  court  decided 
that  the  electric  company  did  not  acquire  a  perpetual  right  to 
use   the   other   company's   poles,   and    that    the   telephone   com- 


Iinny  iiiIkIiI  ImIiik  a  ii«\v  mill  In  (<'iinlnat«  tlm  riintiiK't  U|>i>ii 
toiiiiH  ciillltablc  t»  (h«  <<l«<(rl<'  <iiiii|iuii>.  If  II  ran  hIiow  Dial 
tliK  lUiMIr  will  li<<  liolli-i  nri  vimI  liy  nil  al>i<>Kall«ii  of  lh« 
UKi  vviiii'iil.  TnuchliiK  (!<<'  ilKl)t  of  tlui  oltH'trlc  coinpany  to 
Ki'iiiit  tho  riKht  to  the  tvlvptiuno  i-oinpiiiiy  to  occupy  tlin 
Bti'oet.  tho  court  hhUI:  "Thu  prlvlloKO  uf  uhIiik  the  Hlrootn  of 
n  city  rniinot  bo  Kiaiitoil  l>y  oiio  pulillc  (turvlco  (-(iipiirutloii 
to  aiiolhor  publU-  MOivlir  corporntlon.  It  can  only  tx'  ac- 
quiioil  In  llic  iiiannpr  piilntt'il  out  In  Hcdlon  164  of  thu  Con- 
atltutton.  So  that.  uiiIcnh  tlii>  ti-lcplionu  fonipany  had  lie- 
<iuli«>.l  from  th»»  city  the  lUht  to  occupy  Main  Sliccl.  It  did 
not  Moi-uio  l)y  IIh  contract  with  the  IIkIiI  company  uny- 
thiiiK  of  vnluo,  hccau.MC  the  IIkIU  company  hail  nothing  to 
Klve   It." 

>Ia<ur<-  of  tiovfrninrnt  Watrr  I'uncr  I'rIvllrKrH  The  IcKal 
hImIus  of  a  coiiliait  \>\  a  watci-  power  company  to  coiiMtrud 
a  lock  ami  clam  for  the  I-'eileral  Ciovernmont  In  a  stream. 
In  coiiMlderation  of  the  prlvllexe  of  u.sin>;  tho  water  power 
produced  hy  the  <lani  In  KcneratiiiK  electric  power,  was  In- 
volved In  tho  recent  case  of  tho  United  States  vh.  tho  Chatta- 
nooga &  TennesHOO  Ulver  I'ower  Co..  20!i  "Federal  Reporter" 
2S.  In  deciding  that  such  an  Improvement  constitutes  "a 
puhllc  work  of  the  fnlted  States,"  within  the  meanlnf?  of  a 
federal  statute  which  prohibits  a'  contractor  for  such  work 
from  requirinK  or  permlttinjr  any  laborer  or  mechanic  em- 
ployed thereon  to  work  more  than  elKht  hours  In  iiny  calen- 
dar day,  except  in  case  of  extraordinary  emergency,  tho 
I'nited  States  Circuit   Couit  of  Appeals   said: 

"The  acts  authoriziUK  the  contract,  and  the  contract  It- 
self, provide  for  the  construction  of  an  efficient  lock  and 
dam  In  the  Tennessee  River;  and  the  power  company  is  re- 
quired to  and  does  undeitake  at  its  expense  to  furnish  every- 
thing (save  only  the  plans  and  certain  specified  materials 
which  the  Government  is  to  furnish),  and  to  do  all  that  is 
necessary  to  accomplish  this  result,  and  to  vest  title  to  the 
whole  in  the  I'nited  States;  and  the  power  company  does  this 
In  consideration  of  receiving  from  the  United  States  a  grant 
of  'such  rights  as  it  possesses  to  use  the  water  power  pro- 
duced by  said  dam,  and  to  convort  the  same  into  electric 
power  or  otherwise  utilize  it,"  for  a  specified  time,  subject, 
however,  to  the  condition  that  'nothing  shall  be  done  in  the 
use  of  the  water'  from  the  dam  to  interfere  with  navigation 
or  with  the  Government's  use  and  control  of  the  w.ater  for 
that  purpose.  This  clearly  limits  the  grant  to  the  use  only 
of  surplus  water.  If,  instead  of  this,  a  money  consideration 
had  been  agreed  upon,  there  could  be  no  question  touching 
the  character  or  ownership  of  the  work;  indisputably  it 
would  have  been  one  of  the  public  works  of  the  United 
States.  Can  it  be  that  the  medium  of  payment  can  operate 
to  change  this  result?  It  is  true  that  this  surplus-water 
privilege  is  in  terms  to  continue  for  99  years;  but  this  is 
subject  to  the  right  of  revocation  upon  payment  of  the  rea- 
sonable value  of  such  necessary  property  as  the  company  may 
acquire  for  the  enjoyment  of  the  privilege,  the  value  of  the 
'franchise  hereby  conferred'  being  expressly  excluded.  Thus 
the  surplus-water  privilege  is  at  most  a  determinable  fran- 
chise; and  this  is  further  burdened  with  an  obligation  of  the 
power  company  to  'furnish  the  necessary  electric  current 
while  its  *  •  *  power  plant  is  in  operation  to  move  the 
gates  and  operate  the  locks  and  to  light  the  United  States 
buildings  and  grounds,  free  of  cost  to  the  United  States." 
Now  it  is  not  the  purpose  to  minimize  the  practical  value  of 
this  privilege  while  it  lasts.  The  attempt  is  simply  to  as- 
certain and  define  the  nature  of  the  privilege.  For  it  is 
urged  that  the  main  object  alike  of  the  enactments  and  the 
contract  was  to  produce  this  surplus-water  power  privilege 
and  acquire  part  of  the  benefits  of  it,  and  that  the  lock 
and  dam  were  a  mere  incident.  It  would  be  anomalous  if  the 
government  were  to  regard  its  powers  concerning  navigable 
waters  as  entitling  it  to  build  locks  and  d.ims  in  navigable 
streams  for  the  sole  purpose  of  producing  water  power  for 
the  benefit  of  private  persons;  and  yet  this  is  the  logic  of 
counsel's  insistence." 


CosEasiaatte©  om  Elects'ol^^'sis 

A  joint  National  Committee  on  Electrolysis  has  been  or- 
ganized with  Bion  J.  Arnold,  of  Chicago,  «s  chairman  and 
the  membership  made  up  of  representatives  of  the  various 
Industries  concerned.  The  object  and  scope  of  the  com- 
mittee's work  is  best  explained  as  set  forth  in  the  address 
of  Calvert  Townley  at  the  New  York  meeting  in  February. 
Mr.    Townley   said    in    part: 

Electrolytic  controversies  have  in  the  past  given  -rise  to 
unnecessary  and  acrimonious  disputes,  and  not  infrequently 
have  resulted  in  litigation  between  the  corporations  con- 
cerned. The  usual  procedure  in  disputes  of  this  kind  has 
been  for  each  side  to  employ  one  or  more  electrical  experts 
who  geneially  disagree  as  to  the  cause  of  the  trouble  and  the 
remedies  therefor.    The  dispute  sometimes  gets  into  the  news- 


papi.rd.  ominlonlng  niiplianiinl  nolorleiy.  and  n-HullliiK  In 
niiMc  or  IcMH  (IraHlIc  municipal  action  liv  the  clly  Koverii- 
ni.nl  lonii  iri.-d  Miicli  of  tlilH  could  be  avoided  If  u  body 
HU.  h  as  IlilM  ciimnilltei'  could  be  created  wlilcli  would  i-oii 
Mider  broadly  llw  qiiiiHtloiiH  covered  by  the  controverBy,  with- 
out atteiniiling  to  paHH  upon  the  (|UuNtlonM  at  Ihhuc,  bul  to 
report  hack  to  their  roHpecllvi-  ciiKunlzutlonH  ho  that  In  llnii- 
the  commit  lee  would  come  to  be  r  •'cognl/.e<t  aH  a  m-utral  body 
whoHc  declHloiiH  would  be  aiilhorlla  tl  ve,  the  Haine  an  thi- 
Standards    ('ornnilllce    of    the    American    liiHllluti'    of    lOlc-ct  rl<  a  1 

I'Inglr rs  In   connection   with   innllcrM  of  dellnlllon   ami   Hland- 

ardl/atlon 

Mr.  Townley  xtateil  that  In  <-orreHpondoiicu  hi-  hud  had 
with  dlffen-nt  people,  tho  purpoHe  of  tho  committee  was 
fre(|uently  mlMUiiderHtood ;  that  the  ImprenHlon  prevulleil  In 
Home  caHi'M  that  the  committee  was  going  to  act  aH  an  arbi- 
tration   hoard    on    controverHlOH,    and     woulrl     lell     what    ought 


to    b«    done,    thereby    taking    the    pla 


utlveH    or    tho 


L/ecture    for  Hcceinitric    Firenuen 

oira  Boiler-Rooma  MetlhocBs 

On  TniMd:i.\  e\cnlnK.  .Mai.  :;  I .  about  MMI  ennlneiis  arid 
flr<.men  of  the  Kccenlrlc  Kireincii'M  AsHoclatlon,  attended  an 
illustrated  lecture  on  "Holler  Room  Methods,"  by  Charles  II. 
Itromley,  assocbite  editor  of  "Tower"  at  the  headquarters 
In  East  Forty-fifth  St.,  New  York  City.  Mr.  Bromley  dealt 
entirely  with  the  practical  plde  of  combustion,  the  troubles 
met  and  their  remedies. 

After  the  lecture,  Marcus  M.  Marks,  president  of  the  Bor- 
ough of  Manhattan,  told  of  the  Important  work  now  under 
way  in  the  various  city  departments.  Timothy  ,1.  Healy, 
president  of  the  firemen's  association,  presided  at  the  meet- 
ing. 

A  Manual  of  lOleetrieal  TeHtlng  is  the  subject  of  a  new 
4S  -  page  bulletin,  issued  by  the  Wagner  Electric  Mfg. 
Co.,  of  St.  I..ouis.  Resides  describing  the  line  of  portable 
instruments  manufactured  by  that  company,  the  publica- 
tion describes  various  types  of  electrical  instrument  move- 
ments, the  errors  to  which  they  are  subject  and  gives  sug- 
gestions for  their  handling  and  care.  The  methods  of  making 
electrical  te.><ts  jn  alternating-  and  direct-current  motors 
and  generators  and  on  transformers  are  described  at  length 
and  illustrated. 

The  bulletin  may  be  had  upon  application  to  the  'Wag- 
ner Co. 

The  1913  "Proceedings"  of  the  American  Water- Works 
Association  have  just  been  issued  in  a  cloth-bound  volume  of 
750  pages,  which  is  obtainable  from  the  secretary,  John  M. 
Diven,  Troy,  N.  Y.  It  contains  a  complete  report  of  the 
papers  and  discussions  delivered  at  last  summer's  convention 
in  Minneapolis,  including,  among  other  subjects:  "Rates  and 
Rate  Making,"  "Hydraulic  Engineering  Education."  "Fire 
Protection  Service,"  Turbine  Pumps,"  "Prevention  of  Water 
Waste,"  "Modern  Filter  Practice,"  "Jlethods  of  Cleaning 
Reservoirs,"  "Mechanical  Cleaning  of  Mains."  "The  Minne- 
apolis Filter  Plant,"  "Mobile  Water  Supply,"  "Memphis  Water 
Supply,"    "Reservoir   Design   and  Testing  Mains." 


Jersey  City  and  Newark  N.  A.  S.  E.  associations  had  in- 
teresting lectures  recently  on  "Power  Costs  in  Central  Sta- 
tions and  Isolated  Plants,"  by  H.  H.  Edgerton,  who  will  be 
remembered  as  the  expert  statistician  engaged  by  Governor 
Hughes  to  obtain  80-cent  gas  for  New  York  City. 


John  Huyette,  resident  inspector  at  t^e  irJiooks  Works 
of  the  American  Locomotive  Co.,  has  ben  transferred  to  the 
Richmond,  Va.,  plant  in  the  same  capacity,  and  John  Gill, 
special  boiler  inspector  at  the  Brooks  plant,  has  been  pro- 
moted  to   fill   the   vacancy   left    by   Mr.   Huyette. 

Elliott  H.  Whitlock,  witli  18  years'  experience  in  the  car- 
bon industry  and  the  management  of  plants  in  other  lines, 
together  with  a  broad  practical  knowledge  of  engineering, 
has  opened  an  office  at  1506  West  112th  St.,  Cleveland,  Ohio. 
Mr.  Whitlock  is  a  member  of  the  American  Society  of  Me- 
chanical Engineers,  the  .\merican  Electro  'hemical  Society, 
the  Cleveland  Engineering  Society  and  the  Verein  Deutscher 
In.genieure. 
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>')  .\(fl'i^IS — .1  slidiii-liirhiiir  xldiid-liji  /ilaiii  used  us  n 
ilistributinii  station;  it  is  licil  in  irilli  u  lii/tlro-rlcf  trii 
slat  ion  and  one  oilier  sleani  ptaul.  Atldilioiial  eurnin  is 
/^urclia.sed  for  0.5c.  per  kilowall-liniir.  irliicli  is  less  Ihaii 
the  cost  uf  coal  at  the  .^iteani  planl. 

Allliou^'li  liydro-i'liTtrir  |)()\vci-  |)l.iiiis  liavc  iiilviiiita;,f('s 
over  steam  stations  as  to  opeialioii  and  iiuiiiitcnaiue  eosts, 
there  is  the  neeessity  of  inaintaiiiiiig  a  steam  stand-by 
station  to  safej^iiard  tiie  serviii'-  against  serious  interrup- 
tion. 'I'his  is  tile  ]iraetiee  of  the  Urecntiehl  (Mass.) 
Kleetric  Light  &  Power  Co.,  wiiieii  operates  a  liydro- 
cleetrie  power  phmt  at  (iardnor  Falls,  on  the  Deerlicld 
I{iver,  and  also  maintains  a  stand-by  steam  plant  al 
Grcentiold. 


wen;  installed.  'I'iif  engine  ha^  been  removed  and  tiic 
Stirling  boiler  is  held  as  a  stand-by  unit.  Tiie  plant  con- 
tains si.\  boilers  with  a  total  boiler  horsepower  of  2'.W'>. 
'I'he  two  turl)o-generalors  iiavi!  a  total  capacity  of  aToO 
ivw.,  as  against  :il  10  kv.-a.  at  the  hydro-electric  plant. 

The  small  steam-turbine  unit  generates  2.'U)()-volt. 
three-phase,  fiO-cycle  curnjnt,  at  1«00  r.p.m.,  with  VM) 
II).  steam  on  the  (urbine.  'i'he  larger  unit  runs  at  IHOO 
r.]).m.  and  generates  current  at  the  same  voltage. 


There  are  three  exciter  units,  one  turbine-driven,  and 
!lie  others  motor-driven.  The  turbine  unit  is  a  25- 
kw.  turbine  and  a  2.")-kw.  direct-current  generator  de- 
livering 150  volts  at  :!G()0  r.p.ni.     This  unit  is  used  only 


Flu.     1.       i'AKTlAL     XlV.W     OF     THIi    GkEKNFIKLD,     MasS.     StANI)-1!Y  StATION. 

Ake  Showx  in  thk  Backgkol'xu 


T]iK  7.30-  AND  •^OOO-Kw.  Turbines 


The  water  plant  originally  had  two  4(l()-kw.  generators, 
but  recently  two  1450-hp.  turbines  and  two  1170-kv.-a. 
generators  have  been  added  to  the  equipment.  The  new 
units  operate  at  ITit)  r.p.m.  under  a  37-ft.  working  head. 
There  is  also  a  135-hp.  hydraulic  turbine,  driving  a  GO- 
kw.  exciter.  The  cost  of  the  im])rovenients  at  the  hydro- 
electric station  was  $60,250,  divided  as  follows:  Water 
turbines,  $11,500;  electrical  apparatus,  $29,500;  switch- 
board and  incidentals,  $15,000.  and  for  alterations  to  the 
building,  its  foundation,  etc.,  $-1250. 

In  addition,  changes  have  been  made  in  the  Greenfield 
steam  station,  there  having  been  installed  two  500-hp. 
porcupine  boilers,  costing  $11,500,  and  a  four-stage, 
2000-kw.  Curtis  steam  turbine  for  al)out  $30,000,  a  total 
of  $41,500.  For  both  the  steam  and  hydro-electric  plants, 
the  total  improvements  have  cost  $101,750. 

The  original  steam  plant  consisted  of  a  635-hp.  Stirl- 
ing boiler  and  a  reciprocating  engine.  Later,  three  250- 
hp.  porcupine  boilers  and  a  750-kw.  five-stage  turbine 


when  all  the  others  are  in  operation  and  all  lines  are 
dead.  The  smaller  motor-driven  units  consist  of  a  30-hp. 
induction  motor  and  a  direct-current  125-volt  generator 
at  900  r.p.m.  The  other  50-kw.,  125-volt,  direct-current 
generator  is  driven  by  a  75-hp.  induction  motor  at  1200 
r.p.m.  The  main  units  and  exciters  are  shown  in  the 
general  view.  Fig.  1.. 

Boiler  Room 

The  vertical  boilers  are  set  with  dutch-oven  furnaces. 
Three  are  hand-fired  and  two  have  chain-grate  stokers, 
two  to  each  furnace,  with  a  firebrick  wall  between  each, 
extending  the  length  of  the  furnace.  Each  stoker  is 
but  3  ft.  3  in.  wide  and  is  15  ft.  6  in.  long,  50.4  sq.ft. 
or  a  total  of  100.8  sq.ft.  of  grate  area  per  boiler.  The 
boiler-heating  surface  is  5900  sq.ft.,  or  58.8  sq.ft.  per 
square  foot  of  grate  surface. 

The  three  smaller  boilers  each  have  2949  sq.ft.  of  heat- 
ing surface,  with  a  grate  area  of  71/0x81/^  or  63%  sq.ft.; 
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this  gives  46.3  sq.ft.  of  heating  surface  per  square  foot  of 
grate  area.  The  635-hp.  Stirling  hoiler  contains  56S8 
sq.ft.  of  heating  surface,  with  a  grate  area  of  133  sq.ft., 
or  42.6  sq.ft.  of  licatiiig  surface  per  square  foot  of  grate. 


cylinders  and  runs  at  180  r.p.m. ;  it  can  also  be  operated 
uith  the  large  turbine  condenser  as  a  wet-air  pump. 

The  large  turbine  exhausts  into  a  two-pass  surface  con- 
denser, having  6000  sq.ft.  of  cooling  surface,  or  3  sq.ft. 
]x'r  kilowatt  of  the  turbine  rating.  The  surface  con- 
denser is  su])plied  with  circulating  water  by  a  15-in. 
centrifugal  pump,  driven  by  an  8xl0-in.  horizontal  le- 
ciprocating  engine  at  200  r.]).m.  with  a  capacity  of  5250 
gal.  of  water  ])er  minute.     The  condenser  equipment  is 


1^'iG.  2.     Five  Pokcupin]'   Boileks  and  Dutch-      Fig. 
Oven  Furnaces.     Two  Are  Stoker  and 
Thrke  pi  and  Firkd 


3.     Jet  and  Suiieace  Condenser  Equipment  in  the 
Basement.     The  Eesistance  Boxes  and  Wiring 
Are  Hung  from  the  Ceiling 


Fig.  4.     Main  Switchboard.    The  Wiring  at  the 
klgiit   i.s  for  11,000-a^olt  current 


Fig.   5. 


Oil-  and  Air-Cooled  Transformers 
in  the  Basement 


The  stoker-tired  boilers,  it  will  be  noticed,  have  a  higher 
ratio  of  heating  surface  per  equare  foot  of  grate  area 
than  the  hand-tired  boilers.  A  \iew  of  the  i)orcupine 
boilers  is  shown  in  Fig.  2. 

Condensers 

The  small  turbine  is  served  by  a  jet  condenser.  The 
injection  water  is  supplied  by  a  12-in.  volute  pump,  tur- 
bine-driven.    The  drv-air  ])uihj)  has  8  and  18  by  12-in. 


shown  in  Fig.   3.     The  condensing  water  was  formerly 
pumped  to  the  station,  but  it  now  comes  by  gravity. 

Transfok:mi:r  and  Converters 

The  rotary  converters  are  in  a  room  adjoining  the 
turbine  room,  but  about  4  ft.  lower.  These  units  consist 
of  two  200-kw.  rotary  converters  with  a  direct-current 
output  at  600  volts  and  1200  r.p.m.  There  is  also  oue 
synchronous  condensei-  floating  on  tlie  liiu'  with  a  starting 


014 


row  I',  K 


\  ni.  ;i:»,  .N( 


iii(il(ir  inoimli'il  mi  llic  sliiifl  I'xtoiision.  A  jjriicial 
vi(>\v  of  tlu'  iMiiiii  s\vil(lil)i)iinl  for  coiiliolliti;;  tlit'Hc  ami 
otliiT  uiiils   is  slmwii   in    Ki^'.    1. 

Out  ill  tilt'  coutlciiscr  l)asi'imMil  (liiTf  arc  tlin'r  ;!<)(»- 
k\v.,  1  l,()(U)-'»';5(l()-V(>ll,  aii-t(i(ili'il  liaiisforiiKTs.  'I'lic  two 
t'ooliiij;  fans  an-  caili  ilrivcn  liy  a  ^-lip.  motor.  'I'liis 
apimratus  is  plarod  on  a  coniTctf  slu-lf,  as  in  Fij;.  5,  with 
till'  air  (luits  cmasi'd  in  the  conciftc.  Tiic  tlirct'  '^."iO-kw. 
transformers  are  oil  cooli'd  and  transform  linin  II, '"in 
to  'i'.WO  volts;  thov  arc  plaicd  on  a  conintc  plat  form 
slif^ditlv  raised  alunc  tlic  liascnu'nl  floor.  The  merciirv 
are  rci'liliors  arc  shown  at  the  rijriit.  hack  of  the  support- 
ing; pillars.  In  a  separate  huildinj;  there  is  a  ^Td-ccU 
storajie-hatterv  system,  which  works  in  parallel  with  a 
booster  set  and  aids  ihe  station  ■over  peak  loails. 

I'lMl'S 

The  hoiler-Ceed  jjumps  consist  o\'  one  !»  and  i;  hy  fMn. 
dujilex  out,side-packed  unit  and  one  turhinc-drivcn 
trijilex,   ;!-in.   I'cntrifugal    pump   with   a   capacity   of  "^HO 


;,'al.    pi-r  min.  at   yCi<H)   i-.p.iu.      '1  he    leid    water    is   hcali'i 
in  an  open  bealer. 

I'ILLCTIIICVJ,     'rUASSMISBION 

In  connei  lion  wilh  the  steam  plant,  which  is  only  m' 
yccasiomdly,    there  are   thi'   (lardner    Kails   hydro-eh-ct  i 
plant  and  a  steam   plant  at    Hast  ham  pton  ;  ami  a  huIikI.i 
lion   at    Northlield.     These  plants  are  situated   lo  ^ive  .i 
sliiite;,'ie  position   with   reference  lo  iieif^hhorin^  dev«,'l<)|)- 
inenls  and  from  Ihe  .'^land|ioiMi  uf  economical  produclion 
of  elect  rieal  energy. 

In  addition   to  what  enerj^y   is  developed   in   the  tlii' 
plants  of  liie  ((iriipany,  surplus  energy  is  j)ui'<'hased  froir 
llie    liulro-el((  I  lie   plant    of   the   'I'urner   Kail    Power  Cn. 
al  about  (»..")(•.   per  kilowatt-hour.     This  is  less  than   tl 
cost  of  coal  used  al   llie  (Jreentield  station  when  runnii 
al   full  capacity.     Hy  using  this  purchased  energy  in  ad- 
tiilion    lo    that    generated    at    the    (Jardner    Kails    plain 
Ihrougiiout  ahout  eight  months  of  the  year,  the  cost  of 
electrical  energy  to  the  (ireenlield  company  is  said  to  he 
lower  Uian  J'ur  most  other  |)laiils  in  the  state. 
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SYXOPSIS — Mainlaining  test  confliiioiis,  laking  read- 
Ingf  and  samples  and  working  up  results  of  test. 

m 

In  order  to  establish  the  maximum  efficiency  of  a 
gas  producer,  it  is  necessary  to  run  a  test  of  sufficient 
duration  to  give  positive  results  under  different  condi- 
tions of  operation.  For  example,  various  depths  of 
the  fuel  bed  and  of  the  different  zones  should  he  tried 
as  well  as  different  blast  pressures  and  cpiantities  of 
steam,  etc.  It  is  a  certain  combination  of  these  that  will 
give  the  best  results.  If  it  is  desired  to  e.xperiment  still 
further,  different  grades  of  coal  can  also  be  tried,  in 
order  to  determine  which,  all  things  considered,  gives 
the  best  results. 

Weighing  the  Coal 

The  simplest  way  is  to  place  a  box  that  will  hold,  say, 
500  lb.  on  a  platform  scales  at  the  top  of  the  producer 
and  convenient  to  the  hopper.  Coal  can  then  be  shoveled 
into  the  box  and  weighed  and  then  shoveled  into  the  pro- 
ducer hopper  and  charged  as  the  rate  of  gasification  de- 
mands. Each  box  of  coal  should  be  noted  on  the  records. 
Small  samples  for  analysis  should  be  taken  from  each 
boxful  and  placed  in  a  comparatively  tight  storage  box. 

Both  proximate  and  ultimate  analyses  are  desirable. 
If  it  is  not  convenient  to  make  them  within  a  short  time 
after  taking  the  samples,  take  separate  samples  for  mois- 
ture determinations  and  make  these  determinations  at 
once. 

Fuel  Bed  and  Zones 

There  are  three  distinct  zones  in  a  gas  producer:  The 
ash.  the  combustion  and  the  distillation  zones,  and  the 
proper  depth  of  each  is  important. 

The  depth  of  the  fuel  bed  and  the  uniformity  of  dis- 
tribution can  be  ascertained  by  inserting  a  small-diameter 
pipe  or  rod  through  the  poke  holes  at  the  top.  It  is  well 
to  slip  a  loose  flange  over  the  pipe  or  rod  so  as  to  cover 


the  poke  hole  and  prevent  excessive  leakage  of  gas.  Marks 
filed  on  the  rod  and  spaced  G  in.  apart  will  greatly  facili- 
tate the  work  of  taking  these  readings  and  reduce  the 
chance  for  errors.  These  dimensions  from  the  top  of  the 
fuel  bed  to  the  top  of  the  producer,  subtracted  from  the 
total  dimension  ( from  the  top  of  Llie  blast  cone  to  the  top 


Akkangement  foe  Sampling  and  Testing  Moisture 
AND  Tab  in  Gas 


of  the  producer)  will  show  the  total  depth  of  fuel  above 
the  cone.  If  possible,  measurements  should  be  taken  at 
several  points  both  near  the  shell  and  toward  the  center 
of  the  producer. 

To  measure  the  depths  of  the  various  zones,  a  similar 
method  may  be  used.  In  this  case  push  the  rod  down 
through -the  fuel  bed  until  it  strikes  the  top  of  the  blast 
cone  and  leave  it  there  for  three  or  four  minutes,  then 
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willuliiiw  it  and  lueasiire  the  different  dcptlis  indicated 
by  tlie  colors  of  the  rod.  The  rod  will  show  three  dis- 
tinct zones  or  colors;  the  ash  zone  appearing  black,  the 
combustion  zone  yellow  and  the  distillation  zone  dark 
red. 

Two  rods  should  be  used  simultaneously  for  tliese  de- 
terminations, one  at  the  center  and  the  other  near  the 
shell  to  determine  the  fuel  distributions,  lioth  the  fuel 
depth  and  zone  depth  measurements  should  be  taken 
about  every  half  hour. 

S.VMPLES    AND    ANALYSIS    OF    GaS 

Gas  samples  should  l)e  obtained  from  the  main  about 
20  ft.  from  the  top  of  the  produce)'  so  tliat  the  gas  may 
be  given  an  opportunity  to  become  thoroughly  mixed. 

The  simplest  a])paratus  for  taking  these  samples  con- 
sists of  a  small  {)iece  of  %-m.  pipe,  one  end  having  a 
tee.  To  one  side  outlet  of  this  tee  attach  a  ni])ple  to 
which  the  aspirator  bottles  can  be  connected  by  rul)ber 
tubing:  in  the  other  side  insert  a  plug.  The  object  of 
this  tee  is  to  permit  of  cleaning. 

If  possible,  the  gas  samples  should  be  taken  continu- 
ously, or  at  frequent  intervals,  and  as  soon  as  a  full  sam- 
ple is  obtained  it  should  be  analyzed.  If  this  is  not  con- 
venient, seal  the  sample  bombs  with  paraffin ;  if  well  pre- 
pared, the  samples  taken  during  the  night  can  be  analyzed 
the  ne.xt  day. 

(ias  Temperatures 
Gas  temperatures  can  be  measured  by  means  of  a 
thermo-couple  and  an  indicating  galvanometer.  The 
couple  should  be  inserted  into  the  main  near  the  producer 
and  kept  there  continuously  during  the  test  except  for 
a  few  minutes  alwut  every  10  hr.,  when  it  should  Ijc  re- 
nio\'ed  to  clean  the  soot  off  the  protecting  tube.  To  make 
corrections  for  the  increased  resistance,  due  to  the  heat- 
ing of  the  "cold  junction"'  of  the  couple  above  its  cali- 
bi-ated  zei'o  mark,  a  mercury  thermometer  should  be  so 
suspended  that  its  l)ulb  will  rest  on  the  junction,  thus 
showing  to  how  much  this  heating  amounts. 
Soot  and  Tar 
The  apparatus  necessary  for  sampling  the  soot  in  the 
gas  consists  essentially  of  a  sampling  pipe,  a  bomb  or 
holder  for  filter  pa]jer,  a  supply  of  filter  paper,  a  wet-gas 
meter  and  a  steam-aspirating  attachment. 

A  piece  of  -^/^-in.  pipe  having  one  end  bent  at  right 
angles  may  be  used  as  a  sampling  pipe.    To  the  other  end 
attach  a  valve  and  a  short  nipple.    A  plug  can  be  screwed 
into  this  open  end  when  not  in  use.     To  the  nipple  con- 
nect the  bomb  or  holder  containing  the  filter  paper  and 
( this  in  turn  to  the  wet-gas  meter.     The  steam  as])irator 
is,  of  course,  attached  to  the  outlet  side  of  the  meter.     To 
prevent  condensation  in  the  bomb  it  should  be  incased  in 
a  M^ooden  box  in  which  there  are  sufficient  incandescent 
I  electric  bulbs  to  generate  enough  heat  to  keep  the  tem- 
iperature  above  218  deg.  F.     It  is  also  advisable  to  pro- 
vide the  meter  with  a  thermometer  and  a  manometer,  or 
gage,  so  that  the  temperature  and  pressure  of  the  gas  can 
I  be  noted.    This  arrangement  is  represented  in  the  sketch. 
;]     The  sami)les  are  usually  taken  in  the  following  man- 
{ ner : 

}  First  insert  the  bent  end  of  the  samjiling  ])ipe  in  the 
imain  as  near  to  the  producer  as  possible,  with  its  orifice 
pointing  against  the  direction  of  flow.  Connect  up  the 
rest  of  the  apparatus  and  place  the  fdter  paper,  after 
jbeing  carefully  weighed,  in  its  container  and  ttirn  on  the 


.lights.  When  the  wooden  box  is  heated,  the  valve  on  tiio 
sampling  pipe  can  be  ojjened  and  the  steam  is  turned 
into  the  aspirator.  See  that  the  sampling  pipe  does  not 
become  clogged. 

As  large  a  volume  of  gas  should  l)e  sampled  as  the 
filter  paper  will  permit;  this  should  be  at  least  3  cu.ft. 
When  the  paper  has  i)ecome  so  clogged  with  deposited 
matter  that  it  is  almost  impossible  to  asj)irate  any  more 
gas,  this  soot  and  tar  are  dried,  weighed  and  analyzed 
for  carbon  and  hydrogen.  It  is  necessary  to  take  soot 
and  tar  samples  only  two  or  three  times  a  (lay. 

The  method  outlined  will  not  give  an  absolutely  true 
sample  of  tar,  but  the  error  involved  is  insignificant.  The 
inaccuracy  is  due  to  the  gas  containing  some  tar  in  the 
form  of  vapor,  and  as  long  as  the  pores  of  the  filter  paper 
are  open,  some  tar  vapor  will  pass  through.  This  fact 
can  be  observed  in  the  discolorization  on  the  under  side 
of  the  filter  pajUM-  after  some  of  the  gas  has  passed, 
through. 

Moisture  Di  termination 

The  apparatus  required  for  determining  moisture  in 
the  gas  is  the  same  as  that  for  soot  and  tar,  with  the  ad- 
dition of  a  series  of  calcium-chloride  tubes  inserted  be- 
tween the  filter  and  the  meter.  To  get  samples  of  a 
larger  volume  of  gas,  cotton  may  be  substituted  for  the 
filter  paper  as  it  will  allow  more  gas  to  pass  through  l)e- 
fore  becoming  clogged.  In  this  case  especial  care  should, 
also  be  taken  in  heating  the  bomb  so  that  no  moisture 
will  be  absorbed  by  the  cotton. 

There  should  always  be  at  least  six  drying  tubes  to 
insure  the  precipitation  of  all  the  moisture  in  the  gas. 
This  can  be  ascertained  after  a  sample  is  taken  by  ex- 
amining the  last  tube  through  which  the  gas  passes.  If 
it  contains  no  moisture,  or  only  a  trace,  the  indications 
are  that  the  gas  is  dry.  Some  tar  vapors  may  also  be 
condensed  and  are  indicated  by  the  discolorization  of  the 
calcium  chloride  in  the  first  three  or  four  tubes.  This 
cannot  well  be  avoided. 

The  tubes  are  weighed  and  the  difference  between  this 
weight  and  that  of  the  tubes  before  taking  the  sample,  is 
the  weight  of  moisture  contained  in  the  volume  of  gas 
passed  through,  as  shown  by  the  meter.  After  each  sam- 
l)le  is  taken  some  of  the  tubes  should  be  cleaned,  dried 
and  refilled.  By  doing  this  in  rotation  each  tube  is  put 
into  good  condition  for  every  third  oi'  fourth  sample 
taken,  thus  insuring  more  accurate  I'esults.  The  sam- 
ples for  moisture  should  h(>  tiikcn  altcrnaiivcly  with  those 
for  soot  and  tar. 

Pressure  and  Quality  of  Steam 
The  pressure  of  the  steam  for  blowing   the  producer 

is  determined  from   the  gage  which  should  be  carefully 

calibrated  before  and  after  the-  test,  and  which  shoulil 

be  connected  near  the  steam  nozzle. 

The    weight    of    the    steam    can    be    calculated    from 

Napier's  formula  for  the  flow  of  steam  through  nozzles; 

nanu'ly. 

W  =  ''^ 

70 

^^'lle^e 

ir  =  Weight  of  steam  per  .second; 
P  =  Pressure  in  ])ounds  absolute; 
n  =  Area  of  nozzle  in  square  inches  ; 
■?0  =  A  constant  for  all   pressures  above  25  lb.  ab- 
solute. 
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A    scparatiiij;   cnloniiirlci'    will    r.sialiliHli    the    (|iiiilil\    uf 
the  strain   with  .•^iilVniciit  acciira<'y. 

Oiiir.ii  l'uK.s.sii(i:s  .wi)  'ri:MiM:ii.\Ti'UB8 

'To  a.<<i«'rlaiii  tlu"  pi»  prcHHiire  a  water  nuuioinoti'i'  uliould 
ho  loiiiicrtcd  to  a  sliort  ])i|M'  inserted  in  the  pis  main 
near  the  producer  and  in  8iuh  a  way  tliat  frietion  Iohhcs 
will  i»e  a  Miininunii.  The  atin(is|»heric  |)ressure  can  lie 
riH'orded  liy  means  of  a  haronieter. 

A  psych  romoter  or  an  oniimiiy  wet-and-dry-huU) 
tiiennonieter  will  determine  llic  temperature  ami  humid- 
ity of  the  atmos|)liere.  This  should  he  ])laced  near  the 
blower  of  the  producer  and  if  a  wet-and-dry-hulh  ther- 
mometer is  used,  care  should  he  taken  to  keep  the  cover- 
inj"-  of  the  wet  hnlh  well  moistened  at  all  tin\es. 

Steam-  and  <jas-pressiire  readinjjs  shonld  l)c  taken  every 
10  or  1.")  min. ;  tlie  other  readintrs  need  not  he  taken  so 
fretpiently. 

As II  Sami-i,ks 
These  samples  can  he  stored  temporarily  in  a  hox  hav- 
ing a  capacity  of  about  100  lb.  so  that,  at  the  end  of  1lu' 
test,  the  total  samples  taken  will  till  the  box.  From  this 
quantity  two  or  three  average  samples  should  be  taken 
and  analyzed  for  carbon  and  iron.  The  samples  should 
be  taken  at  intervals  not  exceeding  an  hour. 

Taijulating  Hesults 

Probably  the  best  way  to  tabulate  the  results  is  by 
showing  graphically  the  hourly  averages;  one  set  of 
curves  showing  the  gas  temi)erature  and  pressure,  an- 
other the  steam  pressure  and  weight  of  steam  blown ; 
another  the  pounds  of  coal  gasified  per  square  foot  of 
grate  area  and  the  pounds  of  coal  gasified  per  hour;  an- 
other the  heat  value  and  composition  of  the  gas,  and 
another  the  depth  of  the  distillation,  combustion  and  asli 
zones. 

A  ready  analysis  of  the  results  can  be  made  by  plotting 
these  sets  of  curves,  one  above  the  other,  on  the  same 
sheet  of  cross-section  paper,  so  that  respective  ordinates 
will   indicate  simultaneous   readings   for   all. 

Other  conditions  being  equal,  the  carbon  dioxide  and 
hydrogen  curves  will  genei'ally  rise  with  the  steam  curves 
and  vice  versa;  also  the  gas  temperature  and  cai'bon- 
monoxide  curves  will  fall  with  a  rise  in  the  steam  curves. 
The  hydro-carbon  curves,  in  general,  rise  as  the  gas  tem- 
perature falls  and  fall  as  this  temperatiire  rises,  thus 
showing  that  they  sufl'er  decomposition  at  the  higher 
temperatiires.  This  fact  is  further  borne  out  by  the 
soot  determinations  because  invariably  the  quantity  of 
soot  per  iinit  volume  of  gas  is  large  when  the  gas  tem- 
perature is  high. 

It  may  be  rather  dilHcult  to  form  a  definite  conclusion 
as  to  what  combination  of  events  is  most  favorable  to 
the  production  of  good  gas,  as  a  gas  that  is  best  for  one 
purpose  is  not  always  best  for  another.  In  general,  a  good 
producer  gas  is  one  in  which  the  sum  of  the  carbon  gases 
approaches  36  per  cent,  of  the  total  gases.  Of  this  per- 
centage about  3  per  cent,  may  be  incombustible  in  the 
form  of  carbon  dioxide.  Such  a  gas  would  analyze  about 
as  follows :  COg?  ^  P^^  cent. ;  CH^,  3.5  per  cent. ;  CO, 
29  per  cent. ;  Hj,  12.5  per  cent. ;  X.,,  53  per  cent. 

It  must  also  be  remembered  that  the  best  producer  is 
not  always  the  one  that  generates  the  greatest  volume 
of  gas ;  in  fact,  the  vohime  of  a  good  producer  gas  should 
hardly  exceed  85  cu.ft.  per  pound  of  carbon  gasified. 


The  carlion  loss  in  the  ash  and  Hoot  is  another  puiiii 
that  miiHt  not  he  overlooked  b(!(auBe  tluH  can  oftctn  !■ 
controlled.  I'sually,  carbon  Iohhch  in  the  Hoot  an:  coml 
tional  upon  the  gas  lemperalureH,  and  are,  therefoi' 
largely  inllucnced  by  tiic!  method  of  ojierating  the  |)i" 
duccr.  (lood  practi<(!  Iuih  establiHlied  for  k(K)1  Iohhcs  h 
range  of  from  3.5  to  1.5  per  cent,  of  the-  tt)tal  carbon 
III  the  coal. 

'i'lie  loHH  i]\w  to  eai'lion  in  the  asii  .should  never  he  uwu 
greater  than    1    per  cent,  of  the  total  carbon   in  the  coal 
A  clearer  conception  of  tlic!  Iohhck  due  to  the  presence  of 
carbon    in    the  ash   and    soot   will    Im!  had    if    reduced  to 
percentages  of  the  total  coal  charged.     The  (piantity  of 
gas   in  cubic   feet  as  iiieaKured   by  the  meter  under  tc- 
conditions  sliouhl    be  corrected    for  standard   condition- 
namely,  the  gas  volume  at  30  in.  of  mercury  and  (12  deg. 
F. ;  the  absolute  temperature  of  the  gas  at  standard  con- 
ditions,   522   deg.    F. ;   and    a    standard    pressure   of   30 
in.  of  mercury.     'I'lu;   following  formula  will  give  cor- 
rected   figures    foi'   the   uas   voliiine: 


V, 


p 


\\lien 
I 


(Jas  volume  at  standard  conditions   (30  in.  of 
mercury  and  (52  deg.  F.)  ; 
2\  =  Absolute  temperature  of  gas  at  standard  condi- 
tions  (522  deg.  F.)  ; 
T  ==  Absolute  temperature   of   gas   at  meter  condi- 
tions; 
;;  =  Pressure   at   meter  conditions; 
/jj  ==  Standard   pressure    (30  in.  of  mercury); 
V  =  Gas  volume  at  meter  conditions. 
The  corrected  jjrcssure  may  be  obtained  by  tlie  follow- 
ing: 

P  =  l\  -  V,-  t 
where 

F  =  Corrected  pressure ; 

Pj  ^  Barometric  reading  in  inches  of  mercury; 
P^  =  Manometer  reading  in  inches  of  mercury ; 
/  =  Va])or  tension  reading  in  inches  of  mercury. 

PliODUCER  EfFICIEN'CY 

From  the  various  data  obtained  during  the  test  it  is  a 
comparatively  simple  matter  to  determine  the  efficiency 
of  the  producer.  The  calculation  is,  of  course,  made  on 
the  unit  basis  of  the  gasification  of  1  lb.  of  coal.  Fur- 
thermore, there  are  two  efficiencies  to  consider,  the  cold- 
gas  efficiency  and  the  hot-gas  efficiency.  The  only  dif- 
ference between  these  is  that  the  former  does  not  take 
into  account  the  sensible  heat  of  the  gas,  whereas  the 
latter  does,  making  the  hot-gas  efficiency  higher. 

To  determine  the  cold-gas  efficiency  the  producer  is 
first  credited  with  the  total  B.t.u.  per  pound  of  coal 
charged.  To  this  must  be  added  the  B.t.u.  in  the  coal 
consumed  in  generating  sufficient  steam  to  gasify  1  lb. 
of  coal.  Also,  if  the  producer  tested  is  mechanically  op- 
erated, the  heat  units  in  the  coal  required  for  its  me- 
chanical operation  must  be  added.  This  sum  divided 
into  the  product  of  the  number  of  cubic  feet  of  gas  gen- 
erated per  pound  of  coal  by  the  number  of  heat  units 
per  cubic  foot  of  gas  and  then  multiplied  by  100  equals 
the  cold-gas  efficiency.  Expressed  as  a  formula,  this 
calculation  is  as  follows: 

V  X  h 

—p =rf rr  X  too  =  efliciencii  in  per  cent. 
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where 

V  =  Cubic  foet  of  gas  gonoratod  por  pound  of  coal; 
k  =  B.t.u.  per  cubic  foot  of  gas  ; 
fl'j  =  B.t.u.  per  pound  of  coal  cliarged  : 
ff,  =  B.t.u.   in  coal  for  generating  steam    to  gasify 

1  lb.  of  coal ; 
1/ .  =  B.t.u.   in  coal   required    for  iiieclianical   opera- 
tion of  producer. 
'I'he  hot-gas  efficiency  may  l)e  represented  by  the  for- 
mula: 

V  X  (h  +  h,) 
yf — I — ff — t~~yt    X  10(t  =  efficu'iicii  in  per  cent. 

where  /(,  is  the  sensible  heat  of  the  gas. 


As  a  rule,  it  is  hardly  fair  to  charge  the  producer  with 
steam  used  for  Idowing  at  100  per  cent,  quality  because 
it  usually  contains  some  moisture.  This  moisture  is 
precipitated  to  a  large  extent  in  the  injector  and,  there- 
fore, does  not  enter  the  ])roducer.  Furthermore,  this 
moisture  may  be  due  to  condensation  resulting  from  the 
relative  locati(ms  of  the  producer  and  boilers  and  conse- 
quently is  wholly  independent  of  the  former. 

The  amount  of  tiirl)on  gasified  is  equal  to  the  total 
carbon  in  the  coal  minus  the  sum  of  the  carbon  in  the 
ashes  and  soot.  It  is  also  evident  that  the  total  heat 
units  in  the  coal  minus  the  total  heat  iinits  in  the  gas, 
ashes  and  soot  will  determine  the  heat  losses  due  to 
radiation,  etc. 


By  R.  F.  Proffitt 


SYNOPSIS — An  article  for  engineers  not  familiar  ivith 

the  system.     Tells  liotu  to  start  and  stop  the  plant  and 

gives  hints  on  purgiug  and  rare. 

;•*■ 

How  THi'    Absorption  System  Works 

This  article  is  intended  for  beginners.     So  as  not  to 

confuse  the  reader,  the  writer  has  left  out  of  the  diagram 
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Simple  Diagram  of  Absorption  Refrigeration  Systkm 


the  water  connections  and  valves  not  needed  for  starting 
and  stopping  the  nuichine.  It  must  be  understood  that 
the  cooling  water  is  a  most  essential  part  of  this  as  of 
other  refrigerating  systems.  Cooling  water  flows  either 
through  or  over  coils,  in  the  condenser,  absorber,  rectifier 
and  weak-liquor  cooler.     The  system  is  charged  with  a 


mixture  of  water  and  anhydrous  ammonia  which  is  con- 
tained in  the  generator  or  still.  Steam  is  circulated 
through  the  coils  submerged  in  the  aqua  ammonia  to  heat 
the  latter  until  the  ammonia  gas  is  driven  ofF  through 
the  analyzer  to  the  rectifier  and  into  the  condenser  at  a 
pressure  corresponding  to  its  temperature.  In  going 
through  the  analyzer  most  of  the  entrained  moisture  is 

> ^  separated    from    the    gas    by 

tlie  baffles  shown  in  the  dia- 
gram. If  there  is  any  mois- 
ture left,  it  is  picked  up  by 
the  rectifier  and  returned  to 
the  generator.  The  rectifier 
partly  cools  the  gas  before 
delivering  it  to  the  condenser 
where  it  is  condensed  and 
becomes  liquid  anhydrous, 
which  falls  to  the  bottom 
of  the  condenser,  and  is 
then  ready  to  be  expanded 
in  the  brine  cooler.  It  ia 
admitted  to  the  brine  cooler 
through  the  expansion  valve. 
After  passing  the  valve  it 
enters  the  cooler  and  the 
pressure  is  released  as  it  is 
now  expanding  in  a  large 
space,  absorbing  heat  from 
the  brine  which  it  cools. 
This  process  completes  the 
operation  of  refrigeration, 
but  the  original  conditions 
must  be  duplicated  so  that 
the  operation  may  begin 
again.  We  now  have  the  ex- 
panded ammonia  at  a  very 
low  pressure,  and  this  must  be  returned  to  the  generator 
again.  To  do  this  we  have  to  use  the  ammonia  pump  and 
the  absorber.  By  admitting  the  water  or  weak  liquor  that  is 
left  in  the  generator  into  the  absorber,  together  with  the 
gas  from  the  cooler,  the  weak  liquor  absorbs  the  gas; 
hence  the  name  absorber.    As  the  weak  liquor  is  at  a  high 
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((•iniMM'iitiirc  it  is  cdoIimI  (irst  Itd'oii"  iMilrriiij:  tlii'  alismlicr ; 
it  is  <<iol('(l  still  more  l)y  coiitml  with  wnti'i-cooli'il  coils 
in  the  iil)siirl)(<r.  It  is  now  in  its  <ii'i^iiiiil  state.  'IMit>  weak 
Ii<|U()r  is  (omparalivclv  toiii,  Iiowcvit.  sh  it  is  |iiiin|)iMl 
tlirouj^'li  the  cxciinnfrc'r  wlicro  it  inccts  the  hot,  weak  li(|ii()r 
coniiiifr  from  the  ^'ciicratur.  'I'lio  two  !i(|iii(lH  travel  in 
opposite  directions,  the  weak  liipior  enteiinj?  at  the  top 
and  passing  out  at  the  liotloni,  and  tlie  strong  Ii(pior  I'n- 
teiinij  at  the  l)otton\  and  passinj^  out  at  iho  top.  Tln' 
stronji  li(pior  now  enteis  the  j^eneiator;  tiie  weak  licpior 
is  eooled  more  hv  ,ir«>injl  thronj^h  the  weak  li(pior  cooler 
before  (Miteriiifj  the  ahsorher  as  (an  he  seen  hv  Hie  <li«- 
gram.  This  com|)letes  the  cycle  of  operation,  and  tliis 
proeess  is  continued  until  the  hrine  is  cooled.  'IMie  hrine 
is  circulated  thn)u<,di  the  ice  l)o\es  or  tanks  to  ho  cooled 
as  loni,^  as  rciiuircd. 

STAi;'i'iN(i  I'm;  Svstk.m 
In  starting  liie  system,  turn  on  all  tiie  water  valves 
and  he  sure  that  the  water  is  circuhiting  properly.  Open 
the  steam  valve  .1.  Next  open  the  weak-li(iuor  valve 
ahout  one  turn.  Start  the  annnonia  jiumj)  slowly  hy 
oixMiini,'  the  throttle  valve.  Tliere  i.s  a  governor  on  the 
]mmp  steam  lino  to  control  the  speed  of  the  pmnp  so  as 
to  maintain  a  certain  level  of  licpiid  in  the  al)Sorl)er.  It 
is  host  to  oporato  the  pump  hy  the  throttle  valve  until 
tlie  systom  lias  roached  its  ])roper  working  condition  so 
as  not  to  loso  the  ])ump  suction  when  tlio  gas  valve  is 
opened,  which  is  done  aft(>r  the  ammonia  pump  is  started. 
Open  tho  gas  valve  slowly  until  wide  o])en.  Next,  crack 
the  expansion  valve.  This  valve  should  he  opened  just 
enough  .so  that  hy  listening  with  your  ear  close  to  the 
valve  you  can  hear  the  liquid  going  through  with  a  slight 
singing  noise  hut  steadily,  and  so  that  a  constant  level  is 
maintained  in  the  gage-glass  of  the  receiver.  Enough 
steam  .should  he  admitted  to  the  generator  to  hring  the 
pressure  up  to  about  180  lb.  on  the  generator  gage,  but 
no  higher.  The  pressure  may  l)e  less  according  to  the 
conditions,  and  can  only  be  found  by  experiment.  The 
liressure  is  governed  by  the  amount  of  steam,  the  tem- 
perature and  the  amount  of  cooling  water  on  the  con- 
denser. 

SuuTTixo  Down  tiik  Sy.stem 
In  shutting  down,  lirst  close  the  cxjiausion  valve. 
Shut  tlie  steam  valve  on  the  generator,  and  allow  a  short 
time  to  elapse  for  the  absorber  ])ressure  to  drop  to  about 
one-third  normal  to  allow  the  gas,  still  in  the  cooler, 
to  get  over  to  the  absorber;  then  close  the  gas  valve. 
Shut  down  the  ammonia  pump  and  wait  a  while  to  let 
the  absorber  liquid  level  rise  a  few  inches  to  give  a  sup- 
plv  for  starting  up  again,  (^lose  the  weak-liquor  valve 
and  then  shut  all  the  water  valves.  Always  bear  in 
mind  that  the  water  is  turned  on  first  in  starting  up, 
and  shut  off  last  ia  stopj^ing.  The  engineer  should  make  a 
study  of  ammonia,  and  tind  out  what  it  is  composed  of, 
and  what  it  will  do  under  different  conditions,  M-hat 
gases  it  will  form  when  mixed  with  air  and  oils  and  other 
foreign  matter,  as  he  will  know  tiien  what  is  the  trouble 
with  the  system  when  it  does  not  work  properly.  Foreign 
or  permanent  gases  will  form  in  the  system  and  should 
be  purged  off  as  soon  as  they  appear. 

Purging  the  System 

Purging  valves  will  be  found  at  the  top  of  the  ab- 
sorber, brine  cooler  and  the  condenser.     These  gases,  if 


left  in  the  syHJcni.  impair  the  cHiciency  of  the  nnichino 
anil  should  lie  purged  off  as  soon  nn  posHihle.  I'urging 
into  a  pail  of  water  is  the  best  way,  uh  you  can  then  tell  . 
when  the  foreign  gases  are  all  gone.  I'urge  slowly,  ami 
as  long  as  buhhles  appear  on  the  loj)  of  the  walor,  coii- 
liiiue  even  if  thei'e  is  a  slight  odor  of  ammonia.  TIkiv 
is  no  serious  loss,  as  the  ammonia  that  comoH  over  willi 
I  lie  foi-eign  gas  is  of  no  use  to  the  system  as  it  will  not 
rotidense.  foreign  gases  are  usiudly  lighter  than  pure  am- 
monia gas.  'I'he  writer  worked  with  an  engineer  who  djil 
not  l)elie\e  in  purging  as  he  thought  he  wcudd  lose  mm  L 
anhydrous  ammonia  hy  doing  so.  The  jilant  had  not 
been  purged  in  three  years  and  the  result  was  that  in 
summer  when  he  needed  most  work  out  of  tiie  Hysteni  it 
would  not  work  at  rated  ca|mcity.  He  hhinied  it  on  the 
machine  not  being  large  enough  to  meet  the  conditions, 
and  yet  expeits  had  allowed  a  huge  surplus  for  increas- 
ing load.  In  anolhcr  plant  there  was  a  12-ton  HVHtem 
and  the  engineer  jmrged  frocpiently  and  was  getting  20 
tons  out  of  it  easily.  There  is  notiiing  about  this  system 
lo  bother  one  if  one  will  study  the  system  under  differ- 
ent i(iii(iitioiis  and  expei'iment  at  (jrld  times  by  making 
different  ad justmcnt.s  of  valves. 


Capt.  F.  W.  Bartlett,  in  the  February  Journal  of  the 
American  Society  of  Naval  P^ngineers,  tells  how  porous 
brasses  were  treated  on  the  main  engine  shafts  of  the 
armored  cruiser  "Montana." 

Although  the  brasses  were  insjjected  and  tested  under 
pressure  at  the  time  of  fitting,  when  in  service  they  per- 
mitted water  to  leak  through  and  mingle  with  the  oil  to 
a  slight  extent.  An  examination  showed  the  babbitt  to 
be  in  excellent  condition.  'I'he  moisture  apparently  crept 
through  small  crevices  to  points  under  the  babbitt,  thence 
to  tlie  edges  and  slowly  exuded  from  under  it.  In  some 
instances,  small  dro])s  a])peared  where  there  was  no 
babbitt. 

Method  Used 

The  brasses  were  first  filled  with  gasoline  and  sub- 
jected to  a  pressure  of  about  20  11).  and  left  in  this  cou- 
dition  for  12  hr.,  the  object  being  to  thoroughly  cleanse 
the  crevices  of  oil  and  water.  As  was  expected,  the  gaso- 
line slowly  M'orked  tli rough. 

The  gasoline  was  then  removed  and  air  blown  through 
for  about  four  hours,  after  which  the  brasses  were  filled 
with  .shellac  and  kept  under  75  lb.  air  pressure  for  an- 
other four  hours,  the  intention  being  that  the  shellac 
would  not  set  materially  in  that  time.  The  alcohol  in  the 
shellac  seemed  to  push  ahead  of  it  small  particles  of 
water  or  gasoline,  and  appeared  as  drops  at  the  crevices. 
In  some  cases,  the  shellac  could  be  seen  to  have  passed 
through  these  crevices  and  to  have  deposited  on  the  out- 
side as  a  In-own  litpiid.  This  soon  congealed  and  no 
further  leaks  took  place.  The  shellac  was  then  removed 
from  the  surfaces,  and  air  l)lo\vn  through  the  brasses  foi 
two  or  three  hours  with  the  idea  of  setting  that  remain- 
ing in  the  pores. 

Upon  testing  the  brasses  for  an  hour  with  water  at 
a  pressure  of  approximately  75  lb.,  there  was  no  sign  of 
leakage,  showing  conclusively  that  the  pores  had  been 
filled. 


arreim    Ms^im^factairiinig    Comnipe^ini^^' 


By  A\'Ai!iii:\  O.  l!ooii?s 


SYNOPSIS — Some  features  found  in  a  cotton-mill  pow- 
er plant.  Low  flue-gas  temperalures  due  to  the  method 
of  baffling  the  boilers.  Superheated  steam  from  two  boil- 
ers mingles  with  saturated  steam  from  nine  others,  super- 
heating the  steam  in  the  main  between  20  and  25  dcg. 
This  results  in  but  little  condensation  in  the  steam  lines, 
the  longest  of  which    is  000  feet. 

Combining  saturated  steam  and  steam  superheated 
125  deg.  in  tlie  steam  mains  leading  to  the  engine  units 
is  the  novel  practice  followed  in  the  power  plant  of  the 
Warren  Manufacturing  Company's  cotton  mill  at  War- 
ren, R.  I. 

In  1889  this  company  had  the  distinction  of  operating 
a  2000-hp.  quadruple,  cross-compound  condensing  en- 
gine* Later  on,  themill  and  engine  were  destroyed  by 
fire.     When  the  new  mill  was  built  a  321/2  and  681/2  by 


pressure  valve,  while  the  other  conncfts  to  a  horizon- 
tal feed-water  heater,  which  is  between  the  cylinder 
and  the  jet  condenser.  From  the  bottom  of  the  receiver, 
which  is  at  the  rear  and  between  the  high-  and  low-pres- 
sure cylinders,  a  14-in.  pipe  connects  to  the  low-pressure 
exhaust  line  between  the  valve  and  the  jwint  where  the 
branch  occurs. 

In  case  either  cylinder  or  side  of  the  engine  is  dis- 
abled, the  other  side  can  be  operated  as  a  simple  engine 


Fig.  1.    One-Thousand  Hoksepower  Cross-Compound 
Corliss  Engine 


Fig.  2.   Separator  at  End  of  600-Ft.  Pipe 
Line  and  Idle  Steam  Trap 


60-in.  vertical  cross-compound  engine  was  installed  which 
is  now  in  operation.  It  develops  2500  hp.  at  76  r.p.m. 
A  feature  in  its  piping  is  interesting  in  that  it  is  so 
arranged  that  the  engine  can  be  started  by  either  cyl- 
inder. Steam  from  the  main  header  enters  through  a 
12-in.  pipe  to  a  separator,  which  is  piped  to  the  high- 
])ressure  cylinder. 

Between  the  throttle  valve  and  the  separator  a  12-in. 
pipe  branches  out  and  is  connected  to  the  14-in.  exhaust 
pipe  between  the  receiver  and  a  valve  placed  close  to  the 
exhaust  side  of  the  high-pressure  cylinder.  At  the  othei' 
end  of  the  receiver  a  14-in.  pipe  is  connected  to  the  low- 
pressure  cylinder  with  a  valve  between  the  two.  The  24- 
in.  low-pressure  exhaust  is  fitted  with  a  valve  between  tlie 
cylinder  and  branches  in  the  pipe,  one  of  which  leads 
vertically  to  the  atmos])here  and  is  fitted  with  a  back- 
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and  run  eithel*  condensing  or  noncondensing.  For  in- 
stance, if  the  high-pressure  side  is  disal)led,  it  is  only 
necessary  to  close  the  valve  on  both  sides  and  admit  steam 
to  the  receiver  though  the  valve  in  the  12-in.  bypass. 

If  the  low-pressure  side  is  out  of  order,  the  valve  be- 
tween the  receiver  and  the  cylinder  is  closed,  and  tne 
valve  in  the  exhaust  pipe  and  that  in  the  12-in.  low- 
pressure  bypass  opened.  The  high-pressure  cylinder  then 
exhausts  in  the  regular  way  to  the  receiver,  through  the 
bypass  and  either  to  the  atmosphere  or  to  the  condenser. 

The  feed-water  heater  raises  the  temperature  of  the 
feed  water  to  90  deg.  and  is  forced  by  power  pmnps 
through  the  economizer,  where  the  temperature  is  in- 
creased but  9.5  deg.;  the  reason  will  be  explained  further 
on. 

When  additions  to  the  mill  were  made,  the  vertical  en- 
gine became  overloaded,  and  a  second  cross-compound 
horizontal  unit  of  1000  h]).  capacity  at  102  r.p.m.  was 


iiisliillctl.  Kig.  1,  Imvin^'  IS  and  itii  l)_v  iH-in.  cylimlfis. 
This  I'lijfiiU'  aim)  I'xIiausiM  lo  a  jet  condi'iiHcr,  l)ul  is 
not  (•(iiiiifiti'd  Id  a  licalcr.  HdIIi  of  tiitw  cii^jincs  an' 
close  In  the  l)<)ilt'r  room,  and  tlu'n'fon'  no  j^rcal  ainoiini 
ol"  I'ondcnsatinii  would  lii'  cxiu'ilcd,  r\rn  willi  saturiili'd 
steam. 

A  still  rui'tlicr  extension  of  llie  mill  neeessilateil  nn- 
ollier  en-xine  l)eing  installed  (iiM)  H.  Iiom  llie  hoiler  room. 
It  is  a  horizontal  eross-eom|ii)uii(l,  of  I.")On  h|)..  niimiiiL: 
at  100  r.p.m..  with  :;'0  and  Iv;  l)y  IS-in.  cvlindi  rs.  The 
1-in.  steam  main  is  suspended  Irom  hcams  in  t\  slun- 
honse  hv  rod  han<;ers  with  a  holt  lhron<;h  '.lie  hottom  of 
eaeli.  and  on  which  a  roller  is  Iniiii:.  lluis  ^rivinj,'  llie  i)i|u' 
free  movement. 

It  is  in  this  \n\w  line  that  'he  lienelit  of  the  super- 
heated steam  is  evidenced.  In  ilie  eni,nne  room  the  pipe 
connects  with  a  sei)arator,  the  drip  of  which  leads  to  a 
tiltinji  trap.  Fig.  2.  During  the  writer's  visit  in  the  en- 
gine room  the  trap  failed  to  discharge.  When  I  he  cock 
on  the  top  was  opened  it  .showed  no  water;  drv  slcain 
onlv  escape<l. 

The  chief  engineer  and  master  mechanic.  K.  W.  Trip. 
stated  that  after  tiie  engine  is  sliul  down,  at  least  four 
hours  elapses  hefore  the  trap  will  tilt  to  discharge  water 
<d"  condensation.  The  dryness  of  the  steam  is  attrihiilcd 
to  the  2o  deg.  of  superheat  in  the  steam  at  the  engine. 

Boil.KHS 

There  are  two  hoilei'  rooms,  wliicli  are  separated  hy  an 
economizer.  In  one  there  are  two  Heine  walei'-tuhe  boil- 
ers of  2r)0-hp.  rated  capacity,  equipped  with  superheaters 
which  superheat  the  steam  125  deg.  F.  in  the  other 
boiler  room  there  are  nine  2o0-hp.  boilers  of  the  same 
make,  but  they  do  not  have  superheaters.  These  boilers 
are  piped  to  the  main  header,  where  the  saturated  and 
superheated  steam  mingles  and  is  carried  to  the  several 
engines  superlieated  at  about  25  deg.,  at  150  lb.  pressure. 

The  two  boilers  are  operated  under  natural  draft,  but 
the  nine  boilers  are  worked  with  forced  draft.  The  en- 
gine-driven blower  is  supported  by  a  frame  of  I-beams  at 
one  end,  and  cross  stringers ;  the  outer  ends  of  the  string- 
ers are  supported  by  the  boiler-room  wall. 

Fig.  3  shows  the  large  battery  of  boilers.  The  dis- 
charge of  the  forced-draft  fan  is  shown  at  the  right.  This 
air  duct  enters  a  square  air  main,  18x32  in.  in  size  and 
which  runs  parallel  with  the  boiler  points.  A  15-in.  air 
pipe  brandies  out  of  the  main  duct  opposite  each  boiler 
and  extends  below  the  floor,  where  it  turns  at  right  angles 
and  extends  to  the  ashpit  of  the  boiler  to  which  it  is  to 
supply  air.  A  maximum  draft  of  1  in.  of  water  is  auto- 
maticallx-  maintained  when  needed,  the  fan  engine  being 
equipped  with  a  regulating  valve. 

The  smoke  flue  for  these  boilers  is  41/2  ft.  in  diameter 
at  the  far  end  and  increased  gradually  in  size  to  8  ft. 
where  it  connects  with  the  economizer.  Both  sets  of 
boilers  are  arranged  to  bypass  the  stack  gases  past  the 
economizer  by  means  of  a  series  of  dampers. 

The  chimney  gases  enter  the  economizer  at  a  tem- 
perature of  between  350  and  450  deg.,  according  to  the 
load  on  the  boilers,  and  enter  the  178-ft.  chimney  at 
205  deg.  The  chimney  is  13  ft.  inside  diameter  at  the 
top.  The  feed  water  is  heated  from  90  deg.,  at  which 
temperature  it  leaves  the  heater,  to  185  deg.  upon  leav- 
ing the  economizer.  This  slight  increase  in  temperature 
is   due,   of   course,   to  the   low  temperature  of   the  flue 


gases,   which    is    the    result    of    the   manner   of    arraiigiiig 
the  boiler  ballling. 

The  idea   is  sinijile,   lluil  of   reiiioxiiig  the  last   row  >' 
lirick   from  the  lower  Imtlle  at   the  iiack  end  of  the  tiilx 
and  the  addition  of  one  lenglh  of  bricks  to  the  top  halll' 
at  llie  front  end  of  the  lubes.     This  enlarges  the  area  of 
Hie  opening  to  the   lirsl   jiass  of  tubes  and    restricts   ll 
area  from  the  otiiei'  end.    'i'lie  riMult  is  that  exceptional 
good  combustion   occurs   in    llie   furiuue  and   comhuslion 
chamber. 

Looking  into  IIk;  rear  end  of  the  boiler  liirnacc!  hIion 
ihis  to  be  so,  as  there  is  but  slight  iiidic-itioti  of  Bimi 
and  the  temperature  of  the  Hue  gases  indicates  that  i 
boiler-heating  surface  is  absorbing  a   high    percentage 
the  heal.      It   is  csplaiiied  by  llic  engineers  that  restrict- 
ing   the    free   ocapc   of   I  be    lualcd    gases   gives   them    an 
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opportunity  to  ignite  before  the  temjierature  is  lowered 
by  coming  in  contact  with  the  comparativelv  cold  surface 

of  tlie  boiler  tubes. 


Only  X  I'er  Cent,  of  (irailuatinK  Enslneers  Enter  Other 
Fielil.«( — The  statement  that  graduates  of  engineering'  schools 
do  not  follow  the  engineering  profession  is  shown  to  be  er- 
roneous in  the  case  of  the  College  of  Engineering  of  the 
University  of  Illinois.  Data  recently  collected  show  that  of 
the  2165  graduates,  1933,  or  89  per  cent.,  are  engaged  in  one 
way  or  another  in  engineering  worl<,  and  that  only  173,  or 
about  8  per  cent.,  have  gone  into  other  fields.  The  occupations 
of  the  graduates  of  the  College  of  Engineering  are  tabulated 
a.s  follows: 

Pcr- 
No.  centage 

A — Non  engineering: 

1  Farmers  and   ranchmen .52  2.39 

2  Merchants    31  1.42 

3  Executive   officers   of   mercantile   com- 

panies       in  (i.S.S 

4  Editors     19  <i.S8 

5  Real    estate    and    insurance 1.5  ••.68 

6  .Salesmen     10  <i.4fi 

7  Army    officers    8  0.36 

S      Bankers    6  "28 

9      Physicians   5  n .  24 

10  Lawyers    5  o.24 

11  Miscellaneous    3  n.l3 

Total      173  7.96 

B — Engineering: 

1  Employees    of    engineering    companies      1370  63.2 

2  Architects    318  14.6 

3  Executive  officers  of  engineering  com- 

panies            130  fi 

4  Teachers    95  4.6 

5  Consulting    engineers 20  0.92 

Total    1933  89.32 

Deceased     59  2.72 

Grand     total 2165  100.00 
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Not  long  ago  the  slide  rule  was  frequently  held  u])  to 
ridicule,  especially  by  those  who  could  not  or  would  not 
use  it.  It  was  termed  a  "guess-stick,"  and  an  error  by 
the  manipulator  was  hailed  with  satisfaction.  This  feel- 
ing now  has  given  ]ilace  to  one  of  respect  for  its  value 
as  a  great  time  and  energy  saver  in  mechanical  calcula- 
tions, but  the  idea  seems  to  prevail  that  to  acquire  skill 
with  the  rule  one  needs  unusual  mental  equipment.  In 
the  writer's  opinion,  the  inexcusably  opaque  "instruc- 
tion" books  which  have  been  distributed  with  slide  rules 
are  in  a  great  measure  responsible  for  these  conditions. 
Another  feature  of  the  slide  rule  which  has  discouraged 
beginners  and  generally  limited  its  use  is  the  determina- 
tion of  the  position  of  the  decimal  point.  Some  eight 
years  ago  the  writer  devised  a  method  of  locating  the 
decimal  point  in  slide-rule  calculations  which  is  ex- 
tremely simple  and  which  can  be  applied  to  any  combina- 
tions of  multiplication  and  division.  Bearing  in  mind 
that  when  the  words  "left-hand  figures"  are  used  the 
number  of  figures  to  the  left  of  the  decimal  point  (or  in 
the  integral  portion  of  the  numl^er)  is  meant,  there  are 
two  short  rules  which  must  be  thoroughly  memorized  as 
follows : 

Rule  Ko.  1.  Multiplication — The  left-hand  figures 
in  the  product  equal  the  sum  of  the  left-hand  figures 
in  the  factors,  except  that  one  left-hand  figure  must  be 
subtracted  for  each  time  the  slide  projects  to  the  right. 

RuLi'  No.  2.  Divisiox — The  left-hand  figures  in  the 
quotient  equal  the  left-hand  figures  in  the  dividend  minus 
the  left-hand  figures  in  the  divisor,  except  that  one  left- 
hand  figui'c  must  be  added  to  those  in  the  dividend  for 
each  time  the  slide  projects  to  the  right. 

These  two  rules  embody  the  whole  method,  and  once 
having  been  learned  there  only  remains  their  application. 
Note  that  no  reference  is  made  to  slide  projections  to 
the  left. 

The  number  of  "left-hand  figures"  would  be 


3  in  954.210 

2  in  53.198 

1  in  5.733 

0  in  0.534 

-1  in  0.014 

-2  in  0.004 


The  use  of  the  two  rules  will  now  be  illustrated  by  ex- 
amples chosen  at  random,  leading  from  simple  problems 
to  those  more  complex.  The  calculations  are  given  in 
detail,  but  after  a  little  practice  the  decimal  point  can 
be  determined  mentally  with  rapidity.  It  is  understood 
that  the  lower  scales  C  and  D  on  the  rule  are  used. 

Example: 

7  X  •")  =  35 

The  slide  does  not  project  to  the  right ;  therefore  add 
the  left-hand  figures  of  the  factors,  giving  two  in  the 
product. 

Example: 

8.0  X  <i   X  12  =  (il3 

The  slide  projects  once  to  the  right;  therefore  add 
left-hand  figures  of  factors  and  subtract  1,  giving  three 
units  in  the  product. 


Exam  pic : 

8  X  6  X  12  X  0.13  X  0.075  =  5.62 
The  slide  projects  twice  to  the  right;  therefoi'c  (1  +  1 
+  2  +  0  — 1)  —  2  =  1  left-hand  tigure  in  tlie  product. 
E.rnm/ilc : 

The  slide  does  not  project  to  the  right;  therefore  sub- 
tract the  divisor's  left-hand  figures  from  the  dividend's, 
or  3  —  2  =  1  figure  in  the  quotient. 

Example: 

s  8  0  _  1  f;  0 

The  slide  projects  once  to  the  I'iglit;  therefore  add  1 
to  the  dividend's  left-hand  figures  and  then  subtract  the 
divisor's,  or  (3  +  1)  —  2  =  2  left-hand  figures  in  the 
quotient. 

Example: 

4800 

24  X  1  <; 


=  12.5 


The  slide  projects  twice  to  the  right;  tlierefore  (4  +  2) 
—  (2  4-  2)   =  2  left-hand  figures  in  the  quotient. 

In  formulas  involving  a  combination  of  multiplication 

and  division  the  value  of  the  method  especially  asserts 

itself.     For  instance,  the  slide-rule  lesson  in  the  Study 

Course   (Feb.   10,  p.  211)   gives  the  following  example: 

605  X  921       ^  ,^^ 

437         =  ^^"^ 

First  dividing,  then  multiplying,  gives  one  projection 
of  the  slide  to  the  right  in  division,  or  adding  one  to  the 
dividend's  left-hand  figures  and  subtracting  the  divisor's 
we  obtain  (3  +  3  +  1)—  3  =  4  left-hand  figures  in 
the  result.  The  Course  states  that  it  is  clear  that  the 
answer  "is  a  whole  number  and  there  is  no  decimal  point 
to  be  placed."  It  seems  to  the  writer,  however,  that  it 
is  not  at  all  clear  how  many  places  there  are  in  the  whole 
number  as  compared  with  the  simple  method  of  locating 
tlie  decimal  point  just  described. 

When  a  projection  to  the  right  in  division  is  followed 
by  a  projection  to  the  right  in  multiplication,  the  correc- 
tions balance  each  other  since  the  former  adds  one  and 
the  latter  subtracts  one  from  the  left-hand  figures  in 
the  dividend,  and  hence  both  may  be  disregarded.  For 
instance,  another  Studv  Course  problem  (Feb.  24  p 
283)  is  ■ 

0.492  X  1.29 


33.4 


=  0.019 


*See    also    "To    Find    the    Numbei'    of    Integer    Plaices    in    a 
Product  or  Quotient."   "Power,"  Mar.   24,  1914,   page   400. 


in  whii-h  the  autlior,  after  performing  the  slide-rule 
manipulations,  says,  "Now  to  locate  the  decimal  point. 
Ins))ection  of  the  numerator  shows  it  to  be  approximately 
0.5  and  33  will  not  go  into  it  until  it  is  multiplied  by 
100  or  the  decimal  point  moved  two  places  to  the  right. 
The  first  figure  in  the  answer  will,  therefore,  come  in 
the  second  place  after  the  decimal  point,  or  0.019  is  the 
answer."  How  much  simpler  to  observe  that  the  slide 
projects  to  the  right  once  in  division  and  once  in  multi- 
plication forming  a  l)alance,  or  (0  +  1 )  —  2  =  — 1  ;  or 
there  is  a  cipher  before  the  first  figuiv  in  the  answer. 
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l-'niiiivlr-  /         lis  X  *80  X  1.98  X  0.0-062  X  186 
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linn  I. lit  111. Ill-  in  tlivi.-^iuii.  iin<l  (•..nsr(|iiriitl,v   ('i  -\-  2  -f  '-i  w'viViV.' b  '^mS""""^   '    '  Hihi/.'iHVo 

|\  —  (a  4-  2  4-  (1)          1   Irrt-h.-iinl   \\'<\wv  in  llic  iv-  mm1i'iI,i.v*i,.v   186.' .■.:.■!::  hIi'i^  Ih  to  iIki'i  I  <'"''""''*-"~'^'""«""l' 

,      'VII'  '^  lijMil..    l,y    ir.    hM.Ii- IM  lo  iIkIiI  (H.ori- Iji-Iow  hne) 

Sllil.  |)|\lili'     l.y     12.5 Hndf!  1m  1(1  rlKhl  (Mcoid  Ijflow  lino) 

.\s  we  proccfil  lo  ioiificr  ('xiiiii|)h's  it  iiia\  lie  (iilliriiit  .\,,\v  ilic  (^xcck.s  of  the  lower  score  over  the  upper  is 
lo  .'ieparate  mvninWij  (lie  nmiilicr  of  project ioiis  to  the  l  ;  tlieit^l'ore  the  KJide  lias  f,'oiie  once  more  lo  the;  right 
rifrlit  in  niultiplieation  i'roni  those  in  division.  Short  in  division  than  in  iiiiiltiplication  ;  lienee  1  is  to  he  udfled 
vertical  lines  may  he  used  to  keep  lliis  score,  these  marks  t„  the  dividend's  lerL-hand  lif,Mires  Ix-fore  suhtraeting  the 
heing  jilaeed  eitlier  ai)ove  or  helow  the  division  line,  dc-  divisor's.  It  makes  no  diireieiice  in  what  order  the 
pending  upon  wliether  the  operation  is  one  of  multii)liea-  prohlem  is  solved,  the  iixc(ii<.H  of  one  group  of  projeetioii>i 
tion  or  of  division.  When  a  projection  to  the  right  in  to  the  right  over  tlie  other  group  will  he  the  same, 
division  is  immediately  halanced  hy  a  ))rojection  to  the  Kight  years  of  daily  use  of  the  method  in  a  depart- 
right  in  multiplication  hy  moving  the  runner  to  tlic  next  ment  re(|uiring  calculations  of  considerahle  coniph-.vity 
nuTuhef  in  the  di\ideiul.  no  score  is  necessary.  To  il-  has  tlioroiighly  demonstrated  its  value  in  promoting  ac- 
lu.stralc:  curacy  and  ra])idily. 

as  :« 

By  W.  II.  J'.ooTii 

There  are  places  where  it  is  clieaper  to  hiiy  ciirroiU  of  the  heat  converted  into  work  and  that  lost  hy  radia- 
from  some  central  station  than  it  is  to  make  it  lor  one-  tion  from  the  power  ijlant?  And  so  with  lahor  co.sts.  If 
self.  .\  central-station  man  is  usually  adept  at  showing  there  must  he  a  staff  of  two  men  without  a  power  plant, 
that  private  jilants  are  costing  much  more  to  their  own-  and  the  same  two  men  can  do  the  work  with  the  power 
ers  than  ]KU-chased  current,  hut  there  is  no  good  reason  plant,  this  (rharge  cannot  he  dehited  to  current  when  it 
why  a  private  jilant  should  be  so  much  less  economical  iwcomes  a  (iu(>stion  of  deciding  on  the  true  cost.  In 
to  work.  Each  case  must  be  taken  upon  its  merits  and  short,  the  accounting  for  this  purpose  must  show  simply 
onlv  o-eneral  views  can  be  taken  in  a  discussion.  In  favor  how  much  more  or  less  the  owner  will  pay  on  the  whole 
of  the  central  station  it  is  usual  to  claim  that  fuel,  stores,  building,  plant  and  men  and  maierials  when  he  has  and 
oil,  etc.,  can  be  bought  for  minimum  prices  and  that  when  lie  has  not  a  power  plant  installed. 
waWs  are  less  per  unit  of  current.  When  a  central-sta-  In  a  private  plant  all  turns  on  the  man  in  charge.  A 
tion  man  compares  costs  he  includes  on  both  sides  the  good  man  will  run  a  .so  called  ol)solete  plant  with  better 
capital  cost  of  the  space  occupied  and  the  proper  share  results  than  the  central  station  \\ill  sometimes  get  out  of 
of  the  waf^es  to  be  debited  against  current.  Xow  good  the  so  called  best  plant.  One  hears  and  reads  much  today 
and  partic'iilar  accounting  is  all  very  well  in  its  proper  about  top-notch  plants  and  efficiency.  But  the  high  rec- 
place.  but  this  sort  of  accounting  is  often  merely  of  an  ords  of  top-notch  plants  are  oljtained  very  much  by  en- 
academic  character  and  if  carried  too  far  may  result  in  gineering  accounting  on  the  lines  above  indicated.  An 
J  gg  engine  is  using  so  much  steam  per  horsepower-hour,  as 

In  the  erection  of  buildings  certain  foundations   are  shown  by  the  Lea  recorder,  but  this  instrument  is  not 

necessarv   and   these   result   in   jjasements   and   sub-l)ase-  meant  to  be  used  other  than  its  location  warrants.     It 

ments  which  involve  capital  cost  and  are  not  availal^le  does  not  show  heat  los.ses  in  steam  pipes,  or  at  the  boil- 

for  the  uses  to  which  daylight  floors  may  be  put.     This  ers.     It  is  possible,  with  a  small  staff,  to  run  a  low-pres- 

capital  cost  being  an  essential  part  of  a  building  and  not  sure  plant  in  good  order  and  to  save  money  as  compared 

having  a  letting" value,  or  a  use  value  other  than  for  a  with  the  overall  costs  of  a  top-notch  plant, 

power*^  plant,  is'^not  properly  chargeable  against  the  cost  In  P^ngland  it  is  certainly  a  fact  that  the  methods  of 

of  current.     For,  if  by  adding  this  charge,  the  owTier  is  charging  for  current  have  been  developed  on  the  academi- 

made  to  appear  to  be  a  gainer  by  the  purchase  of  outside  cal  view  of  what  a  user  should  pay.    The  utmost  indigna- 

current,  he  will  still  remain  liable  to  pay  the  interest  on  tion  is  felt  at  the  idea  that  a  small  consumer  should  use 

the  capital  expended  on  the  useless  part  of  the  building,  what  he  does  use  during  one  hour  only  per  day.     It  is 

A<^ain,  if  he  must  install  steam  heat  and  therefore  pay  pointed  out  how  to  supply  him  with  that  one  unit-hour, 

for  boilers,  the  cost  of  such  boilers  can  only  be  debited  there  is  $100  of  plant  at  the  station  and  that  he  uses  it  on- 

against  current  in  so  far  as  it  has  been  made  greater  for  ly  one  hour  out  of  24.  Before  he  can  be  supplied  he  must 

the  sake  of  higher  pressure  for  engine  working.     And  if  pay  interest  on  the  23  hr.     This  righteous  and  furious 

fuel  must  be  used  for  the  steam  heating  and  this  heat-  attitude  is  adopted  toward  any  number  of  small  users, 

ing  happens  to  use  all  the  exhaust  steam  from  the  power  the  while  papers  are  being  read  on  diversity  factors  and 

plant,  can  it  be  fair  to  charge  the  power  plant  with  more  all   manner   of   other   academic   matters.     The   charging 

of  the  fuel  cost  than  is  represented  by  the  small  fraction  faddists  have  rendered  any  attempt  at  a  diversity  factor 
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iiii|i()ssil)li'.  licciiuso  one  man  ii^os  currcnl  only  fi-oin  !» 
to  !<•  ii.ni.  all  other  small  usim's  apparenlly  use  currenl. 
only  from  !»  to  K)  a.m. 

The  attitude  of  the  electrical  supplymen  has  been  one 
of  antagonism  to  the  user,  based  on  the  ditTieulty  of  eco- 
noniical  storage  of  electricity.  The  central-station  man 
adopts  a  similar  attitude  toward  the  private  plant.  There 
is,  of  course,  a  limit  below  which  a  plant  may  be  more 
costly  than  to  purchase  current.  It  would  often  be  so  in 
this  country  but  for  the  systems  of  charging.  Thus  cur- 
rent is  sold  for  2c.  j)er  unit.  This  sounds  very  nice,  but 
it  is  loaded  up  with  an  unwarrantable  charge  per  quarter 
upon  each  rated  horsepower  of  the  motor.  Thus,  if  to  be 
liberal,  a  5-hp.  motor  be  put  in  to  drive  a  ly^-hp.  water 
pump,  which  will  not  take  3  hp.  of  current,  the  motor 
will  be  taxed  nearly  $10  per  quarter  and  the  cost  of  cur- 
rent runs  up  to  many  times  2c.  per  unit. 

Where  uncontrolled  by  an  engineer,  contractors  are 
apt  to  put  in  excessive  motors,  and  so  it  comes  that  power 
usei's  are  actually  taxed  on  a  few  figures  stamped  on  a 
nameplate.  This  is  particularly  unfair  with  a  well-pump 
motor,  for  the  work  always  remains  constant  and  the 
maximum  and  excess  power  of  the  motor  is  never  used. 

All  this  is  excellent  as  a  means  of  squeezing  dollars  out 
of  a  user  of  current,  but  it  is  not  good  business  and  is 
only  a  way  of  making  known  as  one  client  put  it,  that 
"the  supply  company  will  have  you  anyhow"  and  so  he  in- 
sisted on  steam  power. 

Private  water-supply  systems  are  used  very  much  in 
London,  because  the  charge  for  public  water  is  made  5 
per  cent,  on  the  rental  value  of  the  building.  Now  a 
large  building,  housing  at  most,  say,  500  or  1000  people, 
will  only  consume  a  few  thousand  gallons  of  water  per 
day.  By  meter  such  would  cost  $1  down  to  75c.  per  day 
or  less,  but  on  the  assessed  value  the  water  charge  may  be 
$4  upward  per  day.  A  private  supply  may  cost  30c. 
per  day  in  interest  and  from  nothing  to  4c.  per  1000  gal. 


1<i  pump.  \\]\h  electric  |)ower,  which  is  the  Jiicest 
(lri\e.  the  pump  runs  (inly  wlien  the  water  level  drops 
a  certain  distance  in  the  roof  lank  and  it  then  runs  un- 
til the  tank  fills — all  according  to  the  setting  of  the  auto- 
matic switch  and  float.  The  taxes  on  motor  rating  compel 
or  induce  owners  to  consider  steam  power,  drives  off  the 
hydraulic-pressure  mains  or  gas  [jower,  none?  of  which 
are  so  simple  or  occupy  less  space  than  the;  electric  drive 
with  a  worm  gear  direct  on  the  pum})  shaft. 

Were  the  nation  as  a  whole  efficiently  organized  for 
('(■(indmy  it  would  not  be  possible  that  such  a  state  of 
affairs  could  prevail.  There  is  first  the  tussle  between 
the  public  supply  of  water  and  the  owners'  right  to  tap 
the  deep,  pure  water  under  his  feet.  Next  there  are  the 
several  systems  of  driving  the  pump  and  for  every  case 
he  meets  a  contractor  is  apt  to  push  one  more  than  an- 
other irrespective  of  conditions.  Out  of  five  taken  at 
random,  two  are  electrical,  one  is  gas  driven,  one  steam 
driven  and  one  has  a  33-lb.  natural-pressure  head  and 
needs  no  pumping.  In  each  case  the  best  has  been  done 
for  the  given  conditions. 

Nobody  can  declare  offhand  as  a  general  proposition 
for  or  against  independent  supply  of  water  or  electricity. 
And  in  no  case  can  the  question  be  decided  by  what  some 
men  call  a  fair  and  proper  allocation  of  costs.  Practical 
men  know  this. 

I  once  knew  a  man  who  had  a  good  business  which  was 
departmentalized.  In  addition  to  selling  departmental 
products  there  was  a  department  for  assembling  parts 
and  selling  a  finished  product.  To  this  department  all 
material  was  charged  at  full  profit  rates  and  at  the  end 
of  the  year  this  department  showed  a  small  profit  on  its 
turnover.  It  had,  however,  enabled  the  other  depart- 
ments to  sell  parts  at  a  profit  and  it  had  done  its  share 
in  paying  overhead  charges.  It  was,  in  short,  producing 
a  profit  inside  the  four  walls.  The  owner  shut  it  down 
as  a  loss.     He  was  a  victim  of  academic  accounting. 


SYXOPSIS — An  isolated  plant  with  marine  waler-tube  many  buildings  where  no  attempt  has  been  made  to  pre- 

hoilrrs  mill  illrect-connected  generator  and  engine  units,  vent  it.     Although  the  engines  may  be  in  the  basement, 

Special  attention  having  been  given  to  preventing  vibra-  far  from  the  tenants,  all  feel  the  vibration  of  the  en- 

tion,    it    was   eliminated   by   insulating    the   foundations  gines  more  or  less.     This  disagreeable  feature  is  avoid- 

from  the  building  proper.  able   in    most  cases   with    but   little    additional   expense, 

'A\  jind  attention  to  it   will   I'esult  to  the  satisfaction  of  all. 

The  disagreeable   feature  of   vibration   is   manifest  in  in  the  case  of  a   ))lace  of  amusement,  one  can  easily 


Fig.  L   Thi!KE  Mx^'Mn.  Fouk-Valve  Kxcine-Gekeratok  Units.  Boston  Opeua  House 
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I)i:t.\ii.s  of  Exoink  Foundation  at  the  Boston  Oim:i;\  Hi 


ami  air  |in)\  ultd  willi  In-inlio  for  llio 
(•xliauHl  |)i|)t'  and  rondiiitK  l'<ir  llic  f,'<'ii- 
crator  calilcs  nmiiiiif,'  (o  lli<>  Kwilcli- 
liDard.  A  l-iii.  air  H\)iur  in  providifl 
Ih'Iwccii  tin'  fi)iiii(latioii  and  the  walU 
of  the  l)iiildiiif(. 

'I'lic  ciifriiic-iooMi  walls  arc  liiiilt 
"itli  ii  shelf  (()  wliich  5JxV2-ii>' 
wi-oii;,'lil-iioii  an>,'l('K  aro  Hociinjd  iiy 
4.\%-iii.  expansion  IjoUh.  On  the 
fonndation  side,  aiif^Ic  iroiiK  aro  im- 
iicddcd  in  the  concrete,',  and  niclal- 
lionlcr  strips  r(!st  on  the  two  sets  of 
irons,  coining  a  little  helow  the  level 
of  the  floor.  'I'lie  %-in.  pressed-steel 
llciur  |iliitcs  over  the  air  spaeoH  arc 
lilted  lo  the  side  stri|)s,  wliich  are 
|)l;ined  to  Mlill  ;i  deplli  that  (lie  plateg 
conic  e\en  with  Uic  eiigine-rooin  floor. 

Ill  iiddition  to  the  main  generating 
unils,  there  is  a  <J5-kw.,  motor-(lriv(!ii, 
ISa-volt  generating  set  for  use  wlien 
all  of  tiic  engine-driven  sets  are  idle. 
Ceiilral-stalioii  ( iirrent  is  used  on  this 
unit. 

The  main  steam  header  is  10  in.  in 
diameter  and  is  siijiported  by  vertical 
pipe  stands  imbedded  in  the  founda- 
tion. On  the  top  end  is  a  roller  to 
allow  for  the  movement  of  the  pipe 
line.  By  this  arrangement  the  header 
is  not  attached  to  any  part  of  the 
building  and  there  are  no  ill  effects 
from  vibration.  A  6-in.  lead  branches 
from  the  top  of  the  10-in.  header  for 
each  engine.  The  e.xhaust  pipes  run 
in  a  trough  in  the  foundation  to  an 
open  heater  in  the  boiler  room. 

Steam  is  generated  in  two  2.50-hp. 
W'ortliington  water-tube  boilers.  They 
are  hand  fired  and  carry  a  pressure 
of  1-^5  lb. 

Boiler-feed  water  is  obtained  from 
either  of  two  71/2  an<l  ^  ^J  6-iu.  du- 
ple.\  pumps.  There  is  also  a  vertical 
sump  ])ump  driven  by  a  1-hp.  motor. 
It   is  automatic  in  action,  the  height 


realize  the  annoyance  caused  by  the  constant  Jars  of 
vibration  sent  to  every  part  of  the  house,  both  to  the 
audience  and  to  the  performers.  AMien  the  Boston  Opera 
House  was  built,  this  discordant  feature  was  given  con- 
sideration. The  engine  foundations  are  separated  from 
every  part  of  the  building  by  air  spaces,  thus  vibration 
has   been  eliminated. 

In  the  engine  room  there  are  three  14x2"<i-in.  Ball  four- 
valve  engines,  directly  connected  to  three  Westinghouse 
125-kw.,  125-volt  generators,  at  200  r.p.m..  Fig.  1.  These 
units  have  separate  foundations  constructed  as  shown  in 
Fig.  2.  First  spiles  were  driven  and  the  spaces  between 
them  filled  with  concrete.  On  this  a  6-in.  layer  of  sand 
was  placed,  being  covered  by  two  layers  of  tarred  paper 
with  wide  lap  and  broken  joints.  The  paper  is  turned 
up  against  the  wall  about  7  in.  all  around  the  room ;  on 
this  the  concrete  foundations  rest.     Thev  are  5  ft.  thick 


Fig.  .3.    One  of  the  Boilers  and  the  Steam  Pcjips 
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of  water  in  ihc  suiiij)  starting  or  sto]i|)in<i'  tlie  motor  l)y 
means  of  a  float  and  a.  \vci<;iitc(l  double-throw  switch. 
All  of  these  pumps  are  in  the  lioiU'r  room.  Attached  to 
the  wall  is  a  vertical  9V^  and  !)l/i>  by  10-iii.  air  pump 
\]!<vi\  lor  elevating  the  stage  and  operating  the  drip 
cmiains. 


Coal  is  delivered  from  wagons  through  a  manhole  to  the 
hopper  of  a  motor-driven  belt  conveyor  and  is  discharged 
into  a  storage  room  adjoining  the  boiler  room.  It  is 
wheeled  in  for  use  as  desired.  In  the  winter  during  cold 
snaps,  when  tlii'  coal  is  frozen,  it  is  found  advisable  to 
break   the   lumps   to  prevent   stop])age  in  the  ho])|)er. 


Operailioini=-==I 


^Endl  Tlheir 


By   Kkic  a.  l.oK 


SVXOP^IS — TliP  f/ciirral  cliaracleristirs  of  si/ncli roiioii.'^ 
rolarji  convericrs.  Ihc  roltagc  and  current  rulii/s  iiuil 
meihods  of  ri'ipiliillini.  A  second  install niciit  will  cover 
their  operation. 

'I'lie  synelironous  converter  is  the  most  generally  used 
machine  for  converting  alternating  into  direct  current, 
and  vice  versa.  Mechanically,  it  is  similar  to  a  direct- 
current  generator  to  which  have  been  added  collector 
rings  and  their  connections  to  the  armature  winding. 
Electrically,  however,  it  is  quite  different,  and,  although 
in  its  relati(m  to  the  alternating-current  supply  it  acts 
as  a  svnchronous  motor  and  to  the  direct-current  circuit 


as  a  dii'cct-cui-rent  generator,  it  is  essentially  ditl'erent 
from  these  machines  so  far  as  the  armature  reaitiou  and 
heating  effect  of  the  armature  currents  are  concerned. 
The  tonpio  produced  by  the  alternating  current,  and 
consinned  hy  the  direct  current,  is  applied  at  the  same 
conductors ;  consequently  there  is  7io  transfer  of  mechani- 
cal energy,  and  the  machine  structure  can  he  nuule 
smaller  than  a  direct-current  generator  of  the  same  rat- 
ing. The  current  actually  flov,-ing  in  the  winding  is 
made  up  of  the  difference  in  instantaneous  values  of  the 
varird)le  alternating  cui'rent  and  the  constant  direct  cur- 
rent.    Iliese  partly  neutralize  each  other  and  the  current 

*KU>ctrical    eng:iiuir,  Oeneral  Klictric  Co.,  Schenectady.  N.  Y. 


aelually    tlowing   is   much   less   than   would  otherwise  be 
the  case,  resulting  in  a  reduced  copjjcr  loss. 

VOLTACiJ'    IfA'l'IO 

The  theoretical  voltage  ratio  of  a  converter  is  readily 
determined.  In  single-phase  machines  the  two  collector 
rings  are  connected  to  armature  conductors  with  the  same 
angular   distance   apart   as   the   commutator   bars   under 

adjacent  sets  of  brushes,  and 

^\   =    ^^ 

where 

ii\  =  Effective  value  of  the  alternating  e.m.f. ; 
E  =  Direct  current  e.m.f. 
Representing  the  effective  e.m.f.  between  the-  collector 
rings  of  a  two-ring,  single-phase  converter  by  the  diam- 
eter of  the  circle  in  Fig.  1,  the  effective  e.m.f.  E^,  he- 
tween  adjacent  rings  of  a  converter  having  n  rings  may 
be  rejiresented  by  that  chord  which  subtends  an  angle  of 

3(;o°      2 .       ■     . 

or        .       I  hat  IS, 


^\ 
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h  ich  |K'i  ves  : 
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=    -^^.  =  0.707  E 

For  three  j 
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QuA]!Ti:i!-riiASE.  I'liis  converter  generally  has  each 
])base  of  the  supply  circuit  connected  to  diametrically  op- 
])osite   ])oints   of   the   armature   winding,   and   the   ratio 

e(|uals  that  of  the  two-ring  single-phase  converter,  or 

/; 

V-i 

Six-PilAsi:.  Two  (lilferent  connections  are  used  with 
this  type,  the  "double-delta"  and  the  "diametrical."  With 
the  former.  Fig.  2,  the  voltage  ratio  is  the  same  as  for 
the  three-phase  converter,  the  connection  simply  con- 
sisting of  two  delta  systems.  With  the  diametrical  con- 
nection. Fig.  3,  the  ratio  is  the  same  as  for  the  single- 
])hase  converter,  it  being  similar  to  three  such  systems. 
Therefore,  for  si\-phase,  double-delta. 

V  3  E 
For   six-phase,    diameti'ical. 
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Willi  si\-pliiisi'  ronviTlcrs,  llic  iniMslnriiu'rs  niii  nlsn 
lie  coniicclfd  in  "doulilc-sliir."  in  wliicli  ciihc  (lie  nilio 
lii'twfi'ii  tin-  pliasc  voltiij,'c  ami  llir  iliiccl  vi>llii;:c  will  \>r 
llic  Siiiiic  US  for  tlif  "(idiiMi'-ilclla"  i  umuri  mn.  'I'lic  i;iliii 
ol'  (lie  clVcflivi'  c.m.r.  /■-'„.  bflwccii  iin\  mlli'iior  nii;;  ami 
ilu'  iiculrul  point  is  ulwins 

/■:„  =    K  =  ().:!.■.!  /•: 

Tlu'  I'ori'frDiiijj;  ratios  arc  only  lliconiical,  the  actual 
values  (lillVriiifi  sonicwliat,  (li'iu-Uiliiifi  upon;  'I'lic  \\a\c 
shape  of  the  impressed  imikT.-  that  is,  llic  ratio  ol  llic 
jiotential,  as  n-ad  hy  a  voltmi'tiT,  in  ilie  iiia\iiniiin  iii- 
stanlaiH'ous  \aluc  of  the  \\a\c-.  the  const  ruction  of  the 
niaehine.  es])eeially  the  latio  of  the  pole  arc  to  the  [lolc 
piteli;  the  irsistaiice  of  the  ai-nialui-c  winding-  causiun;  a 
dro])  of  polcnlial  in  llic  ainmliii-i'  as  well  as  in  llir 
brushes  under  load;  the  opciatinu  conditions  that  is, 
the  hrusli  position,  the  field  c\cilalion  and  whether  the 
converter  is  used  to  change  fidin  altcrnatiiiii'  to  diree' 
current  or  vice  versa. 

The  direct  e.m,f.  bears  a  definite  relation  only  to  tht 
maxinuim  value  of  the  alternating  e.in.f.  and  to  the  ef- 
fective value  only  insofar  as  the  latter  depends  on  the 
former.  Therefore,  with  a  fhit-topjied  impressed  e.m.f 
wave,  the  maximum  value  and  the  direct  e.m.f.  depend- 
ing thereu])on.  will  be  lower  than  with  a  sine  wave  of  tlie 
same  elfective  value,  while  with  a  jieaked  impressed  wave 
they  will  be  higher. 

The  ratio  of  pole  arc  to  pole  |)itcli  is  also  an  important 
factor  intluencing  the  voltage  relation.  By  altering  this 
ratio  the  curve  of  flux  distribution  is  cliangeil ;  hence 
also  the  ratio  between  the  niaximum  and  elVectixe  values 
of  the  induced  alternating  e.m.f. 

When  converting  from  alternating  to  direct  current, 
the  voltage  ct  the  commutator  i)rushes  is  less  than  the 
generated  direct  e.m.f.  and  the  counter  generated  al- 
ternating e.m.f.  is  less  than  the  impfcsscd.  due  to  the 
resistance  drop  in  the  armature  and  brushes.  The  arma- 
ture self-induction  has  little  effect  if  the  current  is  in 
phase  w^ith  the  impressed  e.m.f.  If  the  current  is  lag- 
ging, however,  the  counter  generated  alternating  e.m.f. 
is  reduced  below  the  impressed  and,  if  leading,  it  is  in- 
creased. Thus  the  direct  voltage  will  decrease  with  in- 
creased load  and  decreased  excitation  (lag),  but  increase 
with  increased  excitation   (lead). 

For  inverted  converters  the  alternating  voltage  is  de- 
creased with  increased  load,  especially  load  of  lagging 
current,  and  is  increased  with  leading  current.  The  ex- 
citation, however,  has  no  direct  effect  on  the  ratio,  hut 
decreased  excitation  increases  the  speed  and  thus  the  fre- 
quency, and  inversely,  except  when  the  frequency  is  fixed 
by  parallel  operation  with  an  alternating-current  system 
of  fixed  frequency.  In  the  latter  Case,  a  change  of  ex- 
citation simply  changes  the  current  phase,  and  with  ir 
the  ratio. 

From  the  foregoing  it  follows  that  it  is  impossible  to 
give  a  value  for  the  actual  voltage  ratio  which  will  apply 
to  different  types  of  converters.  In  general,  however, 
the  following  values  may  he  taken  as  annroximately  cor- 
rect. 


HATIn  A.  <•    To  I)    (•    VOI.TACK 

Nil  I.iiim1  KuU  l^ittil  liivrrtJHl 

Kill  I   I^Hul 
I'Imi"'  (■nlini'rliiiii  Cyrli'n  Cyrli-n  ('y<'Ui< 

2ri       m       2r,       <ui       -jr>       no 

SiiikIi'-|>I>i>*<',     i|iiiirli  r-|iiiii»i'     iiiiil     nix- 

phiiM' ■IJiiiiiririi'ul  0  71     0  7^     0  7:^     0  7:1     OIK)     0  70 

I'lini'  iiliii-.!' iiii.l  xK'IiImi..   iloiilili'-ili'lla    II  til      O  IIL'     O  tl'2     O  li:<     (I  IK  I     II  III 
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The  direct  Millagc  generally  used  is  2~i^>  volt«  for  powei 
and  lighting  work,  while  foi-  railway  work,  the  Htaiidanl 
voltage  has  been  liOO.  During  the  past  few  years,  how- 
ever, a  potential  of  1  <?()((  volts  lias  become  a  recogiii/.iil 
standani  for  interurbaii  lines,  while  I'iDO  volts  is  an  yet 
more  in  the  nature  of  a  special  voltage  for  those  caHci* 
where  the  saving  in  copper  oilers  sullicieiil   advantage. 

('ri!i:i;\r  Watio 

The  ratio  iiciMciii  the  direct  cin'renl  /  and  the  elfcctive 
\aliic  iif  the  allcrnalnig  current  7,,  entering  at  llie  col- 
lector rings,  is  subject  to  greater  variation  than  tin;  volt- 
age ratio.  This.  hovM-xcr.  is  not  of  great  inipoi'tance 
from  an  ojierating  standpoint,  as  it  is  only  necessary  to 
know  the  ciirreiit  ratios  in  connection  with  the  armature 
heating,  which  determines  the  rating  of  the  converter, 
and  for  this  purpose  an  a|)proximat(;  value  is  sutlicient. 
.Neglecting  the  losses  in  the  machine,  and  assuming 
the  impressed  and  induced  alternating  e.m.f.  to  be  in 
phase,  the  output  from  the  direct-current  side  must 
equal  the  injiut  to  the  alternating-current  side.  Let 
/s'  =  Dii'cct   e.in.f. : 

y<,'j  =  Effect i\e   \alne  of  alterualiiig  e.m.f.; 
/^Direct  current    in   line; 

/,  =  Effective  vaine  of  alternating  current  in  line; 
Ia  =  Effective  value  of  alternating  current  in  wind- 
ing; 
//  =  .\  umber  of  rings. 
For  a  single-phase  converter 

but 

E    =A 

whence 

/^   =  V"^  /  =  1.414/ 
In  general   for  converter  with  n-rings 

^   ~'      n 

The  current  in  the  windings  is  olitained  from  the  for- 
nuila 

n  sin 

71 

The  following  table  shows  the  approximate  current 
ratios  in  a  convenient  form  : 

APPROXIMATE  CURRENT  RATIOS.  ALTERXATIXG  TO  DIRECT 

Effective  Effective 

Line  Currents  in 

Pliase  Connection  Current.?  Winding 

Sinelc-pliase 1-H4  0.707 

Three-Dtiase 0  943  0.545 

Quarter-phase 0.707  " ^  „ 

Six-phase 0  472  0.472 

HiCATTXG    AXD    CAPACITY 

The  rating  of  a  synchronous  converter  is  generally  de- 
termined bv  the  heating  and  commutation.  It  can,  as  a 
rule,  he  com])aratively  expressed  in  terms  of  the  rating 
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which  the  saiiu'  machine  would  havo  if  o])('ratc(l  as  a  di- 
rect-current generator.  The  following,  tabulation  gives 
the  output  at  unity  power  factor  of  different  typos  of 
synchronous  converters  with  the  same  heating  that  would 
take  i)lace  if  the  converters  were  operated  as  direct-cur- 
rent generators,  the  losses  being  neglected  for  simplicity: 

COMPARATIVE  CAPACITIES  OF  SYNCHRONOUS  CONVERTERS  ON 
s»     BASIS  OF  AVERAGE  HEATING  AT  I'NITY  POWER  FACTOR 

100 


Diroct-currt'nt  generator 
SiiiKle-phase  converter 
Three-phase  converter - 
Quarter-phase  converter 
Six-phase  converter.     .  . 
Twelve-phlise  converter. 


85 
134 
164 
196 


ll  is  seen  i'rom  the  aboxe  thai  llic  more  points  at  which 
the  winding  of  a  converter  is  tapped,  the  more  direct  is 
the  path  from  the  collector  rings  to  the  commutator,  and 
the  less  is  the  heating  of  the  armature  conductors.  These 
can,  therefore,  be  of  smaller  cross-section  than  in  a  di- 
rect-current generator  of  the  same  capacity  and,  conse- 
quently, the  greater  the  number  of  phases,  the  greater  is 
the  capacity  of  a  synchronous  converter  as  compared  with 
a  generator  or  motor.  A  considerable  gain  is  made  by 
changing   from   three-phase   to   six-pliasc,    but   relatively 


the  rre(|uency  must  have  a  fixed  relation  to  the  s|)eed 
and  the  number  of  poles,  from  which  it  follows  tliat  the 
peripheral  speed  of  the  armadnc  and  commutator  in- 
creases M'ith  the  frequency.  The  peripheral  speed  of  the 
commutator  is  limited  both  by  mechanical  and  electrical 
considerations. 

The  present  relial)ilily  of  the  (iO-c'ycle  converter  is  due 
principally  to  the  improvements  in  mechanical  design. 
With  the  ability  to  build  longer  high-speed  commutators, 
it  became  possible  to  increase  the  speed  and  thus  the 
output  per  pole.  In  recent  machines  the  output  per  pole 
has  been  increased  beyond  the  inherent  commutating 
ability,  and  commutating  poles  have  been  adopted. 

Voltage  Nauiatiox 

It  is  often  necessary  to  vary  the  direct-current  voltage 
over  a  considerable  range.  Such  a  variation,  however, 
cannot  be  made  by  simply  varying  the  field  strength  as 
in  the  ordinary  direct-current  generator.  Therefore,  it  is 
necessary  to  provide  means  for  changing  the  applied  al- 
ternating \oltage,  which  can  be  accomplished  in  a  nurn- 
bei'  of  ways. 


Fig.  4. 


Regulating-Pole  Converter,  750-Kw., 
Volts 


'-'V; 


little  economy  is  obtained  by  still  further  increasing  the 
number  of  phases. 

The  standard  temperatui'e  rise  guarantees  at  the  pres- 
ent time  for  sychronous  converters,  except  for  the  small- 
est sizes,  are  35  deg.  C.  (95  deg.  F.)  for  continuous  full 
load  at  unity  power  factor,  and  55  deg.  C.  (133  deg.  F.) 
for  two  hours,  with  50  per  cent,  overload  at  unity  power 
factor.  Occasionally  a  5-deg.  higher  temperature  is  al- 
lowed for  the  collector  rings  and  the  commutator.  These 
guarantees  are  based  on  a  room  temperature  of  25  deg.  C. 
(77  deg.  F.)  and  correction  for  differences  therefrom  are 
made  in  accordance  with  the  rules  of  the  American  In- 
stitute of  Electrical  Engineers. 

Converters  are  now  built  in  sizes  uji  to  2500  kw.  for 
60  cvcles  and  4000  kw.  for  25  cycles. 

Fill:  QUE NCY 

Twenty-five  and  (iO  cycles  are  the  two  standard  fre- 
([ucncies  in  this  country,  the  former  principally  in  con- 
nection with  railway  and  power  service  and  the  latter  for 
lighting.     'Hie  converter  being  a  synchronous  machine, 


Fig.  5.     Syxchkonous  Booster-Converter.  3500-Kw., 
^"/3,o  Volts 

Transformer  Taps:  This  method  consists  in  the  use 
of  quick-acting  switches  connected  to  the  taps  of  the 
transformers.  Such  ■  a  mechanism,  however,  is  compli- 
cated and  the  arcing  is  apt  to  start  short-circuits;  hence 
it  is  seldom  used. 

Shu  NT- Wound  Converter  witil  Induction  Regu- 
lator :  A  much  better  method  is  the  use  of  an  induction 
regulator  between  the  terminals  of  the  transformer  sec- 
ondary terminals  and  the  synchronous  converter.  This 
avoids  the  necessity  of  any  switching  and  gives  a  smooth 
variation  in  the  supply  voltage.  The  regulator  consists 
of  a  movable  primary  winding,  which  is  excited  at  con- 
stant alternating-current  line  voltage  and  induces  prac- 
tically constant  voltage  in  the  stationary  secondary,  con- 
nected in  series  with  the  line.*  The  voltage  variation  is 
obtained  by  turning  the  movable  element  through  an 
angle,  which  changes  the  phase  relation  of  the  secondary 
voltage  to  the  line  voltage,  to  which  it  adds  or  subtracts 
vectorily.      ft   is,   therefore,  possible  to  increase  and  de- 
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crt'Jlsi'  llir  line  \(>llii;;i'  li\  iiiiy  iiinoiiiil  ii|)  Id  iIic  full  kcc- 
(Miilarv  \(>liii;;c  id'  ilic  icj^nlalor. 

Tliis  mctliml  of  ronlri)!  is  f^i'iicnilly  iiscil  wiili  sliuiil- 
woiiiid  coiivci'tci's  ill  (inliT  lo  ki'fp  tlic  voltap-  constiiiit, 
wlu'ii  till'  liiir  lirop  is  cMfssivi'.  'I'lii'  iiiiliuliiui  iTf^iilator 
i.-  rillirr  iiiiiiil-u|irral(Mi  liv  iiii-aiis  of  a  cliaiii  or  iiiolor 
liinr,  1)1-  [\\r  (oiilnij  ran  lu'  imulc  aiitoiiiatic  1)V  using  a 
roMtail-maivin;;  \iilliiirlcr  ami  irlay.  wliirli  will  inito- 
inatirally  cinilnil   tlic  ri'},'iiialor  iiiolor. 

Comi'oinh-W'oi  \i)  Cnw  i:ii  iii;  w  1 1  ii  IIi;  \(  rwi  i: 
Coil.s:  Tiiis  iiu'tiioil  of  \c)|iaj;c  \ariMtiiiii  is  iiascd  on  liu' 
fatt  that  an  alternating  iiirrrnt  passing  oviM-  an  imliictivi' 
♦•ircuit  will  ili'i-rcasr  in  poti'iitial  if  lagging,  and  increase 
if  leading.  As  in  ilw  syiu-liroiious  motor,  a  dcfroasc  in 
the  Held  exiilation  will  eause  a  synehronons  eonverter 
to  draw  a  lagging  current,  from  the  line,  and  an  increase 
in  the  held  excitation  a  leading  current.  The  total  value 
of  the  current,  however,  will  i)e  increased,  hut  the  lag- 
ging and  leading  com])onents  do  not  represcul  any  e\- 
penditure  of  energy,  except  that  of  the  increased  resist- 
ance loss  in  the  conductors. 


Flu.  ().     J(Hi()-K\\.,  not  I- Volt.  C"ommutating-Poli'  TJo- 

■|'.\I{Y    C()NVI';KTEI! 

The  excitation  can  Ije  automatically  regulated  as  the 
load  comes  on  by  providing  the  synchronous  converter 
with  a  series  field  winding  in  addition  to  the  shunt  field. 
The  inductance  of  the  supply  circuit  and  the  step-down 
transformei's,  however,  is  frequently  not  sufficient  to 
cause  the  required  boost  in  the  voltage,  and  in  such  a 
case  it  becomes  necessary  to  insert  reactance  coils  in  the 
line  or  design  the  step-down  transformers  for  extra  higli 
reactance.  The  lower  the  reactance,  the  greater  must  he 
the  strength  of  the  series  field  for  the  same  regulation, 
and  the  larger  is  the  lagging  or  leading  current  required. 
Inversely,  too  high  reactance  may  lower  the  overload  ca- 
pacity of  the  converter.  This  method  of  voltage  control 
is  extensively  used  in  railway  work,  where  only  a  slight 
variation  in  the  direct-current  voltage  is  generally  neces- 
sary. 

EtiGULATiXG-PoLE  CONVERTERS:  This  type  offers  a 
simple  means  of  obtaining  a  variable  direct-current  volt- 
age from  a  constant  alternating-current  voltage.  It  dif- 
fers from  a  standard  machine  only  in  that  the  field  struc- 
ture is  divided  into  two  poles — a  main  pole  and  a  small 
regulating  pole.  For  normal  voltage  the  main  pole  only 
is  excited,  while  to  raise  or  lower  the  direct  voltage,  the 


regulating  pole  Ih  excited  ho  an  (o  cillier  asniKl  or  uppusc 
ll Il'ect    of   the   lllllin    pole. 

The  regiilaling  jmiIc  may  be  provided  with  either  ,i 
shunt  or  a  serieH  Held.  When  hJiiint  wound,  il  may  Ic 
controlled  by  a  held  rbeimtat  either  by  liand  or  autu- 
niatically,  to  hold  a  certain  voltage  or  a  certain  loail.  Ma- 
cliinert  so  ei|iiippeil  are  particularly  Hiiiled  to  (■oiistaiil-loail 
service,  but  should  not  be  used  if  required  lo  carry  lighi 
loads  at  the  lower  pari  of  (he  voltage  range,  if  they  an 
III  ilii  sii  for  periods  much  longer  than  is  iieeeHsary  for 
adjusting  III  the  required  voltage  of  the  load  before 
sw  itching  into  service.  .\t  low  voltage,  the  lield  for  coni- 
miilalion  is  too  strong  for  light  loads,  although  excellent 
for  heavier  loads. 

W'itii  series-wound  regulating  poles  a  great  degree  of 
overcom|)ounding  can  be  obtained  with  little  change  in 
the  power  factor.  With  the  direction  of  rotation  Huch 
that  an  armature  conductor  passes  the  regulating  jiole 
before  the  main  i)ole,  the  machine  will  coinniutate  almost 
the  same  as  a  conimutating-])ole  macliine. 

Sometimes  tlie  regulating  pole  is  provided  with  lioth 
a  shunt  and  series  winding.  'I'he  former  pennitH  hand 
adjustment  of  tlie  voltage  for  changes  in  service  condi- 
tions. 

Fig.  I  illustrates  a  symhronous  converter  of  the  regu- 
lating-pole type. 

Si:i!IEs-Boosti;r  ('oxviciiTEi! :  This  consists  of  a  stand- 
ard synchronous  converter  and  a  series  or  l)ooster  alter- 
nating-current generator.  The  latter  lias  the  same  num- 
ber of  ])oles  as  the  converter,  is  mounted  on  the?  same 
shaft  with  it  and  is  connected  in  series  between  the  con- 
verter and  the  low-tension  side  of  the  transformers.  There 
are  two  types  of  construction,  the  revolving-field  type 
in  which  the  booster  is  mounted  on  the  outside  of  the 
collector  end  pillow'  block,  and  the  revolving-arnuiture 
type  in  which  the  booster  is  mounted  between  the  col- 
lector rings  and  the  armature  winding  of  the  converter, 
as  shown  in  Fig.  5. 

By  varying  or  reversing  the  field  excitation  of  this 
booster,  the  alternating  voltage  impressed  on  the  con- 
verter proper  can  be  increased  or  decreased  as  desired, 
the  direct-current  voltage  delivered  by  the  converter  vary- 
ing accordingly.  By  means  of  a  reversing  switch  in  the 
field  circuit  the  polarity  of  the  booster  field  may  be  re- 
versed without  opening  the  field  circuit,  and  the  gen- 
erated voltage  made  either  to  "buck"  or  "boost"  the  volt- 
age impressed  at  the  collector  rings. 

CO.WIHTERS  WITH    COMMUTATINC    PoLK.S:      The  USe  of 

commutating  poles  on  synchronous  converters  is  com- 
paratively new.  With  the  addition  of  these  poles  the 
commutation  may  be  so  improved  that  the  out])ut  per 
pole  is  nearly  doubled.  If  the  load  is  steady  and  uni- 
form, it  is  evident  that  the  limit  of  the  design  is  caused 
by  the  heating.  For  fluctuating  loads  and  with  lieavy 
overloads  of  short  durations,  such  as  in  interurban-rail- 
way  sy.«tems,  steel  mills,  etc.,  the  heating  limit  is  elim- 
nated.  In  other  words,  for  the  same  kind  of  service,  a 
smaller  and  lighter  converter  can  be  built,  its  rated  load 
being  correspondingly  less  and  muili  nearer  the  a^'erage 
load. 

The  ampere-tiirns  required  by  the  commutating  poles 
are  much  smaller  than  those  required  by  a  direct-current 
generator  having  an  ordinary  air  gap.  This  is  because 
the  excitation  of  the  commutating  poles  need  only  be 
sufficient  to  generate  a  counter  e.m.f.  equal  to  the  reactive 
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voltage  caused  b}-  a  reversal  of  tlie  load  current  of  the 
coil  while  passing  under  a  brusli.  It  is  unnecessary  to 
provide  additional  excitation  to  cancel  the  armature  re- 
action as  in  the  case  of  a  direct-current  generator.  Anj' 
disturbance  tending  to  unbalance  the  usual  alternating 
and  direct-current  relations  would  produce  an  arnuiture 
reaction  which  would  be  a  large  percentage  of  the  total 
excitation  of  the  coniinutating  poles  and  thus  greatly  af- 
fect the  commutation.  'I'o  prevent  this  it  is  advisable  to 
increase  the  required  excitation,  which  is  done  by  using 
larger  air  gaps.  Even  then  the  sparking,  when  started 
from  the  alternating  side,  is  ([uite  severe,  but  this  is  over- 
come, by  providing  a  bi'ush-lifting  device,  as  shown  in 
Tig.  6. ' 

Two  narrow  brushes,  one  I'oi-  each  ])olarity,  however, 
are  allowed  to  remain  on  the  commutator  when  starting 
so  as  to  provide  current  for  field  excitation  and  to  in- 
dicate the  polarity.  The  sparking  caused  by  these  two 
pilot  brushes  is  harmless,  as  they  are  very  narrow,  thus 
short-circuiting  at  a  niiicli  lower  voltage  than  would  the 
main  brushes. 

As  with  the  direct-current  commutating-polo  gen- 
erator, an  inductive  shunt  is  also  used.  Its  inductance  is 
greater  than  the  commutating  field  so  as  to  accomplish 
the  changes  in  the  fieUl  strength  more  quickly.  A  greater 
percentage  of  the  current  will  pass  through  the  com- 
mutating-pole  winding  for  increasing  loads  than  at  steady 
load,  and  for  decreasing  loads  the  commutating-pole  cur- 
rent will  be  less  than  with  the  corresponding  armature 
current  at  steady  load.  With  a  properly  designed  shunt, 
it  is,  therefore,  possible  to  throw  heavy  overloads  off  or 
on,  without  creating  a  lag  in  the  change  of  field  strength 
behind  the  armature  current  sufficient  to  cause  excessive 
sparking. 

IxvEin'KD  Syxchhonous  Coxverters:  Inverted  syn- 
chronous converters  while  not  used  frequently  are  some- 
times desirable,  as  in  a  low-tension  direct-current  system, 
where  it  is  desired  to  supply  an  outlying  district  with 
direct  current.  This  can  be  done  by  converting  from 
direct  to  alternating  current,  transmitting  as  alternating, 
and  then  reconverting  to  direct  current.  Converters  may 
also  be  used  as  a  connecting  link  between  alternating- 
current  and  direct-current  generating  systems  so  as  to 
shift  the  load  from  one  to  the  other,  or  inverted  con- 
verters may  be  used  simply  to  ]M-0(luce  alternating  cnr- 
rent. 

The  speed  of  the  machine  when  converting  from  al- 
ternating to  direct  current  is  fixed  by  the  frequency  and 
cannot  l)e  varied  by  altering  its  field  excitation;  this 
would  merely  change  the  power  factor.  However,  when 
converting  from  direct  to  alternating  current,  the  speed 
depends  upon  the  field  strength,  being  increased  by  a 
weak  field  and  decreased  by  a  strong  field  except  when 
tied  into  an  alternating-current  system.  It  is  evident, 
therefore,  that  there  should  be  little  or  no  series  field  on 
an  inverted  converter,  or  it  will  change  in  speed  under 
load  and  deliver  alternating  current  at  variable  fre- 
quency. 

A  lagging  alternating  current  weakens  the  field,  and 
thus  increases  the  speed  and  frequency  so  that  under 
certain  conditions,  as  with  an  inductive  load,  the  con- 
verter may  reach  a  very  high  speed.  Therefore,  care 
should  be  taken  to  see  that  the  field  excitation  is  always 
large  enough  to  prevent  excessive  speeds,  especially  when 
a  second  converter  is  operated  from  the  inverted  one  to 


change  back  from  alternating  to  direct  currenl.  Speed- 
limiting  devices  should  always  be  furnished  with  syn- 
chronous converters  used  under  these  conditions.  Sep- 
arate excitation  of  inverted  converters  is  also  desirable, 
in  which  case  the  exciter  should  be  mechanically  driven 
from  the  converter.  An  increase  in  the  speed  will  in- 
crease the  exciter  voltage  and  thereby  the  excitation  of 
the  converter,  thus  tending  to  check  the  speed. 

Frequently,  inverted  convei'ters  are  operated  in  parallel 
with  alternators.  \n  such  cases,  the  danger  of  racing 
does  not  exist,  if  the  generators  and  their  pi-ime  movers 
are  of  such  size  that  they  cannot  be  carried  away  in 
speed  by  tlie  converter.  It  is  im])ortant,  however,  to 
investigate  the  speed  regulation  of  the  prime  movers 
since  the  inverted  convei'ter  I'uns  at  a  uniform  speed  and 
if  the  alternators  are  not  operating  at  constant  speed, 
cross-currents  will  result. 

A  new  furnace  of  the  diitch-ovt'n  type,  designed  to 
burn  coal  smokelessly,  has  I'ceently  been  perfected  by 
James  McMillan  &  Co.,  33  North  Market  St.,  Chicago. 
It  is  uuule  up  of  a  ilat  shaking  grate,  with  inclined  cok- 
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ing  grates   at  either  side,   and   a   lirebriek   roof   covered 
with  asbestos  and  sheet  metal. 

Fig.  1  shows  the  furnace  front  and   Fig.  2  is  a  view 
looking  into  the  rear  of  the  furnace.     From  the  latter 
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vifw  llic  ;,'i'iii'i'iil  iirniii;.'i'mciit  will  lir  f\  iiltnt.  'I'lic  I'lir- 
iiacc  iimv  lie  ii<la|)|('il  to  iirarlv  cmtv  iiiiikr  (if  limli'i'  for 
<ii|iiuilirs  nin^nii;,'   rmiii    '^i)   Id  X'.'iO  lip. 

('(ml  is  tVd  tlin)iif:li  llii'  lop  of  the  riiiniut'  on  i-itlicr 
BJiic.  anil  is  allowed  to  iriiiaiii  on  llic  iiuiiiicd  rokiiif; 
{grates  iiiilil  il  has  Ihtii  rrrcd  of  its  volnlild  nuiltcr.  Air, 
iiiti'odiiit'd  tliroii;;li  llic  pfrfoialcd  plati'S  on  llic  rurniicf 
front  and  adniitti'd  alonj;  tln'  fuel  l"'(l,  ini\is  willi  tlic 
j;as(>s  distilled  from  the  eoal.  anil  ihr  iin\liii<'  is  Imiiii'd 
willioiit  smoke  as  it  passes  over  ilie  iiu  iindeseent  coal  on 
the  horizontal  <rrale.  When  the  ffreen  coal  has  heen  tlior- 
onirhiy  coked,  il  is  siiovcd  over  on  ihe  Hat  ^'rale  !)y  trans- 
fer hars  lilted  in  the  openin;:s  of  liic  inclined  pirate. 
These  hars  are  pivoted  on  a  rod  turned  hy  the  handle 
shown  at  the  front  of  Ihe  furnace,  and  are  curved  at  Iho 
outer  end  so  that  in  any  position  tiu-y  close  the  o])enings 
throujxh  which  they  project  and  ])revent  line  coal  from 
fallinj,'  through  to  the  ashpit. 

With  this  ty|)e  of  furnace  tlici-c  is  no  occa.sion  to  open 
Ihe  top  door  exce])t  for  the  rcinosal  of  clinkers,  so  tiial 
the  conditions  are  uniform  and  llic  drop  in  efficiency 
common  to  the  usual  hand-lircd  fiii-iuicc  during-  the  Tir- 
ing interval  is  obviated.  Tlic  air  for  the  i-ojiihustion  of 
the  coal  on  the  horizontal  shaking  grate  is  supjilicd 
through  the  ashpit  door  as  usual. 


A  new  liigh-specd  engine  for  driving  centrifugal 
pumps,  built  by  the  Ameriiau  Engine  &  Electric  Co., 
Bound  Brook,  X.  ,).,  is  of  the  triple-expansion  typo,  with 
four  cylinders.  The  illustrations  show  a  1000-hp.  engine. 
The  steam  conditions  for  this  unit  were  250  lb.  initial 
pressure  and  2.")  in.  vacuum.  The  engine  is  of  the  double- 
anglo  type.  Fig.  1  shows  how  the  two  engine  frames  are 
bolted  together  and  the  small  iioor  space  required  by  a 
1000-hp.  engine. 


The  liigli-presHnn*  cylinder  in  in  llie  foreground,  l-'ig. 
2,  Iho  interniedinlo  cylinder' to  the  right;  the  lo\v-j)rcs- 
HUre  cylinders  are  vertical.  This  const iiiction  givcH  :i 
large  ratio  of  expansion  and.  therefore,  high  (,'cononiy ;  il 
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Fig.   1. 


Eear   View    of   the   Americax-Baix   Four- 
Cylixder  Engine 


also  eliminates  a  large  low-pressure  cylinder  with  ii- 
massive  reciprocating  parts.  With  a  single  large,  low- 
pressure  cylinder,  the  speed  would  have  to  be  materially 
reduced,  and  this  would  increase  the  size,  weight  and 
space  required  by  the  engine.  The  increase  in  weight 
would  in  turn  necessitate  a  decreased  speed. 

Higher  speeds  may  be  used  with  the  four-cylinder  con- 
struction because  of  the  smaller  size  of  the  two  ]o\' - 
pressure  pistons  and  rods  and  as  the  inertia  forces  of  iIm 
vertical  reciprocating  masses  are  opposed  and  Ijalanced 
by  equal  and  opposite  forces  from  the  horizontal  cylin- 
ders. 11iis  advantage  of  the  angle  construction  is  now 
well  kjiowii.  The  four-cylinder,  triple-expansion  engine 
is  another  a])plication  of  the  same  design. 

Vibration  and  ])ounding  are  eliminated,  even  at  very 
high  speeds,  so  that  the  foundations  may  be  light  and  in- 
expensive. For  stationary  plants,  a  simple  block  of  con- 
crete is  all  that  is  necessary.  For  example,  a  1000-hp., 
four-cylinder,  triple-expansion  engine  would  require 
about  25  cu.yd.  of  concrete  for  its  foundation. 

The  design  of  the  valves,  pistons,  crossheads,  rods,  etc., 
of  these  engines  is  similar  to  that  of  the  angle-compound 
engine.  All  the  parts  are  supplied  with  oil  froin  two 
central  storage  tanks,  l)etween  the  two  vertical  low-pres- 
sure cylinders,  Fig.  1.  The  oil  collects  by  gravity,  is 
filtered  and  then  returned  to  the  elevated  tanks  hy  two 
pumps  operated  by  the  valve-gear  rocker-arms  of  the 
horizontal  cylinders.  One  of  these  pumps  with  its 
plunger  can  be  seen  to  the  left  in  Fig.  2. 

There  are  indicator  cocks  for  all  four  cylinders  and  a 
permanent  reducing  motion  on  each  crosshead.  The  gov- 
ernor is  the  standard  American-Ball  inertia  type,  of  use 
principally  to  prevent  a  runaway  in  case  the  load  is  seri- 
ously reduced  by  the  clogging  of  the  pump  inlet. 
gs 

Highest  Powered  Water  Turbine — The  highest  powered 
water  turbines  ever  built  are  the  22,500-hp.  units  recently  con- 
structed for  the  Washington  Water  Power  Co.  They  will  have 
an  overload  of  nearly  25.000  hp.  each.  The  builders,  the  I. 
P.  Morris  Co..  are  also  constructing  several  20.000-hp.  verti- 
cal single-runner  turbines  for  the  Laurentide  Co.,  Ltd..  and 
nine,  10.800-hp.  turbines  for  the  Cedar  Rapids  Manufacturing 
&   Power   Co. 
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A  suggestion  t'liaractcristic  (if  tlic  engineers'  \inwrit- 
ten  code  of  ethics  is  enihodied  in  a  letter  on  page  5"*38  of 
the  April  14  issue.  In  his  reference  to  the  results  ac- 
complished hy  "Engineer  Wise,"  W.  H.  Odell  says  un- 
der the  caption,  "What  Did  the  Engineer  Get?"  iu  the 
beginning  of  the  second  paragraph.  "It  may  seem  sor- 
did," etc.  This  is  professional  pride.  It  is  the  trait  of 
(  haracter  or  call  it  professional  ethics,  which  is  so  fre- 
i|uciitly  met  with  among  engineers  as  to  properly  be 
(jailed  a  fixed  quantity  or  a  constant.  It  entitles  them 
to  a  high  place  in  the  scale  of  professions.  They  seldom 
discuss  possible  economies  in  the  plant  with  any  thought 
of  profit  to  themsehes.  Who  can  remember  such  a  sug- 
gestion on  the  floor  of  a  lodge  room  (or  anywhere  else 
for  that  matter)  ? 

Few  of  the  professions  equal,  and  certainly  none  excel 
iu  this  characteristic.  The  lawyer  is  perhaps  most  fre- 
quently retained  on  a  contingent  basis,  and  the  doctor 
the  least.  (A  fee  on  the  kill  or  cure  basis  might  prove 
embarrassing  to  collect  if  the  patient  failed  to  recover). 
But  the  engineer  performs  all  that  he  is  nominally  en- 
gaged to  do,  and  besides,  often  effects  economies  as  cited 
in  the  original  article  referred  to,  and  expects  no  finan- 
cial returns.  All  of  which  is  splendid  in  itself,  but  does 
not  furnish  the  present-day  necessities  nor  do  justice 
to  his  dependents. 

There  is  enough  brain  in  the  craft  and  enough  profes- 
sional and  financial  standing  if  properly  centered  and 
utilized  to  enable  the  engineer  of  any  plant  to  secure 
expert  advice  on  his  specific  case  to  enable  him  to  go  to 
his  employer  with  well  developed  plans  of  action  or 
changes  in  order  to  produce  results  either  in  the  line  of 
extensions  or  economies  with  the  straightforward  busi- 
ness proposition  that  he  is  to  benefit  by  it  iu  a  direct 
definite  proportion  to  his  employer.  The  plan  is  easy 
of  execution  through  any  of  our  engineers'  organizations. 
Men  of  high  standing  are  available  to  consult  with  and 
verify  the  possibilities  of  any  given  case  and  few  are  the 
plants  which  cannot  show  a  handsome  return  on  an  in- 
vestment which  the  engineer  will  be  able  to  point  out  if 
properly  received. 

Employers  will  do  well  to  give  their  engineers  to 
understand  that  they  will  entertain  suggestions  along 
these  lines.  What  a  careful  going  over  the  old  plants 
would  have  and  best  of  all  to  the  benefit  and  therefore  the 
satisfaction  of  employer  and  employee.  This  is  the  life  and 
solution  of  the  isolated-plant  problem;  working  along 
tiie  lines  of  the  central  stations.  State  the  case  as  the 
central  station  solicitor  would  state  it.  If  within  his  heat- 
ing zone,  he  would  furnish  heat  and  electric  current 
each  at  a  certain  rate.  If  the  isolated  plant  and  engi- 
neer can  do  better,  let  them  bid  against  the  central  sta- 
tion. 

leather  than  abandon  his  plant  for  "street  current," 
almost  any  employer  would   ]n-efer  to  niuke  a  contract 


with  his  own  engineer  to  run  the  plant  at  less  than  cen- 
tral station  rates,  and  to  share  the  saving  with  the  en- 
gineer. The  bringing  of  this  about  is  simply  a  question 
of  the  assertiveness  of  the  engineer  in  urging  his  prop- 
osition, and  the  confidence  of  the  employer  in  his  ability 
to  carry  it  out. 


During  the  past  year  many  industries  and  corporations 
have  concentrated  the  efforts  of  their  ablest  men  on  the 
"safety-first"  movement — devoting  time,  thought  and 
money  toward  means  which  would  tend  to  eliminate  by 
education  conditions  which  are  productive  of  accidents. 

It  has  been  well  said  that  "accident  prevention  saves 
misery  and  money." 

Until  quite  recently,  this  twofold  saving  has  not  been 
duly  appreciated  and  in  striving  to  increase  output  and 
sales  the  avoidance  of  accidents  has  been  overlooked  as 
one  of  the  factors  reducing  the  cost  of  operation.  Em- 
ployers have  been  somewhat  slow  in  awaking  to  the  fact 
that  most  accidents  can  be  avoided,  and  do  not  seem 
to  have  seriously  considered  the  great  double  saving  to  be 
effected  through   prevention. 

An  accident  removes  from  his  place  for  the  time  being 
the  man  his  employer  considers  most  capable  in  the  line 
of  work  in  which  he  is  engaged.  Through  an  injury  the 
employer  loses  his  man's  services  and  must  replace  him, 
temporarily  at  least,  with  a  less  able  man.  Such  an  in- 
terruption cannot  fail  to  show  its  effect  on  the  efficiency 
of  the  factory  or  plant.  It  disturbs  the  productive  power 
and  brings  suffering  into  the  family  of  the  injured. 

A  catastrophe  avoided  means  lives  saved  and  receiver- 
ship averted.  We  can  never  reach  a  point  where  occupa- 
tional accidents,  or  those  accidents  to  labor,  can  be  entire- 
ly eliminated,  but  it  is  the  opinion  of  those  well  informed 
that  the  absence  of  systematic  prevention  work  will  cause 
the  employer  to  contend  with  30  to  40  per  cent,  more  ac- 
cidents. 

Most  of  the  conditions  regarded  as  likely  to  cause  ac- 
cidents are  not  due  to  mechanical  or  electrical  defects, 
but  as  a  rule  to  simple  hazards,  easily  removed.  A  work- 
man's sense  of  prevention  seems  to  be  more  one  of  avoid- 
ing an  accident  himself  than  of  removing  the  cause  of 
the  accident,  not  only  to  himself,  but  to  other  employees 
as  well.  Telling  workmen  to  be  careful  or  oft-repeated 
warnings  do  not  seem  to  have  proved  effective,  but  in 
using  the  experience  of  others  and  in  applying  the  lesson 
directly,  the  workmen  become  aroused  to  the  fact  that 
they  are  the  greatest  losers  through  preventable  accidents. 

The  greatest  factor  operating  toward  the  prevention  of 
accidents  is  not  the  prevention  device  but  the  prevention 
"spirit." 

The  Pennsylvania  Railroad  Company  has  reduced  its 
accidents  ninety  per  cent,  in  the  past  year  as  a  result  of 
the  "safety-first"  movement  among  its  employees. 
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Repoi*t  on    MTUHrbicipc&l  lice  Plamits 

Maii\  will  k'iiii'IiiIm'I  tlial  in  llic  HUinincr  of  I'.M^t, 
lioniiij;!!  I'lOHidciil  (IcoiTJc  McAiicny,  n(  Maiilmlliiii,  New 
York  Cilv,  scrionsiy  (•(HiKidcn-d  tin-  iMaiinrHcliirc  and  dis- 
ti'iliiilii)ii   of   ice    lo   aniflioratc    llic  siiircriii^'   aniniiM    i||,. 

poor  dnriiif,'   the  hot    nionllis.     That    the   |trol)lci mlil 

lie  I  iiiiiiiiiolil  V  coiisidcrctl.  a  rc|iorl  on  niiinici|ial  aii<l 
j,'o\>'iniii('iil  ice  |»lanls  in  tlu'  I'nitcil  Stales  and  ntlicr 
I'onnd'ics,  i)i't'|)ai'i'd  1)\  .iraiiu'  Wi'lls  W  rnluoilh,  lias  lurn 
siihmittcd  to  Horniii:!!  I'li'sidriil  Marks,  Mr.  Mc.\ni'n\"s 
successor. 

The  report  reveals  the  Tail  ll.ai  luil  one  iniinicipaily 
owned  and  operated  ice  planl.  in  Wealherford.  Okla., 
was  discovered.  Tlie  plant  is  operated  in  connection  witli 
the  water  and  lijriit  plant,  usinfj  the  exhaust  steam  from 
the  pumps  and  engines.  The  nianufacturiii}^  cost  is  lil'ty 
cents  per  Ion.  foi-ty  cents  of  lliis  being  for  lahor  and  ten 
cents   I'oi-   fuel. 

The  report  shows  thai  for  the  years  1!M);,  lllOS  and 
lilOI)  the  aNci'age  cost  per  Ion  of  ice  for  the  (ioNciiinient 
Post  Ollice  Department,  the  Washington  City  Post  Olliec 
iind  tlie  (iovernment  .\iiditor's  Ollico  was  $•").!  1.  This 
i.s  i)ased  on  tlu'  consumption  of  l]()  tons  per  season,  which 
is  from  .Iiine  to  Sepfemher  incliisi\('.  Carefid  estimates 
showed  tiiat  the  same  (piantity  could  he  manvifactured 
ami  delivered  for  $l(»:i;{.()(!,  or  $-^.l!>S  ])er  ton,  resulting 
in  a  .saving  of  $i;UiS.(;  l. 

It  appears  that  the  high  and  increasing  price  of  pur- 
chased ice  forced  the  government  departments  to  install 
ice-niaking  uuichinery  in  departnicnt  plants.  The  follow- 
ing (juotations  fi'om  a  recjuisition  hy  the  Secretary  of  the 
Treasury  for  $:5.")()()  to  install  an  ice  macliine  in  the 
Treasury  Jiuilding  is  interesting:  "The  Treasury  De- 
partment and  outlying  olhc cs  now  (1!)0!))  use  about  1,- 
;;i()0.()()0  pounds  of  ice  annually,  and  at  the  price  quoted 
for  the  coming  fiscal  year  (;M  rents  per  100  pounds  in 
small  quantities)  the  approjjriation  would  not  l)e  suffi- 
cient to  meet  requirements."  The  total  consumi)lion  at 
34  cents  per  100  pounds  e(iuals  $10S0. 

After  three  years  of  governmentally  operated  ice 
plants,  the  report  enables  one  to  calculate  that  for  1!)13 
the  cost  of  manufactured  ice  for  the  Treasury  Depart- 
ment is  $2.00  per  ton ;  for  tlie  Post  Office  Department, 
$2.42;  for  the  Treasury  Department,  $3.90;  for  the 
State,  War  and  Navy  departments,  $3.60.  The  savings 
per  ton  for  these  departments  are  $4,  $2.18,  $1.70  and 
$2  respectively.  The  total  saving  for  the  four  depart- 
ments for  19i3  is  $9672.90.  All  i)lants  use  live  s(;eam 
in  tlie  ice  machines. 

The  snhsistence  de])artment  of  tlic  Isthmian  Canal 
Commission  produces  about  110  tons  of  ice  daily  in  the 
plant  which  it  operates  in  the  Canal  Zone.  "With  fuel 
costing  from  $4.15  to  $4.20  per  ton,  and  with  high  labor 
costs,  the  plant  produces  ice  for  $1.63  per  ton;  this  in- 
cludes part  of  the  overhead  charges. 

After  passing  through  the  machines  the  steam,  or 
rather  condensate,  is  filtered  and  used  for  ice  making. 

The  reports  from  plants  abroad  are  not  interesting  as 
there  seems  to  be  a  general  lack  of  itemization  of  charge. 
This  is  especially  true  of  England.  The  practice  abroad 
is  to  charge  about  market  price  and  turn  the  pi'ofits  in- 
to the  city  treasury. 

The  Borough  of  Manhattan  is  now  investigating  the 
cost  of  harvesting  ice  outside  the  city  and  shipping  it  in 
as  compared  to  manufacturing  it. 


'■'"Ki I'H  of  "llice  and  piihlic  huildingK  would  do  well 

to  enter  in  their  tiolelxxikH  the  ice  data  covering  the 
government  buildings.  The  ligiireH  will  go  ii  long  wav 
toward  convincing  the  owm-rs  of  iiiKtitiilionH  rerpiiring 
ice  or  refiigeialion  of  llie  advisability  of  iiiHtalling  their 
own  ice  plants. 


WlheBi  Ignoranace  Is  Folly 

Is  ignorance  a  disgrace?     That  is  a  question  which  ( ;. 

he  answered   both   ways;  so times  it  is  and  again   il 

not,  depending  on  circumstances.  Whatever  knowled: 
a  man  has  never  had  occasion  or  opjjortiinity  to  gain,  )i 
•  annot  be  blamed  for  lacking,  'i'here  is  altogcdher  too 
mu(  h  to  be  known  for  anyone  to  "know  it  all."  While 
I  here  is  a  dilVerence  in  capacities,  no  human  brain  can 
hold  inoi-e  than  a  wee  bit  of  all  there  is  to  know.  Conse- 
'picntly,  it  is  almost  as  important  lo  avoid  loading  up 
with  useless  knowledge  as  to  seek  that  wliich  is  useful. 
The  wise  one  is  Ik;  who  selects  carefully.  Ignorance  of 
things  there  is  no  reason  to  know  is,  therefore,  no  dis- 
grace. 

Then  when  is  ignorance  a  disgrace?  IJricifly,  it  is  when 
its  existence  is  realized  and  no  effort  is  made  to  over- 
come it.  Tliere  is  a  moral  of  an  old  fable  which  runs : 
■'If  a  man  fools  me  once,  sliame  on  him;  if  a  man  fool- 
be  twice,  shame  on  me."  By  tiie  same  token,  the  iir-' 
time  a  man  discovers  his  ignorance  of  sometliing  1 
should  know,  it  is  no  reflection  upon  him,  but  if  he  again 
finds  himself  wanting  that  knowledge,  and  in  the  interval 
has  had  the  chance  to  get  it,  he  deserves  to  be  ashamed. 

This  leads  up  to  the  main  thought,  which  is  this: 
Don't  be  afraid  to  ask  questions.  Don't  sit  and  look  wise, 
and  let  the  ojijiortunity  go  by  to  learn  something  you 
need  to  know,  becp"'.:.e  you  are  "ashamed  to  show  your 
ignorance."  The  probability  is  that  you  make  more  of 
your  want  of  ini'ormation  than  anyone  else.  Xo  decent 
fellow  ever  thought  any  less  of  another  who  confessed 
ignorance.  On  the  contrary,  it  is  quite  in  the  nature  of 
things  to  admire  the  chap  who  has  the  backbone  to  come 
out  and  say.  "I  don't  know ;  tell  me."  Even  if  it  is 
mortifying  to  expose  one's  ignorance,  it  is  far  better  to 
do  it  once  and  have  it  over  with  than  to  go  on  not  know- 
ing and  be  again  embarrassed,  perhaps  at  a  more  critical 
time. 

Times  are  fortunately  changing  in  regard  to  the  dis- 
position to  hide  ignorance.  In  the  early  days  of  engi- 
neers' associations  it  was  common  to  hold  back  the  ques- 
tions that  many  wanted  to  ask.  As  a  consequence,  dis- 
cussions lagged,  and  little  of  interest,  beyond  what  the 
lecturers  offered,  was  brought  out.  Today,  the  discussion 
following  a  paper  is  likely  to  develop  more  of  real  value 
than  the  paper  itself,  because  more  and  more,  since  the 
ice  was  broken,  are  those  of  the  audience  taking  part. 

If  any  encouragement  is  needed  by  those  who  are  still 
backward,  let  them  weigh  the  truth  of  this  paraphrase 
of  a  familiar  adage:  « 

There  is  so  nru-ch  knowledge  in  the  worst  of  tis  and 
so  much  ignorance  in  the  best  of  us,  that  it  hardhj  he- 
hooves  any  of  us  to  criticise  the  rest  of  us. 

m 

The  salesman  on  the  right  in  the  cartoon  this  week 
is  getting  two  orders,  anyway — "Get  out!"  and  "Stay 
out!"  and  he  det;er\es  both  of  them. 
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Iielerriiig  to  Mr.  Meade's  ai'tiele  in  the  Feb.  l]  is- 
sue, on  "('alculating  Power  in  Alternating-Current  Cir- 
(  lilts,"  attention  is  called  to  the  common  type  of  gas 
lighter  or  cigar  lighter  as  illustrating  self-induction.  The 
nnrent  is  supplied  from  two  or  three  di'v  cells  with  a 
(dil  in  series,  as  represented  in  the  sketch. 

In  any  coil  the  current  rises  to  full  value  rather  slowly, 
due  to  self-induction.  That  is,  as  the  circuit  is  closed, 
the  current  rushes  into  the  coil;  but  the  lines  of  force 
set  up  produce  an  electromotive  force  in  o])position  to  the 
electromotive  force  of  the  battery.  Hence  the  effective 
ricctroniotive  force  is  the  difference  between  that  of  the 
battery  and  that  produced  by  self-induction,  and  the  flow 
of  current  is  checked. 

When  the  circuit  is  opened  the  lines  of  force  surround- 


r/ng' 


Electric!  Gas  Lighter 

ing  the  coil,  decrease  rapidly;  hence  the  electromotive 
force  of  self-induction  is  in  a  direction  opposite  to  that 
set  up  when  the  circuit  was  closed  and  the  lines  of  force 
were  increasing.  That  is,  the  electromotive  force  of  self- 
induction  is  now  in  the  same  direction  as  the  electro- 
motive force  of  the  battery  and  the  result  is  a  greatly 
increased  spark. 

A  similar  example  is  found  in  the  inductive  spark 
when  opening  a  generator-field  circuit  when  the  machine 
is  running.  A  transformer  with  an  open  secondary  also 
illustrates  the  effect  of  self-induction,  for  it  is  this  that 
limits  the  current  flowing  through  the  primarv. 

J.  S.'Dodds. 


H^Kimiiimes'aimg  C1h©clfe  Vsilv©s 

I  do  ncil  think  enough  pai'ticuhirs  are  stated  by  A.  E. 
Walden,  in  the  Feb.  10  issue,  under  the  above  title. 
Many  things  may  cause  this  trouble;  for  instance,  the 
location  of  the  checks,  some  systems  having  them  on  the 
return  pipes  of  every  radiator.  Assuming  that  the  checks 
complained  of  arc  at  the  bottom  of  the  return  risers,  it 
is  possible  that  the  return  pipes  have  pockets,  or  that 
some  risers  are  using  more  steam  than  others,  causing 
different  pressures. 

Tn  my  opinion,  a  system  discharging  into  a  receiver 
will  give  just  as  good  results  without  a  check.  I  once  had 
this  same  trouble,  but  after  removing  the  checks  I  never 
had  any  more.     Perhaps   the  receiver  vent  pipe  is  too 


small.  One  could  give  a  number  of  reasons  for  ham- 
mering check  valves,  but  so  numy  things  are  possil)ie  to 
affect  the  operation  of  a  heating  plant  that  it  is  difTicult 
to  offer  suggestions  that  may  be  of  value  without  fullest 
infornuition  of  the  layout  of  the  heating  system. 

H.  A.  Whitaker. 
West  Soni('r\ille,  Mass. 


1  f  there  is  any  state  in  the  Union  that  needs  to  have 
licensed  engineers  it  is  West  Virginia.  Four  or  five  of 
our  largest  towns  have  what  they  call  city  license  laws, 
which  are  administered  by  the  police  departments,  but 
as  long  as  this  continues  no  good  results  are  possible. 

1  have  worked  in  the  state  about  15  years  and  have 
had  some  funny  experiences  with  men.  A  short  time  after 
I  took  charge  of  one  jilant  the  night  man  quit  without 
giving  notice.  The  superintendent  told  me  he  would 
send  a  man  up  to  run  the  ])]ant  that  night.  When  the 
man  came  he  told  nic  that  he  had  worked  in  the  mines 
and  at  carpenter  work.  About  10  o'clock  he  blew  the 
whistle,  and  I  hurried  over  and  found  him  in  the  boiler 
room  on  a  ladder  at  the  water  column.  He  had  blown 
down  the  boiler,  and  the  water  w^s  out  of  sight  in  the 
glass.  The  result  was  I  had  to  put  18  new  tubes  in  the 
boiler,  which  was  a  2o0-hp.   Stirling. 

The  boiler  inspector  called  around  one  evening  and 
he  told  me  the  following  day  about  his  talk  with  the 
night  man.  He  said,  "Why  that  man  is  dangerous  to 
have  in  a  plant  like  this.  When  1  asked  him  how  much 
steam  pressure  he  was  carrying,  he  told  me  he  was  only 
carrying  13-5  lb.,  but  could  carry  a  lot  more  if  he  wanted 
to,  as  the  steam  gage  would  carry  250  II)."  Allien  I  quit, 
about  eight  months  after  he  went  to  work  as  night  man, 
the  superintendent  put  him  in  chai-ge  as  engineer. 

At  a  coal-mining  plant  one  morning  when  the  day  man 
relieved  the  night  man  he  found  that  the  water  was  out 
of  sight,  and .  the  crown-sheet  burnt ;  all  the  tubes  had 
pulled  loose  and  the  soft  plug  was  melted,  but  it  was 
covered  over  with  scale  a  quarter  of  an  inch  thick,  which 
had  to  be  broken  with  a  punch. 

Even  after  this  the  siTperintendcnt  put  a  young  uuui  on 
the  night  shift,  who  had  never  been  around  boilers,  and 
knew  nothing  about  them. 

ISTot  long  ago  I  was  down  at  a  sawmill,  where  they 
were  using  an  old  fire-box  boiler,  from  which  the  gage- 
cocks  had  been  removed,  and  the  holes  plugged,  and  I 
would  hate  to  vouch  for  the  steam  gage.  I  asked  the 
fireman  how  he  could  tell  the  height  of  water  in  the 
boiler,  and  he  replied  that  he  did  not  know  for  sure,  but 
kept  the  pump  running  all  the  time,  and  if  the  water  got 
too  high  and  went  over  in  the  engine  he  could  let  some 
of  it  out.  He  did  not  say  what  he  would  do  if  the  water 
got  low.  In  fact,  there  was  no  way  of  telling  the  water 
level. 

Now  T  do  not  mean  to  sav  that  there  arc  no  first-class 


t'li^'iiiccrt*  in  (lie  kIuIi'.  licciiiisc  llicic  hit.  Imt  llii'\  \u\\r 
(o  ('oiii|H'tc  willi  mill  work  fur  a  tliinl-  or  rmirlli-clasH 
iiian's  Maliiiv,  wliicli  irt  alxtiit  $•'><)  In  ^li.*)  prr  inoiilli.  I 
know  of  oiu-  rnj^'itu'cr  who  runs  a  plant,  wliii  li  lian  llirt-c 
iioiliTS  of  lOtM)  |||).,  (wo  «lt('iiiatinj,'-(iiri'('n(  ;,'cnfra(orK, 
Mill-  larj^t'  »liri'<t-(U(icii(  oudit  for  «(rirt-car  si-rvicc,  ono 
iiio(or-j^i'ni'rator  sc(.  iiinl  llircc  |iiiiii|>s,  an<l  docH  liis  own 
tirin",'  for  ."j!(>(>  a  iiionili.  Mr  umks  I'.'  In-.  |ici-  ila\  foi- 
^120  a  vi-ar.  not  <iuitc  lie.  an  Inmr.  Tin'  piiv  lur  cniii- 
nion  lal)or  is  $1.7")  to  ^'i.'i'y  a  <lay  of  in  lir.  What  m- 
courafjcnu'nt  has  a  man  (o  stmly  and  work  a  lilVtiiiu-, 
tryiiifj  to  (iiiaiil'v  hinisi'lf  to  In'  a  liist-i'hiss  cnf^inciT,  when 
thfv  ])ay  as  inucli  or  mofc  lor  (•oiiiinon  iahor':'  Tlic  coiii- 
pany  that  liircs  iiu()iii|n'lciil  ctiuiiu'ci-s  pa\s  dut  ninir 
niont'y,  int'liidiiij;  repairs,  in  a  u-ar  tiiaii  if  only  liisl-class 
nu-n  wiTo  I'lijjajU'd  at  j^ood  wages. 

\Vai.ii;i;   W.   i>i;iii;.\. 
r>elin<:(on,   \V.    \'a. 


Device  Imnipff'oves  Sttiaclk.  Ptps:tir(i 

The  arrangement  ileserihed  lierewitli  is  one  wliicli 
makes  nse  ol"  the  potential  energ}'  in  tlie  winds  blowing 
about  a  staek  to  improve  the  draft,  and  is  espeeially  suit- 
able where  the  winds  ordinarily  tend  to  impair  the  draft 
of  a  stack,  as  where  a  large  expanse  of  flat  roof  surrounds 
it.  Even  in  the  ease  of  a  down  draft  on  the  stack,  the 
arrangement  will  help  eliminate  the  I)ad  ell'eits. 

Tlie  arrangenu'nt  consists  of  a  collar  of  iiun  of  frus- 
trum  form,  attached  to  the  stack  close  to  its  upper  end. 
The  collar  should  be  spaced  a  slight  distance  away  from 
the  stack  by  suitable  straps,  so  that  up-coming  currents 
of  air  can  readily  pass  between  the  frustrnm  and  the 
stack.     The  general  proportions  of  the  collar,  expressed 


Hood  ox  Stack  to  T.mi'iiovk  DiiAir 


the 


in    terms    of    the    stack    diameter,    are    indicated 
sketch. 

The  action  of  the  arrangement  is  as  follows :  Horizon- 
tal winds  are  guided  upward  and  create  a  \'acuum  about 
the  end  of  the  stack  and  improve  its  draft.  Winds  or  cur- 
rents going  up  under  the  collar  will  be  compressed  as  they 
approach  the  top  of  the  stack,  owing  to  the  wedge  shape 
of  the  collar,  and  \\all  exit  through  the  top  and  by  the 
open  end  of  the  stack  with  speed,  assisting  at  the  same 
time  the  currents  flowing  up  on  the  outside  of  the  collar. 


The  collar  will  also  act  as  in.-nlalor  for  tin-  end  of  ii,i; 
^(ai  k  and  (bus  kee|)  (lie  giiHch  a*  (be  poiiil  at  a  higher 
leiiipeiatiire.  .\  downward  How  of  air  ( iirreiib*  on  the 
slack  will  lie  liroi\en  and  guided  out  from  (he  Ktack,  bo 
(heir  elTect  will  be  iliiiiinishcd. 


Boiler-BlowolRT  Accidemit 

This  letter  is  intended  to  bring  before  operating  < 
giiieers  and  boiler  inspectors  a  most  unusual  condili 
found  by  the  writer  recently  in  one  of  I'liiladelpbi 
leading  hotels.  It  was  a  daily  practice  at  (his  plain 
blow  down  about  2  in. 

The   blowoll'  arrangeiMciH    was  of   ihc   usual  design. 


Fig.  1. 


Fk;.  2. 


Fig.  3. 


plug  cock  nearest  the  boiler  and  a  valve  about  2  ft. 
awa}^  The  engineer  had  opened  the  valve  and  started 
to  open  the  cock.  When  about  half-way  open  the  stem 
broke  off,  the  top  part  of  the  stem  and  the  handle  com- 
ing away  in  his  hand. 

Under  ordinary  conditions  this  would  n<;t  have  been 
serious,  because  the  valve  could  have  been  shut  and  the 
water  retained  in  the  boiler,  but  in  this  instance  the 
conditions  were  so  unusual  that  in  20  min.  the  two  boil- 
ers were  emptied,  the  water  escaping  through  the  frac- 
tured end  of  the  ])lug.  Prompt  action  saved  the  boil- 
ers from  injury.  AMien  the  water  was  all  away  an  e.v- 
amination  of  the  plug  cock  showed  an  inch  hole  in  the 
stem,  leading  directly  from  the  port  in  the  plug  to  the 
23oint  of  fracture.  Later,  when  the  broken  plug  was 
taken  from  the  body  of  the  cock,  another  serious  condi- 
tion was  observed,  and  perhaps  more  likeb'  to  be  found 
than  that  shown  in  Fig.  1.  There  had  been  a  most  ex- 
tensive corrosion  taking  ])lace  under  the  gland. 

From  Fig.  1  one  would  imagine  that  it  was  a  new  cock, 
for  the  metal  alcove  and  below  the  gland  is  in  perfect 
condition,  as  clean  as  on  a  new  plug  and  the  edges  all 
])erfect,  but  when  the  gland  is  removed,*  see  what  has 
taken  place  between  the  top  of  the  gland  and  the  top 
of  the  packing.  Fig.  2. 

It  is  assumed  that  some  strong  corrosive  had  entered 
from  an  outside  source  and  laid  on  the  packing,  vv^hich 
was  in  perfect  condition. 

Fig.  3  shows  the  inch  hole  in  the  center  stem  A.  It  is 
as  clean  as  though  drilled,  and  perfectlv  round.  The 
Ijreak  shows  clean,  too,  there  being  no  sign  of  a  crack  or 
a  leak  through  the  pores  of  the  iron.  Xo  serious  dam- 
age was  done,  although  the  engineer  was  slightly  scalded 
on  the  face.  All  blowoff  cocks  found  with  a  hollow  stem 
should  be  condemned  and  removed.     One  with  a  worm 


and  j>('<ir  opi'iiiiifj  iitlachineiit  is  prcfcrahlc,  it  can  bf 
opened  easily  and  gradually  and  there  is  no  danger  of 
opening  suddenly,  as  may  be  done  by  a  lever. 

li.    W       I.'ODIXSOX. 

(teriiiantciwn,   I'cun. 


)OnJleff'  dl'iifls'airas 


A  striking  example  of  the  bad  ell'ects  resulting  from 
the  frequent  praetiee  of  allowing  a  boiler  to  stand  lull 
of  water  during  a  shutdown  has  recently  come  to  the  at- 
tention of  the  writer.  Two  2(>i)-h\).  water-tube  boilers 
were  shutdown  in  April,  filled  with  water  at  that  time 
and  allowed  to  stand  idle  until  Decendier.  TTpon  ins])ect- 
ing  these  boilers,  ])reparatory  to  starting  up,  a  coating  of 
about  rh  i^^-  "^  ''"■'^t  was  found  covering  the  outsidi;  of  the 
tubes.  To  renu)A'e  this  scale  by  scrajiiug  would  have  been 
an  almost  endless  job,  so  a  flat  nozzle  was  made  at  the  end 
of  a  i/4-in.  ])ipe  and  compressed  air  used.  This  stream 
of  air  removed  the  coating  of  rust  nicely  but  the  plant 
was  subject  to  delay  in  starting  up  besides  the  damage 
to  the  tubes. 

The  rust  is  caused  Ijy  "sweating,"  or  the  condensation 
of  moisture  from  the  atmosphere  upon  the  tubes,  and 
K'curs  whenever  the  temperature  of  the  tube  or  the  water 
iu  the  tube  is  lower  than  that  of  the  surrounding  air.  The 
proper  way  to  prepare  a  boiler  for  a  shutdown  is  to  clean 
it  thoroughly,  Iwth  inside  and  out,  drain  it  of  water  and 
remove  the  manhole  covers,  allowing  free  circulation  of 
air  to  all  parts  of  tlie  boiler.  This  ajjplies  to  fire-tube 
as  well  as  water-tube  boilers. 

F.  Vj.  AVorlky. 

Providence,  E.  1. 


Wlkeff'e    SlhotmJidl    alhx©    ©all 


In  answer  to  the  article  under  the  al»(i\e  lieadiug,  in 
your  issue  of  Mar.  'M.  by  (;.  S.  Spraguc.  [  beg  to  sub- 
mit the  following  which  may  hel])  him  and  other  Powek 
readers : 

An  oil  sepai'ator  of  the  type  shown  slumld  have  an 
efficienc}"  of  from  !).")  to  !•!)  ])er  cent,  elimination  of  the 
total  quantity  of  oil  used,  'i'herc  seems  to  li(>  no  reason 
why  much  better  results  arc  not  obtained  with  it  in  its 
present  position,  provided,  of  course,  it  is  large  enough 
for  the  service. 

T  do  not  agree  with  the  "ri\al  salesman"  tliat  "no 
separator  so  located  \\-ould  work  satisfactorily."  or  that 
the  separator  should  gel  the  steam  as  free  from  water 
as  possible.  It  is  a  well  known  fact  that  oil  can  be  re- 
moved more  efl'ectually  from  wet  Hum  from  dry  steam. 
Perhaps  Mr.  Hprague  is  using  an  oil  which  is  too  volatile, 
thus  allowing  some  to  go  through  the  separator  without 
striking  the  baffles  at  all.  .\  common  trouble  is  imper- 
fect drainage,  but  this  one,  we  are  told,  is  well  diviined. 
The  liaffles  should  be  frequently  cleaned. 

.7.    K.    I'ociii;. 

New  Orleans.  T^a. 


has  lieen  in  ojicralioii  foi-  over  a  year  and  the  lioilers  show 
no  sign  of  oil  ha\iug  j)assed  the  separatoi'  dui'ing  that 
liuu'. 

As  a  matter  of  fact,  the  location  of  an  oil  separator  is 
not  of  great  importance,  while  the  design  of  it  is  every- 
thing. One  of  the  nu)st  efficient  types  is  one  in  which 
the  \elocity  of  the  steam  is  reduced  to  a  few  hundred 
feet  per  second  and  i)rovided  with  suitable  fluted  baffles 
to  catch  the  oil.  For  a  7-in.  pipe  it  should  be  about  24 
in.  iu  diameter  and  ")  ft.  long. 

The  ty])e  Mr.  Sprague  has,  as  indicated  by  his  sketi-h, 
is  so  small  that  the  velocity  of  the  steam  is  too  high  and 
the  travel  too  short  to  remove  all  of  the  oil. 

I  should  advise  Mr.  Sprague  to  replace  his  present  sep- 
arator with  one  of  known  efflciency.  If  this  is  done  no 
further  trouble  with  oil  should  b(;  experienced. 

W.    L.    JJUKAXD. 

F.rooklyn,  N.   V. 

IBirsiSs   IF^5PIas^.c©s    sis^otmsadl    lBoaIl©ir 
S©^tlaia^ 

At  a  jfltiiit  in  Iowa  is  a  no\cl  arrangement  of  brass 
furnaces  in  connection  with  boilers.  As  seen  from  the 
diagi'am,  these  furnaces  are  grouped  directly  around  the 
boiler  settings,  there  being  eight  on.  one  side,  four  on.  the 
other,  and  13  at  the  back.  These  furnaces  discharge  di- 
rectly' through  short  flues  into  the  setting,  all  openings 
BRASS  FURNACES 
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The  writer  designed  a  plant  in  which  the  location  of 
the  separator  in  reference  to  the  engine  is  almost  identi- 
cal to  that  shown  in  Mr.  Sprague's  sketch.     This  plant 


KoiLKRs  TTs[\(;  Wastk  Hkat  fiio.m   Brass  Furnaces 

being  back  of  the  l)ridge-wall ;  thus  the  hot  gases  sweep 
through  the  boiler  tubes  and  to  the  stack.  An  average  of 
14  of  the  brass  furnaces  are  in  continuous  operation,  an- 
thracite coal  being   fired. 

Many  engineers  have  expressed  their  opinions  on  the 
relative  evil  or  beneflcial  results  from  these  furnaces  as 
arranged,  Iheii'  claims  ranging  from  10  to  15  per  cent. 
loss  to  30  or  10  per  cent.  gain.  ITntil  recently 
there  was  no  definite  information  as  to  what  the  results 
really  were,  until  the  writer  made  a  few  simple  tests, 
using  bituminous  coal  on  the  boiler  grates  and  anthr;K.'ite 
in  the  brass  furnaces. 


'I'lii'  sl('iiiii-;;i'inTiiliii^'  liliiiit  nmsisls  ol'  lliicc  r>.Mi-|i|i. 
rt'tiirii-liilniliir  lioilcrs,  iiiiarij^cd  hIiIc  I»v  sidi'.  iik  hIidvmi, 
the  jjnilc  urcii  nl'  ciicli  lioilcr  l>ciii>{  'i'l  ['■_>  hi\.H.  Srvnal 
"il-lir.  IcHts  were  run  oil  iliircrciil  diivs.  Ilic  ciml  lircil 
liciiiH  curcfullv  wiM^^licd  ami  llic  Iced  water  iiirnsiiri'd  hy 
a  Imt-vvaliT  niclcr.  The  residtK  showed  an  averajje  cdal 
( oiisiiiM|itiiin  on  lln'  three  j,'rales  of  TIS  Hi.  per  hr..  and 
an  evaporation  of  ]'.\'>',  lii.  oT  water  per  hr.,  niakinu'  an 
evaporation  rate  of  !'.  I"i  Hi.  ol'  waler  per  lli.  of  cnal.  .\l 
this  rate  !•.!  11).  of  eoal  wcii'  Imimlt  ronsunied  per  n(piare 
loot  of  ^rate  surl'aee  per  lioiii.  I  he  coal  lieinj;  a  jrood 
;rrade   ol'    hituniiiiou.<. 

'I'liat  the  I'urnaee  conditions  were  far  I'roin  ideal  was 
evidenced  hv  the  axera-^c  lliie-j;as  analysis,  which  showccl 
5..")  per  cent,  ol'  CO..  It  would,  thend'ore,  seem  that  the  ex- 
cellent evaporative  rate  was  due  to  the  use  of  heal  rnuii 
the  hrass  furnaces.  The  avera.ue  steam  pressure  is  I  oil 
lb.  per  s(].in.  With  a  I'eed-wator  teiiipei-alure  of  'l^)'i  dei,'., 
tlio  evaporation  rale  uixcs  an  equivalent  e\ap(>ratit)ii  lidin 
and  at  2\2  (leg;,  of  it. 9'^  Ih.  of  water  jn-r  Ih.  of  coal,  it  is 
anticipated  thai  these  results  can  he  improvinl  by  stop- 
ping numerous  leaks  in  tlie  boiler  setting;,  and  complet- 
ing an  induced-draft  system  now  l>ein<r  installed.  The 
pre.sent  stack  is  inadequate  for  llie  load,  as  it  is  Inil  'iS 
in.  square  on  the  inside  and  almiil  so  ft.  hi.uli.  The  in- 
duced-draft system  will  have  a  '.'O-in.  exhaust  fan.  directly 
connected  lo  a  vci'lical  engine,  llie  fan  and  enj^ine  being 
nitiunled  on  the  lioiler-hoiise  I'oof  in  a  small  house.  Damp- 
ers are  so  arranged  in  the  breeching  that  the  furnaces 
may  be  eitlier  switched  from  the  stack,  or  the  fan.  or 
two  furnaces  may  he  run  on  induced  draft  and  one  on 
natural   draft. 

GiiAXDox  D.  Gates. 

Dubuque,  Iowa. 


To  avoid  leaks  from  unequal  o.xpansion  in  Scotch  boil- 
ers, marine  engineers  often  connect  to  the  suction  of  the 
feed  pump  a  bypass  from  the  bottom  of  the  boiler,  as 
shown   in  the  illustration. 


CiiM'ui-ATixG  Pipes 

Some  water  is  thus  drawn  from  the  bottom  of  the 
shell  and  returned  at  the  regular  feed  point  E,  which 
tends  to  equalize  the  temperature  throughout.  This  is 
especially  desirable  when  getting  up  steam. 

C.  K.  McGahey. 

Baltimore,  Md. 


TKe  Languaf^e  of  Ordinances 

Voiir  edilorial,  under  llie  uliove  tith',  in  the  Mar.  17 
isHiie,  is  intereHlinf?  and  pertinent.  Ah  IIm'  language  of 
the  ordinance,  altlioiigh  probaiily  tiie  work  of  one  man, 
was  acted  upon  hy  the  council,  evr-ry  councilman  HtaiKJK 
airaigiied.  since  any  one  df  ihein  cinild  have  challenged 
il.  Probably,  also,  it  was  furthered  and  viseed  by  sev- 
eral men  connected  with  Kleam-planI  practice  in  Ifeading. 
Ke  this  as  il  may,  the  main  responsibilil v  is  certainlv  ii|)- 
<iii    the   coiiiicilmi'ii. 

It  is  a  matti'r  of  regret  that  the  standard  of  engineer- 
ing Mnglisli  is  aH  low  as  it  is,  although  certainly  il  is  ini- 
liroving,  and  at  a  rapid  rate.  Certainly,  also,  the  engi- 
neering magazines  have  done  and  are  doing  much  toward 
Ibis  end.  .Mlhoiigli  it  is  sometimes  true,  it  Ih  always 
dilliciill  lo  believe  that  clear  thinking  can  Ix;  an  acconi- 
panimeiil   of  sloveiilv   writing. 

li.    L.    11.   Smith. 

I'udoklyn.  X.  V. 

'*; 

Coire  "Wateip  Cools  AmminniOimia 

The  i)lace  utilizing  the  following  plan  of  cooling  liquid 
ammonia  was  a  raw-water  ice  ])\;m\  having  tli(!  usual 
apparatus  for  pumping  the  core  water  out  of  the  ice  cakes 
Just  before  they  are  formed,  and  filling  the  centers  with 
distilled  water  to  produce  clear  ice. 

The  core  water  pumped  out  leaves  the  cans  at  32  deg. 
F.,  and  runs  through  an  open-box  flume  to  a  near-by 
stream,  "^rhe  ammonia  condenser  and  liquid  receiver  are 
■  quite  some  distance  from  the  freezing  tank  and  near 
the  flume  carrying  the  core  water  from  the. tank.  The 
liquid  line  between  the  ammonia  receiver  and  expansion 
header  on  the  freezing  tank  was  run  about  four-fiftli- 
of  this  distance  submerged  in  the  cold  core  water,  whicj] 
delivered  the  liquid  ammonia  to  the  expansion  valvc- 
at  a  much  lower  temperature  than  that  at  which  the 
ammonia  was   condensed   in  the  condensers. 

Of  course,  this  cold  water  for  cooling  the  liquid  am- 
monia is  available  only  at  such  times  as  the  ice  cako 
are  being  pumped  out,  but  this  extends  over  quite  a  pe- 
riod when  the  plant  is  in  full  operation.  The  installa- 
tion of  this  liquid  cooler  has  paid  for  itself  manv  times. 

C.  T.  Baker. 

Jacksonville,  Fla. 

BoOeiPS  to  Cool  Jg^clfe©^  WsitLeF 

It  might  interest  some  readers  to  learn  that  it  is  quite 
satisfactory  to  use  steam  boilers  for  cooling  gas-engine 
jacket  water. 

.  The  company  with  wliich  I  am  connected  has  a  com- 
bination gas  engine  and  steam  plant,  and  two  idle  boil- 
ers, one  a  100-hp.  fire-tube,  and  the  other  a  loO-hp.  water- 
tube  are  used  to  cool  the  jacket  water.  The  water  is  cir- 
culated by  a  1-in.  direct-connected,  centrifugal  pump, 
into  a  sight-feed  funnel  and  then  distributed  to  the  boil- 
ers in  proportion  to  their  cooling  capacity.  The  damp- 
ers, of  course,  are  kept  wide  open. 

The  outlet  is  at  the  blowoff  and  the  water  is  put  into 
the  boiler  as  far  as  possible  from  where  it  is  taken  out. 
The  gas  engines  are  125-  and  80-hp.,  Westinghouse  three- 
cylinder  vertical  units. 

N".  E.  Wooljiax. 

Kittanning,   Penn. 
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To  Detect   CiittiuK'  <>f  U^a^l^4es — How   can   cutting   of  crank- 
I'Di    brasses    be    detected    without    removing    them    for    exam- 

1  nation? 

S.  J.  G. 
After    tlie    engine   lias    been    running   awliile   talte    some    of 
'  iH'   oil   that   has  worked  out  of  the   brasses  and  spread   it   on 
niece  of  white  paper;   if  the  brasses  are  cutting,  fine   parti- 
.  Is  of  the  metal  will  be  found. 


I're««ure   tn    Pump    Air    Chamber — Neglecting    pressure    due 

I I  friction    in    the    discharge    pipe,    what    is    the    pressure    per 
Miuare  inch  in  an  air  chamber  on  the  discharge  side  of  a  pump 

III  pumping  water  against  a  head  of  67.6  ft.? 

W.    D. 
The  pressure  for  each  foot  of  head   of  water  is  equivalent 
M     tu  0.433   lb.   per  sq.in.  and  the  air-chamber  pressure  would   be 
67.6   X    0.433   =   29.27  lb.  per  sq.in. 

Pump  Water  Cylinder  Lensth — Why  is  the  water  cylinder 
of  a  pump  made  longer  than  the   steam  cylinder? 

J.    R. 

So  there  may  be  plenty  of  clearance  space  for  easy  flow 
of  the  water  into  or  out  of  the  cylinder  when  the  piston  is 
near  the  end  of  its  stroke  and  to  afford  latitude  for  adjust- 
ment of  the  stroke  of  the  piston  rod  with  reference  to  the 
stroke  of  the  steam  piston  and  proper  equalization  of  steam- 
cylinder   clearance. 


Higher  Boiler  Efficiencies*  >vith  Oil  Fuel — Why  are  higher 
boiler    efficiencies    obtainable    with    oil    fuel    than    with    coal? 

A.    J.    S. 

With  oil  fuel  the  furnace  doors  need  not  be  opened  while 
the  boiler  is  under  steam,  and  with  proper  regulation  of  burn- 
ers the  oil  can  be  burned  with  admission  of  little  more  than 
the  amount  of  air  necessary  to  furnish  the  oxygen  necessary 
for  the  combustion;  and  the  heating  surfaces  are  not  so 
quickly  fouled   by  soot. 


Determinius  Condition  of  Check  Valve — In  a  low-pressure 
steam-heating  plant  how  can  it  be  determined  whether  thn 
noise  made  by  a  check  valve  on  a  radiator  or  a  dry  return 
connection  is  due  to  ordinary  operation  of  the  check  or  to 
its  derangement? 

J.    M. 

If  the  valve  is  in  proper  working  order  it  will  remain 
closed  and  will  prevent  back  flow  when  the  supply  is  cut  off 
from  the  radiator  or  other  part  of  the  system  discharging 
through  the  check  valve.  If  the  check  is  not  working  prop- 
erly, back  flow  would  cause  the  radiator  or  return  to  become 
filled  with  water. 


Direct  vs.  Indirect  Spring-Loaded  Safety  Valves — AVhat  is 
the  difference  between  a  direct  spring-loaded  and  an  indirect 
spring-loaded  safety  valve? 

J.    C.    A. 

A  direct  spring-loaded  safety  valve  is  one  in  which  the 
valve  is  held  down  by  the  direct  action  of  a  spring,  while  an 
indirect  spring-loaded  safety  valve  is  one  in  which  the  spring 
holds  the  valve  down  through  levers  or  other  mechanism 
between  the  spring  and  the  valve.  An  ordinary  ball-and-lever 
safety  valve  having  the  lever  held  down  by  the  tension  or 
compression  of  a  spring  would  be  an  example  of  an  indirect 
spring-loaded  safety  valve. 


StoppluK  Position  of  Crank — In  shutting  down  an  engine 
why  does  the  crank  stop  a  little  past  dead  center  oftener  than 
at   any   other  point   of   the   stroke? 

J.    W.    D. 

When  an  engine  is  stopping,  most  of  the  momentum  being 
in  the  flywheel  the  latter  is  driving  the  connecting  rod,  cross- 
head  and  piston.  The  velocities  of  the  reciprocating  parts, 
relative  to  the  flywheel  speed,  rapidly  decrease  as  the  dead 
center  is  approached,  consequently  the  load  on  the  flywheel 
Is  then  diminishing  so  there  is  less  tendency  to  stop.  Imme- 
diately the  center  is  passed,  however,  these  conditions  are 
reversed  and  the  stopping  effect  of  the  reciprocating  parts 
becomes  greater  and  greater  until  midstroke.  Therefore,  if 
the  engine  gets  by  midstroke  it  is  likely  to  keep  moving  until 
the  next  dead  center  is  passed. 


Boiler  Horsepower  Developed — A  boiler  consumes  280  lb 
of  coal  per  hour,  the  coal  having  14,000  B.t.u.  per  pound. 
Assuming  that  70  per  cent,  of  the  heat  of  the  coal  is  utilized 
in    making   steam,    what   boiler   horsepower   Is   developed? 

C.  C.  W. 
The  heat  realized  would  be: 

70%   of  (280    X   14,000)    =   2,744,000   R.t.u.  per  hr. 
A    boiler    horsepower    is    equivalent    to    the    evai)oration    of 
34%   lb.  of  water   per   hour  from   and   at   212   deg.    P.,   and   the 
net  amount  of  heat  required   for  one   boiler  horsepower   is 

341/2    X   970.4  B.t.u.   =   33,479  B.t.u.  per  hr., 
therefore    the    boiler   horsepower    developed    under    the    condi- 
tions stated  would   be: 

2,744,000   B.t.u. 

■ =    81.96    b.hp. 

33,479   B.t.u. 


Cracked  Tube  Sheet — Is  there  any  way  to  fix  up  a  craclc 
in  the  tube  sheet  of  a  horizontal  return-tubular  boiler?  The 
crack  is  between  two  tubes  in  the  rear  head  and  has  been 
kept   tight  for  a  month   by   calking. 

J.    A. 

A  crack  in  a  flue  sheet  indicates  a  weakness  which  might 
result  in  a  serioas  explosion  and  the  flue  sheet  should  be 
renewed  or  the  use  of  the  boiler  abandoned.  We  cannot  com- 
mend any  other  repair  as  safe  even  though  the  boiler  does 
not  leak.  It  is  possible,  however,  that  the  crack  is  such  that 
it  could  not  lead  to  serious  damage,  and  if  the  owner  and 
operator  of  the  boiler  are  satisfied  to  take  the  risk,  such  a 
Itak  could  be  stopped,  although  not  made  any  safer,  by  drill- 
ing and  tapping  a  number  of  holes,  about  Va  inch  diameter, 
the  full  length  of  the  leak  and  close  together,  screwing  in 
screws  made  of  copper  wire  and  then  peening  over  their 
ends  with  a  light  hammer  to  make  a  tight  calked  joint.  Such 
a  repair  may  do  for  an  emergency,  but  should  not  be  de- 
pended  upon   longer   than   necessary. 


Saving  of  Feed-Water  Heater — In  a  plant  where  steam  is 
generated  at  90-lb.  gage  pressure  and  the  temperature  of 
the  boiler  feed  water  is  60  deg.  F.,  and  the  exhaust  at 
present  wasted  what  would  be  the  per  cent,  of  saving  if  the 
temperature  of  the  feed  water  is  raised  to  210  deg.  F.  by  an 
exhaust    steam    feed-water    heater? 

H.  C. 
With  feed  water  at  60  deg.  F.  each  pound  contains  60  — 
32  =  28  B.t.u.  above  32  deg.  F.,  and  as  1  lb.  of  steam  at  90-lb. 
gage  pressure  contains  1187.3  B.t.u.  above  32  deg.  F.,  then 
to  raise  a  pound  of  feed  water  at  60  deg.  F.  into  a  pound  of 
steam  at  90  lb.  gage  pressure  requires  the  addition  of 

1187.3  —  28  =;  1159.3  B.t.u. 
With  feed  water  at  210  deg.  F.  each  pound  would  require 
210  —  60  or  150  B.t.u.  less  than  with  feed  water  at  60  deg.  F. 
Therefore,  if  no  additional  back  pressure  is  brought  on  the 
engine  by  using  an  exhaust-steam  feed-water  heater  the  sav- 
ing would  be 

150  X  100 

■  =  12.94  per  cent. 

1159.3 


Water  Siphon — Is  there  any  limit  to  the  height  over  which 
water   can   be  siphoned   out   of   a   reservoir? 

C.  G.   L. 

It  is  the  pressure  of  the  atmosphere  which  operates  a 
siphon  and  it  would  be  impossible  to  siphon  water  over  a 
height  greater  than  the  height  of  a  water  column  which 
would  be  sustained  by  the  pressure  of  the  atmosphere.  At 
sea  level  and  with  a  temperature  of  62  deg.  F.  the  pressure 
of  the  atmosphere  is  14.7  lb.  per  sq.in.,  which  is  the  same  as 
the  pressure  per  square  inch  at  the  foot  of  a  column  of  water 
33.94735  ft.  high.  With  less  atmospheric  pressure,  as  in 
elevated  localities  where  the  barometric  pressure  is  less 
a  correspondingly  less  height  of  water  column  would  be 
sustained  and  the  water  can  be  siphoned  over  a  correspond- 
ingly less  height.  The  siphon  w^ould  not  continue  to  operate 
if  the  height  of  the  intake  leg  were  greater  than  about  33 
ft.,  because  a  vacuum  space  would  be  formed  at  the  crest  of 
the  siphon,  the  flow  would  break  at  that  point,  and  the  action 
of  the  siphon  would  fail  because  the  atmosplieric  pressure 
would  be  insufficient  to  elevate  the  water  to  the  top  of  the 
inlet  leg. 
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Elementary  Meclhainiics— V 

L\M    l<i:s.s(»\".s  A  NSW  i; us 

1(1.  In  l"i^'.  is,  let  ()A  r(|iml  llic  I'oivr  (if  111(1  111.  adil 
(}J1  llif  I'oiic  (if  SO  III.  ('(iMslnul  the  piinillclo;,ninii 
OACIK)  jind  (liiiw  the  (liiifroiui!  (>('  [v  </\\v  llir  irsult:mi 
.'oric  J,'. 

From  iMiiiatitm  .">,   Losson   II, 
/i'-  =  100-  +  SO-  +  2  X  i'»'»  X  ''^o  X  '"*■  tio  <U'g-; 

=  lO.OOO  -f  (;IOO  +  f^lOd  -      VI.  Kill; 
A'  =  15(3.2  lb. 


i((ii  (I 


=  0.41)5 


l-'Ki.    1.^. 

Draw  (P  iKM-pcndicular  to  01)   iheii  CI)  =  AC  sin  60 
dog.  =  (i!).3  and  AD  =  .!('  rr>.T  (iO  dog.  =   lo 
CI)  ■_  (ii) .  :j 

(/yj  ~  Tiu 

therefore,  «  =  20  deg.  20  niin.  The  equilibriant  of  a 
system  of  forees  is  equal  and  opposite  to  the  resultant 
of  these  forees.  Therefore,  the  line  OE,  whieh  is  equal 
and  opposite  to  OC,  is  the  desired  force  and  makes  an 
angle  of  26  deg.  20  niin.  with  the  horizontal. 

IT.     Eefer  to  Fig.   17   of  last  week's  lesson.     In  this 

case  the  angle  NOH  =  35  (leg.     The  line  ON  =  T  =- 

2000  lb.  and  the  line  XH  represents  the  unknown  load  H'. 

XH 


XU 


=  sin  35  der/.   =  0.574 


hence 
XII  =  XO  sin  35  (leg.  =  2000  X  0.574  =  1148  Ih. 

18.  The  tension  in  the  link  OB  is  the  resultant  of  the 
weight  Tf  of  the  ball,  and  the  centrifugal  force  C.  In 
the  triangle  BOXB  (see  Fig.  15  of  last  week's  lesson), 
the  force  07?  is  equal  and  ojiposite  to  the  resultant  of 
the  weight  TF  and  the  centrifugal  force  0I'\ 

Also 

XB  =  OE  =   W  =  40  and  OX  =  OF  =  30 
therefore 

Qjg2  ^T-  =  OX-  +  XB-  =  302  _|_  402  _  2500 

or 

r  =  -"()  Ih. 

19.  The  tension  in  the  tie-rod  AC  will  be  decreased 
since  part  of  the  weight  ^Y  is  now  taken  by  the  point  B, 
where  previously  it  was  all  taken  by  the  point  A. 

20.  The  pressure  at  B  will  no  longer  be  horizontal 
since  part  of  the  weight  ^Y  is  acting  at  the  point  B.  The 
pressure  on  the  jioint  B  is  equal  to  the  resultant  of  the 
pressure  in  the  strut  AB  and  the  part  of  the  weight  taken 


b^ 

i 


\>\  llii'  |Miiiii  /.'.  I)raw  a  vcrlicjil  line  lliroiigli  llic  cenlii 
<>r  llic  line  .!/>'  until  il  intersects  the  line  AC.  A  liii' 
iitniiecting  this  poinl  willi  //  will  give  tlie  dinrclion  o 
llic  pressure  <in  the  point  //.  Proof:  If  three  forces  ait 
iiig  on  a  liody  produce  eiiuilihrium,  llie  lines  of  action  ot 
tlicsc  r(ir<es  j)ass  llirougli  a  ((iiiimon  point.  (.Si.-e  IjCHhoii 
l\.) 

\.\\\  OK  Sinks 
I'liiiii  the  lessons  in  1  rigonomcl ry  the  student  dou 
less  recalls  tiie  rule  that  in  any  Irinnf/lc  anij  side  is  jm 
jKirtional  lo  the  sine  of  llie  ant/lr  op/msile  lite  gireii  si 
(  Ldir  of  sines.)  This  law  can  be  used  to  solve  the  fon 
liiangle  when  it  contains  no  right  angle.  For  e.xampli 
lake  llic  case  of  a  weiglil  11'  siispcinlril  rroin  two  tic-rods 
which  are  ])ivoted  at  the  jkhiiIs  .1  and  Jt  and  make  angles 
with  the  horizontal,  as  shown  in  Fig.  1!).  What  will 
be  the  tensions  in  the  rods  O.l  and  OHi'  Draw  the  tri- 
angle O.ICO  having  tiie  side  .\C  jiarallel  to  OJl  and  tiie 
side  OC  projwrtional  and  j)arallel  to  the  weight  \V.  In 
this  triangle  the  side  0.\  is  ])ro])ortional  to  the  tension 
T.^  and  the  direction  of  tlie  force  is  from  0  to  A;  AC  is 
proportional  lo  'l\  and  its  direction  is  from  -I  to  C;  the 
side  CO  is  proj)ortional  to  the  weight  II'  and  its  direc- 
tion is  from  C  to  0.  Hence  the  three  forces  acting  on 
the  point  0  are  represented  by  the  sides  of  the  triangle 
OACO  taken  in  order.  By  construction  the  angle;  CAH 
equals  30  deg.  since  AC  is  parallel  to  Oil.  Therefore,  the 
angle  ACO  =  (JO  deg.  (Note — The  sum  of  all  the  angles 


Fig.  19. 
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of  anv  triangle  =  180  clog.)  P'or  the  same  reason  tlie 
:ingle  COA  =  90  (leg.  —  45  deg.  =  45  cleg.  The  angle 
u|i|»)site  the  side  (JO,  or  IF,  is  75  cleg.;  opposite  the  side 
AO.  or  V'o,  Ihe  angle  is  (l<»  deg.;  and  opposite  AC,  or  T",, 


the  angle  is  45   deg.      Now   apply  the   law   of  sines  and 
there  result  these  equations 

T.  W 


also 


hence  'l'^ 


and     'i'. 


75  (leg. 
W 


sin  75  deg. 

1000  X  0.707 
0. 9B6 

1000  X  0.866 


=  732  n. 


=  897  Ih. 


sin  45  deg. 

7',    _ 

.s7'«  60  c/^//. 

IF  i^in  45  f//"//. 
.«('w  75  deg. 

IF  .s-j/i  60  rf^//.  _ 
sin  75  ri?P(/.      ~  0.966 

For  those  who  ai'e  familiar  with  tlu>  law  of  sines  the 
above  solution  will  be  easy.  For  the  benefit  of  those  not 
familiar  with  the  law  the  problem  will  now  be  solved  by 
resolving  the  forces  into  their  horizontal  and  vertical 
components  and  applying  the  laws  -/f  =  0  and  -  V 
=  0.  TTse  the  point  0  (Fig.  19)  as  the  o^rigin  and  draw 
the  two  axes  OX  and  OY  through  this  point.  The  hori- 
zontal component  of  the  tension  T^  ==  Tj  cos  30  deg. 
and  the  vertical  component  ^  T^  sin  30  deg.  Tvikewise 
the  horizontal  component  of  T..  =  — T.,  cos  45  deg.  (this 
is  minus  because  the  component  is  acting  to  the  left). 
The  vertical  component  =  T,  sin  4:5  deg.  The  horizontal 
component  of  IF  ^  IF  ros  90  deg.  =  0  and  the  vertical 
component  =  — IF  (minus  because  IF  is  acting  down- 
ward). 

Therefore, 
27/  =  T^  cus  30  deg.  —  T..  cos  45  deg.  -f  0  =  0 
then  0.866  7\  —  0.707  T.,  =  0 


hence 


0  707  T 


also  l'\'  =  'I\  sill  30  deg.  +  7'.  cos  45  de,/.  —  IF  =  0 

then  0.5  7\  +  0.707  7\  —  1000  =   0 

or  0.5  Ti  +  0.707  T.,' =  1000 

Substitute  in  this  equation  the  value  of  T'l  =  0.8164  T., 

and  there  results 

0.5  X  0.8164  r.,  +  0.707  T.,  ==  1000 
or  1.1152    T.,    =    1000 

T.,  ="897   lb. 
and     7\  =  0.8164  T.,  =  0.8164  X  897  =  732  lb. 

By  a  comparison  of  the  two  solutions  it  is  seen  that 
the  method  of  sines  is  much  shorter  than  the  method  of 
components  and  for  this  reason  the  student  is  urged  to 
study  the  law  of  sines  and  to  combine  it  with  the  trian- 
gle of  forces  in  the  solution  of  subsequent  examples. 

PoLYCiOV    OF    FOUC^KS 

Thus  far  only  two-  and  three-force  problems  have  l)een 
considered,  but   frequently   problems  will  arise  in  which 


liiere  ai'e  four  or  more  forces  acting  at  a  given  j)oint.  In 
such  cases  the  principle  of  the  triangle  of  forces  is  ex- 
tended to  include  the  polygon  of  farces. 

Rule:  If  aiig  nniiiber  of  forces  in  the  same  plane, 
acting  at  a  glreii  point  on  a  body  produce  a  state  of 
equilibrium,  these  forces  can  be  represented  in  magnitude 
and  direction  by  the  sides  of  a  poh/gon  taken  in  order. 
Conversely,  if  any  n  nut  her  of  forces  In  I  he  same  plane 
acting  at  a  given  point  on  n  Ixjdg  can  be  represented  bi/ 
the  sides  of  a  polygon  laken  in  order,  the  forces  irill 
be  in  equilibriuin. 

The  polygon  of  forces  can  be  used  to  determine  the 
force  necessary  to  balance  a  system  of  forces.  In  Fig. 
v^Oa,  the  four  forces  /',,  P..  /\  and  P^  act  at  a  given 
point  0.    Do  these  forces  produce  equilibrium  ?     In  Fig. 


Fig.  21 


20b,  draw  07?  parallel  and  ecpinl  to  J\,  EC  parallel  and 
equal  to  P,,  CD  parallel  and  ecpial  to  P.,  and  DE  parallel 
and  ecjual  to  P^.  There  is  thus  formed  the  figure 
OBCDE  which  is  not  a  closed  polygon  and  hence  the 
forces  are  not  in  equilibrium.  A  line  drawn  from  the 
point  E  to  the  point  0  will  represent  the  magnitude  and 
the  direction  of  the  force  required  to  balance  the  sys- 
tem. The  student  can  prove  the  ti'uth  of  this  statement 
by  applying  the  parallelogram  law  to  determine  the  re- 
sultant of  the  forces  P-^,  P^,  P.,  and  P^  as  explained  in 
Lesson  II.  The  force  necessary  to  produce  equilibrium 
will  be  equal  and  opposite  to  the  resultant  thus  found, 
and  must  be  equal  to  the  line  EO. 

STtOT   QuESTtONS 

21.  In  Fig.  21  determine  the  tension  in  the  tie-rod 
EC  when  the  weight  IF  =  600  lb.  (N"ote:  P  =  600  lb.) 
Solve  by  the  aid  of  a  force  triangle. 

22.  Find  the  compression  in  the  strut  .\E. 

23.  AATiat  produce  the  reactions  necessary  for  equi- 
librimn  in  Fig.  21  ? 

24.  Using  the  magnitude  and  directions  of  the  forces 
given,  in  problem  10,  Lesson  II,  and,  replacing  the  re- 
sultant force  of  144  lb.  by  an  ecpud  and  opposite  force, 
construct  a  force  polygon. 

25.  Are  the  forces  in  problem  21  in  e(|uilil)riinn  ?  (iive 
a  reason  for  your  answer. 
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OVER  TeE  SPniLIL\^AY 

J  r  S  'l'  J  !•:  S  T  H,  J  A  M  S,  J  ()  S  1 1  i:  S  A  N  I )   .1  I  ■  M  II  I.  !•:  H 


OviT  u  nilllliiii  ilolliu'H  wDilli  cpf  hoiHcH  lUo  null  yi'iir  In 
Nrw  York  Clly.  ai.MinlliiK  li>  Hir  N.'W  Y<irk  KiIImoii  Co.  If 
.MXi'll  l>o  tlic  Koiil,  till-  iiiiHwi'i-  Is  Unit  tlilM  Hiiin  will  liiiy  ii 
tluniHiiiiil   vli'ctrlc   tiiickH.      W'hon.   Dolihln,   hero  cohkh  a   tiiick! 

Some  .spt'oil!  A  projcctlli'  from  u  12-ln.  min  trnvelH  nt  Iho 
riitf  of  25.000  mlli'H  ii  inlmilc,  bclnjf  ri'liMiHcd  at  a  preHsiire 
of  lo.diio  |iiitin(I.M  to  tli<>  M<iuaro  Inch.  It  hits  tho  murk  uhoad 
of    Its    own    sound. 

:^ 

.\  Nt"\v  ilavcii  ni<-(Iii'o  ns.spitH  that  the  nveraxo  olUco  boy 
wasti's  a.s  much  riu-iKy  In  walking  ahout  thf  oillcc  In  a 
day  lis  It  would  take  to  sliovi-I  1.1  ton.s  of  coal.  If  the  dllcl- 
i'licy  experts  hear  Ihi.s,  they  jvill  advocate  putling  clUce 
boys   In    the   boiler   room. 

■*; 

"Get  the  Personal  Touch!"  says  an  automobile  adver- 
tiser. It's  bad  advice.  And  to  make  It  worse,  he  further 
states.  "Get  the  feel  of  the  car!"  I..oads  of  people  have  al- 
ready tfot  the  feel  of  a  car,  and  afterwards  hobbled  around  on 
crutches — if    they   were   able   to   save   the   pieces. 

There  is  an  enormous  demand  for  nicotine  for  spraying 
g:rapevines  in  France,  says  a  consular  report.  It's  a  pity 
Jacques  cannot  import  some  of  those  engine-room  "sprayers" 
we  used  to  linow.  They,  too,  had  an  "enormous  demand  for 
nicotine" — usually  off   the  other  fellow's  plug. 

m 

(111,  you  sreat  big  beautiful  New  York!  Your  legislators. 
alter  an  all-day  and  an  all-night  session,  made  "Packy" 
McCabe  a  Conservation  CC'mmissioner.  AVe'll  get  conservation 
now,  and  then  some!  If  we  don't  get  the  doughnut,  we'll 
get  the  hole — and  there  are  only  two  parts  to  a  doughnut, 
anyliow. 

Some  Chicago  scientists  are  making  arrangements  to 
weigh  the  moon.  They're  always  trying  some  stunt  out  that 
way  to  get  ahead  of  the  effete  East.  All  winter  we've  been 
trying  to  figure  out  how  16  hundred-pound  bags  of  coal 
make  a   ton. 


Hooray  for  the  grape-Juice  government!  The  Secretary 
of  the  Navy  says  no  more  beer  or  liquor  for  the  navy.  Even 
their  ladies  cannot  have  a  "stick"  in  their  pink  tea.  (One 
minute,  please,  while  we  change  the  reel.)  Next  go  for 
tobacco-users.  Once  w^e  knew  a  navy  man  who  smoked  and 
he  died  an  orphan  at  92,  with  no  one  to  advise  him.  If  he 
hadn't  smoked  he  might  have  lived  to  be  70 — and  died  when 
he  was  of  more   use. 

A  some  keen  Frenchman,  one  Talleyrand,  once  remarked 
that  language  was  an  Instrument  for  concealing  thought. 
This  gem  scintillates  most  brightly  in  a  legislative  bill  for  the 
water-power  rights  gobbler,  or  in  an  act  aimed  at  a  rival 
lighting  company  to  hit  its  competitors.  Reduced  to  a  com- 
mon figure,  it's  a  "joker." 


■While  the  suffragetters  can't  go  back  to  Hero,  like  uS, 
there  are  records  of  them  in  Denmark,  in  1722.  Sille  Gad  is 
the  name  of  one  of  the  original  settlers.  Do  you  suppose 
that  these  two  Danish  words  can  be  translated  literally  into 
English? 


Sure  hope  you  glimpsed  a  modest  personal  about  William 
T.  Travers  in  the  Apr.  7  issue.  Mr.  Travers  served  44  years 
as  engineer  of  Brooklyn's  Prospect  Park  pumping  station. 
Know  any  engineer  who  can  equal  this  record?  If  so,  let's 
have   his   name   that  we   may  do   him   proud. 


Waxitig  facetious  over  King  George's  recent  fireplace  In- 
vention, "Enj'ineering  News"  says  that  in  view  of  late  de- 
velopments in  British  politics,  it  may  be  a  good  thing  to 
have  a  trade  to  fall  back  on.  Don't  you  mind  'em,  friend 
King.  You  stick  to  "Power:"  there's  lots  of  good  openings 
for  e  fireplace  man  over  here,  so  if  the  worst  is  yet  to  come, 
just  drop  us  a  line. 


Wilson-Snyder  CentriHiui^al 


'I'lii.^  ]iiiiii|)  JH  (U'Higiit'd  along  iit-w  liiKs  witli  tlic  |)iii 
pose  of  iiiiiiiini/.iiig  Inikafjo,  to  provoiit  llio  Icaka/^c;  ciii 
rent  from  (lislurliiiiK  Hit?  main  flow  of  tlio  fluid  cntorin 
tilt!  inipcIIorK  of  tin;  piiiii)),  and  to  properly  direct  tiie  i\<>\\ 
of  llic;  licpiid  into  llio  impellers.     Attention  Iuih  also  lieeii 
f,'iveii  to  tlio  reduction  of  friction  at  tlic  ligliteniiif,'  joiiil.s 
l)y  avoiding  contact  between  the  fixed  and  rotating  part.s. 

Three  jjoints  of  main  importance  have  heen  considered 
by  the  designer.     The  (ir.>^t  one  is  that  the  direetion  and 


Fig.  1.     Sectional  Yikw  Tuitoroii  Wilson-Snyder 
Ckxtkifugal  Tuiip 


Fig.  2.     Enlarged  Section  of  Impeller  and  Tight- 
ening Box 
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the  velocity  of  tlie  liquid  at  the  point  of  contact  with  the 
first  element  A,  Fig.  1,  of  the  vanos,  or  vane  inlot,  are 
fundamental  factors  in  the  calculation  and  delineation 
of  the  shape  of  the  vanes.  If,  then,  anytliing  occurs  to 
deviate  the  direction  and  change  the  velocity  of  the  liquid 
at  the  vane  inlet,  the  performance  of  the  pump  will  be 
different  from  what  was  intended.  The  second  point  is 
that  as  the  liquid  leaves  the  impeller,  nothing  can  add 
to  the  energy  it  possesses,  and  every  surface  with  which 
it  comes  in  contact  will  cause  a  reduction  of  energy,  the 
delivery  must,  therefore,  be  well  proportioned  and  made 


Fig.  3.     Internal  View  of  Pump  Casing 

very  smooth.  The  third  point  concerns  the  conservation 
(if  the  energy  generated  by  the  impeller,  and,  conse- 
(luently,  the  prevention  of  the  cause  of  loss  of  that  en- 
i'i<zy  through  leakage  at  the  running  joints  The  de- 
si,i;u  of  this  pump  seems  to  cover  these  three  points. 

lief  erring  to  Fig.  1,  the  inlet  water  enters  the  pump 
casing  through  the  passage  B,  and  follows  the  removable 
conoidal  guide  shell  C,  which  surrounds  part  of  the  hub 
of  the  first  impeller,  the  shaft  and  its  protecting  sleeve 
D.  The  guide  shell  is  so  designed  that  when  fitted  in 
place  it  does  not  come  in  contact  with  the  rotating  mem- 
bers of  the  pump  and  forms  an  effective  guide  for  the 
liquid  from  the  intake  chamber  5  to  a  point  close  to 
the  vane  inlet  A.  A  conoidal  guide  shell  D  surrounds  the 
hub  of  the  second  impeller  and  acts  as  a  guide  for  the 
liquid  from  the  passage 
E  to  the  vane  F  of  the 
second  impeller.  This 
arrangement  of  the 
guide  shells  causes  the 
incoming  liquid  to  flow 
smoothly  into  the  im- 
pellers and  prevents 
the  said  liquid  from 
coming  in  contact  with 
the  surface  of  the  ro- 
tating parts  until  it 
has  rached  the  vane  in- 
let. Thus  the  incoming 
water  engages  the  im- 
peller vanes  while  in 
an  undisturbed  state 
and  in  the  direction 
originally  adopted  by  the  designer  as  one  of  the  data 
upon  which  the  calculation  for  the  impeller  are  estab- 
lished. 

Fpon  discharging  from  the  impeller  the  water,  then 
under  pressure,  tends  to  flow  past  the  impeller  into  the 
inlet  chamber  G,  but  is  prevented  by  a  tightening  run- 
ning joint  between  the  casing  wall  77  and  the  inlet  flange 
of  the   impeller.     This  joint  is  composed  of  the  four 


annular  flanges  J.  The  lower  flanges  are  .separately 
mounted  on  the  external  wall  of  the  impelier-inlet  flange 
A'.  The  two  upper  flanges  are  each  inserted  into  tlie 
wall  //,  which  surrounds  the  entire  tightening  device.  A 
slight  lateral  clearance,  just  sufficient  to  avoid  rubbing 
contact  and  to  allow  free  running  of  the  rotating  parts  is 
provided;  the  clearance  is  maintained  by  a  thrust  bear- 
ing of  the  marine  type  connected  to  the  exterior  of  the 
pump  casing. 

Any  liquid  passing  the  tightening  joint  mingles  with 
that  in  the  main  flow  without  appreciably  disturbing  it 
on  its  way  to  the  inlet  A. 

On  the  rear  of  each  impeller  is  a  balancing  chamber  L. 
the  pressure  of  which  is  substantially  equal  to  that  in 
the  preceding  inlet  chamber,  as  communication  is  pro- 
vided through  the  hub  N.  The  liquid  under  pressure 
tends  to  flow  from  the  impeller  chamber  0  to  the  bal- 
ancing chamber,  but  it  is  intercepted  by  a  tightening  de- 
vice, similar  to  that  already  described.  A  multiflange- 
ring-tightening  device  P,  which  acts  the  same  as  the  other 
tightening  devices,  is  attached  to  the  shaft  and  under 
side  of  the  guide  shell  D.  The  leakage  of  liquid  past  this 
tightening  device  and  the  one  at  the  rear  of  the  impeller 
tends  to  maintain,  in  the  balancing  chamber  L,  a  pres- 
sure greater  than  that  obtained  in  the  preceding  inlet 
chamber,  but  the  liquid  escapes  through  the  hole  M  and, 
following  a  narrow  passage  formed  between  the  end  of 
the  guide  shell  C  and  D  and  the  impeller  hub,  is  di- 
rected substantially  tangentially  with  and  into  the  liquid 
current  passing  from  the  inlet  chamber  proper  into  the 
inlet  A. 

In  Fig.  2  is  shown  an  enlarged  section  of  an  impeller 
and  the  tightening  boxes  Fig.  3  is  a  view  of  the  pump 
casing.  A  general  exterior  view  of  a  steam  turbine-driven 
pump  is  shown  in  Fig.  4. 

This  pump  is  manufactured  in  sizes  varying  from  8 
to  24  in.,  both  for  single-stage  double-suction  and  multi- 
stage types  by  the  Wilson-Snyder  Centrifugal  Pump  Co., 
2  Ross  St.,  Pittsburgh,  Penn. 


General  View  of  Wilson-Snyder  Turbine- Driven  Pump 


HiKh-Heail  Water  Power — A  French  company  will  build 
in  the  Canton  of  AVallis,  in  Switzerland,  a  water-power  plant, 
which  will  have  a  head  of  1G5  atmospheres,  nearly  2500  lb., 
or  5000  ft.  The  velocity  with  which  water  would  be  dis- 
charged under  this  head  is  something  like  560  ft.  per  second, 
and  considerable  interest  will  attach  to  the  type  of  turbine, 
which  will  be  used  to  utilize  such  a  head.  It  is  said  that 
these  turbines  will  be  manufactured  by  a  firm  In  Geneva 
(probably  Piccard  Pictet  &  Co.),  while  the  pipe,  which  is  some 
15,500  ft.  long,  and  which  requires  to  be  1%  in.  in  thickness 
at  the  lower  end,  will  be  made  by  a  German  firm. 
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Siiuo  llic  lu'iitiiig  lapmily  rc(|uir('(l  for  a  Ijiiildiii;^'  il«- 
pi'iitls  on  llif  aiiioiiiit  (if  tlic  lirat  losses,  it  follows  llial 
till'  lirst  slf|)  in  ln\:ni;  niil  a  heating  system  is  In  iiiakr 
u  tliorougii  study  of  tlu;  buildiiij;  constnuMion  iisi-d,  and 
to  clotennine  the  oxtont  of  tliL'so  losses. 

Hooks  !j;ivin<j  data  on  heating  contain  tal)les  of  i(M'Hi- 
fionts,  from  whieii  one  may  select  factors  for  the  kind 
of  construction  which  is  to  he  provided  for.  'I'liese  co- 
erticients  jjive  the  heat  loss  or  "transmission  in  H.t.n.  ])ei- 
scpuire  foot  |)er  hour  per  defi:ree  dilVei'ence  in  tempera- 
ture of  air  on  i)|)p(isite  si(h's  of  the  material.  Some  of 
the  commonly  acce|)ted  factors  will  he  found  in  the  ac- 
companying tahles.  Such  factors  are  fairly  reliable  when 
applied  to  huilding  constructions  listed  in  the  tables,  hut 
when  one  is  called  upon  to  figure  the  loss  througli  a  wall 
of  a  different  thickness,  or  composed  of  a  variety  of  nui- 
terials,  there  is  a  chance  for  some  tall  guessing. 

Tlie  theory  of  heat  transmission  as  announced  by  Pec- 
let  has  been  generally  accepted  by  engineers,  and  M'ill 
be  found  in  Professor  Carpenter's  "Heating  and  Venti- 
lating Bulidings."  According  to  thi.s  theory,  the  heat 
transmission  from  a  wall  consists  of  three  parts:  Eadia- 
tion  and  convection  from  the  warm  room  to  the  inner 
surface  of  the  wall ;  conduction  through  the  material  it- 
self: and  lastly,  radiation  and  convection  from  the  outer 
surface.  That  is,  the  transmission  is  due  to  the  two  com- 
])onents.  radiation  and  conduction.  Although  sometimes 
stated  to  the  contrary,  it  is  evident  that  a  wall  of  twice 
the  thickness  will  not  have  a  factor  just  one-half  as 
great,  since  the  surface  loss  is  the  same  in  each  case,  and 
only  the  loss  by  conduction  is  decreased.  This  part  of 
the  total  loss  (the  conduction)  does  vary  inversely  as  the 
thickness  of  the  material,  but  that  portion  of  the  heat 
loss  due  to  radiation  fronr  the  surface  remains  the  same, 
no  matter  how  much  the  thickness  is  increased. 

We  are  accustomed  to  think  of  a  wall  as  transmitting 
heat,  Init  one  may  consider  the  reverse  function,  viz.,  its 
resistance  to  the  transmission  of  heat.  Every  form  of 
building  construction  offers  a  certain  resistance,  and  the 
greater  this  resistance  the  less  will  be  the  transmission. 
Thus  we  have  the  resistance  as  the  reciprocal  of  the  trans- 
mission, or  the  transmission  the  reciprocal  of  the  resist- 
ance. If  we  consider  a  21-in.  brick  wall  with  a  trans- 
mission equal  to  0.22  B.t.u.  per  square  foot  of  surface 
per  hour  per  degree  difference  in  temperature  between 
the  two  sides,  the  resistance  of  this  wall  will  be 

1  -^  0.22  =  4.55 
If  we  state  that  the   resistance  of  2  in.   of  concrete  is 
0.80,  then  the  transmission  is 

1  _^  0.8  =  1.25  B.t.u. 
This  relation  between  resistance  and  transmission  holds 
true  both  for  the  conduction  and  the  radiation  factors. 

In  determining  the  transmission  or  heat  loss, from  a 
wall  composed  of  various  substances  whose  factors  are 
known,  it  is  not  correct  to  add  the  transmission  factors 
for  each  substance  and  call  the  sum  the  total  transmis- 
sion of  the  composite  wall,  but  rather  we  should  find  the 
sum  of  the  resistances  of  each  substance,  and  the  recipro- 


<al  will  III-  the  factor  desired.  Tlmt  is.  the  factor  is  tin- 
rrcijirocal  of  the  sum  of  the  reciprocals  of  the  tranHmi^- 
sion  factors  of  each  substance.  For  example,  let  lis  be  ic- 
(|uire(l  to  lind  the  proper  coctlicient  for  a  wall  composed 
of  a  single  thickness  of  2-in.  pine  boards  covered  with 
corrugatetl  iron.  From  the  tallies  of  heat  transmission 
we  note  that  the  factor  for  2-in.  hoard  is  0.155,  and  tin 
re<iproeal,  i.e.,  the  resistance,  is  2.80;  and  tliat  tin 
factor  for  corrugated  iron  is  I.5()  and  its  recipro<al  - 
0.(i?.     Then 

2.8(1  +  ().(;?  =  ;!.5;! 
is   the   resistance  of   the   wall   and    the;  Jieat  transmi.ssioii 
will  be 

1  -^  ;{.53  =  0.283  n.t.it. 
|)er  s(|uare   foot    per  hour   j)er  degi'ee   difference   in   tem- 
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perature  between  the  two  sides  of  the  wall.  This  might 
be  reduced  perha])s  10  per  cent,  to  allow  for  the  extra 
resistance  offered  by  the  small  air  spaces  between  the 
board  and  the  corrugated  iron.  A  factor  commonly  used 
for  this  construction  is  0.26   B.t.u. 

'I'he  discrepancies  between  the  coefficients  given  by  dif- 
ferent authorities  are  generally  attributable  to  the  fact 
that  the  values  quoted  have  been  detcrTuined  for  differ- 
ent conditions.  AVhile  the  conduction  factor  depends 
only  upon  the  thickness  of  the  material,  the  radiation 
factor  is  subject  to  a  number  of  influences,  such  as  the 
height  of  a  wall ;  whether  in  a  horizontal  or  vertical 
plane;  the  difference  between  the  temperatures  of  its  op- 
posite sides  and  the  velocity  of  air  over  the  surfaces.  Thus 
we  see  that  it  makes  a  difference  whether  the  material 
is  in  a  side  wall  or  a  ceiling;  an  inside  or  an  outside  wall : 
or  whether  the  surfaces  are  swept  by  air  currents.  "Wliile 
for  greater  accuracy,  especially  in  cold-storage  work,  all 
of  these  variables  should  be  considered,  in  ordinary  heat- 
ing work,  we  may  assume  that  the  ordinary  coefficients 
will  meet  the  average  conditions. 
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As  iiu'iitioiK'd  in  1*o\vki;  of  \ov.  11,  1!)1.'5,  an  olaliDrati' 
testing  plant  Jias  been  installed  at  the  Pennsylvania  Stati' 
College  for  determining  the  effect  of  these  various  in- 
fluences on  the  rate  of  transmission.  In  the  article  re- 
ferred to,  Professor  Mover  shows  that  in  the  case  of  a 
cork-hoard  cube,  by  increasing  the  velocity  of  tlic  air 
currents  over  the  surface  from  223  to  905  ft.  per  min., 
the  rate  of  transmission  was  increased  about  3i  per  cent. 
This  means  a  difference  of  o  per  cent,  in  the  transmission 
per  100  ft.  per  min.  change  in  air  velocity.  The  tests 
reported  showed  also  that  an  increase  of  10  per  cent,  in 
humidity  caused  an  increase  of  1.8  per  cent,  in  the  ti'ans- 
mission. 

The  values  of  temperature  factors  N,  given  in  Table  1, 
for  use  in  connection  with  tlie  coefficients  of  transmission 
will  be  found  to  agree  sulistantially  with  those  quoted 
by  leading  authorities.  The  values  are  based  on  the  as- 
sumption that  the  coefficients  given  are  for  a  tempera- 
ture difference  of  70  deg.  and  will  decrease  or  increase 
correspondingly  for  a  decrease  or  increase  in  the  tempera- 
ture difference.  This  factor  X  should  be  a])plied  to  the 
surface  or  radiation  coefficient,  and  not  to  that  for  con- 
duction. 

tabu;  l    values  of  n 

For  A'ariou.s  Temperature  Difference 


Difference  B 

tween 

Difference  Between 

Inside  and  Outside 

Inside 

and  Outside 

Temperature 

N 

Temperature 

N 

o 

0  573 

50 

0.945 

10 

0  6(il 

55 

0.963 

15 

0.730 

60 

0.975 

20 

0.780 

65 

0.988 

25 

0.815 

70 

1.000 

30 

0.849 

75 

1.010 

35 

0.875 

80 

1  020 

40 

0.900 

85 

1.028 

45 

0.924 

90 

1.0.33 

It  will  perhaps  assist  in  making  the  foregoing  more 
easily  understood  if  we  use  a  series  of  equations  to  show 
the  relation  between  the  various  factors  mentioned,  em- 
ploying the  following  symbols  to  represent  the  various 
factors  and  coefficients. 

N  =  Temperature  factor  to  be  applied  to  the  coeffi- 
cient for  surface   radiation,  the  values  to  be 
taken  from  the  accompanying  table ; 
NK  =  Surface  transmission  for  each  material : 

pv  =  Surface  resistance  to  the  transmission  of 


NK 


heat 


the 


by  radiation  and  convection. 
The  conductivity  of  any  material    will   vary   with 
thickness,  so  that  we  will  have 

.1  =  Conductivity  of  material  itself  from  surface  1q 
surface  per  unit  thickness; 

-7  =  Kesistance  of  the  material   \)vv  unit  of   thick- 
ness to  the  transmission  of  heat; 
W  =  Thickness  of  the  material  ; 


-f7,  =  Conductivity 
n 


of   the  material  ; 


-J  ==  Kesistance  of   the   iiiatei'ial    to  conduction  ; 

L  =  B.t.u.  transmitted  pei'  sq.ft.  per  hour  pei-  deg. 
difference    in    temperature    between    the    two 
sides. 
The  transmission  being  the  reciprocal  of  the  resistance, 
then  the  greater  the  resistance,   the  less  the  heat  trans- 
mitted, and  as  the  total  resistance  is  composed  of  the  two 
W 


factors     ,,  ,,  and      ., 


lave  the  transmission  in  1-5. t.u. 
per  scpiare  foot   per  degi-ee  ilifference  in  temperature  1m^- 


twecn  the  two  sides  of  the  luatcrial  slated  by  the  C(]ua- 
tioii : 

and  the  total  transmission  per  s(piare  foot  per  hour  with 
tcmpci'Mturcs  /j  and  f..  on  ilic  two  sides  of  the  materia. 
will  be 

In  case  we  are  to  consider  a  double  wall  or  a  wall 
made  of  more  than  one  material,  we  will  have  greater 
resistance  due  to  the  extra  surfaces  adding  their  resist- 
ance anfl  also  to  llie  added  I'esistance  to  conduction,  thus 
giving  a  lower  rate  of  heat  transmission.  This  will  then 
give  tis 

In  case  the  materials  (considered  are  very  thin,  but 
slight  error  will  be  introduced  if  we  neglect  the  conduc- 
tion factor  and  consider  only  the  resistance  of  the  sur- 
face. Table  2  gives  values  for  A'  and  A  for  use  in  the 
above  equations,  and  will  he  found  to  cover  many  of  the 
more  common  forms  of  building  construction. 

TABLE  2.     VALUES  OF  K  AND  A  FOR  DIFFKKENT  MATERIALS 

Materials  K  A 

Brick 1 ,  275  5  50 

Brick  and  2-in.  air  space.  0  460  5.50 

Pine  board  1   275  0.97 

Oak  board 1   275  1 .  75 

Double  pine,  paper  between  0  475  0 .  97 

Sheet  iron 1   200  .... 

Corrugated  iron 1   .500  .... 

Pine  board  and  corrugated  iron  0.575  6.97 

Pine  hoard  and  .sheet  iron 0  675  0  97 

Single  glass i   095  7.2     (] 

Double  glass {)  470  .... 

The  apj)lication  of  the  foregoing  formula  may  best  be 
shown  by  a  practical  example,  in  wliich  it  is  required  to 
determine  the  coefficient  of  the  transmission  per  square 
foot  per  degree  difference  in  temperature  for  a  Avail 
composed  of  2-in.  ])ine  boards  covered  with  building 
paper  and  corrugated  iron,  with  a  difference  of  55  deg. 
in  temperature  between  the  two  sides.  From  Table  1 
we  find  the  value  of  ,Y  to  be  0.9()3. 

We  will  have  six  surface  resistances  to  consider,  NK 
for  the  two  surfaces  of  the  board  being  0.963  X  1-275 
=  1.227  and  for  the  two  surfaces  of  the  corrugated  iron, 
0.91)3  X  l-'")  =  1.445.  As  the  paper  and  the  iron  are 
quite  thin,  the  resistance  to  conduction  would  be  small 
and  may  be  omitted  for  these  two  materials  without  seri- 
ous error. 

\\\'    will    then    have    th(>    surface    resistance     ,^   ^^      = 

A,  A, 

-,    qt,,^  for  tlie  two  board  surfaces,  and  assuming  the  same 

surface  loss  for  paper  as  is  given   for  sheet  iron,  we  will 

lunc  the   resistance  for  the  two  sides  of  the  )iapei'   ^^— j, 

=  :r-r^-     -^s  alreadv  stated,  the  resistance  of  the  two  sur- 
1.15 

faces  of  the  iron  will  be   „  .,     =   - — --_.      The  resist- 
N„K^         1.445 

W 

ance  to  conduction  ol   the  2-in.  jjine  board  will  be    —   = 
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-i-,.  Tl..-n  w..  vv.ii  i.av,.  tiu.  ..„Mi  ,,a,.snn.,M,.,.  n.  lu.u.  Btuiildiog  a   SmoBicless   Fturnnce 

li.S>7  1,     i>    \    < 

IMT  flquiiiv   I'oi.t    |.iT  (li'f;ivr  .lilV.'ivii.c   in   I.Mn|.riaUnv  1..-  '*^    '' •  ■^-  ^"•>' MAM;h 

Iwccii  llic  two  sides  of  llic  wiill   lis.  'I'lic  article  oil  this  Hiihjccl,  i)y  10.  K.  Clock,  in  the  in- 

j  sue  of  Fcl).  M,  wiiH  intcrcHliiig.     Tho  (lovice  deHcriiiod  wu8 

I   .joM  "^  1 — Tk    '    1    1  (ij    '   (77(7  '"  Cliicago.     About  two  years  ago  the  manager  of  a  local 

iiialt-diving    corpoi-atioii    claimed    liis   company    liad    re- 

/loiir  prr  si/„,irr  /oof  j,|,,i,l^.  ^,^^^^^^_  j^^j^^  ^j^^.  „„.,„.,.„i,ij,  „j-  ^^  p„tcnt  covering  the 

TAUu:..    nKAT..o.ssi.uoM..uii.i)iNi:.s  ^^,,,,,;  ,,,,^,j,.,.  ^.^^.,.j^^   j,^.^^   j,j   ,^,^^,^   ^^j   ^,^,.   ^,,^^^^.^.   ^.^^^.^   ^,,^ 

Ki.r  Viirioii.-.  Willi  Coiislruftioii-  Willi     WCrc    llot    llScd. 

TiMok„.v.H  „(  i«,„..  ooubi,.  n.M.r.i,    ror'ruU'tod        H.mr.i  a„.i  '   tried  tlic  lionoycomi)  wall  on  top  of  the  hridgo-wali 

"'""■•I.  1.1  Hoiirii        I'liiKT  iiiHv 1         iri.i.  Hh.i'i  Iron  soiiic  vcars  ago  aiid  with  careful  firini'  little  smoke  was 

1  0  77  0  :r2  0  1,^  0  .w  ,    '    ,        /^       ,  ,,    ,  7         1  •■      1    ^     1     ^ 

1  o  .ii  024  o.aii  040  produced   alter   the  wall    hecame   nearly   white   liot,   hut 

li  0  1:1  0  lii  o.:)o  0  ;);j  i   i     1    i-  1  i         1   ii        *  n  1    1.  1    ^ 

2'  0  3.1  0  Hi   ■  o.2()  o -is  it  took  time  each  morning  to  get  the  wall  Jiot  cnougli  to 

^*  " ^"  ""  "  "'^•'  "  ■^''  cause  ])erfect  coiiihustion.      In   the  meantime,  it  seemed 

^""*'""'f,/"';  "".'■''  '''""r.  .    „        „„„,  ,  „„ .  that  before  the  wall  was  sullicientlv  heated  there  was  more 

TluckncBS,  PlustU'n'd  Air  Spupc  rurred  iinil 

In.  Piniu  oiifSide       uiui  I'lnsUTcd       iMiiHtcrod  siiioke  tluui  usual  witliout  anv  Wall  of  tlie  kind  J  besides, 

8i  0  37  0.3()  0  2.'>  0  23  j.i         i      -i         •  ■"  i   •       i      i  xi  i 

13'  0.29  0.2s  0  21  0  20  the   boiler-insuranoe  companies  oi)jected   on   the  ground 

JP  III  0  1}  Jl  J'i'i  IJ  lo  that  an  18-in.  wall  coming  in  clo.se  proximity  to  the  un- 

For  (-oncretc  walls  add  2,')  per  cent,  to  the  above  valuL-s  for  brick.  dcrsidc   of   tllC   boilcr   slioll    might    damage   tllC    boilcT,    pai'- 

'i'he  values  given  in  Table  3  serve  to  show  liow  the  co-  ticularly  at  the  time  of  washing  out,  owing  to  the  heated 

ciruicnts    for   various   combinations  may   be   determined,  condition  of  the  wall. 

and  a  table  compiled  covering  any  special  constructions  1  find  it  much  better  to  set  the  boiler  at  least  3G  in. 

commonly  used.  al)ove  the  grates.      I   do  not  carry  the  bridge-wall  more 

For  cold-storage  work  the  values  given  in  Table   1  will  than  14  in.  above  (he  grate  surface  and  extend  it  straight 

TABLE  4.     KE.SISTANCE  AND  TRANSMI.SSION  OF  VARIOUS  MATEUIAI.S 
B.t.u.  per  Hour  per  Sq.Ft.  per  Degree  Temp.  Difference 

Uesi.stance   ■=-  =  x?  H — r  Transmission     L  =  -. => 

L        K  A  1 ,    W 

K"*"  A 

Material  Thickiu'ss  of  Material — Inches  Thickness  of  Material — Inches 

123461234  0 

Brick  •    ••        IOC  120  1.40  1.60  2.000  1.000  0.835  0.71.5  0.625  0  500 

Concrete ...        0.607  080  0.935  1.07  1.335  1.500  1   2.50  1.070  0.940  0.750 

Pine  board 1   S3  2  80  3.89  4.92  6.990  0.545  0.350  0  257  0.203  0.143 

(Jrouml  cork 2.09  3  49  5  00  6.30  9.020  0  479  0  286  0.200  0  159  0.112 

Nono    cork-board 3.85  6  90  9  95  13.00  19.100  0  260  0  145  0  100  0  078  0.0.52 

hid    fibre-board    2.40  4.02  5  62  7  23  10  44  0  410  0  249  0  178  0.138  0096 

Hairfelt  3  23  5.80  8.37  10  25  16.07  0  310  0.172  0   119  0  098  0  ''62 

Mineral  wool .  1   50  2.07  2  77  3.47  4.87  0  666  0  483  0  361  0.288  0.205 

Sawdust ...'.'.'.V.'.".'!!!!!!!l!'!!!.! 2.63         4.60         057         8.52        12.42         0.380       0.218        0152        0.117       0.081 

Hollow  tile: 

2  to  6  in 1-60  0.625 

8tol2i„ 2.78  0.360 

Air  space  1  to  6  m 0  60  1.66 

Corrugated  iron 0.67  l.oO 

Sheet  iron    0.80  1.20 

RuildinK  paper 0.50  2.00 

Tarandgravel 0.50  2.00 

r'slag 0.60  167 

j"  cement 0.77  130 

be  found  convenient,  since  the  factors  for  resistance  and  across  the  furnace.    The  object  is  to  keep  the  shell  away 

transmission  are  both  given.     These  factors  are  based  on  from  the  fuel  so  that  when  using  long-flame  bituminous 

the  results  of  tests  as  published  by  the  Armstrong  Cork  coal,    complete    combustion    will    take    place    before   the 

Co.     The  values  quoted  for  brick  and  the  various  mate-  flame  strikes  the  shell. 

rials  tabulated  down  to  "hollow  tile"   are  for   separate  The  main  source  of  smoke  or  incomplete  combustion 

thicknesses  of  1  to  6  in.  and  the  values  for  the  rest  are  is  chiefly  attributable  to  a  lack  of  proper  knowledge  and 

for  the  usual  dimensions  of  the  materials  referred  to.  in  many  cases  to  carelessness  on  the  part  of  the  firemen. 

By  the  use  of  the  resistance  factors,  the  transmission  To  get  the  highest  efficiency  and   to   produce  the  least 

for  various  wall  combinations  may  readily  be  determined,  amount  of  smoke  from  any  bituminous  coal  the  firemen 

For  example,  what  will  be  the  coefficient  of  transmission  should  be  compelled  to  keep  as  clean  a  grate  surface  as 

for  a  wall  consisting  of  4-in.  brick ;  2-in.  ground  cork,  possible  as  well  as  a  clean  ashpit,  keep  the  grates  covered 

and  1-in.  concrete  ?     From  the  table  we  see  that  the  re-  at  all  times  with  a  live  open  bed  of  fuel  which  is  not  too 

sistance  factors   for  the  above  materials  are   l.GO,   3.49  thick.     The  class  of  fuel  and  its  steam-producing  qual- 

and  O.G()7  respectively,  and  the  resistance  of  the  wall  will  ities  will  readily  determine  the  thickness  of  the  fire, 
be  the  sum  of  the  above,  or   5.757.     The   transmission  It  has  been  found  that  an  almost  smokeless  result  can 

factor  will  then  be  l^e  obtained  with  any  reasonable  high  setting  if  the  fire- 

1  _i_  5.757  =  0.173  B.t.u.  '  men  will   follow  the  above  suggestions  together  with   a 

per  sq.ft.  per  hour  per  degree  difference  in  temperature  method  of  firing  something  on  the  following  order: 
between  the  two  sides.     This  should  be  increased  perhaps  Xever  place  more  than  two  -shovelfuls  of  coal  on  the 

10  per  cent,  in  case  of  an  outside  wall  exposed  to  the  di-  fire  at  a  time  under  running  conditions,  spreading  the 

rect  ravs  of  the  sun.  two   shovelfuls   over   the   rear   left-hand   quarter   of   the 
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grate  surface  and  closing  the  door  quickly.  At  the  next 
liriug  place  a  like  amount  on  the  front  right  quarter, 
following  this  by  a  firing  on  the  front  left  quarter  and  the 
next  firing  on  the  rear  right  quarter,  always  being  care- 
ful to  leave  no  holes  in  the  fire  or  piles  of  unburned  fuel. 
Bv  taking  care  to  fire  this  way,  giving  the  fuel  an  ample 
amount  of  air  from  beneath  the  grates,  it  will  not  only 
be  found  that  the  saving  in  fuel  is  in  many  cases  greater 
than  the  fireman's  wages  for  a  given  period,  1)ut  much 
better  regulation  of  the  steam  pressure  can  be  had  and  lit- 
tle trouble  will  be  experienced  in  removing  soot  from  the 
Hues.  This  method  ajiplies  to  the  ordinary  setting  of 
fire-tube  shell  boilers  in  the  usual  factory  plant  where 
the  manager  is  the  owner,  who,  from  his  multiplicity  of 
other  duties,  gives  very  little  attention  to  how  the  coal 
is  being  used,  except  from  the  fact  that  the  coal  bills 
always  appear  to  be  too  high  for  the  amount  of  power  and 
heat  received. 

Much  of  the  money  that  is  now  spent  for  fuel  could  be 
saved  and  the  smoke  nuisance  abated  if  the  owner  and 
the  fireman  would  get  together  and  make  an  arrangement 
that  the  fireman  was  to  first  keep  up  a  steady,  even  gage 
])ressure  at  all  times  and  secondly  to  share  a  certain  per- 
centage of  the  fuel  saving  he  could  make  over  the  present 
careless  methods.  This  would  give  the  fireman  an  incen- 
tive to  learn  his  business  more  thoroughly  and  treat  the 
coal  pile  as  if  it  were  something  paid  for  by  himself  and 
must  be  handled  to  the  best  possible  advantage,  and  to 
add  to  these  results  I  have  found  that  the  following  de- 
scribed setting  where  the  stack  or  chimney  has  a  reason- 
able amount  of  draft  makes  it  possible  to  operate  a  boiler 
with  almost  no  visible  sign  of  smoke  from  the  stack  at 
any  time. 

One  method  I  have  used  to  prevent  smoke  is  to  run 
three  or  more  small  air  ducts  behind  the  firebrick  lining 
of  the  inside  walls  of  the  furnace  with  openings  so  that 
the  air  can  enter  these  ducts  just  beneath  the  grate  sur- 
face, and  open  the  outlet  of  the  air  ducts  in  the  side  walls 
to  a  level  with  the  lowest  portion  of  the  boiler  shell.  The 
openings  in  the  wall  are  4  in.  long  by  2  in.  wide  with  a 
4x4-in.  intake  beneath  the  grates  and  a  iy2x4-in.  open- 
ing where  the  air  enters  the  furnace  comjiartment. 

[Some  engineers  will,  perhaps,  disagree  with  Mr.  Shoe- 
maker as  to  the  advisability  of  a  setting  having  air  chan- 
nels built  in  the  walls  to  connect  the  combustion  space 
with  the  ashpit.  We  should  be  pleased  to  have  the  sub- 
ject discussed  by  those  qualified. — Editor.] 

I  had  this  system  installed  in  one  of  the  largest  de- 
partment stores  in  Buffalo  some  years  ago  with  the  boil- 
ers set  3  ft.  6  in.  above  the  grates.  The  plant  previously 
burned  100  tons  of  anthracite  o^g  coal  per  month,  costing 
$5.55  per  ton.  Since  the  installation  of  this  device  and 
with  reasonably  good  firing,  the  plant  has  never  used  over 
75  tons  per  month  of  bituminous  slack  coal  at  about 
$3.30  per  ton,  and  there  is  never  any  perceptible  smoke 
from  the  stack,  except  when  starting  a  new  fire  after 
cleaning  one  or  the  other  of  the  200-hp.  return-flue  boil- 
ers. With  hard  coal  the  engineers  were  oljliged  to  run 
both  boilers  in  cold  weather,  but  since  using  soft  coal 
with  this  device  they  never  use  both  boilers  at  the  same 
time. 

The  principle  of  this  method  is  to  have  a  slight  blanket 
of  highly  heated  air  in  contact  with  the  boiler  shell  above 
llie  fire  and  bridge-wall,  and  keep  the  flame  from  strik- 
ing the  shell. 


This  plant  has  operated  under  the  above  conditions 
for  the  past  live  years,  the  boilers  being  used  for  heating 
and  cooking  purposes,  and  the  saving  in  coal  bills  has 
been  not  less  than  $700  per  year  and  as  soon  as  hard 
coal  went  up  to  $G  and  over  in  this  city  the  saving  has 
been  increased  over  that  amount. 

The  cost  of  placing  these  ducts  in  the  furnace  walls 
was  less  than  $100,  so  it  can  be  readily  seen  that  from  the 
cost  of  investment  compared  with  money  saved  by  their 
use  that  they  are  a  profital)le  investment. 

The  question  of  making  tests  to  ascertain  the  efficiency 
of  the  fuel  has  been  suggested  to  parties  using  this  meth- 
od, but  they  have  objected  to  either  having  or  permitting 
any  tests  being  matle,  stating  as  their  reasons  that  the 
saving  in  fuel  cost  over  the  old  method  has  given  them 
sufficient  record  of  what  is  being  done  and  they  do  not 
care  to  have  an  efficiency  test  run. 

It  is  strange  that  after  so  many  years  of  power-plant 
engineering,  mechanical  engineers  find  it  hard  to  con- 
vince the  owners  of  boilers  that,  by  a  small  investment 
at  the  start,  they  can  eliminate  smoke  and  get  much 
higher  efficiency  from  their  power  plants,  having  the  origi- 
nal investment  returned  to  them  many  times.  The  fact 
is  it  takes  so  much  time  to  convince  a  client  of  this  fact 
that  the  returns  to  the  engineer  are  unprofitable,  but 
still  we  keep  at  it,  hoping  some  day  to  convince  a  suffi- 
cient number  of  power-plant  owners  so  that  the  others 
will  appreciate  the  value  of  high  settings  and  need  no 
elaborate  proposals  to  convince  them  that  they  should  use 
such  settings. 


ISq^^flpsmeim^   Siimdl   Supplies 

Data  bearing  upon  the  cost  of  power-plant  apparatus, 
supplies  and  construction  materials  are  often  useful  to 
engineers  who  are  obliged  from  time  to  time  to  pre- 
pare estimates  of  the  expenses  of  plant  extensions,  new 
construction  or  alterations.  Some  material  of  this  char- 
acter is  presented  in  the  following  tabulation,  the  costs 
being  obtained  from  a  Massachusetts  steam-driven  sta- 
tion, supplying  electricity  to  a  population  of  about  100,- 
000  people.  The  costs  printed  are  accurate,  although  they 
are  necessarily  rather  miscellaneous,  as  only  those  items 
have  been  given  which  are  likely  to  be  useful  in  the 
preparation  of  estimates.  Many  small  supplies  are  in- 
cluded, but  the  engineer  who  desires  to  make  use  of  the 
figures  will  have  no  difficulty  in  classifying  them  or  trans- 
ferring them  to  card  indices  as  desired. 

REPRE.SENTATIVE      POWER-PLANT      EQUIPMENT      COSTS 
Four    stokers    for    four    400-hp.    Porcupine    boilers, 

Murphy    Iron    AVorlis $6,900.00 

Four  400-hp.  Porcupine  boilers  with  52-in.  stacks...     20,700.00 

Brick  setting-  for  above  stokers  and  firebox 2,000  .  00 

One  4500-kw.  Parsons  turbine,  including  exciter, 
priming  pump  and  Le  Blanc  condenser,  Westing- 
house   Electric   &  Manufacturing  Co 45,000.00 

Fifty  direct-current,  5-amp.,  constant-series,  in- 
closed  arc   lamps.   General   Electric  Co 1,125.00 

Fifty  electrodes   for  above   type   of  lamps 3.00 

One  10,000-volt,  Weston  dial  voltmeter,  complete,  for 

arc    service 268  .  38 

One  special  5-amp.,  75-light,  CO-cycle,  form  BWZ, 
Oeneral  Electric  Co.,  combined  unit-mercurv  arc- 
rectifier  outfit,  virith  cylinder  and  transil  oil  (50 
gals.  No.  6  latter),  one  switchboard  panel,  light- 
ning  arrester    and    iron    drum 1,777.65 

Six    extra    rectifier    tubes 120.00 

Two  No.  70  Ward.  Drouet  &  Foster  potheads 16.55 

Two    hundred    bricks 1.45 

Three    100-amp.,    5500-volt,   Condit   oil   switches   and 

fittings     91.20 

One   barrel  of  grease 18  .  80 

One  75-k.v.a.,  60-cycle,  440-volt  Westinghouse  trans- 
former, oil  and  hanger  irons 3G0  .  00 

One   100-amp.,   2500-volt   Condit   circuit-breaker 27.95 
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Three  liuiulr.il  and  rlftrfii  (>i>X  2xl2-ln.  huiuci-  boimlii  !'   '.'0 

Oiii-   IiiiiiiIi'imI   utid   roriy-riiiii    khIIoiih   "Mllu-ralluc" .  .  172. NO 

K«>rt\  ■••l»!ht    fiM-l    OxH-lii.    HiiMii-c    bdiirda 1.34 

Two"  \4Xl2-lli.    muihlti.'    li»llB 0.16 

Nliu'tv-Bfvni   fi'ol   4-ln.   ry|>rt<aB  luinbur 16.70 

Oiu'   I'mK   iiHli.ntoM   >-.iiiciit „\l.. 

Dill-    hiiri-i'l    hiinl    k'i<'11Mc ^'•"U 

Oiu<   lIuniHiiiiil    btUk P"? 

Tw.>  "G-aini)..   llo-volt  Oonrrnl  Bloctrlc  Co.  mftera.  .  38. 03 

Tw«>    ir>0-aini>..    220-volt.    CO-cycle,    Ot'niTal    Electric 

Co.  typi-  "1"  ini'toiH 

Twfiity-tlv.-  5-aiiip..   lio-volt  niolei'B 

i)iu'  14-lti,   l.aKoiiila  Htralncr 

t)nt>    20-ln.    l.aKoiida    HtraliiiT 

Due   lumdiid    Ixii-lii.   mathllir   bolls .. 

Out-  lO-lii    ai\Blo  valvi-.  Slur  HraHS  MaiiurnoturlriK  Co 
Four   2'»-ln.    brass   Klobi-   vulvi'S,   Star    Brass   Manu- 

fai'turliiK    To 

Twi-nty-llvf    ba>;H    ermi-iit •  ■  •  ■ •  • 

Oru-  hundr.'d   and   twciitv  square  fpil   asbi-stos  wood, 

for    swlti'hlioard     work 

FIflv    .swltihlioard-card    holdt-rs 

On.-   lMi-l'>     Watsoii-Stlllman   "l-ivo'     pump,   60-cyclo, 

220- volt    Wanner    motor 

Ono   Bristol  rt'i-ordliiK  tlu'rniomi-tt-r 

One  I'alehall    (llohniann   &   .Maurer)    vacuum   Kage.  . 

One   hundred   fi'it    Vs-ln.   iron   pipe..... ■ • 

Two    hundred    and    twelve    feet    6-ln.    Iron    pipe    and 

six     ells 

One  7-ln.   Chapman   iron   tjate  valve 

Two   .\rjjand   steam   blowers 

One  hundred    lx\-in.   machine  bolts 

One  hundred  and  ten  ft.   >--in.  tiller  rope 

Fortv   feet   V^-in.   hoisting  cable • • 

One  "General   Klectrlc  Co.  steam-flow  meter,  size  not 

stated     ■  ■  ■. • 

EiKht   bars  2x2xU-'n.  anple   Iron 

The  attention  of  the  engineers  of  the  world  is  beins  more 
and  more  drawn  to  the  program  of  the  International  EnKi- 
neerinK  Congress  to  be  held  in  San  Francisco  in  1915.  The 
interest  aroused  in  foreign  countries  is  shown  by  the  fact 
that  at  the  present  time  there  have  been  received  enrollments 
and  subscriptions  from  42  countries.  Furthermore,  the  pres- 
ent total  enrollment,  approximately  25  per  cent,  is  from  coun- 
tries other  than  the  United  States.  The  number  of  subscrip- 
tions from  the  members  of  the  live  national  enptineerinK  soci- 
eties of  the  United  States  is.  however,  not  so  sratifying. 
The  percentage  of  the  total  membership  represented  by  the 
subscription  list  is  only  3.7,  and  this,  although  each  individual 
member  has  received  circular  information  and  data  concern- 
ing the  Congress  and  has  been  urged  to  send  in  his  subscrip- 
tion  promptly. 

It  is  probable  that  this  is  largely  because  the  Congress  is 
still  somewhat  in  the  future,  and  also  to  the  tendency  of  the 
individual  to  procrastinate.  This,  to  a  considerable  degree, 
handicaps  the  work  of  the  committee  on  management,  and 
it  is  extremely  desirable  that  as  many  as  possible  who  intend 
to  subscribe   should   do   so   at   an   early  date. 

The  list  of  topics  to  be  treated  in  the  section  on  mechanical 
engineering  gives  a  very  good  idea  of  the  character  of  the 
publications  which  it  is  intended  to  issue.  These  are  as  fol- 
lows: 

Recent  progress  and  present  status  of  foundry  practice, 
and  casting  metals;  Recent  progress  and  present  status  of  the 
art  of  forging;  Equipment  processes,  and  methods  for  the 
boiler  shop:  JIachine-shop  equipment,  methods,  and  processes; 
Automatics;  Special  processes  for  shaping  and  forming 
metals:  High  temperature  flames  in  metal  working;  Industrial 
management:  Safety  engineering;  Industrial  museums  as  an 
educational  factor:  The  steam  engine  of  the  year  1!I15;  The 
steam  turbine  of  the  year  1915;  The  internal-combustion  .  n- 
gine  of  the  year  1915;  Motors  of  the  Diesel  type;  The  Hum- 
phreys gas  pump;  The  steam  boiler  of  the  year  1915;  Refrig- 
eration; Pneumatics;  Lubrication  and  lubricants:  ^Vater- 
■wheels'of  pressure  type:  Waterwheels  of  impulse  type; 
Hydraulic  power  developments  and  use:  Power-plant  design; 
Motor  vehicles,  passenger  type;  Motor  vehicles,  utility  type; 
Motor   tractors. 

Many  of  these  topics  will  be  treated  as  symposiums  with 
contributions  representing  the  practice  in  more  than  one 
country. 

The  various  sections  outlined  for  the  work  of  the  Congress 
and  the  volumes  to  be  issued  are  as  follows: 

Vol.  I.  The  Panama  Canal:  Vol.  II,  Waterways  and  Irriga- 
tion: Vol.  III.  Municipal  Engineering;  Vol.  IV,  Railways  and 
Railway  Engineering;  Vol.  V,  Materials  of  Engineerirtg  Con- 
struction; Vol.  VI,  Mechanical  Engineering:  VII.  Electrical 
and  Mechanical  Engineering;  Vol.  VIII.  Mining  Engineering 
and  Metallurgy;  Vol.  IX.  Naval  Architecture  and  Marine  En- 
gineering;   Vol.    X,    Military    Engineering,    and    Miscellaneous. 

Vol.  X  will  consist  only  in  part  of  Military  Engineering, 
and   will    also    contain    papers   on    miscellaneous    topics    which 


lire  not  di'lliiKi'ly  aMHoelaled  with  iiny  "f  the  viirlouN  Mectlori: 
Full  Inroriiihllon  roneirnlnK  the  coMKieMH  may  b<-  olitiiliK  <i 
liy  nddreMHiMK  Ihi'  I  iili-rnMtlohal  EuKlMeerlnK  <'onKruMM,  ll)1.'< 
Fuxcruft    BulldlnK.   San    l<'runclHeo,   Calif. 

Ne^yv  Knf^land  Association  of 
Comimercial  Knf^ineers 

The  Ni'W  KuKland  AHHoclatlon  of  Commercial  KnulneerH 
wan  organized  at  WorcoHter,  MnsH.,  ,luly  12,  1911,  It  la  un  aH- 
Hoclatlon  of  IndlvldualH  lo  which  are  eligible  buHlneaa  m<-n, 
IncluHlve  of  executlveH,  olllelalH  and  Halesmen  udllluted  com- 
mercially with  power-plant  englriei-rlng  In  New  England. 
From  47  chartiT  members  thi'  iriembeiMhIp  has  grown  until, 
at  present  thire  are  214.  representing  some  180  bUHliii-HK 
Mrms. 

Ono  of  Its  principal  objects  Is  to  bring  together  repreaen- 
tatlves  of  dlfl'erent  InduHtrles  in  the  power  field  and  devise 
ways  and  means  of  Increasing  the  busitieHS  of  the  engineering 
lines  in  New  lOngland.  Association  is  always  helpful,  and  th(? 
members  have  found  that  by  becoming  ac(|Uainted  with  each 
other  It  has  resulti-d  to  their  mutual  benefit.  Although  com- 
petitors in  the  8!ime  line  of  apparatus  are  brought  Into  aocial 
contact,  and  competition  Is  as  keen  as  ever.  It  is  on  a  cleaner 
;  nd   more  wholesome   basis. 

Another  object  is  to  bring  the  users  and  the  selling  end  of 
power-plant  equipment  and  machinery  more  closely  together, 
and  to  obtain  more  considi'ration  for  the  commercial  engi- 
neer who  represents  the  selling  end.  The  members  have  the 
opportunity,  which  they  do  not  neglect,  of  helping  the  oper- 
ating engineer  in  working  out  problems  which  are  up  for 
solution,  by  volunteering  information  on  the  line  In  which 
he   is  interested. 

There  is  another  way  in  which  the  members  are  benefited. 
In  the  routine  of  business  a  member  is  bound  to  hear  of  tli' 
proposed  installation  of  some  device  or  machine  which  is  han 
died  by  another  member.  The  logical  thing  to  do  is  to  notlf  . 
the  former  of  the  prospective  new  business,  and  to  advisi 
the  prospective  purchaser  of  the  name  of  the  member  and  the 
firm  he  represents,  who  handles  the  particular  apparatus 
desired.  This  also  helps  the  engineer  in  getting  in  touch 
quickly  with  the  firm  which  can  supply  his  requirements.  This 
cooperation  offers  an  opportunit.v  to  do  away  with  friction, 
which  retards  progress  in  any  line  of  endeavor,  eliminates 
prejudice  and  opposition  and  helps  to  overcome  obstacles 
which   stand    in   the   way   of   business   progress. 

The  commercial  engineers  realized  early  in  their  career 
that  the  facilities  for  getting  business  must  be  given  atten- 
tion, and  from  the  first  set  about  conducting  a  power  show, 
where  it  was  possible  to  meet  those  who  were  interested  in 
power-plant  apparatus.  The  first  show  was  held  in  Me- 
chanics' Building.  Boston,  during  one  week  of  April,  1912, 
when  over  125  manufacturers  of  power-producing  machinery, 
specialties,  supplies  and  accessories  were  represented,  and 
when  thousands  of  engineers  and  others  interested  in  power- 
producing  mechanics  visited   the   exhibits. 

A  second  show  was  held  in  Northampton,  July,  1912,  in 
connection  with  the  Massachusetts  Association  of  Stationar.v 
Engineers'  state  convention,  when  about  70  exhibitors  dis- 
played  their  products. 

As  another  means  of  getting  in  touch  with  new  business, 
a  news  bureau  was  established  on  June  3,  1912,  with  25  mem- 
bers. Members  of  the  association  were  privileged  to  contract 
for  the  news-bureau  service  by  paying  $1  a  week.  The  bureau 
furnishes  clippings  from  40  to  50  local  daily  newspapers  pub- 
lished in  New  England  from  government  bulletins  and  foreign 
trade  reports,  and  also  keeps  in  touch  with  the  ofllces  of  con- 
sulting and  contracting  engineers,  architects  and  municipal 
building  departnents.  News  notes  are  also  received  through 
members  of  the  association  and  from  special  correspondents- 
stationed  in  New  England.  All  information  is  transferred  to 
a  daily  report  sheet  in  letter  form  and  mailed  each  day  to 
the  subscribers. 

As  a  help  to  sustaining  the  cooperation  feature  of  the 
organization,  a  monthly  bulletin  is  published  and  monthly 
luncheon  meetings  are  held.  The  bulletin  is  a  four-page 
sheet  in  which  are  published  business  reports,  notices  and 
news  notes,  especially  pertaining  to  the  business  matters  of 
the  association.  At  the  luncheon  meetings,  when  time  per- 
mits, after  transacting  the  business  of  the  association,  prom- 
inent  men   have   been    secured   as   speakers. 

Another  power  show  will  be  held  in  Mechanics'  Building 
Apr.  27  to  May  2,  in  connection  with  the  Textile  Exhibitors' 
Association's   fourth    national    textile    exhibition. 

The  power-show  committee  is  headed  by  Claude  D.  Allen, 
vhich    is   an    assurance    that    with    the    assistance    of    his   able 


rottlxTiilorii,     Mi'HHi'H.     Myilck     iitiil     Wiiiiiti,     Die     i iliiK     .x- 

hll>ltlll|l     will     l.|.     IIKIHt     HU.C.  HUflll.         Thi'     IxM.lllH     lIBHiKlllcl     It.     I  If 

iiMHtii'liitloii  will  !>.•  In  Iho  power  ili'iiurliiiiiit,  ((iMViiilfiit  to 
nil  of  till-  ir.O.dllo  tiiiil  inoii'  MiMiliitoiM  who  air  ixpr.toU  to 
nttirul. 

For  tht>  bcncOt  i>r  thoMi'  Int.  ri'Ntril.  tho  iiMNoc-lntlon  hiiH  Kot 
out  u  biiHliii-iiH  illiCfti.iy  i.r  ini'inl.i-i'H  which  not  only  kIv.-h  the 
niinn'ii  of  thi-  otlli-.-iH,  (lli.tt..iH  an. I  ni.inl)cTM  of  thf  coinnilt- 
tces.  l)iit  alH.i  hiiM  ii  lUt  of  th.-  nninlx  ih  with  thilr  a.ldi.HM 
nnil  a  illr.'ctoiy  of  ootici-rnH  and  r.'|)ioK.nlallv.H, 

Th.'  olllc'  of  III*-  iiNHo.'lutlon  Ih  In  thi-  lO.itiltal.l.'  I'.ulldinx. 
IIOMton,  MaMH.  llrudf.M'd  U  AincM  Ih  iii'i'hIiI.mI,  an.l  I  l.-i'liirt 
K.    Stoin-   Ih   actlliK   Bi't'retary. 

Old  Employees  <Get  Pez&sioin^s 

After  loiiK  sorvlci"  thi-  following  employees  have  been 
retired  and  pensioned  by  tho  Consolidated  Gi\8,  Electric  LlKht 
&  Pow.T  Co..  Haltlmore.  Md.:  Uoln-rt  WriKht.  41  years'  service; 
Robert  J.  Korr,  40  years;  William  }I.  (JalhiKhiM-,  37  years; 
Jacob  H.  UrlDln,  3fi  years,  and  John  ItodKers,  21  years. 

The  system  of  rctln-mi-nt  now. employed  by  th.'  ISaltlmore 
central  station  was  planiud  by  I'reslderil  J.  K.  Aldred  and  has 
been  found  to  exert  an  excllent  effect.  The  live  men  recently 
retired  on  pensions  have  been  also  put  on  the  company's  roll 
of  honor  and  were  recently  presented  silver  medals  In  token 
of   their   long:  careers   of   usefulness   and   fidelity. 


Alabainnia  Po^yyes"  Co. 
Fnrstt  Uiraflt 


Hirasttsilllls 


The  Alabama  Power  Co.,  the  principal  operating  company 
of  the  Alabama  Traction,  Light  &  Power  Co.,  has  completed 
the  installation  of  the  first  of  the  four  17,500-hp.  greneratir.g- 
units  at  its  hydro-electric  plant  on  the  Coosa  River,  at  Lock 
12.  This  unit  is  the  largest  of  the  single-runner  type  yet 
installed  in  a  hydro-electric  station  and  is  the  first  of  a 
70,0ll0-hp    developn.ent    being   made   at   Lock    12. 

The  construction  of  the  dam  makes  a  long  stretch  of  the 
Coosa  River  navigable  and  it  is  estimated  that  the  operation 
of  the  plant  will  save  500,000  tons  of  coal  a  year  in  the 
community. 

In  a  decision  reversing  the  opinion  of  the  superior  court 
of  Skagit  County.  Wash.,  the  supreme  court  of  Olympia  re- 
cently dismissed  certain  condemnation  suits  instituted  by  the 
AA'estern  Washington  Power  Co.  against  land  owners  along 
the  Baiter  River  and  its  tributaries.  The  court  held  that  the 
testimony  did  not  show  sufficient  cause  for  the  exercise  of 
the   power   to   condemn   private   property   for   public   purposes. 

As  a  result  of  the  decision,  the  plan  to  erect  a  big  hydro- 
electric-power plant  in  Skagit  County  will  be  temporarily 
halted.  The  attorney  for  the  Western  'U'ashington  Power  Co. 
will  prepare  a  motion  for  a  rehearing  of  the  case  by  the 
supreme  court.  The  testimony  showed  that  it  was  planned  by 
the  power  company  to  submerge  several  hundred  acres  of  land 
by  the  erection  of  a  dam  224  ft.  high.  The  interest  of  the  co- 
partnership of  Stone  &  Webster  was  shown  in  the  evidence 
and  not  denied,  but  the  supreme  court  held  that  the  Western 
Washington  Power  Co.  was  organized  to  do  by  indirection 
what  the  copartnership  could  not  legally  accomplish  under 
the  laws  of  the  state,  relating  to  the  right  of  condemnation  of 
private  lands. 


The  Pittsburgh  Association  of  the  National  Association  of 
Stationary  Engineers  was  shown  the  process  of  making  tubing 
"From  Ore  to  Finished  Pipe"  in  the  assembly  room  of  the 
Pulton  Building,  Mar.  9,  the  lecturer  being  W.  A.  Phillips  of 
the  National  Tube  Co. 

W.  A.  Converse,  chemical  director  for  the  Dearborn  Chem- 
ical Co.,  recently  completed  a  series  of  lectures  on  the  sub- 
ject, "The  111  Fiffects  of  Boiler  TV'aters  and  Their  Causes," 
before  Eastern  associations  of  the  N.  A.  S.  E.  and  the 
A.    O.    S.    E.     The    places   visited   were    Perth   Amboy,    Jersey 


city,   N.-wi.rk,   Ti.'iilon.   N    J  ,  anil   New    Haven,    llartr.iril.    riill 
a.l.  Iphlii,     Itiiltliiion      an.l     It.-a.llHK,     I'.nn. 

« 
Th.'     .\ni.Tl.an     Socl.ly     of     ICnKlne.-r     DraflHMi.ii     an.l     the 

Teclinl.al    I.eaKUe   of   Atnerlcan    havi-   1 n    ('iinH.>ll(late.l    aH   the 

Technical  L.'aKui;  of  Am.'rl.'a.  The  olIli'.'rH  of  the  ciinHOlldated 
.So.l.ty  are:  I'reHldent,  Charl.M  William  Weick;  Becretiiry, 
Walter  M.  Smyth.  Tho  headguarterH  are  ut  74  Cortlandt  Ht., 
N.'W    York    City. 

m 

Till"  Hueond  IntiM'iiatlonal  ConKreHH  of  ConHultInK  lOnnl- 
n.'.rH  will  lake  place  In  ll.rn  rSwllzerlund)  In  l!n4.  At  thi 
llrst  ciinKrcHH,  which  waH  helil  In  iai:i  on  the  occaHlon  of  thj 
ITnlversal  lOxhlbltliin  at  fJhent,  an  Internutional  Fedoratiofl 
of  CotiHultInK  lOiiKlneerB  wuh  founded  for  the  purpoHe 
uniting  HOcletleH  already  In  exiHtence  In  a  great  numbei 
<'ountrieH;  of  aHHlntlng  In  the  fr)rmatl<)n  of  Himllar  organl/.a- 
tlotiH  where  none  liaH  yet  li.-en  CHlabllHlied  an.l.  finally 
establish  a  bond  whii'h  Hhould  i)rov.-  extremely  advantageous, 
between  coiLHultlng  .-ngln.'.MH  throughout  rbe  entir.-  worldJ 
The  provlHlonjil  program  Indud.-H  the  survey  of  many  Hub^ 
Jects  connected  with  tho  professional  Interc-«t8  of  conHultln| 
engineers.  It  Is  the  purpose  to  hold  the  third  congresB  ll 
San    Francisco    in    September,    191.'),   during    the   exposition. 

The  "visitoi's  night,"  on  Wednesday  evening.  Mar.  25,  ol 
the  indu.slrial  arts  department  of  the  Ohio  State  Unlver8lt> 
was  most  successful,  about  1000  persons  visiting  the  shops, 
largely  mechanics.  Invitations  were  sent  through  the  shot, 
superintendents,  whose  cooperation  greatly  helped  In  bringliii 
the  exhibition  to  their  attention.  The  students  were  in  tli' 
shops  and  engaged  upon  the  work  they  ordinarily  performe.l 
during  the  daytime.  The  object  of  the  two-year  industrial 
course  taught  by  the  university  is  to  give  the  studr-nt  a  fund- 
amental technical  training  under  practical  instructors.  The 
first  year  includes  elementary  algebra;  plane  and  solid  geom- 
etry; trigonometry;  freehand  and  mechanical  drawing;  letter- 
ing; pattern-making;  forging;  founding;  bench  work  in  metal. 
The  second  year,  descriptive  geometry;  machine  sketching; 
mechanical  movements  used  in  machines;  elementary  physics: 
strength  of  materials;  machine-tool  practice. 


Quincy  A.  Hall,  formerly  engineer  of  tests  of  the  Isthmian 
Canal  Commission,  has  associated  himself  with  the  Morgan 
T.  Jones  Co..  Chicago,  as  secretary  and  engineer  of  tests. 
Mr.  Hall  is  a  graduate  in  mechanical  engineering  from  the 
University  of  Illinois,  and  recently  resigned  his  position  with 
the  Commission  after  over  six  years'  service  in  the  mechani- 
cal department. 

O.  P.  Wilson,  of  the  purchasing  department  of  the  West- 
inghouse  Electric  &  Manufacturing  Co.,  has  resigned  to  be- 
come the  assistant  general  manager  of  the  Norma  Com- 
pany of  America,  20-24  Vesey  St.,  New  York  City,  manufact- 
urers and  importers  of  ball  bearings,  precision  instruments, 
etc.  Mr.  Wilson  was  with  the  Westinghouse  Co.  for  14  years 
and  for  the  last  ten  years  was  one  of  its  head  buyers. 


OBSTUAIRY 


KERAN  GUNNING 

Keran  Gunning,  a  retired  engineer,  died  of  general  debility 
on  Friday,  Apr.  12,  at  his  home,  89  Walworth  St.,  Brooklyn. 
He  was  60  years  old,  and  a  member  of  the  National  Associa- 
tion of  Stationary  Engineers  and  the  Brooklyn  Veteran  Fire- 
men's Association.     He  leaves  two  sons  and  two  daughters. 


ENGINEERS'  COSTS  AND  ECONOMICAL  WORKSHOP  PRO- 
DUCTION. By  Dempster  Smith  and  Philip  C.  N.  Pick- 
worth.  Emmott  &  Co.,  Manchester,  England.  Cloth;  248 
pages.   5%x8%    in.;   32   illustrations;  tables.      Price,    4s.   6d. 

GEAR  CUTTING.  By  Joseph  G.  Horner.  Emmott  &  Co.. 
Manchester,  England.  Cloth;  391  pages,  5%x8%  in.;  367 
illustrations;    tables.      Price,    7s.    6d. 


•jiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii I I iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiinniiiiiimiiiiiiiniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiit iiiiiiiiiiiiiiiilnnniifiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiuiiitiiiiiuiniKiiuwiiiiiinmi! 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii nil iiiiiiiiiiii iiiiiiiiiiiiiNiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiN^ 

\n\.  :V.)  NEW  YORK,  APRIL  28,  1914  No.  IT 


Tlhe  FMy  of  Ml 


.inigniieeriiie'  Proa'r©©; 


"  *  *  *  As  a  result,  the  directors  have  unan- 
imously decided  to  drop  all  further  operations 
until  the  political  disturbances  affecting  the 
company's  works  have'ceased.  Under  the  pre- 
vailing conditions  it  is  impossible  to  transport 
to  the  dam  the  necessary  supplies  to  complete 
the   work.     Practically   the   entire   staff  has 


therefore  been  released,  retaining  only  a  few 
men  strictly  necessary  to  safeguard  the  proper- 
ty. The  dam  has  reached  an  elevation  of  144 
ft.,  and  the  reservoir  is  now  filled  with  water 
to  an  elevation  of  nearly  121  ft.  The  power 
house  is  practically  completed  and  much  of 
the  machinery  installed." 

— Extract  from  a  recent  news  clipping. 
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CHicago  Fcedleirs\]l   ISaiilld.Einig's  ir^^llccAii'iitL 


K^    'I'lioM  \.s   W  ii.soN 


(l(- 


>)  A  (>/'>'/>'— 77(c  (lilililiiin  of  (I  (illO-lnr.  (inimiliiKj 
{iltiiil  to  an  iUjiiiixni'itl  of  hoilrrs,  vlrvators  iiiul  coin- 
pnssi'd-air  iiKiihincrji  rjjrctcd  d  ndvinij  in  o/irnilint/  r.r- 
/wnttr  of  $1700  for  the  nionlli  of  Mnnh.  For  llir  i/car, 
the  stirinij  should  totnl  orer  $1J,.000. 
in 

111  liii'.-<i'  iiiluiims  liU'iilioii  Im.'^  hi'i'ii  iiiiKit'  ol' 
vision  to  install  in  tlic  ('liimgo  I'Vdoral  Uiiililiii 
oratin<j;  plant  to  supply  the  curri'nl  for  lij^lit  and  power 
then  furnisheil  hy  tlu'  Coninionwi'allh  Kdi.son  Co.  Since 
its  imv|)tion  in  l!)()r>,  t!u>  building  had  lu'i'n  crpiippcd 
with  a  boiler  jilant  to  supply"  steam  for  hydraulic  ele- 
vator i)unii)s,  engine-drivi'U  air  compressors  serving  a 
j)neunuitie  tube  system,  for  boiler-feed  and  other  ])umps 
and  for  the  heating  system.  The  exhaust  from  the  units 
just  iiuMitioned  only  supplies  about  half  the  lieat  re<iuire- 
ments  of  the  building  in  the  colder  weather,  so  that  a 
great  deal  of  live  steam  was  needed.  The  advantage  of 
passing  this  steam  through  an  engine'cylinder  before  de- 
livering it  to  the  heating  system  was  recognized,  and  the 
investigation  was  started  which  resulted  in  the  installa- 
tion of  the  present  ])lant. 

From  the  first  month's  operation,  all  expectations  have 
been  met  and  the  results  will  l)e  still  better  when  the 
plant  has  been  run  long  enough  to  he  operated  at  its 
highest  efhciency.  For  a  total  expenditure  of  $43,000, 
including  an  addition  to  the  switchboard,  steam  piping 
and  all  new  equipment,  a  saving  has  been  effected  in  the 
operating  expenses  of  fully  $1700  for  the  month  of 
March,  as  compared  with  last  year's  records.  In  the 
colder  months  this  saving  should  he  more,  and  in  the 
summer  months  less,  but  a  conservative  estimate  would 
be  a  gain  of  $12,000  to  $15,000  per  year,  so  that  the  gen- 


ciiiliMg   pliinl    will    pay   for   ilscif   in   a    period   of   tin 
four  yeiirs. 

Before  Inking  up  the  n'cords  in  ib'tail  it  ?iiay  br 
lerest  to  outline  briefly  the  eipiipnu-nt  of  tlie  plant, 
building  itself  is  of  granite  corislruclion,  covering 
plan  a  city  block.  Part  of  it  is  three  slories  higli ;  tiiifl 
increases  to  eight  and  then  to  sixteen  stories  at  th(!  cen- 
ter. 'I'he  top  of  the  dome  is  ;5(!0  ft.  above  tlu;  street  level. 
The  building  has  a  total  of  710,000  sij.ft.  of  floor  Hi)a(  ■ 
and  houses  practically   10,000  employees  distributed  be- 


The  Fouu  Gexekatixg  Units 


Fig.  1.     The  Two  Smaller  Fxits  and  the  Switchboard 


April  28,  1914: 
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h'lG.  3.     The  Five  350 
Up.  Boilers. 
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twccii  l"i  (Icpiirtinciits.  Ft  is  lifalcil  liy  l.">,<M)(t  sii.li.  "t 
iiiiliri'd  and  (iri/HX)  si|.l'l.  of  ilircil  niiliiilimi  hii|i|iIii'iI 
w  \\\i  >lriiiii  l)v  II  l\Mi-|>i|pc  Wfhslcr  vuciiiiiii  HVHtciii 
iM|iii|)|ji'(l  willi  llirci'  Id  and  Id  liy  I'.'-in.  vacnnin  |iiiiii|)h. 
I'lic  ((iiidciisatioii  is  icliiiiu'd  to  a  IHio-i^rnJ.  n-cciviii^  tank, 
I'loni  wliiili  it  is  I'l-d  to  a  ."lOOO-liii.  Wchstcr  rccd-walcr 
lii'atiT,  Iht'ii  to  II  (Jiirii  ('((Hiiiniizcr  piovidcd  witli  111 
I'onr-iiu-li  (uln's  IV  It.  ioiij,',  and  linally  to  tlw  Itoilcrs  \\\ 
two  ()n(si{U'-|iatkcd  plnn^jiT  piinipH,  oin'  1"'  und  i  liy  I" 
in.  and  the  other  ID  and  <i  l>y  10  in.  Diii'iii;^  tlic  liciil- 
ing  season  tlie  niakeii])  amounts  to  ahoni  one-tliird  of  tin- 
boiler  feed,  'i'iie  temperature  is  raised  to  al)ont  I'iMl  dct;. 
in  the  heiiter  and  to  appro.ximately  SJ.^O  dii;.  in  the  e(oiio- 
niizer. 

Then'  is  aniplf  lioilcr  capacity,  as  liic  |iliiiil  lias  live 
;{r»()-li|>.  units  of  tile  .Viiltman  X:  Taylor  \valer-tul)e  type, 
eaeli  eontainlnj;  "^If^'S  s(|.it.  of  lieating  surfaee  and  54 
sq.ft.  of  f^rate  surfaee  in  a  llawley  down-draft  furnace. 
The  workiufif  pressure  allowed  is  Kir)  lb.  fjajje,  l)ut  in  op- 
eration it  averages  aliout  l-^)-'')  !i>.  Illinois  washed  nxit  coal 
averaging  aliout  I'^.OOO  it.i.u.  per  11). ,  anil  at  times  less,  is 
i>urned.  This  is  stored  in  a  .'!SO-ton  bunker  under  the 
sidewalk  and  is  conveyed  in  industrial  railway  cars  to 
the  boiler  room,  where  it  is  dumped  into  the  firing  pit 
and  is  shoveled  into  the  furnaces.  The  ashes  are  removed 
by  a  moiu)rail-l)Ucket  system  and  raised  into  wagons  by 
an  ash  hoist.  Originally,  the  stack  only  extended  through 
the  roof  of  the  eight-story  section  of  the  building,  but 
was  later  carried  to  the  top  of  the  dome  and  is  now  360 
I't.  high.  It  is  square  in  section  and,  due  to  numerous 
turns  and  to  the  economizer,  a  draft  of  only  0.8  in.  at 
the  base  is  availal)le.  During  the  winter  months  three 
boilers  have  carried  the  load,  and  before  the  generating 
units  were  installed  one  boiler  was  sufficient  during  the 
summer. 

Seven  Otis  passenger  elevators  of  the  inverted  type 
and  of  3000  lb.  capacity  serve  the  building.  There  are 
ahso  four  4000-lb.  freight  elevators  and  four  2000-lb. 
hydraulic  lifts  to  the  second  story.  The  equipment  is 
served  by  one  Laidlaw-Dunn-Gordon  pumping  engine, 
16x20x20x51/4x24  in.,  and  two  duplex  tandem-compound 
pumps,  16x25x7x%xl.S  in.,  which  work  against  a  water 
pressure  of  T50  lb.  maintained  uniformly  by  an  accumu- 
lator having  a  10-iu.  ram  weighted  with  42  tons  of  cast 
iron. 

For  the  pneumatic-tube  mail-handling  system  there 
were  installed  four  Ingersoll-Kand  compressors  driven  by 
cross-compound  engines  ranging  in  capacity  from  75  to 
125  hp.  A  20-ton  Carbondale  absorption  plant  cools  the 
drinking  water.  The  exhaust  from  the  circulating  and 
aqua  ammonia  pumps  is  sufficient  for  the  absorption  sys- 
tem so  that  it  is  only  necessary  to  supply  live  steam  to 
the  pumps. 

To  this  equipment  the  boiler  plant  supplies  steam.  Be- 
sides some  miscellaneous  machines,  such  as  four  West- 
inghouse  air  j)unips,  two  snuill  air  pumps  on  the  thermo- 
static temjierature-regulating  system,  a  vacuum  cleaner, 
etc.,  take  more  or  less  live  steam.  An  enormous  quantity 
of  hot  water  is  required.  This  is  heated  in  three  500-gal. 
tanks  provided  with  coils  supplied  with  exhaust  steam. 

The  steam  to  the  elevator  pumps  and  the  compressor 
engines  of  the  pneumatic-tube  system  is  measured  by 
General  Electric  flow  meters.  The  water  to  the  boilers  is 
also  metered,  and  even  the  blowoff  is  mea-sured,  so  that 
it  has  been  possible  to  divide  the  steam  consumption  be- 
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i«ccn  the  elevatoiH.  comprosHor«  and  the  iiealin^  ByHleni. 
ilic  last-named,  including  the  pumps  and  the  mlHcellani:- 
niis  iipparatiiH  in  (he  plant,  taking  live  steam.  A  flow 
meter  has  just  been  installed  for  the  generating  units,  ho 
that  this  department  may  also  be  credited  with  its  propc^r 
steam  consumption. 

I'lxhausl  from  tlie  various  machines  mentioned  is  su|)- 
piied  to  the  heating  system,  but  before  the  i-ngines  were 
installed  the  supply  was  far  short  of  the  lieat  recpiire- 
ments.  it  was  necessary  to  use  a  large  (juantity  of  live 
steam  rediued  to  atiiwispherie  jiressure  to  conform  with 
the  pressure  existing  in  the  vacuum  Hystein. 

The  generating  |)lant  consists  of  two  200-kw.  and  two 
loo-kw.  units  made  up  of  Ilarrisburg  Foundry  &  Ma- 
chine Works  four-valve  engines  and  Westinghouse  three- 
wire,  125-250-volt  generators.  Kach  of  the  smaller  en- 
gines has  a  cylinder  measuring  14x15  in.,  and  the  cylin- 
ders of  the  larger  (engines  are  17x20  in.  The  speeds  are 
250  and  200  r.p.m.  respectively.  As  the  meter  for  the 
engines  was  not  installed  during  the  month  of  March,  no 
records  of  steam  consumption  in  the  plant  are  available, 
but   the    results   obtained   at   the   works   for   one   of   the 

TABLE  1.     RE.SULTS  OF  TEST  ON   100-KW.  UNIT 
Load  1  J  j  FuU  U 

Guarantee,  lb.  per  kw.-hr. . 

Actual,  lb.  per  kw.-hr 

Dry  tftcam  per  i.lip.-hr.,  lb. 

TABLE  2.     TEST  RESULTS  OF  200-KW.  UNIT 

Load  1  }  }  Full 

Guarantee,  lb.  per  kw.-hr 58.3  37.1  33.3  32.8 

Actual,  lb.  per  kw.-hr 41.6  31.67         30.43  32.04 

Dry  steam  per  i.hp.-hr.,  lb 25  1  19.9  19.4  20.6 

smaller  units  are  given  in  Table  1,  and  in  Table  2  for 
a  200-kw.  unit.  To  the  smaller  engine  steam  was  sup- 
plied at  137.37  lb.  gage,  (piality  5)7  per  cent.,  and  the 
e.xhaust  was  at  atmospheric  jiressure.  It  will  be  noticed 
that  the  engine  exceeded  the  guarantee  in  each  case,  and 
at  its  most  economical  load,  three-(|uarter,  developed  an 
indicated  horsepower-hour  on  lit.SS  lb.  of  dry  steam. 

In  Table  2  it  is  shown  that  the  steam  consumptions  of 
ihe  20()-kw.  unit  obtained  by  test  are  considerably  below 
the  guarantees.  At  three-quarter  load  the  rate  per  indi- 
cated horsepower-hour  is  1S).4,  and  it  will  be  noticed  that 
the  steam  taken  at  one-half,  three-cjuarter  and  full  loads 
is  very  nearly  the  same.  In  this  test  the  steam  pressure 
averaged  141.5  lb.  gage  and  the  quality  99  per  cent. 

Table  3  gives  the  operating  records  of  the  plant  from 
April,  1912.  through  March  of  the  present  year.  Data 
for  this  period  of  time  are  given  to  show  how  the  load 
varied  for  the  different  seasons  of  the  year,  and  so  that 
the  corresponding  months  of  the  two  years  covered  might 
he  compared.  From  the  records  of  coal  consumption 
and  kilowatt-hours  per  month  it  is  evident  that  the  load 
is  gradually  increasing,  due  to  the  greater  bulk  of  mail 
handled  by  the  post  office.  Xo  cost  figures,  except  the 
monthly  sums  paid  the  Edison  Co.,  are  given,  but  from 
the  following  data,  the  operating  cost  may  be  easily  ap- 
proximated. 

During  1913  the  ])rice  of  coal  per  long  ton  averaged 
$3.10  and  for  the  three  months  of  1914  it  has  averaged 
about  $3.06,  the  grade  being  inferior  to  the  coal  used 
last  year.  Labor  and  supplies  approximated  $2000  per 
month.  Water  cost  52.5c.  per  1000  cu.ft.  and  the  elec- 
tric rate  for  power  and  light  was  based  on  a  sliding  scale 
ranging  from  1.7  to  1.9c.  For  anything  over  100.000 
kw.-hr.  per  month  the  rate  was  reduced  to  0.9c.  Divid- 
ing the  price  paid   in   1912  by  the  total  kilowatt-hours 
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supplied  gave  exactly  1.9c.,  and  for  the  past  year  the  Tate 
Jigiires  nearly  the  same. 

Without  any  records  of  steam  taken  by  the  generator 
units,  perhaps  the  Ijest  way  to  arrive  at  a  conclusion  on 
tlu"  saving  effected  is  to  compare  the  total  costs  of  op- 
erating   the    entire    plant    lor    the    months    of   Marcli    in 

1913  and  in  lill  ),  llic  laller  month  being  the  first  for  the 
generating  plant.  Hefercnee  to  Table  3  will  show  that 
the  degree-hours  below  70  deg.  are  very  nearly  the  same; 
March  of  1913  is  only  706  deg.-hr.  colder.     In  March  of 

1914  more  steam  was  used  by  the  elevators,  less  by  the 
compressor  engines,  more  by  the  pumps,  engine  units  and 
the  lieating  system,  so  that,  as  shown  in  the  totals,  the 
excess  for  this  year  is  considerably  over  1,000,000  lb.  The 
kilowatt-hours  for  the  months  are  also  greater  by  25,000 
and  the  coal  consumption  125  tons  more.  By  a  readjust- 
ment of  the  existing  force  only  two  additional  men  were 
needed  foi'  the  generating  plant,  adding  $1()()  to  the  pay 
roll.     The  plant  is  run  on  three  8-lir.  shifts. 

For  March  of  1913  the  operating  expense,  including 
current,  coal,  water,  labor,  supplies  and  repairs,  totaled 
$5995.59.  For  March  of  1914  the  total  was  $4519.91. 
The  difference  is  just  $1475.f>8,  notwithstanding  the  ad- 
ditional coal,  steam,  labor  and  the  25,000  kw.-hr.  in  ex- 
cess of  last  year's  figure.  Charging  this  at  0.9c.  per 
kw.-hr.,  tlie  P]dison  bill  for  March  of  1913  for  an  ecjual 
output  would  be  increased  $225,  so  that  the  total  saving 
effected  in  the  operating  expenses  would  be  $1700. 

It  might  be  remarked  that  the  steam  ])ipes  to  the  en- 
gines were  uncovered  for  the  greater  part  of  the  month, 
and  in  order  to  tune  up  the  different  units,  more  of  them 
were  kept  in  service  than  was  required  by  the  load.  As 
usual  in  starting  up,  the  consumption  of  oil  was  excessive 
and  the  fi-iction  greater  than  ordinary.  As  time  goes  on, 
the  engines  should  operate  more  efficiently.  In  the  sum- 
mer months  the  saving  will  be  less;  an  estimate  places  it 
at  $()00  per  month.  On  the  other  hand,  the  months  colder 
than  March  should  show  a  saving  of  more  than  $1700, 
and  it  must  also  be  remembered  that  more  steam  has  lieen 
furnislied  to  the  other  departments. 

Taking  these  things  into  account,  a  fair  average  for 
six  months  of  the  year  should  be  about  $1800  and  $600 
for  the  other  months.  The  gross  annual  saving  would 
then  be  $14,400.  The  extra  labor,  coal,  supplies,  etc., 
have  already  been  included,  so  that  the  interest  on  the 
investment  and  depreciation  are  the  only  remaining  fac- 
tors to  be  deducted  from  the  total  saving  in  operating 
expense.  For  these  items  10  per  cent,  is  a  fair  charge 
on  the  $43,000  investment  covering  all  of  the  new  equip- 
ment. This  amounts  to  $4300,  and  deducted  from  the 
gross,  leaves  a  net  saving  of  $10,100,  equivalent  to  inter- 
est of  23.5  per  cent,  on  the  investment,  which  is  not  bad, 
and  it  would  be  difficult  to  obtain  a  higher  rate  except 
in  plants  operating  under  similar  conditions. 
C.  M.  Peterson  is  chief  engineer  of  the  plant. 
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Two  of  the  Most  Recent  Types  of  Oerlikon   .Stenm  Turbines 

are  now  running  in  the  central  electric  station  of  Stoclcholm, 
these  being-  of  10,000  hp.  size.  Turbine  and  dynamo  make  up 
a  compact  group,  and  the  turbines  are  of  a  new  design,  which 
is  claimed  to  have  a  number  of  advantages,  one  of  these 
being  a  low  steam  consumption  of  7.9  lb.  per  hp.-hour.  The 
turbines  operate  at  3000  r.p.m.  standard  speed.  Such  turbines 
are  made  up  as  usual  of  blade  wheels,  each  in  a  separate 
steam  chamber,  but  the  combination  of  speeds  and  pressures 
within  the  turbine  is  based  on  a  somewhat  novel  theoretical 
design. 
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i^)' XO I'S I S — Wirioiis  Iransforiiivr  nni iin-tniiis  fur  ru- 
ianj  ronvfrti'rs,  niclliods  of  slarliuf]  and  shiilliiifi  doirii, 
and  preraiilion.i  in  he  nhsprvrd.  The  rlinrnrtrrislirs  and 
roll(i(/('  rat  ins  of  rolari/  tonvcrlcrs  ire  re  discussed  hi/  I  he 
author  in  tlir  April  J1  issue. 

'rii.v\si-0HMi:ii  CoNNKCTioNs:  On  fiiconiil  ol'  llic  low 
altt'rnnting  voltago  wliiili  imist  l)o  applied  at  IIk-  col- 
lector rings  of  a  syiu-lironous  convortor,  it  is  usually  nec- 
essary to  provide  traiisrorniers  for  steppinjr  down  the 
voltage  of  the  supply  circuit. 

lioth  oil-cooled  ;in<l  ;iii-lil:ist  1  ranst'omiers  are  used, 
and  these  in  (iiin  can  lie  citiicr  of  the  single-phase  or 
polyphase  type.  'I'he  single-])hase  type,  however,  is  used 
almost  exclusively,  altlHuigh  in  certain  installations  three- 
phase  transformers  may  he  fouiul. 

A  separate  transfornu'r  hank  lor  each  synchronous  con- 
verter is  preferahle,  as  an  entire  unit  can  then  be  op- 
erated independently  and  a  more  flexible  and  reliable 
system  obtained,  also,  the  converters  are  less  sensitive, 
the  reactance  of  the  transformers  affording  some  flex- 
ibility between  the  converters,  regarding  field  excitation, 
etc.  If  several  converters  were  operated  from  the  same 
transformer  bank,  the  failure  of  any  transformer  would 
cripple  the  whole  system.  Moreover,  the  single  trans- 
former bank  would  have  to  be  large  enough  for  all  the 
converters  under  maximum  service  conditions,  while 
ordinarily  it  would  be  operating  only  at  a  fractional  load 
and  a  correspondingly  low  power  factor. 

The  voltage  ratio  of  the  transformers  should  be  such 
as  to  give  full-load  secondary  voltage  corresponding  to 
the  full-load  converter  voltage.  Primary  taps  should  be 
provided  for  changing  the  ratio  of  transformation  so  as 
to  keep  the  secondary  voltage  the  same,  should  the  volt- 
age of  the  supply  circuit  change,  due  to  additional  load. 

Starting  taps  are  brought  out  from  the  secondary 
•windings  of  the  transformers  and  these  taps  are  general- 
ly located  at  the  middle  points  of  the  windings,  for  sup- 
plving  three-phase  converters,  so  as  to  give  the  machine 
one-half  rated  voltage  for  starting.  For  converters  of 
500  kw.  and  above,  which  are  mostly  of  the  six-phase 
type,  two  taps  are  provided  in  the  transformer  second- 
aries, located  at  respectively  one-third  and  two-third 
points.  Thus  when  connected  to  the  first  tap  at  start- 
ing, the  converter  will  receive  one- third  normal  voltage 
and  when  connected  to  the  second  it  will  receive  two- 
thirds. 

The  diagrams  shown  in  Figs.  7  to  12  represent  various 
methods  of  connecting  transformers  and  converters.  The 
large  circle  in  each  diagram  is  assumed  to  represent  the 
armature  winding  of  a  converter,  the  collector  rings  be- 
ing omitted  for  simplicity.  Fig.  7  show\s  the  connec- 
tions for  a  quarter-phase  converter,  the  two  terminals  of 
each  transformer  secondary  being  connected  to  the  con- 
verter winding  at  points  180  deg.  apart.  If  the  machine 
is  to  be  used  for  supplying  current  to  an  Edison  three- 
wire  system,  the  neutral  can  be  connected  to  the  middle 
taps  indicated  in  the  secondary  windings. 


I'ig.  S  I'cpreKciits  a  I  li  |-cc-pliiis<'.  dclta-cotiiicclcd  Hys- 
leni  with  the  tninsformer  terminals  connecled  to  the  con- 
verter winding  at  points  1*^0  deg.  apart.  No  neutral  jioini 
can   be  obtained   with   this  connection. 

Fig.  !t  represents  a  three-phase,  star-connected  Bystein. 
Three  corresjjonding  transformer  termimds  are  joiiKfd 
together,  forming  a  neutral  point,  while  the  otlier  ter- 
minals are  connected  to  the  converter  winding  at  points  I 
120  (leg.  apart.  Ff)r  three-wire  servicrc;  tin;  neutral  nuiy  ■ 
!)(■  brought  out,  but  it  is  important  that  the  secondary 
windings  i)e  arranged  so  as  to  give  good  mutual  induc- 
tion in  order  to  avoid  shifting  of  the  neutral  due  to  un- 
balanced current.  Arrangenu-nts  should  also  be  made 
with  this  system  for  opening  the  neutral  connections  dur- 
ing starting  to  avoid  a  short-circuit.  The  neutral  con- 
nection should  not  be  used  for  a  three-wire  direct-current 
system  if  the  unbalanced  direct  current  is  large. 

Transformers  for  star-star  connection  fchould  be  in- 
sulated for  double-line  voltage  to  ground  and  three  times 
normal  leg  voltage  across  the  windings.  When  so  in- 
sulated there  is  no  objection  to  the  use,  with  converters, 
of  transformers  connected  in  this  manner,  and  it  is  un- 
necessary to  specify  that  the  neutral  must  be  grounded. 
This  does  not,  however,  necessarily  apply  to  transform- 
ers for  high-voltage  transmission.  There  may  be  other 
problems  involved  which  would  make  it  undesirable  tc* 
use  the  transformers  connected  in  this  way. 

A  so  called  "zig-zag"  system  of  connections,  as  shown 
in  Fig.  10,  has  been  devised  to  eliminate  the  flux  dis- 
tortion, due  to  large  unbalanced  direct  currents  of  a 
three-wire  system.  The  winding  consists  of  two  coils 
on  each  leg,  cross-connected  as  shown.  The  flux  due 
to  one  coil  in  each  leg  will  neutralize  that  due  to  the 
other  coil  on  the  same  leg,  and  the  only  flux  in  the  core 
will  be  that  due  to  the  alternating  magnetizing  current. 

Six-phase  synchronous  converters  can  be  supplied  by 
transformers  connected,  as  in  Figs.  11  and  12.  The 
diametrical  connection.  Fig.  11,  is  used  most  frequently 
as  it  requires  only  one  secondary  coil  on  each  transformer. 
The  middle  points  can  be  connected  together  and  a 
neutral  obtained,  the  unbalanced  three-wire  direct  cur- 
rent having  no  distorting  effect.  With  diametrical  sec- 
ondaries, the  primaries  should  preferably  be  connected 
delta  except  with  regulating-pole  converters,  where  they 
must  be  connected  in  star.  In  such  a  case,  the  windings 
must  be  insulated  for  double-line  voltage  to  ground  and 
three  times  normal  leg  voltage  across  the  windings,  the 
same  as  for  star-star-connected  transformers. 

Method  of  Staktixg 

There  are  two  common  ways  of  starting  a  sjTichronous 
converter,  from  the  alternating-current  side  and  from 
the  direct-current  side. 

Alternatixg-Currext  Staetixg:  This  consists  in 
applying  alternating  current  direct  to  the  armature  wind- 
ings at  a  reduced  voltage  obtained  from  partial  voltage 
taps  on  the  low-tension  side  to  the  step-douTi  transform- 
ers.    After  the  machine  has  reached  synclirouous  speed 
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and  the  i-ight  |)()larity  has  boon  ohtiiined,  normal  voltage 
is  applied.  This  method  of  starting  is  by  far  the  best  on 
account  of  its  simplicity  and  relial)ility ;  no  synchronizing 
is  necessary  and  the  time  taken  to  put  the  machine  in 
service  is  a  minimum.  Under  normal  conditions  it  takes 
about  one  minute  to  get  the  machine  into  service,  but 
several  instances  are  on  record  in  which  the  time  con- 
sumed was  about  20  sec. 

Two-phase  machines  are  usually  started  by  means  of 
one-liiird  and  two-thirds  voltage  taps  on  the  transform- 


of  power  required  from  the  line  to  start.  It  has  the 
disadvantage  of  taking  considerable  time,  and  there  is 
danger  of  closing  the  circuit  when  the  machine  is  out 
of  phase,  which  might  result  in  the  shutting  down  of  the 
entire  system. 

Starting  by  Indi^ctiox  Motor:  This  method  con- 
sists of  starting  by  means  of  an  induction  motor  mounted 
on  an  extension  of  the  converter  armature  shaft.  It 
possesses  the  disadvantages  of  direct-current  starting, 
with    the    additional    disadvantages    that    the    starting 


FIG.  12 

Different  Methods  op  Connecting  Transformers  and  Rotary  Coverters 


ers  and  require  two  doul)le-pole,  double-throw  switches. 
Three-phase  machines  are  started  from  one-half  voltage 
taps  and  require  one  double-pole,  double-throw  switch. 
Six-phase,  diametrically  connected  machines  are  started 
from  one-third  and  two-thirds  voltage  taps  and  require 
two  triple-pole,  double-throw  switches. 

Direct-Current  Starting:  When  direct  current  is 
available  a  machine  can  be  started  as  a  direct-current 
motor  ami  synchronized  on  the  alternating-current  side. 
ffhe  only  advantage  of  this  method  is  the  smaller  amount 


motor  often  occupies  valuable  space,  increases  the  cost 
of  the  machine,  and  there  is  a  slight  loss  of  efficiency^ 
on  account  of  the  constant  windage  loss  of  the  starting 
motor. 

Combination  Alternating-  and  Direct-Current 
Starting  :  When  direct  current  is  available  a  combina- 
tion of  direct-  and  alternating-current  starting  can  some- 
times be  used  to  advantage.  The  machine  is  started  from 
rest  by  direct  current,  and  after  tlie  direct  current  has 
been  shut  off  it  is  thrown  on  the  lowest  voltage  taps  used 
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convorters  tised  in  railway  sorvic'c.  The  dia<!;raiiis,  Figs. 
i;5  and  14,  represent,  respectively,  the  switching  arrange- 
ments for  three-i)hase  and  six-phase  converters.  Referr- 
ing to  these  and,  assuming  that  all  the  switches  are  open 
before  starting  and  that  the  plug  is  inserted  in  the  po- 
tential receptacle  on  the  direct-current  switchboard  panel, 
thus  connecting  the  machine  to  the  voltmeter: 
First:  Close  the  main  high-tension  switch  A. 
Second :     Close  the  starting  switch  B  upwai'd. 

(For  six-phase  machines  with  tandem  switches 
both  switches  B  and  B'   should  be  closed   up- 
ward. Fig.   14.) 
The  machine  will  then  run  up  to  speed  and  lock  in 
step,  which  will  be  indicated  by  a  cessation  of  the  beats 
of  the  direct-ciirrent  voltmeter. 

Third:     Close  the  equalizer  switch  G. 

Fourth:     Close  the  field  break-up  and  reversing  switch 

E  into  the  top  position. 
Fifth:     For  three-phase  machines  throw  the  starting 
switch  B  quickly  from  the  toj:)  to  the  bottom  con- 
tacts, Fig.  13. 

With   six-phase   machines,    Fig.    14,    throw   the 
starting  switch  B'  quickly  from  the  top  to  the 
bottom  contacts  and  then  switch  B  to  the  hot 
tom  contacts.     Finally  open  switch  B' . 
Sixth:     Adjust  the  direct-current  voltage  to  apjiroxi- 

mately  that  of  the  busbars. 
Seventh:     Push  up  the  low-voltage  release  of  the  cir- 
cuit-breaker and  close  the  circuit-breaker  C. 
Eighth:     Close  the  main  switch  D. 
Ninth :     Adjust  the  division  of  load  between  the  ma- 
chines if  niore  than  one  arc  in  service  by  means  of 
the  field  rheostats. 


II  oilnr  MiarhineH  arc  on  the  lirn'  wlicii  ii  coiiipoiiiid- 
«ouii(l  loiivertcr  is  stai'tcd,  llii'  correct  po'arity  imiy  l)0 
iiiHurcd  by  closing  the  f(|iiali/,('r  swil<'li  (l  when  the  ma- 
chine locks  in  step,  hy  watching  iIk'  swing  of  the  dircct- 
cnrrent  volliuclcr  as  the  machine  Mp|»i'oaclu;s  syncliron- 
isin,  switch  d  may  i)c  closed  just  |)revi(»us  to  the  last 
two  or  three!  swings,  thus  insuring  |)roj)(!r  locking  on  the 
tli'st  trial,  ir  tliere  is  curi'ent  I'or  the  series  licdd  from 
ollutr  machines.  If  the  nuichine  should  lock  with  the 
wrong  polarity,  as  indicated  liy  liie  dire<  l-current  volt- 
meter needle  going  down  o(f  the  scale,  the  field  switcli  K 
must  be  closed  fiist  into  the  down  position,  which  will 
cause  tiie  voltnu'tcr  to  rclurn  above  /.(M'o,  alter  which  the 
switch  K  must  be  pulled  <iiil  and  closed  into  the  top  ])0- 
sition.  'I'lie  i-e\(  isal  of  |iolarily  should  be  nride  while  the 
Miachinc   is    running   on    llir    liisl    starling   tap. 

Sim  I'll  \(;  j  )(i\\  \ 
To  shut  dou  II  a  synchiuiKiiis  ronxciler,  o|)en  the  cir- 
cuit-breaker C,  pull  out  and  lurn  liie  circuit-closing 
au.xiliary  switch  to  stop  the  ringing  of  the  alarm  bell; 
ojK'U  the  main  switch  J);  o|)en  the  high-tension  alternat- 
ing-current oil  switch  A;  allow  the  machine  to  run  down 
in  speed  until  the  voltage  falls  off  to  about  100  before 
o])ening  the  field  switch  E  oi'  the  starting  switch  B;  then 
open  the  field  switch  K,  e(puiliz'r  switch  6'  and  starting 
switch  B. 

PitKCAlTIONS 

The  following  precautiims  should  be  kept  in  mind 
when  starting  or  shutting  down  synchronous  converters: 

Don't  open  the  field  switch  E  until  the  machine  volt- 
age has  run  down;  otherwise  the  arc  on  opening  the  in- 
(ir  five  field  circuit  may  be  blown  bv  the  armature  blast 


Fig.  14.     (  owkctiox^  foii  Six-Phase  CoX'Vektkk 

from  ])oint  to  ])oint,  causing  a  short-circuit,  or  the  strain 
may  injure  the  insulation  of  the  field  winding. 

Don't  open  the  starting  switches  imtil  the  macliine 
voltage  has  run  down  to  zero.  This  leaves  the  trans- 
formers without  a  heavy  residual  magnetism,  which  tends 
to  cause  an  extra  rush  of  current  when  they  are  subse- 
quently thrown  into  circuit. 

Don't  open  the  oil  switch  with  the  converter  on  the 
starting  tap  and  the  field  closed  ;  othenvise  the  converter 
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may  build  uj)  to  Full  voltage,  tending  to  run  up  the 
transl'onners  to  considerably  above  nornuil  voltage. 

Don't  parallel  the  niadiines  on  the  direct-current  side 
without  closing  the  equalizer  switches. 

Don't  start  the  converters  witli  I  lie  field  switcli  E 
closed  either  in  up  or  down  position,  or  with  the  series- 
shunt  switch  closed. 

Don't  close  the  alternating-current  starting  switch 
slowly  into  the  top  contacts,  as  the  rush  of  current  may 
pit  the  tips  of  the  cli|)s  and  thus  jirevent  the  blades  from 
going  in. 

Don't  close  any  switch  slowly. 

Don't  close  the  circuit-breaker  with  the  inain  switch  D 
closed. 

Don't  close  the  circuit-bi-eakei'  after  a  heavy  short, 
without  plugging  in  the  voltmeter  to  make  sure  that  the 
polarity  is  not  reversed. 

The  diagram  in  Fig.  15  represents  the  field  connections 
of  a  regulating-pole  converter.  In  the  main  field  circuit 
is  the  usual  four-pole,  double-throw,  field  l)reak-up  and 
reversing  switch  and  rheostat.  The  regulating  field  wind- 
ings on  the  smaller  poles,  and  compensating  field  wind- 
ings on  the  larger  or  nuiin  poles,  are  connected  in  mul- 
tiple across  the  double-dial  rheostat.  This  rheostat  when 
turned  from  one  extreme  to  the  other  will  gradually 
change  the  excitations  of  the  fields  Irnui  a  maximum  in 
one  direction  to  zero  and  then  a  maximuni  in  the  other 
direction.  The  compensating  field  winding  also  has  a 
rheostat  in  series  so  that  the  proper  relative  strength  be- 
tween the  regulating  and  com))eiisafing  fields  is  adjust- 
able to  give  the  closest  a]iproximation  to  unity  power  fac- 
tor at  an  average  load  throughout  the  voltage  range  ob- 
tainable by  changing  the  excitation  of  the  regulating 
field  with  the  double-dial  rheostat.  (When  the  compen- 
sating field  winding  's  not  provided  the  power  factor  is 
kept  at  unity  by  the  main  field  rheostat.)  The  com- 
pensating field  rheostat  can  be  best  adjusted  after  the 
machine  is  installed    for  permanent  operation. 

In  starting  from  the  alternating-current  side  the  field 
circuits  are  opened  by  the  break-up  switches.  When 
synchronism  has  Ijeen  reached  on  the  first  starting  tap. 
proper  polarity  is  obtained  M-ith  the  main  field  reversing 
switch,  as  previously  described  for  the  other  converters. 
When  the  machine  has  been  thi'own  to  the  full  voltage  of 
the  transformer,  the  regiilating  and  compensating  field 
break-up  switches  are  closed  and  the  direct-current  volt- 
age is  adjusted  with  the  double-dial  ilieostaf  to  the  proper 
value  for  connecting  to  the  direct-current  busbars. 

When  starting  from  the  direct-current  side,  the  main 
field  is  excited  to  full  strength  the  same  as  for  the  usual 
type  of  synchronous  converters,  and  when  running  at 
approximate  synchronism,  the  compensating  and  regulat- 
ing field  circuits  are  closed  and  adjusted  to  give  the  same 
voltage  across  the  collector  rings  as  that  aci-oss  the  trans- 
fonners.  The  speed  is  then  adjusted  to  synchronism  and 
proper  phase  relation  by  the  main  field  rheostat  before 
closing  the  main  switches  connecting  to  the  transformer. 

The  regulating  and  compensating  field  windings  on 
any  pole  are  connected  to  excite  in  opposite  directions 
so  the  resultant  combined  excitation  of  the  whole  pole, 
when  the  voltage  is  changed  by  the  regulating  field,  will 
remain  the  same  and  will  thus  not  afPect  the  power  factor 
appreciably.  The  compensating  field  when  properly  ad- 
justed with  the  rheostat  in  its  circuit  will  also  make  it 
easier   to   hold    the   speed   constant   when   adjusting   the 


alternating  voltage  for  synclironizing  when  starting  from 
the  direct-current  end. 

COMMUTATI.\(;-rOLI-;    CONVERTl'  HS 

The  usual  procedure,  as  described,  for  ^itandard  con- 
verters applies  to  those  of  the  commutating-pole  type, 
but  in  addition  the  brushes  should  be  raised  before  start- 
ing and  lowered  after  the  machine  is  synchronized  at  full 
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Fig.  15.     Connections  on  Dieect-Cuurent  Side  of 
Regulating-Pole  Converter 

voltage — that  is,  the  brushes  should  be  lowered  after  the 
fifth  operation. 

Oi'i;ration 

It  is  imjiortant  that  two  or  more  convci'ters  operated 
in  parallel  should  divide  their  loads  in  proportion  to 
their  ratings.  The  division  will  be  governed  by  the  di- 
rect-current voltages,  and  these  can  be  regulated  by 
changing  the  applied  alternating  voltage,  by  one  of  the 
methods  ])reviously  described.  It  is  evidently  necessary 
that  all  of  the  machines  operating  in  parallel  should  have 
the  same  voltage  regulation  from  no  load  to  full  load, 
and  if  a  battery  is  also  opei-ated  in  parallel  the  voltage 
drop  should  be  sufficiently  large  to  cause  the  battery  to 
take  the  excessive  loads.  If  no  l)attery  is  used,  it  will  be 
more  economical  to  have  the  machines  designed  for  a 
smaller  voltage  drop. 

Synchronous  converters  should  always  be  operated  at 
the  voltage  for  Avhich  they  are  d(>signed.  However,  it  ap- 
pears to  be  a  common  weakness  among  operators  to  run 
converters  5  to  10  per  cent,  above  normal  voltage  on  the 
direct-current  side.  This  is  done,  of  course,  by  increas- 
ing the  shunt-field  excitation  to  such  an  extent  that  the 
shunt  field  alone  draws  a  leading  current  at  no  load,  over 
and  above  which  the  series  field  adds  additional  leading 
current  as  the  loads  come  on.  The  result  of  such  opera- 
tion is  to  practically  double  the  average  heating  in  the 
armature  conductors  at  full  load  above  that  of  unity 
power  factor,  on  which  the  converter  guarantees  are 
based.     i\Iore  than  this,  such  an  oji^ration  increases  the 
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lu-atiii);  of  fcrtuin   Imrs   near  tlio  collcctor-rinf;;   taps    lo      didiculty   is  likely   to  appear.     'I'lie  proper  cure   for  tli 


three  or  four  tiiiiert  the  noriiial  vnhie,  in  atldition  to  the 
heat  re8ultiiJj(  from  iiiereased  eoro  Iohh  in  the  arinaliire 
»lue  to  over\oltaf(e.  The  re.sull  is  to  ijractically  cut  down 
the  eapaeity  of  the  eoiivertor  some  .'{O  to  50  jJcr  eeiil. 

Ill  inost  eases,  the  averaj,'e  load  is  ho  low  that  no  troui)le 
i.>;  iuul,  l)iit  as  sysU'ins  grow  and  load  faetors  improve,  Ihu 


evil  is  to  utilize  prop<'r  taps  in  {\u:  tranHformers,  ho  aH  Im 
impresH  an  alternatinj^  voltaKi!  Knllicietitly  hif<h,  and  lu 
roiiipel  the  operators  to  adjust  the  dircct-currcuit  volta^'e 
lor  a  sutlicieMlly  low  value  as  to  eaUHc  the  converter  to 
draw  a  coiisiderahle  laj,'f<inf(  eiirrciit  at  no  load,  as  prc\i 
ounly  c.\]jlained. 
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of  BeMs  and 


SYNOn^IS — Data  pertaining- to  the  selection  of  pulleys 
and  belts  which  will  (jive  the  best  results  with  the  least 
iuitiiil  <()st.  Tables  and  curves  are  cniploijed  lo  assist  the 
reader  iu  making  a  determination  of  pulley  and  belt 
sizes. 

•^. 

In  a  prominent  factory  in  the  city  of  New  York  there 
is  an  engine  that  runs  75  r.p.m.,  transmitting  100  hp. 
from  a  5-ft.  pulley  to  a  4-ft.  pulley.  The  distance  between 
centers  is  25  ft.  Because  of  the  slow  engine  speed  and 
tlie  relatively  small  driving  pulley  the  belt  has  caused 
considerable  trouble  by  slipping.  Its  velocity  is  less  than 
1200  ft.  per  min.,  but  a  velocity  of  3000  ft.  per  min. 
would  not  be  too  high. 

A  10-ft.  driving  pulley  and  an  8-ft.  driven  pulley  would 
give  the  same  final  speed,  and  there  would  be  less  ten- 
dency of  the  belt  slipping,  because  of  the  greater  belt 


Diame+er  of  Small  Pulley, Feet 


Fig.  1.     Developixg  100  Hp.,  Speed  or  Driving  Pul- 
ley 75  E.p.M. 


e     10    12     14    16    18    20    22    24     26    28   50    52    34   36   38  40  42  44 
Powtij  Diameter  of  Pulley,   Inches 

Fig.  2.     Tex  Hp.,  Speed  of  Driving  and  Driven  Pul- 
leys 400  E.p.M. 


contact.  'I'he  cost  of  tlie  larger  pulleys  plus  the  cost  of 
the  corresi)ondingly  smaller  belt  reijuired  would  be  about 
$270  less. 

Large  pulleys  should  always  be  used,  wherever  possible. 
and  especially  if  they  can  be  proved  most  economical  \> 
the  method  cited. 

In  the   factory  mentioned  a  40-in.  belt  is  used.      I', 
doubling  the  diameters  of  the  pulleys  the  belt  speed   i 
doubled  and   its  transmission  capacity  is  increased  two- 
fold.    A   belt  only  one-half  as   wide,   or  20  in.,  would. 

7 

(U 

c 

£5 

<u 

o 

f  3 

'e        6        10      12       14       16       18      20      22       24       26     2g 

Diameter  of  Small  Pulley,  Inches  powc^ 

Fig.  3.     Tex  Hp.,  Large  Pulley  300  R.p.m.,  Small 
Pulley  1200  R.p.m. 

therefore,  suffice  and  its  cost  would  be  but  one-half  as 
great.  The  cost  of  the  pulleys  would  be  greater  than  in 
the  present  plant,  but  that  increased  cost  would  be  more 
than  counterbalanced  by  the  decreased  cost  of  the  belt; 
$270  coidd  l)e  saved,  and  the  transmission  defects  would 
be   eliminated. 


Diam.  Diam. 

.Small  Large 

Pulley,  In.  Pulley,  In. 

48  60 


76 
90 
106 
120 


Width  of 
Belt,  In. 

40 

32 

27 

23 


TABLE  I. 

Length 

of  Belt, 

Ft. 

64 

67.7 

71.2 

74.7 

78.25 


Cost  of 
Belt 

$1023 
867 
769 
687 
627 


Cost  of    Cost  of 
Small       Large 


Pulley 
$179 
187 
239 
211 
234 


Total 

Pulley  Cost 

$2.53  $1455 

288  1342 

346  1354 

299  1197 

324  1185 


In  belt  computations  the  rules  that  are  most  widely 
used  are  as  follows : 

Rule  1.     A  single-ply  belt  1  in.  wide,  running  800  ft. 
per  min.  will  transmit  1  hp. 

Rule  2.     A  double-ply  belt  1  in.  wide,  running  500  ft. 
per  min.  will  transmit  1  hp. 

To   convert  rule  No.   1  into  a  formula  applicable  to 
most  ordinary  conditions,  let 

IFi  =  Width   of  single-ply  l)elt  in   inches ; 
Tf,  =  Width  of  double-thickness  belt  in  inches; 
H  =  Horsepower  to  be  transmitted  ; 
Z>  =  Diameter  of  driving  pulley  in  feet; 
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-V  =  Revolutions  per  minute  of  driving  pulley; 
ttDX  =  Speed  of  belt  in  feet  per  minute; 

=  Horsepower  a  single  thickness  belt  1  in.  wide 


800 


Therefore, 


will  transmit. 


W, 


H 


:DX 


800  H 

Tdn 


2oiH 


SOU         -DN        DN 
By  the  same  process  rule   Xo.   2  becomes 
159  H 


W.  = 


DN 


(I) 
(11) 


100^ 


16    20    24      26     52     56     40    44     48     52    56     60     64    68    72 
Diameter  of  Pulley,  Inches  "^'■'i 

Fig.  4.     Twenty  Hp.,  Speed  of  Driving  and  Driven 
Pulleys  200  R.p.m. 

Adhering  to  the  speed  conditions  laid  down  by  the 
factory  mentioned,  a  small  pulley  5  ft.  in  diameter  and  a 
6.25-ft.  driving  pulley  would  effect  practically  the  same 
final  speed.  Applying  formula  (II)  it  is  found  that  a 
32-in.  belt  would  be  needed.  Next,  6-ft.  and  7.5-ft.  pul- 
lers with  a  27-in.  belt  could  be  used. 


Diam. 
Pulley,  In. 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 


Width  of 
Belt,  In. 
10 


Length  of 
Belt,  Ft. 
42 
43 
44i 
45i 
46i 
47i 
481 
49J 
50} 
51} 


Cost  of 
Belt 
$109 
67 
53 
43 
36 
31 
29 
27 
24 
25 


Cost  of 
Pulleys 
SIO 
12 
12 
13 
15 
18 
21 
24 
37 
42 


Total 
Cost 
$119 
79 
63 
56 
51 
49 
50 
51 
61 
67 


Diam.  Diam. 

Small  Large 

Pulley,  In.  Pulley,  In. 


96 
112 


Width  of 
Belt,  In. 

4i 

3f 

3 

2! 

2} 

If 


Length 
of  Belt, 
Ft. 
64 
64} 
65i 
66} 
67g 
70} 
73 
75 
78} 


Cost  of 
Belt 
69 
58 
47 
44 
37 
30 


Cost  of 
Small 
Pulley 


Cost  of 
Large 
Pulley 


Total 

Cost 

81 

70 

61 


It  is  most  convenient  to  tabulate  these  figures  as  in 
Table  I  with  the  length  of  the  belt,  the  cost  of  the  belt, 
and  the  costs  of  the  pulleys.  The  total  costs  are  then 
readily  determined  and  compared.  Plotting  the  total  costs 
and  belt  widths,  as  in  Fig.  1,  the  decreases  in  both  are 
plainly  shown. 


The  costs  of  pulleys  and  belting  used  in  all  of  these 
tables  are  taken  from  the  catalog  of  a  manufacturer  of 
transmission  machinery  and  may  be  considered  reliable 
for  the  problems  solved  here.  Although,  in  this  factory 
problem,  the  constant  decrease  in  cost  with  increase  in 
pulley  diameters  indicates  that  even  larger  pulleys  might 
be  still  more  economical,  the  curve  could  not  be  continued 
in  this  case  because  the  limiting  diameter  of  standard 
iron  pulleys  made  by  the  manufacturers  is  10  ft.  Special 
pulleys  would  undoubtedly  cost  too  much  to  be  considered. 

Taljle  II  and  curves  in  Fig.  2  show  that  where  10  hp. 
is  to  be  transmitted  from  a  shaft  making  400  r.p.m.  to 
a  second  shaft  20  ft.  away  making  400  r.p.m.  also,  28- 
in.  pulleys  and  a  2%-in.  single  belt  would  be  most  eco- 
nomical. The  cost  curve  in  this  case  being  almost  flat 
from  the  20-in.  pulley  size  to  the  36-in.  pulley  size  and 


TABLE 

IV. 

Diam. 

Width  of 

Length  of 

Ccst  of 

Cost  of 

Total 

alley,  In. 

Belt,  In. 

Belt,  Ft. 

Belt 

Pulleys 

Cost 

16 

19 

64J 

$293 

$31 

$324 

20 

16 

65  J 

250 

33 

283 

24 

13 

66J 

206 

37 

243 

11 

67} 

177 

41 

218 

32 

10 

68} 

164 

41 

205 

36 

9 

69} 

150 

48 

198 

40 

8 

70} 

135 

46 

181 

7 

71} 

120 

53 

173 

6} 

72} 

113 

60 

173 

52 

6 

73} 

106 

54 

160 

56 

5} 

74} 

99 

62 

161 

60 

5} 

751 

100 

70 

170 

72 

4} 

78} 

85 

100 

185 

the  designer  is  allowed  a  wide  range  of  choice,  l)ut  it 
should  be  remembered  that  large  pulleys  generally  give 
least  trouble  from  slipping.  The  belt  speed  of  3000  ft. 
per  min.  with  28-in.  pulleys  is  not  excessive  and  may 
be  allowed  without  question.  Formula  I  was  used  in 
computing  the  belt  widths  in  this  and  the  other  curves 
and  tables. 

Fig.  3  shows  the  least  expensive  combination  where 
10  hp.  is  to  be  delivered  from  a  pulley  making  300  r.p.m. 
to  a  smaller  pulley  making  1200  r.p.m.  Distance  center 
to  center,  is  30  ft.  A  small  pulley  9  in.  in  diameter,  a 
36-in.  driving  pulley,  and  a  23/4-in.  belt  will  do  very  well. 
Table  III  gives  the  computed  results  from  which  these 
curves  were  plotted. 

Fig.  4  shows  that  the  best  sizes  are  not  always  depend- 
ent upon  the  distance  between  shaft  centers.  The  upper 
cost  curve  sho^^'s  that  where  driving  and  driven  pulleys 
are  the  same  size,  where  the  speed  is  200  r.p.m.,  where 


Diam. 
Pulley,  In. 


Width  of 
Belt,  In. 


Length  of 
Belt,  Ft. 
24i 
25} 
26} 
27} 
28} 
29} 
30} 
31} 
32} 
33} 
34} 
351 
38} 


Co.st  of 
Belt 
110 
97 
82 
72 
68 
63 
58 
53 
51 
48 


Cost  of 

Pulleys 

31 


62 
70 
100 


Total 
Cost 
141 
130 
119 
113 
109 
111 
104 
106 
111 
102 
108 
117 
142 


20  hp.  is  to  l)e  transmitted  and  where  the  distance  be- 
tween centers  is  30  ft.,  52-in.  pulleys  and  a  6-in.  belt 
would  be  most  economical.  The  lower  cost  curve  is  based 
upon  the  same  conditions  with  the  exception  that  the 
distance  between  centers  is  shortened  to  10  ft.  Although 
this  shortens  the  belt  considerably  the  plotted  point  on 
the  curve  nevertheless  indicates  that  52-in.  pulleys  and  a 
6-in.  belt  are  again  most  desirable  as  regards  first  cost. 
The  upper  curve  is  plotted  from  Table  IV  and  the  lower 
curve  is  plotted  from  Table  V. 
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It  is,  llici'cl'oiv,  .>viilt>iit  ihat  llic  ilctcriiiiiijilii)ii  ol'  piil-  (wliicli  in  iicc<Iim|  in  hIiihihI  cvt-rv  dcsipi  proMciii )  In  ili> 
1»'V  sizi'ti  iH'otl  not  he  jjiicsswork.  Al'U'r  pldlliii^'  ciirvcK  licwl  inlviinlafjc.  'I'hib  Juutliod  in  biaj])lc,  iffjuiicb  liiili 
Hiiiiilai'  to  tlu'Hi'  llu'  ili'sijjnor  nm  exercise  liiH  judgiiiciif      lime,  mnl  in  Hure. 


Tomm  MMmiileirp  HonstliiniE  EnHsMimeeir 


^ 


^O)' 


^.^    \\  \i;iti.N    ().    Iiddi.ii,- 


t^]'.\(>rsiS     llidilir   shows   me   soiiirlliiiKj    (iIkjkI    /lipc  tlic  stciiiii  liiu'  clian^cs.   Iliiiilcr  vdliMitccrcd  tlic  iiirorin;i- 

liiirs  IIS  fiiunil  til  III!'  arrrafjp  rollieri/,  the  riielliixl  nf  sup-  tioii   lliat    we  would    find   many   sndi   arrantrcnicntH,   anil 

porliiii/   lliviii    tind   the    raliic   of  suitable   pipe   roreriiif/.  wc  did. 

Win/s  of  exiendiiig  a  pipe  line  above  a  railroad  track  arc  In  Fig.  2  is  a  similar  (■\|)ansi()n  joint,  willi  the  cxccii- 

illiislrnlrd  and  drscribrd.  tion  that  a  long  nipple  is  used  in  llic  near  vertical  J)ipi-. 

5P  'i'lie  longitudinal  expansion   is  taken   up  at  both  top  atnl 

A  study  ol'  |)ipe  lines  extending  from  tlie  hoiler  liousps  lioiidin    nipple  joints,  and    iIh'   iiiov;'iiient    of  Imtli   is  hiil 

to  tlie  lioisting  engines,  pumps,  i)reakers  and  I'an  engines  iuiM   \ili;il  would  take  pia(  r  in  ;i  -ingle  join*   ii'  the  uppii' 

interested  me.     On  several  oeeasions   lluntiM-  and   I   went  pipe  dropj)ed  to  a  douMe  ell  and  nipple.     As  these  liii' 

to  various  collieries  just  to  note  the  melliod  ol'  i)i|)e-line  li(Mpu'ntly  run  S  mid    Id  in.   in  diameter  in   long  lengi  L 

extensions  and  the  condition   in  whuh   tlic\    wi-ie  kept.  and  cai-r)  a  sleain  pressnie  arouml   ].")0  lb.,  the  expansion 


Fig.  1.  Pii'i';  Lime  in  Sekvice 
Twi:nty  Yeahs 


Fig.  2.     7'ipe  Line  and  Kx- 
fAxsiox  Joint 


Fig.  '.i.     S-Beni)s  fou  Taking  ('AfiE  of 

EXI'AN.SIOX    AND   C'ONTItACTIOX 


"ic.    1.       A-Fl!AMK  PiPE-LlNE  SUPPOIIT: 


Fig. 


Anothki;  ]^Iethod  or  Suppoktixg  a  Pipe  Lixe 


One  pi])c  line.  Fig.  1.  was  of  exceptional  interest,  il 
liaving  been  in  service  something  like  25  years,  I  think 
the  superintendent  told  ns.  Although  it  shows  irregular- 
ities, due  to  the  settling  of  the  surface  when  the  old 
mine  workings  caved  in.  the  joints  are  free  from  leaks. 
At  the  time  the  settling  occurred  only  a  few  of  the  joints 
required  attention.  A  first-class  job  must  have  been 
made  when  the  pipe  line  was  first  installed. 

A  common  expansion  joint  is  shown  in  the  foreground, 
consisting  merely  of  four  elbows  and  three  nipples,  mak- 
ing, when  screwed  together,  an  offset  joint.  This  con- 
struction gives  the  pipe  line  on  both  sides  of  the  joint 
an  opportunity  for  free  expansion  as  the  temperature  of 


between  a  cold  and  a  hot  state  is  considerable.  The  ])ipe 
line  illustrated  is  the  main  steam  supply  from  the  boiler 
hou.se  to  the  points  of  utilization. 

Various  methods  are  employed  to  suspend  these  lines. 
A  common  practice  is  to  use  metal  or  wooden  A-frames 
having  a  tie  piece  at  the  top  through  which  a  U-bent 
piece,  holding  the  pipe,  is  placed,  the  pipe  being  ad- 
justed and  held  in  position  by  nuts  on  the  two  ends  of  the 
yoke  piece.     This  is  illustrated  in  Figs.  1   and  3. 

"There  seems  to  be  a  difference  of  opinion  regarding 
the  proper  height  at  which  pipe  lines  should  be  suspended 
from  the  ground,"  said  Hunter.  "Some  maintain  that 
when  the  pipe  lines  are  carried  low   (as  shown  in  Fig. 
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Fig.  6. 


A  Neat  Job  of  Pipe  Coveiung  and  Anchor 
Stanchion 


Fig. 


Separator  on  Pipe  Line  Leading  to 
Mine 


1)  that  they  are  subjected  to  less  condensation  losses  than 
when  put  up  high,  (indicated  by  Fig.  3),  as  the  latter  is 
more  exposed  to  cold  air  currents.  One  advantage  of  the 
latter  construction,  however,  is  ample  room  for  teams, 
etc.,  to  pass  under  the  pipe  between  the  r^upports." 

Another  means  of  suspending  pipe  lines  was  noted, 
as  illustrated  in  Fig.  4.  This  consists  of  a  wooden  A- 
frame  with  an  eye-bolt  passing  through  the  top  cross 
piece  and  held  in  place  by  a  nut.  A  two-piece  clamp  is 
fitted  around  the  pipe  and  bolted  at  the  top  and  bottom, 
the  upper  Ijolt  passing  through  the  eye-bolt. 


M 

•\  \ 

^       J 

S«W«i       i 

T?r;^^^ 

i^^i^^^ 

P^ 

^9mni         ^ 

■ESU 

J 

%              Wt 

W       Power 

Fig.   8.     Pipe-Line   Support  over  Tracks 

Still  another  way,  shown  in  Fig.  5,  consists  of  a  metal 
upright  piece  having  a  forked  upper  end  in  which  the 
steam  pipe  rests.  Each  supporting  column  may  be  se- 
cured by  one  or  two  diagonal  braces  from  the  top  to  an 
anchor  buried  in  the  ground.  With  but  few  exceptions, 
the  steam  pipes  are  covered  with  some  kind  of  pipe  in- 
sulation. In  many  instances,  it  was  in  a  dilapidated  con- 
dition, which  must  have  allowed  a  large  amount  of  con- 
densation. 

"The  importance  of  ]iro[)er  covering  for  steam  pipes 
and  all  apparatus  about  a  steam  plant  where  used  cannot 
be  too  much  emphasized,"  said  Hunter.  "Even  with  the 
best  insulation,  there  will  be  some  loss  by  condensation. 
The  loss  of  heat  from  a  bare  steam  pipe  is  taken  by  some 
authorities  as  approximately  3  B.t.u.  per  square  foot 
per  hour  per  degree  of  difference  in  temperature.  For 
instance,  taking  a  10-in.  pipe,  200  ft.  long,  carrying  a 


steam  pressure  of  150  lb.,  24  hr.  per  day,  the  approxi- 
mate loss  per  year  would  be  3,528,000,000  B.t.u.,  or  about 
122  tons  of  coal.  Just  how  much  this  loss  will  be  re- 
duced depends  upon  the  value  of  the  pipe  covering." 

A  good  example  of  pipe  covering  is  shown  in  Fig.  (!. 
On  many  lines  wo  found  that  the  flanges  are  left  un- 
covered, probably  to  facilitate  repacking  the  joint,  but 
this  omission  permits  of  unnecessary  condensation. 

The  illustration  also  shows  a  method  of  anclioring  a 
pipe  line.  The  anchor  is  a  round  metal  upright  stand, 
fitted  at  the  bottom  with  a  flange  coupling,  secured  to  a 
concrete  base.  A  collar  is  fitted  to  the  top  of  the  stand 
and  clamps  the  pipe.  On  each  side  of  the  clamp  is  a 
projection  to  which  turnbuckles  and  rods  are  secured  as 
sliown.  These  rods  are  anchored  in  concrete  and  when 
the  turnbuckles  are  tightened  the  upright  stand  is  braced 
from  both  sides. 

Some  kind  of  a  separator  is  generally  userl  on  long  pipe 
lines.  In  Fig.  7  is  shown  the  pipe  for  supplying  under- 
ground apparatus,  which  runs  from  the  boiler  house  and 
drops  to  the  workings  below  through  bore  holes.  Between 
the  horizontal  pipe  and  the  bent  section  of  each  line,  a 
separator  is  placed  to  remove  the  water  of  condensation 
before  it  reaches  the  vertical  pipes.  The  separators  on 
the  two  pipes  shown  are  connected  to  a  trap  which  takes 
care  of  the  water.  The  pipes  are  insulated  and  wound 
with  cloth. 

It  frequently  happens  that  a  pipe  line  must  pass  over 
a  railroad  track;  passing  the  pipe  imder  the  rails  forms 
a  pocket  in  which  water  would  collect.  This  can  be  over- 
come by  building  a  framework  above  the  tracks  to  sup- 
port the  line,  as  in  Fig.  8.  A  more  easily  constructed 
pipe  support  can  be  made  by  placing  an  old  rail  on  each 
side  of  the  track,  in  a  cement  foundation,  and  fitting  a 


Fig.  9.     Expansion  Joint  on  Air  Line 
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jfioiivcil  piillov  III  till'  iippi'i-  iiiil  nf  ciicli  mil.  A  \Mn'  Iri-s  Mippdil  tiiiy  w<'ij.'lit  pipr  line  iini-d  aliiiiil  ii  miiiic 
nipc  or  a  cliiiiii  \h  Hcciirt-d  (i>  mi  am  lior  onlsiilr  nl  llic  In  one  iiiHlaiicc.  a  loii^'  air  pipe  line  was  provided  wilh 
rails  ami  is  passed  over  llie  two  pulle\s.  .\  saddle  is  an  expansion  joitil  wliieli  pive  troul)l<'  liv  pidlinf;  mil 
placed  inidwav  Ix'tweeii  the  rails  wliieli  snpporl  llie  pipe  when  the  pipe  eontraeled.  Tu  prevent  lliis,  foiii'  elnnn 
line  at  lllis  poini  and  is  allaelled  In  Ihr  lope  o|-  cliain,  of  suilal)le  len^'tll  were  linked  lo  |wr»  ey('-l)olls,  llie  e  !' 
iiiir  of  wliieli  should  lie  made  willi  a  I  iirnliui  kle.  As  llie  nf  which  were  put  tliroii^li  llie  flaii;,'e  holl  holes,  as  n 
liirnliiicUle  is  tij.di(eiicd,  the  tendency  is  In  lil'l  llic  pipe  k'l^.  :i.  \  riiil  on  each  siile  of  the  llanp'S  served  llie  pur- 
saddle.  .\  threaded  Ihroufrh  rod  from  i]i\c  r:iil  lu  ilie  pnse  nf  the  le^Mihir  llan;fe  holts,  and  llie(hain  prevented 
other,  with  a  nut  on  Imlh  sides    .f  im  h   ia;l.   prevents  the  llie  jnint    from    piillinj;  oiil. 

rails  from  hendiiij,'  in  al  llie  Inp.      If  liic  line  is  loo  heavy  There  were  dcnihlless  man\   niher  arian^Miii'iils  of  pipe 

for   two   rails   to  supporl,   a   duplicate   rail   on   cai  li    side  lines  which  wi'  did   iml   see,  Uiij  even  set.  rJHrkiiess  found 

of    the     track     can     he     used     with     the    ,i.'rtio\('d     pulley  us    jiloddin;;   around    culm    piles    and    past    somlair    ininc! 

attached  lo  a  cross  piece.      This  ai'raii;;eiiienl  wnuld  d<iulil-  hafts  as  ue  made  our  way  hack   to  the  iiotej  and  siippei. 


WoirMimg'  Up 
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S)'.\()J'SlS—Aii  cfficinKji  IrsI  Is  irorkcd  up  itrni  hi/ 
ilcnt.  The  rcilitrtioii  to  ii  dri/  cndl  mid  foinhiistiblc  Ixisis 
is  t:v pint II I'd.  II mr  Id  find  the  cniporation  per  puiiiid  <ij 
coal  as  fired,  per  pound  of  dri/  roal.  or  of  ronihusfihic 
under  artiial  conditions  or  from  and  at  ,il2.  Different 
boiler  efficiencies,  boiler  horsepower,  and  the  cost  per 
HUH)  lb.  of  steam. 

W. 

Su])pose  a  i)()iler  lias  hccii  tested  for  eflicicney ;  to  see 
how  well  it  is  doiii};-  ralliei-  tiian  how  much  it  w'ill  do. 
This  involves  the  dctermiuatinii  of  the  amount  of  fuel 
used  as  well  as  the  amount  of  water  evaporated,  and.  if 
anythin<r  more  tliau  an  approximation  is  wanted,  the 
quality  of  hoth  the  fuel  and  the  steam. 

Tlie  aeeompanying  tahle  is  the  short  form  of  test  re- 
])ort  reeonunended  hy  the  ('ommittee  on  Boiler  Tests  of 
the  .Vnieriean  Society  of  Mechanical  Engineers.  Let  us 
take  it  item  hy  item  and  work  out  the  values  which  are 
computed  or  deduced  from  those  which  arc  given. 

Items  1  to  13  are  the  ohserved  quantities  and  require 
no  explanation. 

Item  IJi  is  the  weight  of  coal  tired,  including  moisture 
and  the  equivalent  in  coal  of  anything  else  that  was  put 
into  the  furnace,  hut  not  including  unhurned  coal  taken 
out  of  the  furnace  when  cleaning  or  at  the  end  of  the 
test.  One  pound  of  wood  may  he  taken  to  be  equal  to 
0.4  lb.  of  coal. 

Item  hi  is  obtained  by  weighing  a  sample  of  the  coal 
before  and  after  drying. 

Item  Ui  is  the  weight  of  coal  as  lircd  less  the  moisture 
which  it  carried. 

Then  1  —  ().l);5S->  =  it.iXil.S 

of  it  was  dry  coal,  and 

itenr  14  ■••ml.')  Item  16 

i:',7  5^    A    U.!)(U8   =    13,1  it!). 7432    lb. 

Item  i:  is  the  weight  of  stuff  which  went  from  the 
furnace  into  the  ashpit  during  the  test.  It  will  be  the 
ash  and  unhurnable  part  of  the  coal  plus  whatever  un- 
hurned coal  gets  through  with  it.  It  should,  of  course. 
I)e  weighted  dry. 

Item  18  is  the  ratio  of  the  ash])it  refuse  to  the  drv 
coal,  the  weight  of  stuff  taken  from  the  ashpit  divided  by 
the  weight  of  coal  (corrected  for  moisture)  weighed  to 
the  furnace  during  the  same  time.  It  is  expressed  in 
per  cent,  and  should  not  be  confused  with  the  percent- 
age of  ash  in  the  coal  by  analysis,  as  it  may  contain  a 


considerable  proportion  nf  unhui'ned  coal  it8(,'lf.  In  our 
case  the  weight  of  dry  cna!  lired  was  13, 19!). 74  and  thai 
of  the  ashpit  refuse  l'.^.3S  lii.  The  ash  and  refus(r  are. 
therefore. 


item  17  X  100      1238  X  100 


=  !t.3H  per  rent. 


item  K;  13,l!t!).T^ 

llrm  HI,  (he  weight  of  watei'  \\'(\  to  the  boiler  during 
the  test  must  be  corrected  for  any  difference  in  level 
at  the  beginning  and  end  of  the  test  and,  if  there  is  a 
very  great  difference  in  the  ])ressure,  for  that  also.  It 
should  trtdy  r(>p]-esent  the  weight  of  water  which  has  been 
put  into  the  boiler  ami  disappeared  during  the  test;  the 
amount  weighed  in  j)lns  or  minus  the  amount  required 
to  make  the  water  contents  of  tlu!  same  weight  that  they 
were  at  the  commencement.  It  should  also  be  corrected 
as  explained  in  the  last  article  (page  3T1,  Po\vp:r,  Mar. 
17)  for  any  leakage  or  blowing  down,  which  has  occurred, 
while  the  test  was  in  jirogress.  In  our  case  the  weight 
is  given  as  lll,()r)4  lb. 

Item  20.  The  steam  made  by  the  boiler  may  be  moist 
or  superheated.  This  item  is  the  equivalent,  in  dry- 
saturated  steam  of  the  average  pressure,  of  the  steam  as 
actually  made.  In  our  case  the  steam  is  moist ;  only  9T.3 
])er  cent,  or  ().!)73  of  the  water  has  been  actually  evap- 
orated, the  rest  being  carried  along  by  the  steam  as  en- 
trained moisture.  The  water  actually  eva])orated  (item 
20)   is,  therefore, 

item  19  X  item  13       111,654  X  97.3 


100 


inn 


l(i.S.(;3!).34 


If  the  steam  were  superheated  the  e(|uivalent  amount 
of  dry-saturated  steam  of  the  same  pressure  could  be 
found  by  dividing  the  difference  Ix'tween  the  total  heat 
per  pound  (the  h  of  the  Marks-Davis  .superheated  steam 
tables)  and  the  heat  of  the  liquid  (the  //  of  the  tables) 
by  the  difference  between  the  total  heat  of  dry-saturated 
steam  of  the  given  pressure  (the  H  of  the  taljles)  and  /( ; 
and  multiplying  the  pounds  of  water  weighed  in  (item 
19)  by  the  quotient.  The  total  heat  h  of  steam  of  127 
lb.  gage  pressure,  say.  142  absolute,  superheated  100  deg. 
is  1248.1  B.t.u.,  that  of  dry-saturated  steam  of  the  same 
pressure  1192.5.  The  heat  of  the  liquid  at  the  given  feed- 
Avater  temperature  196  deg.  (item  10)  is,  from  the  steam 
table,  163.92  B.t.u.  To  make  a  pound  of  steam  under 
these  conditions  would  take 
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Results  of  Boiler  Test  A.  S.  M.  E.  Short  Form 

Code  of  1912 

1  Test  of boiler,  located  at 

to  determine  conducted  by 

2  Kind  of  fnrnace 

3  Grate  surface 62 .  50  sq.ft. 

4  Water-heating  surface 3,500  sq.ft. 

5  Superheating  surface 

6  Date 

7  Duration 1 2  .  50  hr. 

s  Kind  and  size  of  coal 

AVERAGE  PREvSvSURES,  TEMPERATURES,  ETC. 

9  Steam  pressure  by  gage 127  lb. 

10  Temperature  of  feed  water  entering  boiler 196  deg.  F. 

1 1  Temperature  of  gases  leaving  boiler 

12  Force  of  draft  between  damper  and  boiler 

13  Quality  of  steam 97  . 3% 

TOTAL  QUANTITIES 

14  Weight  of  coal  as  fired 13,724  lb. 

15  Moisture  in  coal 3  .  82% 

16  Weight  of  dry  coal  consumed Item  14  X  (1 — item  15)  13,199.74  lb. 

1 7  Weight  of  ash  and  refuse 1 ,238  lb. 

18  Ash  and  refuse  in  dry  coal Item  17    -=-  item  16  9,38% 

19  Weight  of  water  fed  to  boiler Ill  ,654  lb. 

1'        Item  19  X  item  13  if  moist        1 

20  Weight  of  water  evaporated |  ^^^^   jg  ^  h  ^  .^  superheated  |  108,639.34  lb. 

TT    t, 

21  Equivalent  evaporation  from  and  at  212°.  .  .  Item  20  X     ^~t-  115,846.84  lb. 

HOURLY  QUANTITIES  AND  RATES 

Dry  coal  consumed Item  16    h-  item  7  1,055.98  lb. 

Dry  coal  per  sq.ft.  of  grate Item  22    ~  item  3  16.9  lb. 

Weight  of  water  evaporated Item  20    ^  item  7  8,691 .15  lb. 

Equivalent  evaporation  from  and  at  212° Item  21    -^  item  7  9,267.  75  lb. 

Equivalent  evaporation  from  and  at  212° 

per  sq.ft.  of  water-heating  surface Item  25    -=-  item  4  2 .  65  lb. 

CAPACITY 

Evaporation  per  hr.  from  and  at  212° ;-.  =  item  25  9,267.75 

Boiler  horsepower  developed Item  27    -^  34.5  268.63  hp. 

Rated  capacity Item  30  X  34 .  5  1 2,075  lb.  per  hr. 

Rated  capacity Item  29    h-  34 .  5  350  hp. 

Ratio  of  developed  to  rated  capacity Item  27  n-item  29,  or  item  28  -^item  30  76.  75% 

ECONOMICAL  RESULTS 

Water  fed  per  lb.  of  coal  fired Item  19    -^  item  14  8.  14 

Water  evaporated  per  lb.  of  dry  coal Item  20   -h  item  22  10.  29 

Equivalent    evaporation    from    and    at    212° 

per  lb.  of  dry  coal Item  21    -h  item  16  .     8.  78 

Equivalent    evaporation    from    and    at    212° 

per  lb.  of  combustible Item  21  -^  Item  16  —  item  17                    9.68 

EFFICIENCY 

Calorific  value  of  1  lb.  of  dry  coal 12,700  B.t.u. 

Calorific  value  of  1  lb.  of  combustible Item  36    -h  %  ash  in  coal  13,700 

Efficiency  of  boiler  furnace  and  grate (Item  35  X  970.4  X  100)    h-  Item  37  68.57% 

Efficiency  of  boiler  and  furnace (Item  34  X  970.4  X  100)    ^  Item  36  bl  .09% 

COST  OF  EVAPORATION 

Cost  of  coal  per  ton  delivered  in  boiler  room 3 .  60  dollars 

Cost  of  coal  required  to  evaporate  1000  lb.  of 

^      i  ^     .010"  1000  X  Item  14  X  Item  40  X  100  ^,    _ 

water  from  and  at  212    Tr^,r~TrT7^^ TT^r~- — : 21 .  33  cents 

Item  21   X  No.  of  lb.  m  ton 
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(.s„i>rrl,ralr,lh-  h)  1  v' IS.l  -  ir,;i.n2  =  lOHI.lK  H.l.n. 
(ilri/soliii'il'il  II  -  /')  I  l!''-''>  l<i."».!)5J  =-  \02HJ>H  WAm. 
Tlic  liciit  alis(irl)('(l  liy  tlic  IpihIci-  to  imikc  n  iiniind  of  ilir 
nii|H'rlit'iitf(l   steam    would,   tlicicroif,  iiiakc 

losi.js  -:-  1028. r>H  —  LOfii  ih. 

(if  the  (Irv-siitiiiatcd  steam,  and  tliis  multiplied  hy  tlie 
water  eva|)i)i'aled  iiilo  sii|ieiiir,ilii|  sliiiin.  uhicli  would  la- 
all  tliat  fed  to  llir  lioil.T  (Item  IH  )  uolild  ;,'!  Vc  the 
r(|uivaleiit  auiouni  of  waler  exaporated  lulo  diy-saluiali'd 
.>i|eam  of  the  .-ame  temperature    (item   '.'H). 

Ilciii  Jl.  VoY  comparison  it  is  usual  to  recjuee  the 
aitual  perforuiaiur  of  a  iioiler  to  tiie  (M|uivalcMt  evapora- 
tion from  and  at  218  dcfj.  'Phis  is  done  hy  dividinj,'  the 
amount  of  heat  wiiicli  i(  takes  to  nuike  a  pound  of  steam 
undor  (lu<  actual  conditions,  //  —  //,  by  !)70.4,  the  amount 
of  heat  which  is  required  to.  evaporate  a  pound  of  water 
at  212  dejf.  into  dry-saturated  steam,  of  the  same  tem- 
perature.    'Phis  (plant ity 

//         // 

'.1^(1.4 

is  called  the  "factor  of  evaporation"  and  gives  the  ecpiiva- 

lent  eva])oration  from  and  at  212  deg.  of  1  lb.  under  the 

conditions  for  which  //  and  /(  are  taken.    Multiplying  the 

quantity   actually   evajjorated    (item   20)    by   this   factor 

gives  the  equivalent  anu)unt  evaporated  from  and  at  212. 

For  our  ease  the  gage  ])ressure  is  127  lb.   (item  9)  or 

127  +  14.7  =  141.7  lb.  absolute 

This  corresponds  to  temperature  354  in  the  Marks-Davis 

tallies  where  tbe  value  of  II  is  found  to  be  11!)2.4.     'Plie 

value  of  h  at  the  given  feed-water  temperature  I'JG  deg. 

(item  10)  is  163.92;  then 

H  —  h  _  1192.4  -    Ui^ 

970.4    ~  970:4 

This   is  the   factor   of   evaporation    and    multiplying   the 

evaporation  under    tlie    actual    cnndilions  hy    il    wo  have 

iVfW  20  X  ^~!^  =  108,639.34  X  1.0599  =  115,84(;.84  l/>. 
^  9(0.4 

The  same  formula  will  apjily  for  superheated  steam  if 
J/  is  taken  as  the  total  heat  h  of  siich  steam  and  item 
19  may  be  multiplied  directly  by  the  factor  of  evapora- 
iion  so  found.  A  table  of  factors  of  evaporation  for  dry- 
saturated  steam  of  different  pressures  with  different  tem- 
peratures of  feed  will  be  found  on  pages  369  and  370  of 
the  Mar.  17  issue. 

Items  22,  2Jf  and  25  are  simply  the  total  quantities 
of  dry  coal  fired  (item  16),  steam  actually  made  (item 
20),  and  steam  which  would  have  been  made  from  and  at 
212  deg.  (item  21)  reduced  to  quantities  per  Jwur  by 
dividing  by  the  duration  of  the  test  (item  7). 
itnu  22  =  item   16  -^  item   7  =     13,199.74  ~  12.0  = 

1055.98 
item  24  =  item  20  -^  item  7  =  108.639.34  -f-  12.5  = 

8691.15 
item  25  =  item  21  -^  item  7  =  115.846.84  -^  12.5  = 
9267.75 
Item  23  is  the  number  of  pounds  of  dry  coal  burned 
per  hour  per  square  foot  of  grate,  and  is  found  by  divid- 
ing the  whole  number  of  pounds  of  dry  coal  per  hour 
(item  22)  by  the  number  of  square  feet  of  grate  surface 
(item  3).     In  our  case 

item  22       1055.98 


1.0599 


llriii  20  is  the  numl)er  of  poundH  of  steam,  reduced  to 
the  ecpiivalent  from  and  at  212  deg.,  made  (ler  hour  by 
each  s(piare  foot  of  water-heating  surface  and  is  found 
by  dividing  the  total  evaporation  per  hour  under  llinKf 
conditions  (iletn  25)  by  the  number  of  square  fed  of 
water-heating  surface  in  the  boiler  (iteni  I) 
item  25 


^  9207.75  ^  .,  j.,^  ^,^ 

item  4'  3500'* 


i 


///■/(/  J.S  is  an  expression  of  the  unscientific  but  per- 
sistent usage  of  expressing  tbe  performance  of  a  boiler 
in  horsepower.  'IMie  calculation  was  fully  explained  in 
the  ])reviouH  article. 

It  is  generally  ucce|)le(l  that  the  (tvaporation  of  the 
(■(piivaleiit  of  34.5  lb.  j)er  hour  from  and  at  212  d(!g.  con- 
stitutes a  horsepower  so  the  capacity  in  horscfpower  may 
lie  found  by  dividing  tbe  e(iuivalent  evaporation  per  hour 
from  and  at  212  deg.  (item  27)  by  31.5. 
ite7n  27  9267.75 
^4X  =  -34.5      =  •^'•«-'-' /'/'• 

Items  .:'.)  and  30  are  the  liuiider's  rating,  which  must 
be  got  from  him.  It  is  much  more  .sensible  to  rate  the 
boiler  directly  in  pounds  of  steam  which  it  will  make  per 
hour  from  and  at  212  deg.,  as  in  item  29,  and  this  prac- 
tice is  being  followed  more  and  more  by  engineer  buyers. 
'Phe  horse])ower  rating  is  usually  computed  at  10  scj.ft. 
of  w-ater-heating  surface  per  horsepower. 

Item  31.  If  the  boiler  evajwrates  9267.75  lb.  of  steam 
from  and  at  212  deg.  per  hour  (item  27)  and  is  rated  as 
being  able  to  eva])orate  12.075  lii.  (item  29  equivalent  of 
350  hp.)  it  develojis 

9267.75  X  100       .,.  ^.  , 

,  , =   16.75  per  cent. 

12,075  ' 

of  its  rated  ca])acity,  or 

If  the  lioiler  does  268.63  iip 


and  is   rated  at  350.  it 


item  28  X  100      268.63  X  1<>0 


=  76.75  per  cent. 


item  30  350 

of  its  rated  capacity. 

Item  32  gives  the  amount  of  water  which  disappeared 
per  pound  of  coal  fired,  including  the  moisture  in  the 
steam  and  the  coal. 

item  19       111,654 


item  14        13,724 

Item  33  gives  the  number  of 
orated  per  pound  of  dry  coal 


=  8.14  lb. 


lunds  of  water  evap- 


item,  20 


108,639.34  ^  ^^^_.^^ 


item  3 


62.5 


=  16.9  lb. 


item  22         1055.98 
Item  3Ji  gives  the  equivalent  evaporation  from  and  at 
212  deg.  per  pound  of  dry  coal 

ite77i  21  _  115,846.84  ^  g  ^^ 
item  16  ~   13,199.74  '' 

Item  3f)  is  the  same  quantity  again  per  pound  of  com- 
bustible burned,  not  per  pound  of  combustible  fired,  for 
there  will  be  some  of  the  combustible  in  the  ashpit  refuse. 
The  combustible  burned  is  the  difference  between  the 
weight  of  the  coal  fired  and  that  of  the  ashpit  refuse. 
item^  21  _         115,846.84         =  g  fjg  ZJ 

item  16  —  item  17  ~  13,199.74  —  1238 
Item  36  is  best  determined  by  burning  a  sample  of  the 
coal  in  a  coal  calorimeter.    The  valve  given  here  is  12,700 
B.t.u.  per  lb. 
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Item  37  cannot  be  dctenninod  without  knowinp;  tlif 
percentage  of  ash  or  nonconibiistibie  matter  in  the  coal 
which  may  be  materially  different  from  item  18  on  ac- 
count of  the  combustible  in  the  ashpit  refuse.  Assvime 
the  percentage  of  true  nonoombiistii)le  in  the  coal  to  l)e 
7.3  per  cent,  of  the  weight  of  the  dry  coal,  then  1  —  0.()7;5 
=  0.927  of  a  pound  of  combustible  would  have  12,700 
B.t.u.,  and  one  pound  of  (•(nnbustil)le 

12,700 


0.927 


=  13,700  B.L71,. 


Item  3S.  For  every  pound  of  combustible  burned  un- 
der it  the  boiler  made  the  equivalent  of  9.68  lb.  of  steam 
from  and  at  212  deg.  (item  35).  For  each  pound  of 
steam  it  absorbed  970.4  B.t.u.  For  each  pound  of  com- 
bustible fiirnished,  therefoi-e,  the  boiler  absorbed  970.4 
X  9.68  =  9393.472  B.t.u..  which  is 


item  35  X  970.4  X  100  _  9.68  X  970.4  X  100 


item  37 


13,700 


=  68.57% 


Item  39.  For  each  pound  of  dry  coal  which  the  boiler 
had  supplied  to  it,  it  evaporated  the  equivalent  of  8.78 
lb.  of  water  from  and  at  212  deg.  (item  34).  For  each 
pound  of  coal  furnished,  therefore,  the  boiler  absorbed 
970.4  X  8.78  B.t.u.,  and  as  each  poTind  of  dry  coal  car- 


ried in  12,700  B.t.u.,  the  whole  outfit,  Imiler-gratc   fur- 
nace, etc.,  utilized. 

item  34  X  970.4  X  100  _  8.78  X  970.4  X  100  _     „  „  ^^ 
item  36  "  12,700  "  "-"-^^ 

If  more  of  the  coal  had  gone  through  the  grate  or  if 
the  coal  were  less  completely  burned  the  result  would  be 
lower,  so  that  this  value  includes  the  efficiency  of  the 
grate,  while  that  of  item  38,  based  upon  the  difference 
between  the  coal  fired  and  the  ashpit  refuse  does  not. 

Items  JtO  and  Jfl.     By  dividing  item  21  by  item  14  we 

can  find  how  many  pounds  of  steam  can  be  made  from 

and  at  212  deg.  per  pound  of  the  coal  as  it  comes  to  us. 

rp  1      mnn  11  n  1000Xi(!eml4 

lo  make  1000  lb.  would  re(|uire  -, r- .       1  he 

ittnn  21 

cost   per  pound   is   item   40   divided   by  the  number  of 

pounds  in  a  ton   (2000  or  2240,  according  as  the  price 

is  given  per  short  or  long  ton)  and  multiplied  by  100  to 

reduce  to  cents.     Suppose  our  price  to  be  $3.()0  per  short 

ton  the  cost  of  coal  to  evaporate  1000  lb.  of  water  from 

and  at  212  deg.  will  be 

1000  X  item  14  X  item  40  X  100 


item  21  X  2000 
1000  X  13,724  X  3.60  X  100 
115,846.84 X  2000 


21.33c. 


By  a.  Braucher 


S)'XOPSIS — By  citinq  a  few  simple  experiments  to  sho-w 
till'  rapidity  ivith  which  boiling  water  takes  up  heat  and 
Hir  relative  slowness  with  which  cold  tvater  absorbs  heat, 
rs/irrially  when  the  circulation  is  impaired,  the  author 
nri/ites  for  the  introduction  of  feed  water  at  boiling  tem- 
perature into  the  steam  space  of  the  boiler. 

The  arguments  for  and  against  using  live  steam  for 
heating  feed  water  are  well  known.  The  theorist  has 
.failed  to  make  good  in  his  attempt  to  deny  the  gain 
claimed  by  practical  engineers  to  result  from  such  feed 
heating  because  it  was  in  direct  contradiction  with  his 
theory;  he  should  have  amended  his  theory  to  agree  with 
the  facts.  It  is  the  purpose  of  this  article  to  submit  a 
number  of  facts,  some  of  which  do  not  agree  with  what 
one  would  naturally  suspect  from  the  conditions ;  also, 
to  deduce  a  satisfactory  theory  to  explain  the  gain  and 
saving  due  to  feed  heating  with  live  steam. 

AVater  at  a  temperature  of  500  deg.  when  discharged 
into  the  atmosphere  from  its  confining  pressure  will  ab- 
sdili  its  own  heat  so  rapidly  in  evaporating  a  portion  of 
it  and  expanding  the  vapor  that  a  pei'son  may  stand  with 
impunity  within  a  few  feet  of  and  in  line  with  an  inch 
discharge  nozzle.  The  vapor  itself  as  well  as  the  straggling 
drops  of  water  will  feel  cool  instead  of  hot. 

If  the  exhaust  from  an  engine  is  discharged  upward 
into  a  stack  which  is  open  at  the  top  and  bottom,  much 
of  the  exhaust  steam  will  be  condensed,  and  the  drops 
of  water  descending  through  the  ascending  column  of 
mixed  air  and  vapor  will  feel  cool  to  the  hand.  This 
cooling  is  caused  by  the  steam  giving  up  to  the  air  the 
heat  required  to  expand  the  latter  to  the  volume  due  to 
the  increased  temperature. 


Gas  or  air  under  pressure  at  an  ordinary  temperature 
will  absorb  heat  rapidly  upon  being  allowed  to  escape  in- 
to the  atmosphere  or  even  into  a  compartment  which 
is  under  less  pressure.  This  absorption  of  heat  is  suffi- 
cient to  produce  freezing  of  the  contained  moisture  in 
the  case  of  air  at  a  temperature  of  60  deg.  and  under  a 
pressure  of  60  lb.  when  exhausted  into  the  atmosphere. 
The  same  effect  is  produced  in  the  natural-gas  regions, 
where  the  initial  pressure  of  the  wells  is  high  and  is  re- 
duced by  means  of  a  reducing  valve.  Also,  where  a  small 
quantity  of  gas  is  allowed  to  pass  through  a  valve  for  use 
as  fuel,  the  pipe  between  the  valve  and  the  furnace  be- 
comes covered  with  frost.  Steam  escaping  under  pres- 
sure will  absorb  its  own  heat  so  rapidly  that  the  hand 
may  be  held  in  the  escaping  vapor  at  a  slight  distance 
from  the  point  of  issue  without  discomfort. 

Boiling  water  absorbs  and  stores  up  as  latent  all  avail- 
able heat  of  an  intensity  greater  than  the  degree  at  which 
the  boiling  takes  place,  depending  upon  the  pressure  to 
which  the  liquid  is  subjected.  A  reduction  of  pressure 
will  produce  an  enforced  evaporation,  and  the  heat  neces- 
sary to  accomplish  it  will  be  absorbed  with  avidity  from 
the  surrounding  surfaces  or  from  the  body  of  the  liquid 
itself,  depending  upon  the  relative  temperature  of  the 
two  and  also  of  the  liquid  in  contact  with  the  heated  sur- 
faces. If  that  liquid  is  below  the  point  of  evaporation, 
due  to  the  pressui-e,  evaporation  will  not  take  place  in 
contact  with  the  heated  plates  and  the  enforced  absorp- 
tion of  heat  from  the  heated  surfaces  will  not  take  place. 

It  is  the  evaporation  of  water  and  the  resulting  rapid 
absorption  of  heat  that  makes  it  efficient  in  extinguish- 
ing fire.  If  the  water  could  not  evaporate,  and  could 
only  absorb  the  heat  by  an  equivalent  rise  in  temperature, 
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III!'  walri  would  licdiiiir  It'll  li(il  in  a  short  liiiii'  mihI 
wonlil  Ik-  lull  little  lictlrr  in  |iiiltin;;  mil  n  lire  Ihiin  so 
iiuicli  ."iliot  (iron)  tlirovvn  iijion  it. 

Colli  wilier  is  II  poor  eonihiclor  ol'  heat,  and  is  licatcd 
li\  roiiveelion  when  the  point  of  appliealion  of  the  heal 
IS  liejow,  as  wali'r  nia\  \>r  ImhIi'(I  for  hours  hy  heatiiij; 
from  altovc  and  reiiiiiin  |iiiu  in  iill\  iinail'eited  lielow  ;  also, 
ice  will  not  niell  to  exceed  ',\  in.  Wclnw  liie  siiifiice  with 
two   hours'   hoilin^f   at    the   surface. 

.\  particle  of  water  in  evaporatiiif;  inslanllv  ahsorhs 
enou<.di  heal  to  have  raised  its  temperature  from  ;52  to 
lOltO  (leg.  F.  had  it  i-oiitinued  to  exist  as  water.  It  is 
evident  that  water  at  '■'•'i  <leg.  cannot  po.ssihiy  ah.sorh  in- 
stantaneously lieat  enough  to  raise  its  temperature  a 
small  nunihor  of  "degrees,  even  if  the  plate  with  wliuii 
It  is  in  contact  were  red  IioI.ms  witnessed  iiy  the  spher- 
oidal state  of  water. 

.\  glass  hoiler  with  a  Hal  melallic  hoUoin  for  tlie  heal- 
ing sni'face  was  arranged  so  tlial  water  coidd  he  intro- 
(lureil  inio  pans  in  ihc  sleani  space  or  iulo  the  \\atei' 
spare  ill  ihe  ordiiiar\  wa\.  When  cold  water  was  led 
iiitii  liic  water  space  the  Itoiliiig  ceased  almost  immedi- 
alcK.  while  it  iiu-rt'ascd  perceptihiy  wiieii  fed  into  the 
pans  in  the  steam  space.  The  hoiler  could  l)o  removed 
entirely  from  the  souit'c  of  heat  and  remain  for  some 
lime  after  it  had  ceased  to  hoil,  when  it  would  hoil  rapidly 
again  upon  feeding  cold  watci-  into  the  pans  in  the  steam 
space. 

.\  hoiler  that  has  stood  uj)  under  heavy  service  all  day 
will  sometimes  "bag  a  sheet"  a  tier  tlie  engine  has  been 
stopped,  tlie  feed  turned  on  and  the  fire  banked.  This 
is  caused  by  the  sudden  change  from  conditions  favor- 
.il)le  1o  lh(>  rapid  absor])tion  of  heat  from  the  heating 
surfaces  to  the  worst  combination  of  conditions  against 
such  absorption.  During  tlie  day  the  rapid  consumption 
of  stt'am  causes  a  strong  ebullition,  keeping  the  water 
in  circulation,  preventing  sediment  or  loose  scales  from 
settling  on  the  heating  surfaces,  and  the  heat  is  rapidly 
absorbed  in  the  evaporation.  When  the  engine  is  stopped 
and  the  feed  turned  on,  ebullition  ceases,  a  layer  of  sedi- 
ment settles  down  on  the  heating  surfaces,  causing  a 
ra})id  accumulation  of  heat  in  the  boiler  plates. 

The  question  now  resolves  into  whether  there  should 
be  boiling  water  in  contact  with  the  plates  and  tubes,  or 
water  below  the  boiling  point.  To  have  boiling  water, 
live  steam  must  be  used  to  heat  it;  but  it  will  absorb 
more  heat  from  the  heating  surface  by  reason  of  its  be- 
ing at  the  boiling  point.  With  cold  water  (any  tem- 
))erature  below  that  due  to  the  working  pressure  of  the 
boiler)  in  contact  with  the  plates  and  tubes,  we  will  save 
the  steam  necessary  to  heat  it  to  boiling,  but  will  lose  in 
heat  Ijeing  absorbed  more  slowly  by  the  cooled  water.  In 
the  first  case,  the  heat  is  "]nilled''  into  the  water  by  rea- 
son of  the  enormous  demand  for  heat  sufficient  to  make 
the  change  from  water  to  steam,  while  in  the  second 
case  the  heat  is  "pushed"  into  the  water  in  opposition  to 
its  nonconducting  property. 

Other  gains  from  feeding  water  at  the  boiling  point 
are  the  increased  circulation,  the  maintenance  of  a  uni- 
form temperature  in  all  parts  of  the  boiler,  and  the  pos- 
sibility of  removing  impurities  from  the  circulating 
water,  thus  adding  to  the  power  and  safety  of  the  boiler 
and  reducing  the  expense  for  fuel  and  repairs. 

It  is  sometimes  claimed  that  the  balance  or  equality 
of  temperature  between  the  M-ater  and  the  steam  within 


ihc  boiler  is  iiiiiinlained  aiiloniatically.  some  of  liie  walir 
liassiiig  into  Ihe  steam  or  some  of  the  steam  being  coii- 
deimed  into  tiie  water  to  make  up  any  cxcesH  or  (ledcieiu  v 
of  heat  in  the  one  or  the  olher.  There  is  a  wondcilnl 
capacity  for  making  up  any  deliciency  in  the  Hteam  spai  ■ 
by  Ihc  evaporation  of  water,  but  not  so  in  getting  the 
heal  back  from  the  steam  into  the  water.  This  is  plainly 
shown  in  connection  willi  ihe  coiitiniietl  boiling  of  water 
in  one  eompartnieiil  ol  an  air-tight  system,  wlien  re- 
moved from  the  source  of  heat,  to  replace  the  steani  in 
another  compartment  in  which  the  steam  is  being  con- 
densed by  immersion  in  a  bath  of  mi\cd  ice  and  salt. 
The  bull)  containing  the  boiling  water  will  lose  its  lieat 
rapidly  and  will  feel  cold  to  the  hand  while  the  pijie 
connecting  the  two  eoinpartmenls  is  still  (piit(!  iiot,  show- 
ing ihal  the  enforced  boiling  is  at  the  expense  of  the  heat 
ill  the  water,  cooling  it  rapidly,  even  to  the  extent  of 
Iree/ing  it  hy  boiling  if  liie  system  is  entirely  freed  of 
air  so  that  the  condensation  of  the  vapor  will  reduce  the 
|iressure   lo  a    \acuiim    as   the   iciiiperatnre   is   reduced. 

The  dilllculty  of  getting  the  heat  from  the  steam  to  the 
water  when  there  is  a  deliciency  of  heat  in  the  water 
is  plainly  shown  by  observation  of  conditions  existing  in 
a  firebo.x  boiler  into  which  too  much  cold  feed  water  has 
been  introduced  below  the  water  line.  Often  the  water 
drawn  off  through  the  blowolf  valve  is  found  to  be  cold 
while  the  steam  gage  indicates  80  to  100  lb.,  and  the 
temperature  would  not  become  unbearable  to  the  hand 
until  a  considerable  portion  of  the  surplus  water  had 
been  withdrawn. 

Vemxiraaia^  iBuapiPO'^edl  Sec^ioiraai 
W®iile2'°T^]b)e  lEoales' 

Interest  is  being  shown  in  a  sectional  water-tube  boiler 
manufactured  in  Canada  and  designed  by  A.  Venning, 
Preston,  Ont. 

In  many  respects,  it  resembles  the  ordinary  type  of 
water-tube  boiler,  but  embodies  several  features  designed 
to  improve  the  circulation  and  steaming  capacity,  in- 
crease the  area  for  mixing,  combustion  and  travel  of  the 
gases,  eliminate  tube  troubles  and  reduce  the  cost  of 
maintenance  and  repairs.  It  is  made  of  wrought  steel 
to  comply  with  the  government    regulations. 

The  circulating  tubes  l)etween  the  steam  drums  and  the 
tops  of  the  rear  headers  are  dispensed  with,  and,  instead, 
one. large  circulating  pipe.  Fig.  1,  is  used  to  convey  the 
water  from  each  drum  to  the  bottom  of  the  header  sec- 
tions, thus  directing  a  full  supply  of  water  to  the  lower 
rows  of  tubes  where  it  is  most  needed.  The  pipe  also 
keeps  the  tubes  well  supplied  under  all  conditions  and 
thus  insures  a  constant,  rapid  and  positive  circulation. 

The  forged-steel  headers  and  nipple  connections  are 
also  larger  than  usual,  so  that  the  steam  is  provided  with 
a  ready  means  of  escai)e  as  soon  as  it  is  generated.  The 
effect  of  this  mode  of  circulation  will  be  readily  appreci- 
ated when  it  is  realized  that  at  least  70  per  cent,  of  the 
steam  is  generated  in  the  lower  rows  of  tubes ;  that  with 
the  water  flowing  in  one  direction,  every  tube  is  brought 
into  action,  there  being  no  possibility  of  short-circuiting 
in  some  tubes,  with  sluggish  or  even  reversed  currents  in 
others. 

The  headers  are  made  of  forged  steel  and  so  staggered 
that  one  tulje  overlaps  the  space  beneath  it.  They  are  of 
larger  section  than  usual  and  by  having  the  tube  spacing 
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increased  v.itli  an  easier  curve  of  siniuition,  provide  a 
greater  internal  area  of  waterway  and  offer  a  niiniiiuim 
resistance  to  the  flow  of  steam  and   water. 

The  handholes  opposite  the  end  of  each  tube  are  oval, 
Fig.  2,  being  cut  out  of  the  solid  metal;  the  tube  holes 
are  drilled  by  the  same  machine,  with  no  punching  work 
whatever  in  the  manufacture  of  the  headers.     The  hand- 


no  troubk;  being  experienced  with  the  boilers  already  in- 
stalled. The  pipe,  by  having  an  elbow  at  the  lower  end, 
compensates  the  effects  of  expansion  and  of  contraction. 
It  is  satisfactory  in  operation,  and  as  the  drums  are  sus- 
pended in  the  usual  manner  from  rolled-steel  beams  and 
channels,  no  weight  is  brought  to  bear  on  this  pipe. 
The  tube  center  spacing  is  greater  than   usual,   both 
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Fi(i.  1.  End  and  Side  Elevations  of  a  New  Water- Tube  Boileh 


The   end   elevation   shows   a   half  section   through    the   furnace 
between   the  drums  and   the  tu 

hole  cover  plates  are  placed  on  the  interior  with  ample 
clearance  between  the  plates  and  the  header;  the  joint 
is  made  with  a  thin  gasket,  bearing  on  machined  sur- 
faces. 

The  steam  and  water  drums  are  of  lai'ge  diameter  and 
at  the  front  end  of  each  and  riveted  to  it  is  a  forged-steel 
cross  box,  made  from  a  solid  plate  without  weld  or  seam, 
the  box  being  connected  to  the  front  headers  by  5-in. 
nipples,  giving  a  large  discharging  capacity. 

At  the  rear  of  each  drum  and  connected  to  a  wrought- 
steel  nozzle  is  a  large  circular  lap-welded,  steel,  down- 
take  pipe,  which  conveys  the  water  to  the  bottom  of  the 
headers.  Both  are  connected  to  a  24-in.  cross  drum  at 
the  lowest  point  of  the  boiler  and  in  a  position  remote 
from  the  action  of  the  fire  and  the  hot  gases.  It  is  made 
of  steel  plate,  riveted  and  reinforced  at  the  nipples. 

By  using  a  large  drum,  the  velocity  of  water  passing 
through  it  is  greatly  decreased  so  that  the  solid  material 
in  the  water  has  time  to  precipitate  somewhat.  As  the 
points  of  entry  are  limited  by  the  number  of  downtakes, 
the  impurities  settle  at  these  points  and  are  drawn  off 
by  the  blowoff  pipe  placed  beneath  each  opening.  With 
this  reduced  velocity  and  a  change  in  the  direction  of 
How,  there  is  less  chance  of  impurities  being  swept  di- 
rectly into  the  generating  tubes  than  if  the  water  had 
to  force  its  way  to  the  bottom  of  the  headers. 

'^rhe  drum  is  carried  on  roller  plates,  resting  on  a  solid 
foundation,  provision  being  made  for  the  blowoff  pipes 
to  be  placed  at  the  bottom.  Another  feature  is  that,  with 
double-drum  boilers,  these  large  downtakes  act  as  equal- 
izing pipes  in  maintaining  a  uniforin  water  level  in  bolii 
drums. 

The  joints  at  the  flanges  of  the  downtakes  suffer  no 
injurious  effects  from  the  action  of  the  gases,  it  is  said. 


and    rear    pass.      The    side    elevation    shows    the    connections 
bes  and  the  rear  bottom   drum. 

horizontally  and  vertically,  giving  more  room  for  the 
mixing  and  the  combustion  of  the  gases,  with  a  larger 
area  in  each  pass  for  their  travel,  so  that  the  baffles  can 
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be  carried  the  full  depth  of  the  section,  thus  making  the 
whole  of  the  tubular  heating  surface  effective. 

The  floor  space  occupied  by  this  boiler  is  slightly 
greater  than  in  many  others,  on  account  of  the  increased 
sf)acing  of  the  tubes.  As  the  quantity  of  water  a  boiler 
\v\l\  evaporate  is  not  directly  dependent  on  the  amount 
of  its  heating  surface  nor  on  the  quantity  of  coal  it  will 
burn,  but  mainly  upon  its  effective  circulation,  it  will  be 
seen  that  the  question  of  space  is  offset  by  other  ma- 
terial advantages  in  th(>  boiler  itself. 

The  boiler  can  be  made  with  a  number  of  5-in.  down- 
take  pipes,  expanded  into  a  (;ros8  box  at  the  rear  of  the 
drum,  or  curved  and  expanded  into  the  side  of  the  mud 
(I ruin,  thus  dispensing  with  the  special  nozzles  and  more 
costly  pipe,  and  at  the  same  time  providing  a  positive 
circulation  throughout. 

Superheaters  can  be  attached  in  the  usual  way. 
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Some  Steam  Plants! 

\\\    (iKiiimi:   I''.   W 1 1,1,1s 

Diiritifj  Honii'  H)  yen  is  ol'  all  kiiidH  of  I'xitcricncc,  I 
Imvc  strii  sti'iiiii  pliiiits  niii  so  closely  to  Hit-  ultiiiiiitr  iiid 
of  tliiii<;s  thai  colil  cliills  laii  ii|>  my  hack  to  l)i!  in  llicin. 
I  oiu'c  ualktMJ  out  of  ii  sawmill  in  Alabama,  al'tcr  having 
spent  a  lew  minutes  there.  In  thai  time  they  were  liyinj^ 
to  make  an  injeetor  work,  will)  no  water  in  si^lil  in  the 
lioiler  and  st(>ani  lilowin;^;  oil"  at  I'M)  11).  Kiloir  I  lind 
•,'one  a  lialf  mile  the  hoileis  exploded. 

(U  all  (he  e.xperienees  I  ever  had,  tlie  followinj^  was  the 
extreme  limit.  Haek  in  the  eifjhties,  my  father  sent  me 
to  a  little  town  in  'iVnnossee  to  run  a  .sawmill.  'Phis 
mill  had  been  operated  hy  a  man  wlio  was  put  down  as 
a  sawmill  e.\pert  in  that  section.  .\s  a  matter  of  fact, 
he  had  been  smressful  in  producing  lumber,  as  success 
and   mills  went  in  those  days. 

'This  was  considered  a  l)i<^  mill.  The  boilers,  which 
were   supposed    to   have   conu:    from    Mnj^dand    oiiginally. 


Sawmill  Boilers 

had  been  taken  out  of  a  Mississippi  Eiver  steaml)oat 
after  many  years'  service.  They  were  40  in.  in  diam- 
eter by  30  ft.  long,  each  had  two  14-in.  flues,  and  were 
connected  together  below  by  what  was  called  a  "stand- 
pipe,"  althougli  I  have  no  idea  where  the  name  origi- 
nated. This  device  consisted  of  a  IT-shaped  cast-iron  pipe 
with  about  a  2y2-in.  opening.  Each  of  the  legs  was  con- 
nected to  a  boiler,  and  from  the  bottom  of  this  pipe,  in 
either  direction,  led  a  connection  of  the  same  size,  run- 
ning through  the  boiler  walls.  The  water  supply  was 
supposed  to  be  put  in  through  the  left-hand  end  of  this 
connection,  wliile  the  blowofP  valve  was  on  the  other  end. 
The  blowoff  valve  and  connection  was  in  place  all  right, 
fortunately,  as  will  be  seen,  but — as  there  was  no  feed 
pump — the  other  end  was  blanked ! 

The  feed  water  was  supplied  to  the  boilers  by  an  in- 
jector, which  had  been  piped  into  the  back  end  of  the 
left-hand  boiler.  On  this  same  boiler,  on  the  front  end, 
was  one  solitary  gage-cock,  the  others  having  long  since 
been  broken  off  and  the  holes  filled  with  iron  plugs.  The 
two  boilers  were  connected  above  by  a  cast-iron  pipe  sim- 
ilar to  the  one  described,  having  two  openings,  one  for 
the  steam  line  to  the  engine  and  the  other  for  a  safety 
valve. 

With  two  boilers  so  connected  and  fed  through  one  of 
them  (call  it  .-1),  if  the  other  (i?)  got  any  water,  it  had 


to  go  down  the  leg  fnini  boder  .1  and  lip  Ihroiigh  the 
leg  into  //.  There  whs  nolhiiig  whatever  to  hIiow  the 
waU-r  level  in  boiler  //,  and  only  one  gHg<'-cock  on  A. 
1  asked  ilie  "engineer"  how  he  knew  where  the  water 
li\el  uas.  lie  .said  if  it  "showed,"  he  cut  olF  the  in- 
jector, and  if  it  did  not  he  started  it.  As  there  was  no 
steam  gage,  I  inipiired  how  he  told  what  the  pressure 
was.  lie  said  if  the  engine  "pulled"  all  right,  he  kne-w 
be  had  enough;  if  it  did  not,  he  fired  up! 

.\llbough  an  inexperienced  boy,  I  knew  this  would  not 
(111,  so  I  got  HoiiK!  gage-cocks,  three  for  (tacli  boiler,  and 
after  a  day's  work  drilling  out  tlw  iron  plugs  and  threJid- 
ing,  I  got  them  placed.  Then  I  jMit  on  a  pressure  gage, 
liut,  as  I  remember  it,  1  used  the  old  opening  on  top  of 
boiler  .1    for  this.     \e.\t  I  started  to  get  up  steam. 

\{  about  ;iO  lb.  pressure  I  winl  around  to  the  blowoff 
valve  on  boiler  Ii  and  opened  it.  ,\ll  1  could  get  was  blue 
steam.  I  had  the  fire  pulled  at  once,  and  when  the  boil- 
ers were  cooled  down,  I  took  out  the  maidiole  plates  in 
boilers,  and  looked  in.  Hoiler  ji 
had  no  water  at  nil,  and  the 
U-pipe  connection  from  boiler 
A  was  entirely  stopped  u])  by 
.scale  and  ru.st.  There  was  no 
opening  to  be  seen. 

I  got  this  cleared  out,  and 
started  the  fires  again.  At 
al)out  the  same  pressure  as  Ije- 
fore,  with  a  long  stick,  I 
raised  the  lever  of  the  safety 
valve.  This  was  a  long- 
weighted  lever  with  a  cast- 
iron  ball  on  it  as  large  as  a 
man'.s  head.  I  lifted  the  lev- 
er and  ball  all  right,  but  no 
steam  blew  out.  I  pulled  the 
fires  again,  and  investigated. 
Evidently  some  time  the 
valve  liad  leaked,  and  the 
"engineer"  had  poured  'i'>  lb.  of  melted  babbitt  on 
top  of  the  valve  to  stop  the  leak. 

The  engine,  which  was  14x24  in.,  had  no  governor  and 
was  controlled  by  what  we  then  called  a  "sawyer's"  valve, 
which  was  really  a  pivoted  disk  in  the  steam  line.  "When 
the  sawyer  pulled  this  valve  wide  o])en,  the  engine  did 
the  best  it  could  with  the  load. 

He  usually  speeded  the  engine  up  to  about  what  he 
thought  it  would  stand,  and  plunged  the  saw  into  the 
cut.  I  am  willing  to  gamble  tliat  the  rim  of  the  engine 
wheel  had  many  times  exceeded  all  safe  limits,  and  that, 
theoretically,  it  should  have  burst  long  ago.  I  put  on  a 
fly-ball  governor;  the  men  did  not  think  much  of  it. 

The  boilers  were  of  the  softest  and  most  ductile  iron. 
I  remember  well  how  this  iron  cut  and  looked.  The 
boilers  had  been  in  use  for  years  before  doing  duty  in  the 
sawTnill,  and  the  mill  had  been  run  years  and  years  in 
different  locations  before  I  ever  saw  it.  What  pressures 
the  boilers  had  been  imder  is  a  wild  guess.  Just  guess- 
ing will  never  come  within  a  half  mile  of  the  truth! 
All  this  is  aljsolutely  true   and  unexaggerated. 

Coal  Briquettes  to  the  amount  of  181.859  tons,  valued  at 
$1,007,327,  were  manufactured  in  1913,  according  to  Edward 
W.  Parker,  of  the  U.  S.  Geological  Survey.  Compared  with 
1912.  there  was  a  decrease  of  17  per  cent,  in  tonnage,  but  an 
increase   of  5%   per   cent,   in   value. 
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On  other  pages  of  this  issue  arc  given  the  operating 
(lata  of  the  Chicago  Federal  Building  plant,  and  an  es- 
timate is  made  of  the  saving  effected  by  the  installation 
(if  generating  units  to  supply  current  for  power  and  light- 
iig.  The  building  liad  ample  capacity  in  boilers  which 
>u're  installed  to  supply  steam  to  elevator  pumps,  air 
(onipressors,  miscellaneous  machinery  and  to  the  heating 
system,  as  the  supply  of  exhaust  steam  only  fulfilled 
about  one-half  the  demand  for  heat  in  the  colder  weather. 
It  was  a  simple  matter  to  install  engine-driven  generators 
which  would  reduce  this  steam  to  the  proper  pressure 
lor  heating  and  at  the  same  time  generate  all  the  cur- 
rent that  was  needed  for  light  and  power. 

The  advantage  of  such  an  arrangement  was  apparent, 
and  government  officials  selected  to  investigate,  estimated 
an  annual  saving  of  at  least  ten  thousand  dollars  over 
buying  current.  Notwithstanding,  it  required  years  of 
agitation  to  overcome  powerful  political  influence  brought 
to  bear  and  a  reduction  in  rates  tendered  by  the  central 
station.  When  the  matter  was  brought  to  the  attention 
of  the  present  administration,  the  installation  of  an  iso- 
lated plant  was  sanctioned,  qnd  the  results  obtained  in 
the  first  month's  operation  vindicate  the  decision  made 
at  Washington. 

The  plant  has  exceeded  expectations.  Kunning  under 
adverse  conditions  at  the  start,  it  has  made  a  saving  of 
seventeen  hundred  dollars  for  the  month  of  March  as 
compared  with  the  same  month  of  last  year.  Due  to  de- 
lay in  installing  a  meter,  no  records  are  available  on  the 
actual  steam  consumption  of  the  engines,  but  meters  in- 
stalled for  the  other  departments  showed  that  more  steam 
was  generated,  excluding  that  taken  by  the  generating 
units.  The  temperatures  were  nearly  the  same  and  the 
cost  of  coal  varied  only  four  cents  per  ton.  Under  these 
conditions  the  difference  in  total  operating  expense  was 
the  foregoing  figure.  With  the  operating  conditions  im- 
proving, as  they  will,  the  saving  should  be  greater.  In 
the  months  colder  than  March,  when  more  steam  is  re- 
quired for  heating,  there  is  every  reason  to  expect  a  larger 
gain,  although  this  will  be  offset  by  a  reduction  during 
the  warm  weather. 

The  estimate  in  the  article  of  an  average  saving  in 
operating  expense  of  eighteen  hundred  dollars  for  six 
months  and  six  hundred  dollars  per  month  for  the  bal- 
ance of  the  year,  is  conservative,  and  it  would  not  be  sur- 
prising if  the  year  to  come  showed  results  in  excess  of 
the  estimate.  On  the  above  assumptions  the  annual  sav- 
ing amounts  to  more  than  fourteen  thousand  dollars, 
and  deducting  the  usual  percentage  for  interest  and  de- 
preciation leaves  a  net  balance  exceeding  ten  thousand 
dollars,  which  is  23.5  per  cent,  of  the  total  investment. 

From  the  data  given  in  the  article  the  kilowatt-hours 
generated  averaged  4366  per  day.  Dividing  this  by  twenty- 
four,  gives  182  kilowatts  as  the  mean  load,  although  at 


times  the  maximum  demand  exceeded  300  kilowatts.  It 
is  evident  that  the  electrical  load  is  small  for  so  large 
a  saving,  but  it  only  shows  what  can  be  done  when  there 
is  a  heating  system  of  sufficient  capacity  to  utilize  all  or 
the  greater  part  of  the  exhaust  steam.  The  efficiency  of 
the  combination  is  approximately  sixty  per  cent. — that 
is,  this  percentage  of  the  heat  in  the  coal  is  used  as  com- 
pared to  five  to  ten  per  cent,  in  a  noncondensing  engine 
exhausting  to  atmosphere. 

It  is  surprising  how  many  buildings  in  Chicago,  and 
other  cities  for  that  matter,  buy  their  current.  Many  of 
them  have  boilers  for  heating,  and  their  electrical  load 
will  average  as  much,  if  not  more,  than  that  of  the 
Federal  Building.  The  coal  and  ash  nuisance  cannot  be 
advanced,  for  they  must  have  coal  for  heating  and  but 
little  more  will  generate  the  current  as  well.  Unless  the 
owners  are  given  a  rate  much  below  what  the  central  sta- 
tion can  charge  without  disci'iminating  against  the 
greater  part  of  its  customers,  an  uptodate  generating 
plant  will  save  them  money.  What  the  rate  should  be 
to  make  purchased  current  desirable  may  be  estimated 
from  the  large  saving  effected  in  the  Federal  Building, 
which  was  charged  l.'J  cents  per  kilowatt-hour  and  only 
0.9  cent  for  any  current  in  excess  of  100,000  kilowatt- 
hours  per  month. 

The  authorities  at  Washington  are  to  be  congratulated 
on  their  insight  and  the  vindication  of  their  belief  in  a 
private  plant.  In  Chicago,  the  Federal  Building  should 
serve  as  an  example,  showing  others  what  they  might  do 
in  their  own  buildings  and  suggesting  an  investment 
which  will  pay  big  dividends. 
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The  paper  on  the  "Influence  of  Volatile  Matter  on 
Combustion,"  printed  elsewhere  in  this  issue,  is  of  inter- 
est in  this  day  of  general  investigation  into  methods  of 
burning  low-grade  fuel  and  into  the  design  of  boiler 
furnaces. 

A  furnace  with  an  arch  over  the  fuel  bed  extending 
from  the  bridge-wall  to  the  front  wall  so  assisted  in 
producing  high  furnace  temperature  that  the  rapid  dis- 
tillation of  the  volatile  matter  from  green  coal  produced 
objectionable  smoke  in  large  volume.  To  reduce  the 
quantity  emitted  in  a  given  time,  part  of  the  arch  was 
removed,  exposing  more  of  the  heating  surface  to  the 
gases. 

On  first  thought,  this  seems  contrary  to  correct  prac- 
tice, for  it  is  generally  conceded  that  hot  surfaces  are 
most  essential  to  prevent  smoke.  They  are.  In  this  case, 
however,  the  nature  of  the  coal  was  such  that  its  rapid 
distillation  was  caused  by  the  heat  radiated  from  the  full 
arch.  By  exposing  more  of  the  heating  surface,  thus  re- 
ducing the  furnace  temperature,  the  rate  of  distillation 
was  decreased  sufficiently  to  drive  off  the  gases  in  vol- 
umes small  enough  to  be  more  or  less  thoroughly  mixed 
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mill  Itiii'iicil  lii'I'di'i-  I'oiiili'iiMil  lull  in  llir  i'(iiii|iiinili\cly 
cool  l)uilfi'  ami  Hue.  It  wiuiiil  scciii  tlial  tlic  siiiik'  i°o- 
s\\\[ — i.ii.,  the  cliiMiiiatioii  ol'  (Iciisc  smoke  al  liif,'li  rales 
of  (listillatioii--coiil(l  lie  aei'om|ilislie(l  liy  iisiii;;  lii;,'liri- 
seltiii;,'s  or  jireater  rnriiace  volume  willi  tlu;  full  aicli. 
'riieii  liiere  would  lie  a  ;,'reater  area  ol'  liot  surfad'  wilh 
wliii'li  tlu>  leases  eoulil  make  eoiilaet  ami  more  aMiilalile 
s|)Mrr    III    wlliell    to  allow    I  lie    llailie   to   liiiin    mil. 

Uiirniiijf  lii,i;li  volatile  coal  suecessrull\  is  iiol  alone  a 
<luestion  ol"  ruriiaee  temiieralure,  iiut  of  f,'as  volume,  ^as 
mixture.  Curnaee  vohiiue,  tcmperalure  and  time.  For  a 
.uivi'M  rurnaee  with  certain  facilities  for  mixiiifj  tlic  ;,'ases, 
smoke  will  lie  produced  if  the  rate  of  distillation  is  hi.s,di. 
This  rate  will  he  iiif^dier.  the  greater  the  furnace  tem- 
perature. 

The  dilTorencc  in  velocity  at  which  the  ^ascs  ))ass 
lliroujih  the  furnace  compared  to  that  at  which  thoy  are 
driven  olV  durinji  the  distillation  ])rocess,  should  be  f^reat 
to  allow  suihcieiit  lime  for  all  the  <;a.>;es  and  the  air  to 
licconie  adeijuaiely   heated   .iiid   mixed. 

It  is  gratifyinir  to  know  thai  this  <>-ovorument  is  con- 
ductiii.ii'  investi<rations  into  the  huriiin<r  of  hiffji-volatilc 
coals  in  hand-fired  furnaces,  (iooduess  knows  there  is 
an  urgent  need  for  siioli  knowledfje  among  those  who  have 
most  to  do  with  the  coinhustion  of  such  fuel. 


Under  this  sigiulicant  title,  a  writer  in  the  PJIectriail 
World  di.scusscs  the  methods  of  a  central  station  in  its 
<ami)aign  of  aggrandizement.  The  article  deserves  to-  be 
<()innu'nded  for  its  frankness,  if  nothing  else. 

After  saying,  in  effect,  that  by  offering  a  tempting  rate, 
it  is  easy  to  sell  current  where  a  plant  has  not  yet  been 
installed,  the  author  exjilains  that  the  real  problem  is 
how  to  induce  the  pros])ective  customer  to  scrap,  shut 
down  or  sell  it,  when  he  already  has  power-generating 
ecpupment.  Those  who  offer  the  princi])al  difficulty  are 
the  ones  who  will  not  make  a  change  until  they  have 
realized  something  on  their  investment  in  plant,  so  the 
enter]>rising  company  referred  to  has  established  a  de- 
))artment  to  buy  in  old  engines  as  cheaply  as  possible, 
sell  them  at  as  near  the  purchase  price  as  possible,  and 
( harge  the  loss  to  the  cost  of  getting  new  business.  On 
a  total  of  123  engines  purchased  and  resold  in  nineteen 
months,  the  average  loss  was  $22  engine — "not  a  large 
fimount  when  placed  alongside  the  estimated  annual  in- 
come" from  the  current  sold. 

Xow  comes  the  interesting  part,  the  dis])osing  of  old 
engines.  To  quote  from  this  highly  enlightening  re- 
port: "The  engine-selling  department  advertises  en- 
gines for  sale  in  papers  which  circulate  in  the  communi- 
ties it  is  desirable  to  reach."  (In  other  words,  where 
current  is  not  for  sale.)  "Adverti-sements  are  not  in- 
serted in  the  company's  name.  It  not  infrequently  hap- 
pens that  a  prospective  purchaser  of  an  engine  who  is 
on  the  company's  lines  will  be  induced  to  change  his 
mind  and  sign  an  agreement  for  electric  servicve  to  do 
ihe  work  an  engine  was  originally  intended  to  do.  When 
a  man  calls  to  inquire  about  an  engine,  the  first  question 
he  is  asked  is  where  he  wants  to  use  it.  If  his  location 
is  beyond  the  company's  sphere  of  influence,  the  negotia- 
xions   proceed.      If   within    the   territory   supplied    with 


servici-  hy  the  company,  the  iiegotiatKuis  stop  right  there 
and  then.  No  engincK  lire  sold  by  the  depMrtnieiit  wlii-re 
the  company's  eleetrie  service  may  bo  obtained."  Mow 
iiai\el  W  lull  liiisiness  acumen  this  organization  displays! 
Tliif-  policy  may  he  set  down  as  shrewd.  So  in  that  of 
-illiii;,'-  -lioddy.  half-cotton  gootlH  for  all-wool,  or  aii\ 
nllicr  iiM  rchiiiidizing  that  deceivcH  Kuocehsfiilly,  but  it  i^ 
not  lionesl.  ,\inl  it  i>  not  professional.  It  is  to  just  such 
unprincipled  nielliods  of  |)romoting  central-station  busi- 
ness Unit  we  are  unalterably  op|)osed.  As  we  have  said 
rejieatedly,  there  is  a  sullicient  legitinnite  field  for  the 
central  station  to  make  recourse;  to  any  qneHtionabi(!  prac- 
tices uniieces.sary.  The  alarming  n-velation  is  that  such  a 
raw  jiroposition  can  Ik;  boldly  ex|)loited  in  puljjic  print, 
apparently  without  fi'ar  of  arousing  the  disgust  and  con- 
<lemnation  of  a  people  who  juide  them.selvefi  in  a  love  of 
fair  ])lay.  It  is  high  lime  that  those  who  are  jealou- 
of  the  good  name  of  American  enginceriii;r  resented  such 
insults. 

GipavHs^   Delivery  of  Coal 

While  gravity  delivery  of  coal  into  power-plant  yards 
lias  recognized  advantages,  the  .saving  per  ton  in  the  cost 
of  handling  fuel  in  this  way,  as  compared  with  mechani- 
cal or  hand  trimming,  depends  upon  many  factors.  Chief 
among  these  are  the  amount  of  coal  storage  required,  the 
difference  in  level  between  coal  yards  and  side  tracks,  and 
the  amount  of  fuel  to  be  handled  in  a  given  time.  The 
cost  of  track  elevation  and  of  placing  coal  cars  at  the 
desired  level  for  economical  dum])ing  must,  in  many 
cases,  be  considered  when  comparing  mechanical  delivery 
with  gravity  dumping. 

In  a  recent  instance,  an  analysis  of  the  fuel-handling 
problem  showed  that  the  delivery  of  coal  by  gravity  from 
cars  on  a  track  fifteen  feet  above  the  yard  saves  the  op- 
erating company  from  fifteen  to  twenty  cents  per  ton  a~ 
compared  with  the  fixed  and  operating  charges  on  a 
fifteen-thousand-dollar  coal-handling  plant  which  would 
otherwise  be  needed.  If  there  were  no  difference  in  ele- 
vation between  yard  and  track,  and  if  no  plant  were  in- 
stalled for  handling  the  fuel,  the  investigation  showed 
that  the  cost  of  trimming  the  coal  by  hand  from  cars 
into  the  yard  would  run  from  twenty-five  to  thirty  cents 
per  ton.  The  company  uses  about  thirtv-five  hundred 
tons  of  coal  annually. 

These  differences  are  important  and  indicate  that  in 
the  study  of  such  problems  and  deduction  of  unit  hand- 
ling costs  for  plants  of  various  sizes  and  designs,  the 
engineer  of  analytical  bent  will  find  much  that  is  in- 
teresting and  profitable. 

Tlh©  W>Klw  ©f  U  I 

Eegardless  of  whether  a  w-ar  is  justified  or  not.  or 
which  side,  if  either,  is  in  the  right,  both  sides  are  al- 
wavs  punished;  and  usually  disinterested  noncombatants 
suffer  as  well.  War  cannot  always  be  avoided  and,  per- 
haps, more  times  than  not,  eventually  proves  to  be  of 
real  good  to  humanity.  Nevertheless,  it  is  an  economic 
waste  in  several  ways.  The  cartoon  in  this  issue  brings 
out  one  of  these  way.s — the  hindrance  of  engineering  and 
industrial  progress — which  is  generally  lost  sight  of  in 
the  contemplation  of  war's  more  horrible  consequences, 
the  cost  in  lives  and  property  destroyed. 
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©oinicQieiniO 


Mr.  Demorest's  siatoment  in  the  Feb.  11  issue,  tliat  a 
rich  mixture  will  backfire  in  tlie  manifold  is  entirely  con- 
trary to  my  experience.  The  statement  should  hold  true, 
according  to  liis  reasoning,  that  tlie  charge  hangs  fire 
during  the  expansion  and  exhaust  stroke;  it  does  not  work 
out  in  practice. 

He  also  states  that  it  is  a  common  mistake  to  attempt 
to  distinguish  between  an  over-rich  and  an  over-lean  mix- 
ture. This  miglit  have  reference  altogetlier  to  an  auto- 
mobile engine,  which  would  liold  true  only  when  the  en- 
gine was  running  idle.  If  the  throttle  were  suddenly 
opened  with  an  over-rich  mixture,  the  engine  would  miss 
and  fire  in  the  muffler.  The  difference  is  (juite  noticeabk; 
on  a  stationary  gas  or  gasoline  engine. 

N.   E.    WOOL.MAX. 

Kittanning,  I'enn. 

After  cleaning  and  overhauling  a  small  refrigerating 
plant  and  recharging  the  system,  it  was  discovered  that 
there  was  a  small  ammonia  leak  on  one  of  the  2-in. 
fianges  on  the  separator  leading  to  the  condenser.  As 
tightening  it  did  not  stop  the  leak,  the  flange  was 
uncoupled  and  a  new  gasket  put  in.  After  trying  again 
it  still  leaked,  and  upon  close  investigation  it  was  noticed 
that  the  flange  appeared  to  be  slightly  curved.  Scraping 
around  the  stud  at  A  of  the  j^acking  gland  it  was  found 
that  the  flange  was  cracked  and  would  not  tighten  evenly 
all  around.  The  flange  was  then  replaced  by  one  with- 
out a  gland.  After  this  side  was  rejjaired  and  the  pres- 
sure applied  to  it  the  flange  on  the  opposite  side  of  the 


sc|iarator    sliowcd    the    same    trouble,    and    on    trying    In 
tighten  it,  a  crack  aj)])eared  in  that  one  also. 

After  this  was  re])aired  1  retnoved  the  %-in.  studs 
and  sawed  tli  rough  the  solid  side  of  one  of  the  flanges, 
the  two  halves  showing  in  the  left  of  the  illustration, 
which  shows  the  flange  to  be  poorly  designed.  The  stud 
lioles  appparently  weaken  the  flange  at  those  points.  No 
further  trouble  was  experienced  with  the  solid  flanges 
that  replaced  them. 

L.   M.  Johnson. 

Knisworth,   l*cnn. 

TiPO^lbH©©  'wMlk  ID)©©p  "WeMs 

Our  driven  wells  are  several  luuidred  feet  deep  and  wa- 
ter is  pumped  with  a  deep-well  and  a  one-geared  pump; 
the  cylinders  are  at  a  depth  of  275  ft.  The  sucker  rods  are 
21/4-in.   size  and   the  plungers  are  single  acting,   of  the 


Showing  the  Cracked  Flange 


Tools  Used  in  DEi:i'-WioLr>  Hkpairs 

ball-valve  type.  When  anything  goes  wrong  275  ft. 
down,  one  has  his  work  cut  out,  especially  if  there  is  but 
one  source  of  water  supply. 

The  illustration  shows  how  the  bonnet  jtulled  from  the 
plunger  leaving  the  ball  on  top.  The  threads  of  the  bon- 
net were  stripped  so  a  tool  was  made  to  get  the  ball,  as 
shown  at  A.  Then  the  tool  shown  at  B  was  made  and 
used  to  get  the  rest  of  the  fitting. 

At  another  time  something  got  under  the  ball  of  the 
foot  valve  and  in  trying  to  pull  it  in  the  regular  way  the 
spud  broke,  hut  was  finally  got  out  with  the  tool  shown 
at  C.  The  tool  D  ■was  made  to  get  tlie  washer  rings  out 
when  the  lower  bonnet  came  off  with  stripped  threads, 
and  the  rest  of  the  valve  was  removed  bv  using  the  tool  B. 


CO-i 


row  !•;  i{ 


\'nl.  ;i!t.  \o.  17 


Olli'i'  III)'  I'lltirc  rlld  nl  thi'  tNlilliliM'  Sl  I'i  |i|ii'il  illlil  lllf 
foot  Villvf  Wflll  lu  Ihc  iMitloill  of  II  iinii-ft.  well.  A  licilVV 
j;m  pole  WHS  iT<'ftf<l,  lwi»  hnivv  doiililc  IjIiicKh  and  sniiii' 
1 '  (-in.  rope  wore  Dlitaiiicd,  and  four  limst's  wen?  vihciI  Io 
pull  till'  pipe  lip.  vising;  llic  timl  ('  |o  cliitcli  tlif  cylinder, 
'rill-  valve  was  lislied  Ironi  the  lioiioin  nl'  the  well  and  (lie 
riujj  riveted  Imek  on  the  liottom  nl  llic  cNliiider.  We  then 
put  evorvthinj;  hack  mdy  lo  \osv  il  ajiain  and  llieii  hud 
to  pnt  on  a  new  i  ylinder. 

.\l  another  time  the  rod,><  hroke  at  the  cTosshead,  llie 
nut  from  (he  j)in  dropped  to  the  hottoni  and  the  rods 
hroke  af:;ain  Id  It.  down.  This  pieee  went  to  the  hotlniii 
also.  Tlu'  piece  of  rod  was  jjot  out  with  a  short  Jenjilh 
of  ;?-in.  ])ipo  with  a  flat  sprin-r  arran^red  inside,  as  at  I'J. 
A  nut  whicii  was  left  loose  kept  catching  in  the  space  be- 
tween the  ends  of  the  pump  pipe  at  the  couj)Iinj;s.  After 
nndiiufi  a  nuifinet  and  failiiij^  to  <,'el  the  nut,  because  the 
nut  bei'ume  nuifjiietized  an<l  would  stick  to  the  l)ip<'.  <i 
piece  of  stove  pipe  /''  was  arranjicd  to  (it  inside  tlie  (J-in. 
pipi>,  and  slip  down  oxer  the  nut.  'I'lien  a  |)iece  of  l-iii. 
pipe  with  a  flat  spriiiji'  was  let  down  over  the  rods  and 
the  whole  ])ulled  up  tofjether.  The  piece  of  stove  pipe 
kept  the  nut  from  falling  over  as  each  coupling  in  llie 
pipe  was  passed. 

C.  A.  ScoiT. 

Wales.  Wis. 

Few  people  realize  the  exjilosive  power  of  gas  when 
mixed  with  a  sufficient  amount  of  air.  A  man  who 
liandles  dynamite  is  following  a  hazardous  occupation, 
and  engineers  in  charge  of  gas  engines  go  on  day  by  day 
handling  m-  dealing  with  an  explosive  that  is  almost  if 
not  altogether  as  dangerous. 


Eesult   of   thp:   Explosion' 

This  force,  when  properly  applied  to  the  piston,  is 
tamed  dow^n  sufficiently  to  he  turned  into  useful  work, 
but  let  something  go  a  little  out  of  the  ordinary,  as,  for 
instance,  a  certain  amount  of  gas  gets  hy  the  engine  and 
finds  its  way  into  the  exhaust  pit,  as  it  did  in  this  case. 
Then  when  a  spark  gets  to  it,  the  results  are  as  .illus- 
trated. 

The  engine  had  been  shut  down  over  Sunday  and  gas 
had  accumulated  in  the  muffler,  or  found  its  way  through 
while  the  engine  was  being  started.  Three  or  four  at- 
tempts were  made  before  the  engine  fired.     Then  there 


was  a  violent  exjilosion  in  tin;  mnlllcr,  the  concrete  cover 
was  thrown  every  whicii  way,  and  the  wall  over  the  pit 
was  cracked.  The  engine  waw  not  diinuiged,  and  was 
run  thriuigh  the  week  witlutut  a  cover  on  iIk;  pit.  'I'he 
window  was  laised  and  caiivaH  put  iii  to  keep  (he  vibra- 
tion set  u|i  by  the  exhaust  from  breaking  the  glass. 


Colfeyville,   Kan. 


I*.  A.  (jKi-r. 


Repairs  Slho^ldl  OMnplicate 

Mistakes  in  making  repair  parts  and  failure  to  ob- 
serve closely  and  ilui)licate  the  originals  often  cause  an- 
noyance and  loss.  Kor  example,  a  ni-w  discharge  valve 
was  needed  for  a  pump  used  for  hydraulic  elevator  ser- 
vice. The  repair  shop  appart^ntly  got  out  a  nice  job  on 
the  new   \al\c  and  the  ujipcr  cap,  but   the  guide  stem  />' 


Old  .\nd  Xi:\v   V.alves 

was  made  round  and  fitted  closely  in  this  cap,  so  that  when 
the  pump  was  started  after  the  new  valve  was  put  in,  it 
worked  a  few  strokes,  and  then  failed,  because  the  valve 
would  remain  open,  or  up  in  the  ca]),  on  account  of  not 
liaving  vent  around  the  stem  to  erjualize  the  pressure.  The 
old  valve  had  flutes  cut  in  the  stem,  as  shown  at  D.  After 
two  slots  were  filed  in  the  new  stem,  there  was  no  further 
trouble. 

C.  K.  McGahey. 
Baltimore,   Md. 

An  ammeter  that  would  itself  carry  the  total  current 
to  be  indicated  for  large  generators,  would  be  prohibitive 
in  size.  Accordingly,  it  is  customary  to  have  the  am- 
meter carry  only  a  small  proportion  of  the  current  that 


Ammeter  Connections  fok 

Alternating-Current 

Circuit 


Ammeter  Connections 

FOR  Direct-Current 

Circuit 


it  indicates,  but  the  scale  is  marked  as  if  the  whole  cur- 
rent were  going  through  the  meter.  In  alternating-cur- 
rent work,  this  is  accomplished  by  means  of  a  current 
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transformer,  as  indicated  in  Fig.  1.  In  direct-current 
work,  a  low  ohmic  resistance  is  cut  into  the  circuit  the 
current  of  which  is  to  be  measured;  the  ammeter  being 
connected  in  parallel  with  this  resistance.  The  propor- 
tion of  the  current  taken  by  the  ammeter  depends  upon 
the  resistance  of  itself  and  leads  as  compared  with  that 
of  the  shunt.  This  being  true,  lead  resistance  is  as  im- 
portant in  fixing  the  ratio  of  current  division  as  is  am- 
meter resistance  and  only  leads  of  a  certain  resistance 
will  permit  correct  indications  on  the  meter. 

In  a  case  in  mind,  a  short-circuit  behind  the  switch- 
board, burned  the  coiled-up  ammeter  leads  so  that  they 
had  to  be  replaced.  An  equal  length  of  silk-covered 
lamp  cord  was  used  to  replace  them;  but  its  cross-section 
was  so  much  greater  than  that  of  the  original  leads,  that 
the  ammeter  indicated  about  40  amp.  high,  a  difference 
that  the  engineer  noticed  because  he  knew  what  the  load 
should  be  when  certain  switches  were 'closed. 

To  check  his  conviction,  he  cut  the  ammeter  into  series 
with  another  one  which  he  knew  to  be  about  right.  With 
a  steady  current  flowing  through  both  meters  and  their 
shunts,  he  lengthened  the  faulty  leads  and  found  that 
this  decreased  the  error ;  so  he  got  a  longer  piece  of  the 
same  cord,  skinned  it  for  an  inch  or  so  at  intervals  of  a 
foot,  to  make  trial  connections  easy,  and  by  trial  found 
the  length  that  would  cause  the  two  meters  to  indicate 
the  same ;  he  then  tinned  the  ends,  flattened  them  with 
a  hammer  and  drilled  them  to  make  a  terminal  and  per- 
manently connected  them ;  and  everything  was  all  right. 
When  the  leads  were  too  low  in  resistance,  the  ammeter 
took  more  than  the  proportion  of  current  for  which  its 
scale  had  been  made,  so  the  scale  was  useless  unless  the 
error  was  known. 


J.   A.  HORTON, 


Schenectady,  N,  Y. 


IfllHiQieif' 

The  crank-end  cylinder  head  on  the  high-pressure  side 
of  a  30  and  60  by  54-in.  compound  engine  began  to  leak 
soon  after  the  engine  was  erected.  The  leak  extended 
about  one-third  of  the  way  around  the  head,  and  also 
showed  under  the  nuts.     To  repair  it  by  removing  the 


JOIXT    CLAirP 

cylinder  would  have  been  (piite  a  job,  and  tightening  the 
nuts  would  not  stop  it. 

The  bolts  joining  the  cylinder  to  tlu'  frame  were  on 
the  inside.     A  small  groove  was  chipix-d  around  the  edge 


of  the  flange  and  a  copper  wire  calked   into  it,  as  at  A, 
and  overlaid  with  asliestos  wicking,  at  J^. 

A  i/^-in.  rod  C  was  bent  to  encircle  the  frame,  having 
an  eye  in  one  end  through  which  the  other  end  passed, 
to  he  drawn  up  with  a  nut. 

Three  small  spanners  J)  were  used  to  force  the  rod  up 
against  the  head,  by  driving  them  in  between  the  shoulder 
of  the  frame  and  the  rod.  The  illustrations  show  the 
parts  all  assembled  ready  to  be  tightened,  and  after  the 
job  was  done.  Drawing  up  the  nut  so  that  the  rod  was 
drawn  tightly  around  the  flange,  and  at  the  same  time 
driving  the  spanners,  resulted  in  forcing  the  asbestos 
tightly  into  the  corner. 

After  the  nuts  were  taken  oK  and  cup])ed  out  in  a  lathe 
and  replaced  with  asbestos  wicking  wraped  around  the 
bolts,  the  job  was  a  success.  It  required  but  little  time 
and  practically  no  expense.  Copper  wire  is  hardly  neces- 
sary, as  the  wicking  would  fill  the  space  just  as  effective- 
ly. The  writer  has  often  made  use  of  this  method  in 
stopping  leakage  ai'ound  bolts. 

JosKi'H  Stewart. 

Hamilton,  Ohio. 

Fig.  1  shows  the  design  of  a  troublesome  governor 
drive,  due  to  slipping  and  breaking  ropes,  jumping  out 
of  their  grooves,  getting  crossed  and  tangled.  Further- 
more, it  was  next  to  impossible  to  keep  all  of  the  ropes 
under  the  same  tension,  due  to  stretching. 

llawhide  and  other  kinds  of  ropes  were  used,  but  while 


Fig.  1.  Genkral  Design  of  Governor  Drive 


Fig.  '2.     TTow  the  Bet.t  AA'as  Made  to  Fit  the  Pullev 

the   rawhide   ro])o  gave   the  most   satisfactory  service,   it 
did  not  prove  reliable. 

To  make  the  governor  drive  reliable,  a  belt  A,  Fig.  1, 
was  cut  3%  in.  wide.     Stri])s  of  belting  were  then  cut, 
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Willi  l)r\('lc(l  filj^oH  III  riilirnllil  III  ll'c  ^roovcH  ill  ill''  jHil- 
li'VH,  till  II  liiiiiil  saw  Inning  ii   lilting  liililc. 

'riii'Sf  «lii|)s  //.  I'm.  I',  well'  till  iiild  pii'coH  l\[>  in. 
imi^  1111(1  ;<lii(>(l  It)  I  he  lirll.  Km  li  wns  tlicii  scciiri'il 
|h'riiiiili('iilly  li.v  a  wire  rciiti'  slaplf  siillicii'iilly  loiij,'  In 
jusl  I'cai  li  lliroii^li  llii'  lilot'k  anil  licll  ami  In-  i'lini'li<-<l 
Tlif   lii'll    is   lliiis  kcjil    |)lialili'.     'rin-rc   wnv   im   Mniks  at 

till-  fllils.    lull    lIu'V   WCIT   llSfll   at    lIlC  joint    lo   i  nlll|ilct('    llir 

licit.  Till'  iillcr  fjriMivcs  were  fillcil  with  lialiliitt  and 
liiiiifil  down.  'I'liis  lii'lt  lias  hccii  jjivinf;  .salisracton  sci- 
\  uc.  ami  ilid   mil  lusl   iiimh. 

\V.   (i.   \V  DUST  Kit. 

K  iiiaiiniiiL'.    rciiii. 

Tlu'  I'ost  ol"  gaski'ls  III'  all  si/.cs  lor  iioiU'i's  can  he  iiia- 
torially  rediU'i'il  b.v  niakiiifj  tlu'iii  of  lead  at  tlu'  plant  and 
usin<:  tlu'  old  load  omt  a<iaiii  in  molds  as  shown.  Tln' 
molds  aiv  ol'  cast    iron   wilh  a   iiiiiicd  yrooM'  ol'  liu'  di'- 

^'      Hole 


TIkw  piskrls  j;i\r  cxci'lli'iit  ri'Mills  when  put  inli.  wv- 
viir.  Tlu-y  arc  Hoft  iiiiil  i-Hsily  li>,dil('iiiMl  if  li-akinj^  hIhiIh, 
whirh  soiiii'limcH  happens  wlii-n  the  hoilcr  Ih  IIi'hI  lin-d 
lip.  'I'lir  wiiliT  has  Mi'cn  lead  /^askrls  used  on  the  www 
(■ml  of  a  lliiiii'  liiiili'i',  which  when  cold  permitted  lIu; 
lints  (III  llir  liihc  caps  III  he  turned  hy  hand;  hut  the 
joiiilf-  did  iHil   leak  iii'ter  the  holler  was  lired  up  apiiii. 

One  |(laiil  ol  ahout  .')()()(»  hp.  i.as  ;5.'"iO-hp.  Stirliiifr  and 
ITiO-lip.  Heine  hoilers  carryinfj  Ki'i-ll).  steam  pressure, 
with  Ill0-(le^.  sii|)erlieat,  on  which  all  hand  and  nianhol«! 
I^oiskets  are  lead  and  molded  in  the  plant.  'I'jiey  were 
%  in.  Ihick,  ~l^  in.  wide  and  %.\'-.  in.  respectively.  'I'Ik; 
plates  arc  easily  made  where  a  niillin;.'  machine  can  hi; 
used. 

.1.    (  '.    11  \  WKINS. 

Ilyaltsville,  .Md. 

:*■ 
Coolnmig  Fipoiray  Biralfee 

All  item  coiniii'iiily  u\crl(Hiki'd  in  Icsting  steam  en- 
gines, motors,  cic.  will:  a  prony  brake  is  the  kinetic 
cnorfry  wliicli  liic  brake  wlicci  imparts  to  or  receives  I'roni 
liie  cooliiifj  water. 

For  e.xampic,  in  a  brake  test  ol'  a  "lO-hp.  steam  engine 
where  1001)  lb.  of  water  is  iisckI  per  hour  for  cooling  the 
brake  wheel,  if  llie  cooling  water  is  discharged  into  a 
troiigh-sha))ed  rim  of  lirake  wheel  in  about  the  manner 
indicated  in  Figs.  1  and  2,  some  of  the  (>nergy  will  be 
absorbed  in  bringing  the  water  uji  to  the  velocity  of  the 


Gaskkt  Molds 


sired  size  and  shape  in  one  plate,  usually  a  half-round 
cross-section;  the  other  may  be  only  a  flat  plate  held  in 
place  by  dowels  and  capscrews.  A  ladle  and  a  forge  com-* 
cross-section ;  the  other  may  be  only  a  fiat  ])late  held  in 
made  np  by  new  pig  lead,  which  costs  about  seven  cents 
per  pound.  Abont  60  per  cent,  of  the  old  is  recovered,  so 
that  the  cost  of  new  joints  is  not  excessive.  Two  men 
can  make  several  hundred  in  a  dav. 


MicTiroDs  OK  Appi.yixc;  Coolixg  '\YATf:R 

rim.  On  the  assumption  lliat  the  rim  veloc-ity  is  a  mile 
a  minute,  or  88  ft.  per  sec,  it  may  be  seen  from  the  for- 
mula 

1/3   .Vr-    =   jl.-lh.    per  src. 
that  the  retardation  would  amount  to  about  V20  ^'^  ^  ''P- 
To    deliver   the   water   in    direction   contrary   to   that   of 
motion  of  the  rim,  as  shown  in  Fig.  3,  the  retardation 
wonld  be  greater,  depending  on  the  velocity  of  the  water 
and  roughness  of  the  wheel.     Though  this  would  be  small 
as  compared  with  the  entire  output  of  power,  it  is  evi- 
dent that  for  eliminati(m  of  these  errors,  the  water  should 
be  applied  as  indicated  in  Fig.  1 — i.e.,  in  the  direction , 
of  motion  of  the  wheel,  and,  as  far  as  possible,  the  water 
should  have  the  same  velocity  as  the  rim  of  the  wheel. 
It  is  also  evident  that  no  method   should  be  used   for 
scooping   out   the   water   that   would   tend  to   retard   tlie , 
brake  wheel. 

Xew  York,  X.  Y.  S.   F    'Wilsox. 
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liap  and  L.en<I — What  is  mfaiit  by  lap  and  lead  of  a  D- 
slide  valve? 

C.    F. 

Lap  of  a  valve  is  the  distance  which  it  overlaps  the  port 
when  the  valve  is  in  its  middle  position.  Lead  is  the  distance 
which  the  valve  has  uncovered  the  inht  port  when  the  piston 
has    leached    the    end    of    its   stroke. 


Wider  Strap  of   Doulile-Straii  Joint   on   InNide  of   Boiler — In 

an    ordinary    butt    and    double-strap    boiler    joint,    why    is    the 
wider  strap  placed  on  the  inside  of  the  boiler? 

T.  J.  L. 
In  butt  and  double-strap  boiler  joints,  as  ordinarily  de- 
signed, the  pitch  of  the  outer  rows  of  rivets  is  too  great  for 
a  calking  pitch;  and  as  calking  is  done  from  the  outside  of 
the  boiler,  the  wider  strap  is  placed  on  the  inside  and  suit- 
able calking  pitch  of  an  inner  row  of  rivets  is  utilized  for 
the  calked  edges  of  a  narrower  stiap  placed  on  the  outside  of 
the   boiler. 


Kleetrlcnl  Conductivity  of  .\lunilnuni — What  is  the  rela- 
tive electiical  conductivity  of  aluminum  and  of  copper  wire 
and  the  relative  cost  for  equal  conduction? 

E.  S.  C. 

Hard  drawn  aluminum  wire,  9S  to  99.75  per  cent,  pure, 
has  a  conductivity  of  55  pei-  cent,  to  64  per  cent.,  copper  being 
taken  as  100  per  cent.  Aluminum  wire  of  62  per  cent,  con- 
ductivity is  the  generally  accepted  standard  and  when  of  that 
conductivity  and  purchased  at  2.13  times  the  price  of  copper 
per  pound,  will  give  the  same  length  and  conductivity  for  the 
same    expenditure. 


Inereaslnt;'  ThIekneNN  of  Babbitting — How  would  increas- 
ing the  thickness  of  the  babbitting  of  a  pair  of  eccentric 
straps  and  use  of  thiclser  shims  affect  the  lead  of  a  direct- 
connected   slide   valve? 

C.   S.   P. 

The  effect  would  be  the  same  as  increasing  the  length  of 
the  eccentric  rod  or  of  the  valve  rod,  i.e.,  the  valve  would 
have  more  lead  on  the  ciank  end  and  less  lead  on  the  head 
end  of  the  cylinder,  but  all  the  events  of  the  valve  action 
woiild  be  restored  by  shortening  the  length  of  eccentric  rod 
or  of  the  valve  lod  by  the  amount  of  thickness  added  to  the 
eccentric-rod   babbitting. 


.\ltitude  Indicated  Iiy  ^Vate^-P^es.s^^e  Gaee — What  varia- 
tion of  depth  of  water  in  a  tank  will  be  due  to  a  difference  of 
pressure  of  5  lb.  per  sq.in.  shown  on  a  pressure  gage  con- 
nected   with    the    discharge    pipe    from    the    tank? 

E.    P. 

To  eliminate  errors  due  to  losses  of  pressure  from  friction 
of  water  flowing  in  the  discharge  pipe,  the  pressure  readings 
should  be  taken  when  there  is  no  flow  taking  place  in  the 
pipe  to  which  the  gage  is  attached.  At  ordinary  temperatures 
of  the  water  each  pound  difference  in  pressure  would  indicate 
a  difference  of  2.309  ft.  and  a  difference  of  5  lb.  would  indicate 

5     X     2.309     =     11.545    ft., 
or  about   11   ft.   fi  Vi   in. 


Coai  per  Horsepower-Hour — In  a  plant  where  the  weekly 
consumption  of  coal  for  the  generation  of  power  amounted 
to  40,407  lb.,  one  engine  (a)  ran  15  hr.  developing  an  average 
of  132  i.hp.,  another  engine  (b)  ran  32  hr.  developing  an 
average  of  78  i.hp.,  and  a  third  engine  (c)  ran  55  hr.  develop- 
ing an  average  of  112  i.hp.  How  much  coal  is  used  per  horse- 
power-hour? 

During   the   week    there    would    have    been    developed 

By  engine  a  132    X    15    =    1980  hp.-hr. 

By  engine  b     78    X    32   =    2496   hp.-hr. 

By  engine  c  112    X    55    =    6160   hp.-hr. 

and   the   total   devt-lopment   was   10,630   hp.-hr.      Therefore,   the 

coal  used  was 

40,417 

=    3.8    lb.    per    hp.-hr. 

10,636 


KadlatinK  .Surface  of  Steam  Pipe — How  many  lir.eal  feet 
of  ]-  and  11/4 -in.  stt-am  pipe  are  required  for  1  s(!.ft.  of  radiat- 
ing  surface? 

E.    A.    B. 
Commercial    1-in.    pipe    has   an    outsidi^   diameter   of   1.315    in. 
and   an   outside   circumference   of 

1.315    X    3.1416    =    4.131    in. 
hence   for   1   sq.ft.   of   radiating  surfaci^ 
144 

=    2.905    liii.ft. 

4.131  X   12 

of  1-iri.  ])ipi'  is  required.     Commercial   114-in.  pipe  has  an  out- 
side diameter  of  1.66  In.  and  an  outside  circumference   of 

1.66    X    3.1416    =    5.215    in. 
Therefore,    for    1    sq.ft.    of    radiating    surface, 
144 

=    2.301   lin.ft. 

5.215  X   12 

of   11,4 -in.   pipe   is    required. 


Steam  from  a  tul>ic  Inch  of  Water — How  many  cubic 
inches  of  dry  steam  can  be  evaporated  from  a  cubic  inch 
of  water  at  62  deg.  F.  ? 

W.  C.  C. 
The  volume  occupied  will  depend  on  the  pressure.  A 
cubic  foot  of  water  at  62  deg.  P.  weighs  about  62.36  lb.  and 
referring  to  Mark's  and  Davis'  steam  tables  it  may  be  found 
that  the  density  of  a  pound  of  dry  steam  at  14.7  lb.  absolute 
or  atmospheric  pressure  is  0.03732  lb.  per  cu.ft. ;  at  65  lb.  aB- 
solute,  or  about  50-lb.  gage  pressure,  the  density  is  0.1503 
lb.;  and  at  115  lb.  absolute,  or  about  100  lb.  gage  pressure,  the 
density   is   0.2577   lb.   per   cu.ft. 

Therefore,    when    1   cu.in.    of   water   at    62    deg.    P.    is   evap- 
orated  into  dry  steam  there   will  be  formed 
62.36 

=    1670.9   cu.in. 

0.03732 
of  steam  at  atmospheric  pressure; 
62.36 

414.9   cu.in. 


0.1503 

at   50   lb.    gage    pressure;    and 
62.36 


0.2577 
at   100   lb.   gage   pressure. 


=    241.9   cu.in. 


Iiocatins  Pulleys  and  Floor  Holes   for  (tuarter-Turn   Belt — 

How  may  the  locations  of  pulleys  and  belt  holes  in  floors  be 
determined  to  transmit  power  by  quarter-turn  belt  from  one 
horizontal  shaft  to  another  at  right  angles  to  it? 

G.  W.  E. 
Locate  a  point  on  each  shaft  plumb  with  the  center  line 
of  the  other  shaft.  The  middle  of  each  pulley  is  to  be  placed 
to  one  side  of  the  plumbed  point  on  its  shaft  a  distance  equal 
to  the  radius  of  the  pulley  on  the  other  .shaft,  and  each  pulley 
is  to  be  located  in  direction  away  from  the  plumb  point  on  its 
shaft  which  will  be  the  same  as  the  direction  of  rotation  of 
the  farthest  side  of  the  other  pulley.  It  must  be  borne  in  mind 
that  the  belt  is  to  pass  from  the  top  of  the  upper  pulley  over 
the  farther  side  of  the  lower  pulley  and  aiound  its  lower  side, 
and  thence  to  the  farthest  side  of  the  upper  pulley  and  over  it. 
Knowing  the  direction  to  be  taken  by  the  belt,  the  belt  holes 
in  a  floor  can  be  laid  out  by  a  scale  diawing  or  their  location 
can  be  determined  by  stretching  a  line  around  the  pulleys  in 
the  direction  to  be  taken  by  the  belt,  and  finding  by  trial  and 
error  the  direction  and  location  required  for  small  holes 
bored  through  the  floor  which  admit  of  free  passage  of  the 
line  when  stretched  over  different  parts  of  the  faces  of  the 
pulleys.  The  clearances  required  for  the  pulley  side  of  the 
belt  are  thus  shown  and  from  them  the  floor  holes  are  readily 
located  and  determined  with  due  allowance  for  thickness, 
flaring   and   waving   of   the   belt. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necesary  to  guarantee  the  good  faith  of  the  communi- 
cation  and   for   inquiries   to   receive   attention. — EDITOR.] 
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lElesnentary  MedKAm^ics— VI 

\,\sy   Li:s.s(>\'s  A\s\vi:u.s 

•.M.  ('iin.-iilir  till'  |)()iiU  Ji  ns  ii  free  bodv.  In  I'lu.  ■.'■.' 
Iti  till"  liiii'  AC  ii'iircsfiit  tlic  total  vc>rtic-nl  load  ( /'  \- 
]V)  =  1-^00  11).  The  line  Hi'  diawii  parallel  to  tlir  md 
BC  will   represent   the   tension   7'   in    the   rod.   and    Ali 


(P  +  W) 


Fig.  2'i. 


drawn  parallel  to  the  strut  AB  will  rej) resent  the  eom- 
pression    R  in  the  strut.     Tlie  angle  CAB  being  40  deg. 
and  the  angle  ACB  60  deg.,  the  angle  CBA  must  equal 
(180  —  GO  —  40  =)  80  deg. 
From  the  law  of  sines 

T      _(P  +  11') 


sin  40° 


.s'/h  8(J° 


_  (P  +  W)  sui  40°  _  1200  X  0.643  •     _„  „ 
JItTW  -  0.985  -  ^^'^  '^' 

22.     Again  ajiplying  the  law  of  sines  there  results  the 


equation. 


P 


sin  60 


(P  +  W) 

f)iu  80° 


P  = 


(P  +  W)  sin  60°       1200  X  0.866 


sin  80° 


0.985 


=  1055  ]f>. 


23.  The  reaction  counteracting  the  tension  T  is  the 
strength  of  the  rod  which  is  dependent  upon  the  size 
and  material  of  the  rod.  Likewise  the  strength  of  the 
strut  AB  produces  the  necessary  reaction  to  counteract 
the  thrust  R. 

24.  In  Fig.  23  draw  the  forces  P^,  P,,  P.,  and  P^  with 
the  directions  and  magnitudes  given  in  problem  10.  Draw 
the  force  P,,  equal  and  opposite  to  the  resultant  which 


Mas  iouiid  to  lie  I  I  1  II).  Starting  with  the  point  (J  and 
using  th(!  I'oi'ce  I',  ms  a  base  line  draw  a  foi-cc;  |>()lygon, 
making  OA  ecjiial  and  parallel  to  /',, ;  AB  equal  and  ])araU 
III  to  P, ;  BC  equal  and  parallel  to  P..;  CI)  (;<pial  and 
parallel  to  /'.,;  and  the  line  ()/>  e<|iial  and  parallel  to  /' 

25.     All   the  lorceH  mn>i   Iji-  in  eqiiilibrinin  since  ll 
can  be  represented  by  the  siilcs  ol  the  poKx'on  OABCIx) 
taken  in  order,      if  ibc  line  01)  does  not  come  out  equal 
and  parallel  to  the  force  l\  thei'e  has  been  an  errr)r  sonp  - 
uliriT  in  I  lie  sliident's  work. 

l'.\ii.\i,i,i;i,  FoucKs 

I'aralleJ  fortes  arc  those  whicli  act  at  dilTerent  points 
of  a  body  and  have  their  lines  of  action  [)arallel.  If  the 
forces  act  in  the  same  direction  they  are  called  like 
forces;  and  if  they  act  in  opposite  directions  they  are 
called  unlike  forces.  The  resultant  of  two  like  forces  is 
equal  to  the  sum  of  the  forces  and  acts  in  the  same  di- 
rection as  the  forces ;  the  resultant  of  two  unlike  forces 
is  equal  to  the  difference  of  the  two  forces  and  acts  in 
lite  direction  of  the  (jrentcr  force.      In   the  case  of  like 


^X 


Fig.   23. 

forces  the  resultant  will  lie  Ijetween  the  two  forces  and 
in  the  case  of  unlike  forces  the  resultant  will  lie  out- 
side of  both  forces.  The  above  laws  are  almost  axiomatic, 
or  self-evident,  and  no  proof  will  be  given  at  present. 

Parallel  forces  are  simply  an  extension  of  the  paral- 
lelogram law  in  which  case  the  point  of  meeting  of  the 
forces  is  at  an  infinite  distance  from  the  body  on  which 
the  forces  are  acting.  In  Fig.  24a  the  resultant  B  of 
the  two  like  forces  P^  and  P.^  equals  (P^  -J-  P,)  and  acts 
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at  a  point  B  such  tliat  the  distances  a  and  h  are  inversely 
proportional  to  the  I'orces  J\  and  P.^,  or 

1\       h 
In  Fig.  241)  the  resultant  B  of  the  two  unlike  forces  P.^ 
and  P.,  is  ecjual  to  {P^  —  Pi)   and  acts  at  the  point  .4 

such  that 

R       b 

Moment  of  a  Force 

Concurrent  forces  acting  on  a  body  tend  to  produce 
motion  in  the  direction  of  the  resultant  force.  Such  mo- 
tion is  spoken  of  as  one  of  translation,  since  the  motion 
is  in  a  straight  line.  Another  kind  of  motion  is  that 
of  rotation  in  which  case  the  given  force  tends  to  rotate 
the  body  about  a  fixed  axis.  Thus  the  tension  in  a  belt 
causes  the  pulley,  on  which  it  is  acting,  to  rotate  about 
its  fixed  center.     Hence: 

The  te7idetiry  of  a  force  to  produce  rotation  of  a  body 
about  a  definite  or  iniaginari/  a.ris  is  called  the  moment 
of  that  force. 

The  measure  of  the  nmnwiil  of  a  force  is  the  product 
of  the  force  times  the  perpendicular  distance  from  the 
given  axis  to  the  line  of  action  of  the  force.  Generally 
the  distances  will  be  expressed  in  feet,  the  forces  in 
pounds  and  hence  the  moments  will  be  given  in  foot- 
pounds.* 

For  convenience  in  the  solution  of  problems,  moments 
tending  to  produce  rotation  in  the  direction  of  the  hands 
of  a  clock  will  be  taken  as  positive  (-j-)  and  all  moments 
tending  to  produce  counter-clockwise  rotation  as  negative 
(-)-t 

Couples 

Two  equal  and  opposite  parallel  forces  acting  at  dif- 
ferent  points   of   a   body   jjroduce   what   is   known   as  a 


><  - b--> 


-  b- 


(a) 


B 
(b) 


Fig.   24. 


couple.  The  perpendicular  distance  between  the  forces 
is  called  the  arm  of  the  couple.  Since  the  forces  are 
equal  and  opposite  in  direction  the  resultant  force  is 
zero  and  therefore  the  action  of  a  couple  is  not  to  produce 
translation,  but  to  produce,  or  tend  to  produce,  rotation 
of  a  body.  The  moment  of  a  couple  is  equal  to  the  prod- 
uct of  one  of  the  forces  times  the  perpendicular  distance 
between  the  forces,  or  times  the  arm  of  the  couple.  No 
single  force  can  balance  a  couple  and  hence  the  ecpii- 
libriant  of  a  couple  is  another  couple  equal  and  opposite 
to  the  given  couple. 

♦Many  writers  on  mechanics  prefer  to  use  the  term  pound- 
feet  for  moments,  to  distinguish  from  the  unit  of  work  which 
Is  the   foot-pound. 

tHere  again  writers  are  not  uniform,  as  some  prefer  to 
use  clock-wise  rotation  as  negative.  In  all  problems  in  this 
course   clock-wise   rotation   wiU   be   taken   as   positive. 


The  moment  of  a  couple  remains  constant,  irrespective 
of  the  point  about  which  the  moments  of  the  forces  are 
taken.     This  may  be  proved  as  follows: 

In  ¥\^.  25,  let  the  equal  and  opposite  forces  P^  and 
P,  produce  a  couple  whose  moment  arm  is  CB.  The  mo- 
ment of  this  couple  about  the  point  0  equals 

y\  X  OB  +  p.x  oc 

=  P,  {OH  -j-  OC)    (  since  P^  =  P.,) 
=  Pi  X  CB 

Now  assume  some  other  ])oint  <S'.     Tlic  moment  of  the 

couple  about  this  point 

=  Pi  X  SB  —  P..  X  SC 

=  Pi   {SB  —  SC)    (since  P^  =  P^) 

=  Pi  X  CB  (for  SB  —  8C  =  CB) 


Pig.   25. 

Therefore,  the  effect  of  a  couple  upon  a  rigid  body  is  un- 
altered if  it  be  transferred  to  any  plane  parallel  to  its 
own,  the  arm  remaining  parallel  to  its  original  position. 

Study  Questions 

2G.  Two  men  carry  a  weight  suspended  from  a  hori- 
zontal pole.  The  one  man  exerts  a  pressure  of  40  lb. 
and  the  other  60  lb.  If  the  distance  between  the  men  is 
10  ft.,  what  is  the  magnitude  and  location  of  the  weight? 
Neglect  the  weight  of  the  pole. 

27.  A  man  turns  the  crank  of  a  windlass.  Is  there 
a  couple  produced?     If  so,  where  is  the  second  force? 

28.  The  handle  of  a  grindstone  is  12  in.  long.  A 
man  exerts  a  pressure  of  30  lb.  in  the  direction  of  motion 
of  the  handle.     What  is  the  turning  moment  ])roduced  ? 

29.  A  prony  brake  is  clamped  to  the  pulley  of  a 
motor.  What  is  the  turning  moment  or  torque  of  the 
motor  when  a  given  armature  current  produces  a  net 
pull  of  10  lb.  at  the  end  of  the  l)rake  arm?  The  length 
of  the  brake  arm  is  24  in. 

30.  In  question  9,  Lesson  II,  determine  the  effective 
moment  tending  to  rotate  the  crankshaft.  Does  this  mo- 
ment remain  constant  during  a  complete  revolution  of 
the  engine?     Assume  the   engine   stroke  to  be   18   in. 

High-School  Boys  in  the  Shops — Real  industrial  training 
that  prepares  for  real  jobs  is  described  in  a  bulletin  on  the 
cooperative  plan  at  Pitchburg,  Mass.,  issued  by  the  United 
States  Bureau  of  Education.  Boys  in  the  Pitchburg  high 
school,  who  attend  alternate  weeks  in  school  and  shop,  are 
made  to  feel  that  their  vocational  training  is  serious  business. 


Ue  Laval  Pump  for  I'niversity  of  Illinois — The  hydraulics 
laboratory  of  the  University  of  Illinois  has  added  anothej 
piece  of  apparatus  to  its  equipment,  there  being  installed 
a  4-in.  three-stage  De  Laval  centrifugal  pump.  It  will  be 
driven  by  a  50-hp.  Westinghouse.  variable-speed  induction 
motor  and  will  be  capable  of  giving  a  discharge  of  275  gal. 
per  minute  against  a  head  of  400  ft.  The  pump  will  be  so 
arranged  that  water  can  be  drawn  from  the  laboratory 
Ktandpipe  into  the  pump,  and  in  this  manner  the  total  avail- 
able  head   of   450  ft.  can  be   had. 
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OVER  THE  SPHILILWAY 

.1  IS  r  J  i:si's.  ,1  VMS.  .msii  is  \  n  d  ,r  im  n  i.i;h 


I'lof.  K.iit  icii-ntly  told  tin-  SIhli-y  i'o11i-ki-  HtuiliiitH  that 
the  qiiiilini'iittiiiiH  luMi'MNMiy  for  tin-  poHltlon  of  ki-iiitiiI  iiiaii- 
aitor  arc  "lioallti,  i>ilii<'iit|oii,  Hpi'cinl  kiiowli'ilKi-,  tact,  ciii-rny. 
indiiRtry,  pcrHoiiallty,  Initiative,  aKKrcMHlvciiuHi*,  and  a  do»;rec 
of  Iazlni>H8."  Unilttln>;  the  lant  InKreilli-nt,  Ihl8  may  l>c  the 
i-caRon   for  the  Bcnrclty  of  tw«»nty-nv<'-thouBand-dolIar-incn. 


I    a  lint  tier's    hody.    re 
■Ipliiit's    sanction. "- 


"A  kiss  is  .in  operation  pcrforniiMl 
>|UlrlnK  under  all  clrcuruHtaiices  the 
Oerman   supreme  court   decision. 

Some  tlfty  people  have  HUKKested  this  Itiin  as  a  "spill." 
26  of  whom  are  men,  and  for  whom  tlien^  Is  nothing  doln^;l 
But  In  thesi-  ilays  of  feminism  wc  are  In  doulit  how  thi' — <r — 
others  ari'  koIuk  to  act.  Anyhow,  we  claim  the  rl^cllt  of 
apiical.   VDiii-   lidiior      and   tln'   IIih-   Jdiiiis   on   tin-   linlit. 

The  I'anadian  Pacific  U.K.  has  added  a  "scout"  to  Its  staff. 
Ills  duty  Is  to  "travel  over  the  road  and  discover  those  em- 
ployees who  are  especially  worthy  of  advancement."  Hail  to 
the  scout!  Met  a  railroad  spike  he"ll  be  kept  busy  squarinR 
himself  with  those  who  are  worthy— and  who  get  side- 
tracked   from    the    Advan<-ement    division. 

Contemporary  announ<-es  that  Kraiik  Cilbreth  hi.s  started 
a  "FatlKue  Museum."  This  listens  like  the  name  for  n 
tramp's  "hotel."  It  really  is  a  museum  showing  devices  that 
affect   the   well-lieinK   of   the   workman. 

!*" 

"Safety  First"  is  printed  on  the  pay  envelopes  of  the  em- 
ployees of  a  lighting  company.  Some  of  these  boys  must 
have  opened  theirs  before  reaching  home  and  dallied  by  the 
wayside.  The  advice  is:  "Uon't  go  into  dangerous  pla<es. 
Don't  attempt  to  make  adjustments.  Don't  disregard  warn- 
ing signs.  Warn  a  man  when  danger  is  near.  In  case  of 
doubt,  adopt  a  safe  course."  .Ml  this  jjreachment  would  be 
useless   in   a   "dr\  "    town. 


Iir^fHuieinvce  of  Volatile  Matter 
oon  Comnbt&stion'*' 

lly    SA.MI'Kl.    11     KI,A<!<;f 

III  hundlliiK  the  conibiiHlloii  problem,  the  ditllculty  of  ob- 
taining an  Intimate  mixture  of  air  and  combuHtlblc  K»MeH  be- 
fori'  they  c-oine  In  contact  with  siirlaceM  which  lower  the  terii- 
peraturi-  below  the  Ignition  point.  Is  the  greali-Hl  to  be  over- 
come. Ab  to  the  |)roi>er  furnace  coriHlructlon  to  bring  about 
IhiB   mixture,    we   are    today    In    ih-imI    of   Information. 

InveHtigatloiiH  by  H.  C.  Torlei-  and  f.  K.  (Jvltzt  and  by 
others  Hhow  decided  dlfferenccM  In  the  <|UantltleB  of  Bmoke- 
produclng  volatile  matter  distilled  or  driven  off  from  dif- 
ferent coals,  or  even  from  the  Biime  coal  under  different  con- 
ditions of  heating.  Turves  showing  the  quantltleB  determined 
for   several    coalH    are   shown    In    Klg.    I. 

To  Illustrate,  If  It  Is  asHUined  that  Tocahontafl,  Connells- 
vllle,  Zelgler  (lllinulB)  and  Dletz  (Wyoming)  coals  can  be 
burned    with    the    same    overall    edlclency,    the    quantities    of 
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Brother  Rockefeller,  among  his  many  piactical  philan- 
thropies, has  established  a  million-dollar  fund  for  research 
work  of  benefit  to  us  hutnans.  The  government  is  helping  the 
hogs  and  the  sheep,  so  Brother  John  thinks  he  might  as  well 
be   the   goat   and   do   something   more   for   us   lambs. 

Reckon  there's  right  smart  white  folks  in  the  Anderson 
(S.  C.)  Cotton  Mills.  The  other  evening,  a  tol'able  time  after 
sundown,  they-all  had  an  ornery  little  fire  "in  the  engine 
of  the  mill,"  says  the  local  paper  (though  Brother  Wright 
asseverates  'twas  really  the  roof  of  the  boiler  house).  But 
lordy,  honey!  time  the  Marthy  Washington  Hose  No.  68  gets 
projectin'  round  the  mill,  the  home  talent  and  the  comical 
sprinklers  done  squalshed  the  fire  so  doggone  quick  the 
Marthy  Washingtons  didn't  even  get  to  pumpin' — and  they're 
some   critters   at    a    fire 

Brooklyn's  Polytechnic  Institute  has  a  Mermaid  Club — - 
and  has  had  for  10  years.  The  original  club  of  this  name 
was  started  in  London  by  our  old  friend  Walt  Raleigh,  and 
was  frequented  by  Ben  Jonson,  Beaumont  and  Fletcher, 
and  perhaps  Mad  Will.  Our  "AVebster"  further  says  a  mer- 
maid's a  siren,  and  a — something  worse.  Probably  Noah 
(meaning  Webster)  had  in  mind  some  of  the  original  mem- 
bers when  he  made  that  third  definition.  These  "Poly"  boys 
(both  the  old  and  the  young)  arc  just  regular  chaps,  and 
good    fellows. 

What  a  pity  it  is  that  religious  bias  and  race  prejudice  so 
largely  influence  us.  Nowhere  on  God's  green  earth  are  there 
such  golden  opportunities  to  practice  the  "live-and-Iet-live" 
idea  than  in  these  United  States!  Our  country  is  the  haven 
of  the  oppressed,  the  school  of  the  unlearned — the  one  big 
chance  to  get  ahead  on  our  own  initiative,  and  be  something! 
At  one  time  or  another,  we  w-ere  all  "foreigners."  weren't  we'' 

And  because  many  of  us  can't  agree  as  to  how  a  ijian  shall 
do  his  praying,  if  any,  and  because  we  can't  see  how  the 
Almighty  committed  the  mistake  of  creating  any  other  race 
than  our  own,  we  go  on  sneering,  and  despising,  and  exhibit- 
ing our  narrow  souls  and  our  mean  prejudices.  Say,  let's 
buck  up,  and  see  if  we  can  find  SOME  good  in  them  all.  Let's 
cultivate  the  true  American  spirit  and  be  big.  and  more  broad, 
and   more   kindly! 


these  coals  required  to  evaporate  a  given  quantity  of  water 
will  be  as  1:1.0.'),  1.23:1.39.  If  the  temperature  of  the 
furnace  in  which  these  coals  are  burned  is  about  1650  deg.  F., 
the  quantities  of  smoke-producing  volatile  matter  driven  off 
will  be  as  1:93.  1.55:1.86.  The  furnace  and  the  method  of 
operation  must,  therefore,  be  adapted  to  take  care  of  nearly 
twice  the  quantity  of  smoke-producing  gases  and  vapors  if 
Connellsville  coal  is  to  be  used  instead  of  Pocahontas. 

The  problem  is  further  complicated  in  that  the  volatile 
matter  of  the  Connellsville  coal  is  of  a  different  character 
than  that  of  Pocahontas  and  requires  more  air  for  its  com- 
bustion. For  instance,  the  experiments  show  that  the  quan- 
tity of  tarry  matter,  which  is  most  difficult  to  break  down  and 
completely  burn,  from  the  Connellsville  coal  would  be  almost 
double  that  from  Pocahontas.  If  the  Zeigler  (Illinois)  and 
Connellsville  coals  tested  by  these  men  be  compared  in  a 
similar  way,  it  will  be  found  that,  although  the  amount  of 
Illinois  coal  required  to  evaporate  a  certain  number  of 
pounds  of  water  will  be  more,  the  quantity  of  smoke-pro- 
ducing volatile  matter  from  it  will  be  only  80  per  cent.,  and 
the  quantity  of  tarry  matter  only  95  per  cent,  of  that  from 
the  Connellsville  coal.  From  these  few  figures  it  is  evident 
that  the  character  of  the  coal  increases  or  decreases  the 
difflculty   of  obtaining  complete   combustion. 

In  plants  which  are  mechanically  stoked,  the  lessening  or 
the  prevention  of  smoke  emission  is  accomplished  largely 
through  the  decrease  of  the  rate  of  heating  of  the  coal  or 
through   the   better   mixing   facilities,    or   both. 

In  some  respects  the  problem  of  obtaining  complete  and 
at  the  same  time  efficient  combustion  is  much  more  difficult 
in  the  case  of  hand-fired  furnaces  than  where  the  stoking  is 
mechanically  done.  In  spite  of  this,  however,  the  design  of 
mechanically  fired  furnaces  has  been  given  the  greater 
amount   of   real   scientific   study. 

Some  four  years  ago  the  Bureau  of  Mines,  realizing  the 
need  of  more  complete  information  concerning  the  effect  upon 
efficiency    and    smoke    emission    of    differences    in    methods    of 


*A  paper  read  before  the  Cleveland  Engineering  Society. 

fEngineer  of   the  United   States  Bureau   of  Mines. 

t"The  Volatile  Matter  of  Coal."  H.  C.  Porter  and  F.  K. 
Ovitz,  Bureau  of  Mines  Bulletin  1,  1910.  pp.  32  and  34:  also 
"The  Smokeless  Combustion  of  Coal  in  Boiler  Furnaces,"  D.  T. 
Randall  and  H.  W.  Weeks.  Bureau  of  Mines  Bulletin  40,  1912, 
pp.   173  and   174. 
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firing,  and  of  certain  features  of  design  of  hand-fired  fur- 
naces, planned  a  series  of  tests  which  have  since  been  car- 
ried out.  A  report  of  the  tests  and  the  results  obtained  is 
now   in   press. 

Pigs  2,  3  and  4  show  the  several  arrangements  of  the  set- 
ting with  which  tests  were  conducted,  and  Table  1  gives  the 
principal  results.  With  each  arrangement  of  setting,  trials 
were  made  to  ascertain  the  effect  of  the  method  of  fir- 
ing, and  with  some  of  them  to  observe  the  effect  of  supple- 
mentary air  admitted  into  the  furnace  or  combustion  cham- 
ber.     The   rate   of   combustion    was   practically    the   same — ap- 


charged    lot    of   coal   decrea.srd    to    tliis    <ritical    figure,    smoke 
would    cease    to   appear   at   tlie    top   of   the   stack. 

In  drawing  the  hypothetical  curve  of  distillation  of  vola- 
tile matter  for  the  spreading  and  tor  the  coking  method  of 
firing.  Pig.  5,  it  was,  therefore,  assumed  that  points  on  lioth 
curves  represent  the  critical  rate  and  have  ordinatcs  of  the 
same  height,  and  each  has  an  abscissa  representing  a  time 
interval  of  two  minutes  after  the  firing  starts,  since  ordinarily 
no  smoke  was  observed  with  either  method  of  firing  two 
minutes  after  the  firing.  The  point  at  the  end  of  the  five- 
minute     period     (upp<'r     cuive)     \,'as     arl)itrarily     assumed     to 


Ki(i.  2.  Setting  with   Bhick  Ancir  ovini  (iK.vte 


Fi(!.  ',].  Setting  with  Fui;x.\('I';  and  Dkklkction  Aiiciiks 


pioximately  1.5  lb.  per  square  foot  of  grate  per  hour — for  all 
tests,  and  the  coal,  although  it  was  not  all  pioduced  at  one 
time,  was  all  slack  coal  from  the  Pittsburgh  seam  and  of 
the  same  general  character  throughout.  .V  general  discussion 
concerning  the  effect  of  the  several  features  of  these  fur- 
naces and  of  the  method  of  firing  is  given  in  the  report  men- 
tioned, and  it  will  soon  be  ready  for  distribution.  At  differ- 
ent times  in  these  experiments,  each  of  the  three  following 
methods  of  lessening  smol<e  were  employed:  Extra  air.  better 
mixing  facilities,  and  decreasing  the  rate  of  heating.  The 
effects  of  each  in  decreasing  smoke  are  evident. 

To  determine  just  what  changes  are  taking  place  in  a 
furnace  is  always  a  difficult,  if  not  impossible,  task.  On  ac- 
count of  the  observed  difference  in  smoke  emission  under  the 
different  firing  conditions,  however,  an  effort  was  made  to 
analyze  the  combustion  process  insofar  as  the  rate  of  distil- 
lation of  the  volatile  matter  was  affected  by  the  method  of 
firing.* 

In  the  tests  conducted  with  the  several  arrangements  of 
setting,    it    was    observed,    whenever    the    firing    was    done    by 


Setting  with  Deflection  Ahch  and  Shell 
above  guate  exposed 


the  alternate  spreading  method,  that,  although  the  total 
period  of  smoke  emission  was  about  the  same,  the  duration  of 
the  dense  smoke  emission  was  greater  than  when  the  coking 
method  of  firing  was  employed.  The  furnace  temperature  was 
also  higher  when  firing  alternately.  In  starting  to  make  the 
analysis  it  was  assumed  that,  for  any  one  coal,  each  arrange- 
ment of  the  furnace  imposed  a  certain  limit  to  its  capacity 
to  burn  volatile  matter;  that  is,  when  the  rate  of  distillation 
reached  a  certain  figure  some  of  the  volatile  combustible 
would  begin  to  escape  unburned  and  appear  as  smoke,  even 
though  the  supplementary  air-admission  openings  were  used. 
Conversely,     when     the     rate     of     distillation     from     a     newly 


represent  the  rate  at  which  the  volatile  matter  was  l)iing 
evolved  at  the  end  of  the  i)eriod,  and  the  general  form  of  the 
curve  for  the  spreading  metliod  was  taken  to  be  somewhat 
similar  to  that  shown.  The  curve  representing  the  conditions 
in  the  furnace  as  a  whole,  however,  is  made  up  of  curves 
representing  the  distillation  on  the  two  sides  of  the  giate, 
which  latter  are  five  minutes  behind  one  another,  since  this 
was  the  firing  interval  when  the  alternate  spreading  method 
v/as  employed.  The  form  of  the  resultant  curve  was,  there- 
fore, adjusted  to  correspond  with  curves  for  each  half  of 
the  grate  drawn  to  represent  as  nearly  as  possible  the  condi- 
tions  observed   during  the   tests. 

The  othei-  resultant  curve    (lower  (-urve.   Fig.   5),   represent- 
ing  the    coking    method    of    firing,    was    prepared    in    a    similar 
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♦For  assistance   in   making   this  analysis,   acl<nowledgment 
is  due  C.  C.  Cook,   of  the  Bureau. 
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wny.  \\'hi'rn<vi<r  Ihlii  flrlnu:  nicthml  wnn  I'lnpliiyi-il.  oIinimvii- 
tlona  ■luiwcd  tliiit  Ihc  iiiniit  iiiplil  (llNtlllullun  of  viilatlli'  niiit- 
liT  ocourri'd  ImDicdliiti'ly  afli-r  lhi<  pnrtliilly  cokiMl  imihI  iiii  Ihi- 
fi'ont  of  thi<  Kioto*  wiiM  lii'ukiMi  up  iitid  piiHhcd  Imck.  At  IIiIn 
tlini<  till'  I'VolutliiM  wiiH  lit  II  IiIkIi  rut<',  litit  innliitiiln<'(]  for  ii 
Mliiirt   tlnn-  only.     Tlu'   mwly  t')iai'K<-(l  coiil,  iif  roiiiHi',   Iiokum   Ki 

•  llHtlll     ItH     KUHNy     CIIIIHtltUl'lllH     IIH     HIKIII     UN     It      WIIH     plui'l'll     ill     I  h*< 

fiiiiuu-r.  Imt  lit  a  Hliiwly  IncmiHliiK  iiilc  whli-li  Iicc'iimik  aInioHt 
I'liMHtaiit  OiirliiK  tlir  latli'i'  part  uf  tlii'   ir>-iiiliiuti'   IIiIiik  pi'iiml. 

I'mliT  the  ruMdIlliiiiH  UH  Indk-iitod  liy  llifHi-  I'urvrH  tli'' 
xiiiokr-prudliclliK:  pt-rloil  would  lie  hIx  inlniitoH  out  of  15  when 
tliv  MrliiK  WUH  doiii-  liy  the  Hltcrnat)'  »prcadlnK  int'thod,  nnil 
two  inlnuli'M  out  of  15  wln-ii  tin-  coking  nii'thod  of  flrliiK  wiih 
iinpli.XMl  The  Ii.IkIiI  of  tlio  iiiti'-i>r-(llslllliitlon  iiii-vr  dur- 
lll^;  tlir  Minoki'-pi  odui'ln^  pnlod  tii  tin-  laltcT  caHi-  mlKlit  Hcem 
111  indli-iitc  that  Itn-  most  dctiMr  mnoki'  would  he  I'initird  under 
the  i-okiim;  nu'tlioil  of  tliliiK.  As  a  inatli  r  of  fai't.  ordlniiilly 
tlir  most  di'iisc  smoke  was  made  wlun  the  other  method  was 
employed,  and  th(<  explanation  jjrohably  is  that  the  llrinK 
doors.  whU'h  must  neeeasarlly  be  open  for  a  lonRer  time  to 
(lie  by  the  coking  method,  admit  laine  quantities  of  air  dur- 
iiiK  the  time  that  the  most  rapid'  distillation  takes  place. 

While  these  eurves  are  l)ased  on  assumption,  the  truth  of 
which  has  not  been  demonstrated,  the  correspondence  witli 
observed  conditions  would  sicm  to  Justify  the  conclusion  that 
they  are  approximately  representative.  One  point  of  particu- 
lar siKnIflcance  is  that  from  the  coal  fired  in  any  15-minuti' 
period,  til  per  cent,  of  the  volatile  matter  is  distilled  at  a 
rate  above  the  critical  if  the  flrlnp:  Is  by  the  alternate  spread- 
\nn  nietliod.  whereas  only  41  per  cent,  is  distilled  if  the  other 
method  is  employed. 

The  author's  idea  in  attemptinn'  tills  analysis  was  that  it 
mifjht  malie  more  clear  the  nature  of  the  problem  to  be  dealt 
with  in  hand-fired  furnaces,  and  we  may,  therefore,  stop  to 
consider  what  the  study  has  revealed.  The  wide  variation  in 
the  rate  of  distillation  under  either  condition  of  firing,  which 
is  shown  by  the  curves,  certainly  emphasizes  the  importano 
of  adequate  mixing  facilities.  In  the  tests  mentioned  the 
gas  analyses  show,  in  most  cases.  60  to  75  per  cent,  excess  air 
with  no  CO  or  otlier  combustibles,  but  the  inability  to  obtain 
smokeless  comliustion  proves  the  inadequacy  of  the  bricl-c 
arches  and  piers  to  properly  mix  the  air  and  volatile  com 
bustible  matter  at  the  time  of  most  rapid  distillation.  The 
admission  of  sutiplementary  air  through  openings  at  the 
front  of  the  furnace  immediately  after  times  of  firing  made 
a  marked  difference  in  the  smoke  emission  and  demonstrated 
the  effectiveness  of  tlie  expedient.  Some  idea  of  the  differ- 
ence  may   be   gained    from   Pigs.   6   and    7. 

The  smoky  condition  prevailed  immediately  after  a  firing 
had  been  made,  without  using  the  air  opening  at  the  front; 
the    other   view,    taken    about    the    same    length    of    time    after 


wiiH  iiiiule  In  11  Himilar  way,  c-xci<pt  Ihnl  mipplenientary  iilr 
wim  adinllleil.  It  nhould  not  be  Inferred,  how.yir,  that  It 
wim  poHHible  to  iireveiit  Miiioke  einlHHion  at  all  tlmen  by  Ihia 
mellllH.  I 

The  liiiportanee  of  controlling  the  rate  of  dlMtlllatloii  and  ' 
of  ki-epliiK  It  iiH  iirai'ly  iiiilforin  iih  poHiilbli-,  Ih  iiIh>i  llluHlriiled 
by  the  euiveH.  In  iiiu-  eiiHe,  the  volatile  matter  IH  beliiK  (IIh- 
lllli'd  111  a  rate  above  the  crillciil  for  only  two  mlnuteM  out 
of  15.  or  about  IH  per  cent,  of  the  lime;  In  the  other  cam-,  tho 
iljxillbitioii     III     the     exeeMHive     rale     eoVerH    n     period     upproxl- 

mutely  three  tImeM  aa 
lonK.  If  tho  aamo  quan- 
tity of  volatile  matter 
repre(4ent<-d  by  the 
curves  wen-  driven  ort  , 
at  a  uniform  rate,  the 
critical  rale  for  that  ' 
furnace  would  not  have 
been  exce<!ded  and  tho 
combustion  would  have 
been  smokclesg.  To  ob- 
tain this  uniformity  of 
rate  of  distillation  in 
hand-fired  furnaces, 
however,  is  impossible, 
although  the  variations 
by  proper  construction 
and  operation  of  the  fur- 
n.ii  .  s     may     be     reduced. 
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1 
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58.9 
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6 
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31.0 

9.7 

21.2 
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In  any  furnace  which  is  to  be  flred  by  the  spreading 
method,  frequency  of  firing;  tends  somewhat  to  reduce  the 
variations  in  rate  of  distillation,  but  the  charging  of  green 
coal  into  a  hot  furnace  in  a  comparatively  thin  layer  on  top 
of  hot  coals  must  inevitably  result  in  a  rapid  distillation  of 
the  volatile  products.  It  is,  therefore,  to  be  expected  that 
the  mixing  facilities  and  the  supplementary  air  must  play 
the  principal  part  in  preventing  smoke  emission  if  that 
method  is  to  be  used.  This  statement  should  not  be  con- 
strued to  mean  that  the  rate  of  distillation  will  not  be  affected 
by  the  construction  of  the  furnace;  in  fact,  proof  that  it  is  so 
affected  was  furnished  when  the  change  was  madt-  from  the 
setting  shown  in  Fig.  3  to  that  in  Fig.  4.  The  lowering  of  the 
furnace  temperature,  which  was  accomplished  by  the  removal 
of  part  of  the  arch,  made  v  marked  difference  in  rapidity  of 
distillation  and  in  smoke  emission.  The  effectiveness  of 
structures  to  mix  the  gases  seems  to  depend  largely  upon  the 
sudden  changing  of  the  direction  of  flow  of  the  gases  and  not 
upon  breaking  them  up  into  streams  <  P  small  cross-section. 

The  curves  under  discussion  also  illustrate  the  effect  of  a 
difference  in  method  of  operation  upon  the  :ate  of  distillation 
in  this  furnace.  From  them  it  is  seen  that  by  the  use  of  one 
method  It  was  possible  to  keep  the  distillr.  Uon  below  the 
critical  rate  most  of  the  time.  Further  improvement  means 
the  changing  of  the  form  of  the  curves  so  that  sorot^  of  the 
volatile  products  now  distilled  at  an  excessive  rate  may  be 
driven  off  more  slowly.  The  exposure  of  any  water-cooled 
surfaces  to  the  radiant  heat  from  the  fuel  beds  tends  to  ket;; 
down  the  temperature  of  the  furnace  s.r.d  of  the  fuel  bed,  and 
hence   it   lowers   the   rate   of   distillation. 

An  increase  in  the  frequency  of  firing  by  the  spreading 
method  will  decrease  the  duration  of  smoke  emission  afier 
each  charging  of  coal  and  may  decrease  somewhat  the  area 
above  the  critical  rate  line  and  below  the  rate  of  distillation 
curve,  but  the  variation  in  rate  must  still  be  large  under 
these  firing  conditions.  Inspection  of  the  curv;  ioi  the  other 
method  of  firing  shows  that  it  is  whtn  the  partially  coked 
coal  is  pushed  back  that  the  excessive  distillation  occurs, 
but  if  the  freshly  charged  coal  could  be  more  rapidly  and 
more  thoroughly  heated,  the  curve  representing  the  rate  of 
distillation  of  this  part  of  the  volatile  n. after  would  be  raised. 
In  this  way  the  proportion  of  the  volatile  products  distilled 
av  a  rate  below  the  critical  rate  would  be  increased  and  the 
variation  in  rate  of  distillation  decreased.  It  is  quite  possible 
that  z,  change  in  the  construction  of  the  brickwork  at  the 
front  end  of  the  furnace,  so  as  to  reflect  more  of  the  l.eat 
from  the  rear  part  of  the  fuel  bed  onto  the  green  coal  in  the 
tront,  would  make  possible  the  accomplishment  of  the  object. 

In  an  earlier  part  of  this  paper  mention  was  made  of  the 
application  of  the  principles  or  methods  of  smoke  prevention 
in  mechanically  stoked  furnaces.  Some  of  the  problems  of 
this  character  are  peiplexing,  but  ordinarily  tnese  trouble- 
some phases  are  not  encountered  unless  the  installation  «£ 
made  under  severe  or  limiting  conditions  such  as  are  met  in 
plants  operating  under  heavy  loads  or  those  where  it  has  been 
considered  impracticable  to  set  the  stokers  with  the  required 
combustion  space.  In  some  of  the  central  stations  in  the 
larger  cities  where,  for  economic  reasons  it  is  imperative  that 
equipment  be  operated  at  maximum  capacity  during  the  hours 
of  peak  loads,  the  problem  of  pievonting  smol-ce  is  particularly 
difficult.  Installations  that  could  easily  be  operated  without 
smoke  under  ordinary  conditions  may,  under  these  circum- 
stances, smoke  seriously.  It  is  quite  possible  that  such  plants 
may  find  it  necessary  to  attack  the  smoke  problem  some- 
where other  than  in  the  furnace,  as  some   have  already  done. 

The  analysis  of  the  combustion  processes  under  the  test 
conditions  described   is   based   largely   upon   assumption. 


Power  in  the  Inited  Kiiif^rdom — At  a  recent  meeting  of  the 
Manchester  (England)  Association  of  Engineers,  Edward  G. 
Hillier  stated  that  the  total  horsepower  in  use  in  the  United 
Kingdom  was  10,578,475,  nine-tenths  of  which  was  provided 
by  steam  engines.  Steam  turbines  rated  second  in  the  list, 
gas    engines    third,    and    water   power    fourth. 

Electric  Po«'er  for  Farnier.s — Having  contracted  with  the 
River  Falls  Power  Co.,  Wew  Richmond.  Wis.,  for  a  supply  of 
electri  ;ity  to  be  delivered  at  substations  20  miles  apart  along 
its  interurban  line,  the  St.  Paul  .Southern  Electric  Ry.  Co. 
announces  that  it  w'll  furnish  current  to  light  villages  along 
the  road,  which  is  now  under  construction,  and  supply  nearby 
farmers  with  electricity  for  light  and  power.  The  power 
company's  contract  contemplates  the  construction  of  hydro- 
electric plant  improvements  which  will  include  a  reinforced 
concrete  dam  92  feet  long  across  the  Xinnickinnic  River 
above  Clifton,  Wis. 


AlasMsvua  "Watles'  Po'weir  Us'^ecd 

W.  v.  I^ass,  in  an  address  on  Mar.  Ifi,  in  New  York  City, 
before  the  American  Electrochemical  Society  declared  that  a. 
proper  development  of  the  water  power  in  southeastern 
Alaska  would  be  more  valuable  than  either  the  gold  mines 
or    fisheries. 

The  greater  part  of  southeastern  Alaska,  Mr.  Lass  con- 
tended, although  undeveloped,  unsurveyed  and  unprotected, 
has  been  held  in  national  forest  reserves  and  little  attention 
has  been  paid  by  anyone  to  its  development  and  utilization. 
The  present  generation  should  use  efficiently  the  great  water 
supply  of  Alaska  for  power.  It  is  an  ever  flowing  source  of 
power   that   lost  today  can   never  be   regained. 


A  $2,000,000  corporation  to  provide  electric  power  and 
lighting  facilities  for  the  .Santa  T'  ez  valley,  the  northern  end 
of  the  county  and  all  of  San  Li  is  Obispo  county,  has  filed 
articles  of  incorporation  at  Santa  Barbara,  Calif.,  being  the 
Midlands  Counties   Public  Service   Corporation. 

The  present  place  of  business  is  in  Lcs  Angeles.  The  stock 
is  equally  divided  between  common  and  preferred  and  the 
controlling  interest  has  been  secured  by  the  incorporators 
subscribing    $1,000,500. 

The  company  has  acquired  the  power  plants  at  Santa 
Maiia,  San  Luis  Obispo,  Lompoc  and  other  points,  and  plans 
for  immediate  extensions  are  L'eing  made.  The  »-°w  company 
is  a  subsidiary  of  the  San  Joaquin  l<ight  &  Power  Co.  A.  G. 
Wishon,  one  of  the  incorporators  in  the  Midland,  concern, 
is   general   manager   of   the   San   Joaquin   coinpany. 

Power  will  doubtless  be  supplied  Vy  the  immense  plants 
of  the  San   Joaquin   company   in   the   Sierra    Mountains. 


Dl^iftfact  KHes^tllini^  Ass©(casxfta®im 

The  sixth  annual  convention  of  the  National  District  Heat- 
ing Association  will  be  held  in  Rochester,  N.  Y.,  May  26,  27 
and  28,  1914.  The  program  as  arranged  by  the  executive 
committee   is   substantially   as   follows: 

Tuesday,   May  26,  2:00   pm. 

Welcome  Address. 

Response. 

President's  Address. 

Report  of  Secreta.ry-Treasurer. 

Appointment  of  Nominating  Committee. 

Report  of  the  Underground  Construction  Committee. 
Tuesday,    May   26,    8:00   p.m. 

Report  of  Nominating  Committee. 

Address — Speaker  yet   to  be  selected. 

Address,    "Manufacture   of   Welded    Iron   and   Steel   Pipe," 
accompanied   by   moving   pictures. 
Wednesday,  May  27,   9:30  a.m. 

Report  of  Meter  Committee,  A.  D.  Spencer,  Detroit,  chair- 
man.    "Use  of  Bleeder  Turbines  in  Connection  with  Steam 
Heating,"  R.  D.  DeWolf,  Rochester,  N.  -Y. 

Election  of  Officers.  „   ,     .^      ,     . 

Report  of  Record  Committee,  A.  P.  Biggs,  Detroit,  ollair- 
man. 
Wednesday,   May  27,   2:00  p.m.  _  ... 

Discussion   Session.     The   following  subjects  will  be   dis- 
cussed: ,  

"Hot    Water    Heating    under    Porrpd    Circulation,"    Thos. 
Donahue,   LaFayette,   Ind.,   to   opec 
"Expense  of  Operating  Centritugal  Pumps,  vs.   Double  Act- 
ing Pumps,"  A.  C  Rogers,  Toledo,  O.,  to  open. 

"Some  Effects  of  Utility   Regulation  as  Affecting  District 
Heating,"   D.  L    GaskiU   :.;.d    H.   Alj^iert   to   open. 

"Effectf     of    Superheatei     Steam     on     Heating     Systems," 
Davis  S.  Bovden,  Boston,   Mass.,  to  open. 

"District   Heating   for   Small    Towns   and    Cities    of   10,000 
Population  and  Under,"  L.  T.  Mason,  Hornell,  N.  Y.,  to 

"Heat  Losses   from  Buildings  of  Latest  Construction,"  H. 

Bvers  Holbrook,  New  York  City,  to  open.^ 

"Which  is  More  Profitable,   To  Shut  Steam  Off  at  Night  or 

Keep    It    on    Continuously?      "E.    L.    Wilder,    Rochester. 

N.  Y.  to  open.  „      ...     .    c^. 

"Economic   Advan  age   to   the   Consuine-s   of   Central   h-tp - 

tion   Heating   Se'-vioe  Over    Individual  Heating   Plants. 

N.  M.   Argabrite    Elwood,  Ind.,  to  open. 
Thursday,  May  28,  '):30  am. 

Report  of  Rate  Committee. 

"Customers'    Steam    Heating    Systems,"    II.    R.    Wetherell, 

Peoria,    111. 
Thursday,   May   28,   2:00  p.m.  ,  ^     ,     ^..     „   ^         ^r 

"Commercial   Steam  Heating  m  i'^ew  York   City,"  Geo.  W. 

Martin,    general   manager   of   the  New   York   Service   Co. 
Report   of   Educational  Committee,   D.   S.   Boyden,   Boston, 

Report  of  Station  Operating  Committee,  Byron  T.  Qlfford, 
Grand   Rapids,   Mich.,   chairman. 
There   will  be   an   exhibit   in   connection   with   the  Conven- 
tion   and   elaborate   entertainment   will    be   provided. 


C,V>i 


J'O  W  K  \{ 


Vol.  ;t!),  No.  17 


FB=®^Ifes  ®f  a  IL®c®ffim®^l^©°B©flIl©a'  EspE©sa@im 


■'-•^t  4:10  a.m.,  March  31.  a  freig^ht  locomotive  ou  the 
Jiridadelpliia  &  Eeadiuo^  Railroad,  carrying  205-lb.  pres- 
sure, exploded  while  climbing  a  hea%7'  grade  at  Fanwood, 
K^.   J.    (near  Plainfield).      The  photographs  reproduced 


tell  the  story  iu  a  graphic  way.  Fortimately  no  one  was 
killed  or  seriously  injured.  The  crown-sheet  failure  was 
due  to  low  water.  The  rear  and  side  sheets  seem  to  have 
held,  directing  most  of  the  force  of  the  explosion  forward. 
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Digested    by    A.    L.    H.    STREET 


IMulaance  Produced  by  Sinvdust  as  Kuel — A  luinber  com- 
pany using  sawdust  as  fuel  in  operating  a  steam  power  plant 
is  held  by  the  South  Carolina  Supreme  Court  to  be  liable  in 
damages  to  an  owner  of  nearby  property  for  annoyan<'e  and 
discomfort  caused  him  by  partly  burned  sawdust,  transformed 
into  cinders  and  charcoal  blowing  upon  his  premises.  (White 
vs.    Halsey   Lumber   Co.,    81    "Southeastern    Reporter"    11.) 

establishment  of  Rates  for  Publie  Service — Under  a  very 
recent  decision  of  the  United  States  District  Couit  for  the  dis- 
trict of  Arizona,  it  is  held  in  the  case  of  Bonbright  vs.  Geary, 
210  "Federal  Reporter"  44,  that  a  state  commission,  in  fixing 
rates  which  may  be  charged  by  public  service  companies, 
must  make  the  rates  sufficiently  high  to  yield  a  fair  return  on 
a  reasonable  valuation  of  the  company's  property  employed  in 
affording  the  service;  and  that  the  establishment  of  raiea 
based  upon  undervaluation  of  such  property,  or  upon  an  omis- 
sion to  value  certain  property  so  employed,  amounts  to  an 
unconstitutional  confiscation  of  property  without  adequate 
compensation. 

Uaniages  Recoverable  for  Smoke  Nuisance — When  a  prop- 
erty owner  establishes  the  fact  that  dense  smoke  discharged 
from  a  manufacturing  plant  settles  on  his  property  to  the 
discomfort  of  the  occupants,  he  is  entitled  to  recover  at  least 
nominal  damages,  without  further  pioof  of  injury,  according 
to  the  decision  of  the  Appellate  Division  of  the  New  York 
Supreme  Court  in  the  recent  case  of  Gibbons  vs.  N.  Y.  C.  &  H. 
R.  R.R.  Co.,  146  "New  York  Supplement"  288.  And  when  he 
shows  that  the  rental  value  of  his  property  has  been  de- 
preciated on  account  of  the  nuisance,  he  is  entitled  to  recover 
substantial   damages,   the  court  holds. 

Power  Plants  as  Part  of  Real  Estate — The  right  of  one 
who  installs  a  power  plant  in  a  light  manufacturing  estab- 
lishment to  enforce  a  mechanic's  lien  to  secure  payment  of 
the  contract  price  was  the  subject  of  controversy  in  the  re- 
cent case  of  Northwestern  Lumber  &  Wrecking  Co.  vs.  Parker 
(145  "Northern  Reporter"  964)  which  was  befoie  the  Minne- 
sota Supreme  Court.  In  holding  that  the  plant  in  this  in- 
stance was  subject  to  lien  as  a  permanent  improvement  of 
the  land,  as  distinguished  from  a  removable  fixture,  the 
court  announced  these  principles:  As  between  a  seller  and 
purchaser,  or  mortgagor  and  mortgagee  of  land,  personal 
property  which  has  been  permanently  affixed  to  the  real 
estate  becomes  a  part  of  the  land.  But,  as  between  a  land- 
lord and  tenant,  fixtures  installed  by  the  latter  may  be  re- 
moved during  the  tenancy,  if  the  lemoval  can  be  effected 
without  injury  to  tie  premises.  The  right  to  a  mechanic's 
lien  in  this  case  was  not  defeated  by  the  fact  that  the  tenant, 
with  the  landlord's  consent  but  v/ithout  knowledge  of  the 
lien  claimant,  executed  a  chattel  mortgage  to  a  fouith  party, 
covering  the  power  plant.  The  court's  finding  that  the 
power  plant  became  a  part  of  the  realty  was  influenced  by 
the  fact  that  the  boiler  and  smokestack  were  firmly  set  in 
foundations  forming  part  of  the  building,  and  that  the  engine 
was  bolted   firmly  to  the  floor. 


MK'W   FUBlLUCATnOHS 


ELECTRIC    LIGHT    AND    MOTOR    WIRING.      By    George    J. 
Kirchgasser.      Published    by    the    Electroforce    Publishing- 
Co.,   Milwaukee,   Wis.,    1914.     Size  3x5  Va    inches,   270  pages, 
illustrated.      Price,    $1. 
A    handy    little    book    of    vest-pocket    size    explaining    the 
usual    wiring    methods    such    as    open    wiring,    molding,    con- 
cealed  knob   and    tube,   conduit,    flexible   conduit   and    armored 
conductors.     These  are  well  illustrated  and  a  variety  of  elec- 
trical fittings   is   shown. 

The  first  half  of  the  book  is  devoted  to  lighting  circuits 
and  the  second  half  to  motor-  circuits.  Such  tables  as  would 
ordinarily  be  required  by  the  electrician  or  architect  are 
included,  and  typical  wiring  problems  are  worked  out.  Also, 
the  latest  restrictions  and  requirements  of  the  National  Elec- 
tiic  Code  as  apF)lied  to  wiring  systems  are  considered. 

APPLICATION   OF    POWER    TO    ROAD    TRANSPORT.      By    H. 
E.    Wimperis.      Published    by    D.    Van    Nostrand    Co.,    New 
York.       Size     5x7;     130     pages,     illustrated.        Price,     $1.50 
net. 
The    material   is    drawn    largely    from    a    series   of   lectures 
delivered    by    the    author   before   the    Finsbury   Technical   Col- 
lege   last   year.      In    contrast    to    most    books    on    automobiles. 


there  is  an  absence  of  descriptive  matter,  the  text  follow- 
ing closely  that  phase  of  the  subject  prescribed  by  the  title. 
Among  the  items  taken  up  are:  Resistance  to  motion  in  re- 
lation to  loads,  speeds  and  wheel  diameters;  amount  of  power 
necessary;  loss  of  power  in  engine  friction  and  in  trans- 
mission gear;  relation  between  engine  dimensions  and  gear 
ratios  to  the  work  to  be  done;  and  significant  points  on 
automobile  design.  These  subjects  are  treated  clearly,  and 
only    simple    mathematics    are    employed. 

The  appendix  contains  tables  and  the  results  of  tests 
showing  the  relation  between  size  of  engine,  maker's  rating, 
brake  horsepower  and  R.  A.  C.  rating  (which  corresponds  to 
our   A.    L.    A.    M.    rating.) 

Although  based  mostly  on  English  practice,  a  large  part 
of  the  text  is  fundamental  and  applies  equally  to  American 
practice.  The  field  for  the  book  is  exclusively  that  of  the 
au.omol^ile  engineer  and  designer. 


The  April  meeting  of  the  Isolated  Power  Plant  Association 
will  be  held  in  the  Engineering  Societies  Building,  29  West 
39th  St.,  on  Monday  evening,  Apr.  28,  at  8:15.  The  question  of 
extending  the  New  York  organization  throughout  the  coun- 
try will  be  taken  up.  Inquiries  have  come  to  this^association 
from  time  to  time  in  regard  to  the  objects  of  the  organization, 
and  it  is  to  be  seen  from  the  tenor  of  the  inquiries  that  other 
localities  are  in  pressing  need  of  information.  The  status  of 
the  Edison  rate  case  will  receive  attention  at  the  meeting  and 
also  a  number  of  new  cases  affecting  electric  rates  in  New 
York.  Some  of  them  have  developed  points  of  considerable 
importance   as   bearing  upon   the   general   question   of   rates. 

The  second  annual  banquet  of  the  Bliss  Electrical  School 
Alumni  Association  was  held  April  13.  President  Louis  D. 
Bliss,  of  the  Bliss  Electrical  School,  Washington,  D.  C,  pre- 
sided. Among  the  speakers  were  H.  C.  Fleming,  of  the  Penn- 
sylvania Public  Service  Company,  Indiana,  Penn.;  John  W. 
Ward,  general  superintendent  the  Pittsburgh  High  Voltage 
Insulator  Co.,  Derry,  Penn.;  E.  M.  Kreidlei-;,  the  Union 
Switch  &  Signal  Co.;  Alexander  Weinberg,  piesident  Duplex 
Electric  Manufacturing  company;  James  S.  Dodds,  instructor 
Carnegie  Institute  of  Technology;  E.  J.  Dovey  and  G.  R.  Jen- 
nings, Duquesne  Light  Co.;  N.  P.  Knowles,  Central  District 
Telephone  Co.;  C.  A.  Batton,  J.  B.  Harris  Ji-.,  S.  B.  Hull,  M.  B. 
King.  C.  A.  Purdy,  H.  E.  Renkert,  C.  E.  Smith  and  C.  P. 
Walker,   of  the  Westinghouse  companies. 

The  annual  exhibition  of  the  work  of  day  students  of 
Pratt  Institute,  Brooklyn,  N.  Y..  will  be  held  as  follows: 
Thursday,  Apr.  30,  2  p.m.  to  10  p.m.;  Friday,  May  1,  10  a.m. 
to  10  p.m.;  Saturday,  May  2,  10  a.m.  to  5  p.m.  This  ex- 
hibition is  open  to  the  public  and  a  cordial  invitation 
is  extended  to  all  wlio  are  interest  .>d  in  industrial  and  tech- 
nical education.  The  students  will  be  engaged  at  their  reg- 
ular work,  and  an  opportunity  will  thus  be  afforded  to  vis- 
itors to  inspect  the  methods,  equipment  and  general  facilities 
for  conducting  this  kind  of  training,  as  well  as  the  finished 
products  of  the  students  in  the  various  coiirses.  Pratt  In- 
stitute is  a  pioneer  in  the  field  of  industrial  education  and 
for  many  years  has  been  developing  courses  of  the  kind  for 
which  there  is  so  strong  a  demand  at  the  present  day.  The 
school  offers  day  and  evening  courses  for  Ijoth  men  and 
women  in  a  great  variety  of  vocational  subjects,  including 
fine  and  applied  arts,  household  science  and  arts,  architec- 
tural design  and  construction,  library  management,  kinder- 
garten training  and  technical  and  trade  courses  for  men  along 
many  important  lines.  The  work  of  the  School  of  Science 
and  Technology  should  prove  of  special  interest  to  men  en- 
gaged in  technical  and  trade  pursuits.  It  provides  instruction 
in  applied  mechanics  and  machine  design,  applied  electricity, 
applied  chemistry  and  tanning,  machine  work  and  toolmaking, 
carpentry  and  building,  pattern  making,  plumbing,  foundry 
and   forge  work   and   sheet  metal   work. 


A.  S.  Baldwin  has  accepted  the  position  as  manager  of 
works  of  the  Best  Manufacturing  Co..  Pittsburgh,  Penn.  Mr. 
Baldwin  was  formerly  general  manager  of  the  Alberger 
Pump  &  Condenser  Co.,  Newburgh,  N.  Y.,  which  position  he 
resigned  on  the  fiist  of  April. 
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BUSINESS    ITEMS 


UwliiK  li>  till-  coMtliiual  Kiowdi  i>r  ItH  liiiHliit'iiM  thu  Scitnill- 
iiiivliiii  Iti'UliiK  I'll,  will  on  or  iiliout  Miiy  I  n-inovo  ItH  Now 
Yuik    oltUo    to    lOB-lOS    Iloiiilo    St. 

The  Shlpli-y  t'on.Mtructlon  *  Supply  Co.,  doini'Htlc  and 
fi.iclK"  iiU'-ntM  for  the  York  ManiiriicliirInK  Co.,  are  now  oc- 
•  iipvliiK  olllri'H  III  llH  m-w  luillilliiK',  forniT  of  ('oliimlila  anil 
Wairi-ii    St«..    HrooUlyii.    N.    Y. 

Thr  l)riirl)orii  flu'inlriil  t 'o.  luiH  tranBfiMTOil  lt»  HoiillipaHt- 
rrii  liiaiK-li  oIlliT  from  lllrniliiKlmm,  Ala.,  to  Atlanta,  (Ja.,  11117 
CanclU-r  HiillilliiK;,  wlu-re  C.  11.  Kvi-rt-tt  anil  J.  K.  Uoutill.-, 
loproHOiitiiiK  tlio  Dearliorn  tompuny  In  that  territory,  will 
liavo    their    hi-ailumirters. 

F  S.  rainier,  tho  w«<U  known  enplne-Btop  num.  la  back 
Willi  the  l,oi'ke  HoKiiIator  Co.,  of  Salem,  Mush..  aH  ninnaKor 
.if  ilie  enttlne-stoi)  ilepartnient.  Mr.  i'alnier  Homo  years  aKo 
had  lieen  a  repreMriilatlvo  for  tho  Loeke  KeKulator  Co.  and 
hl.x  frleiid-s  will  bo  Klad  to  hear  of  his  return  to  his  old  com- 
pany. 

Warren  Webster  &  Co..  Camden.  N.  J.,  has  Just  published 
I  vorv  intorostliiK  booklet  on  the  •  \\'obstor  Vacuum  System 
of  Steam  lleatlnK.  It  llUistvMtes  mftny  of  tho  hUKe.st  biilKl- 
iiiirs  and  hotels  In  dlfleiont  c-ltles  In  which  this  sysl.ni  is  in- 
stalled and  is  full  of  valuable  steam-hoatliiK  data.  rhe 
number  of  the   booklet   is  B  8"h  and   Is  mailed   on   reiiuest. 

The  Iniiersoll-Rand  Co.  has  opened  a  new  branch  oHiCP 
an.l  warehouse  at  lOSG  Union  OH  BldK.,  I'"«  An^-eles,  Calif. 
\V  \  Townsend,  formerly  nianaKer  of  the  El  Paso  ptnce,  will 
be'  in'  charge  .1.  1>.  Foster  succeeds  Mr.  Townsend  as  man- 
aser  of  the  Kl  Vaso  branch.  This  company  has  also  opened 
a  branch  in  the  city  of  .Juneau,  Alaska,  with  T^^rank  Carroll 
In  charKO.  Walter  A.  .lohnston  is  now  pneuni..tic-tool  man- 
aner  jf  the  I'lttsbursh  branch,  and  C.  F.  Overly  .f  the  Cleve- 
land   branch. 

Amonsr  recent  sales  of  "Kconomy"  turbln.  ;  made  by 
Kerr  Turbine  Co.,  Wellsville,  N.  Y..  are  the  follc-winR:  Fhir- 
teeii  units  for  drivinK  pumps.  Swift  &  Co.:  aix  units  for 
drlvinw  pumps.  Crane  Co.;  throe  turbo  pu-,.s  Lackawanna 
Steel   Co.;    one    turbo   pump.    American    Sheet    A:    Tin    Plate    Co.. 


Positions  Wanted,  :1  e.-nts  a  .voril,  minimum  charge  50c.  an  insertion,  in  advance. 
Positions  Open.  (Civil  Ser' ice  Ksaminations).  Kmploymenl  Asencles  (I.abor 
Bureaus"  i^ineL  (Ipportunliies.  Wanted  (Asenta  and  ,S'''<«'f<^°-f„™''^«" 
Work)  and  Kor  Sale,  .'>  eent.s  a  word,  minimum  cliarBe,  SI. 00  an  insertion. 
Miscellaneous  (Kducatlonal -Hoolts)  10  cents  a  word,  minimum  charge  S1.50. 
Count  three  words  for  keyed  address  care  ot  New  York;  four  for  Chicago.  Ab- 
breviated words  or  symlmis  count  as  full  words. 

ronv  should  reach  us  not  later  than  10  A.  M.  Tuesday  for  ensuing  week's  issue. 
k?i?weraXr  ™sed  lo  our  care.  M^i  Pearl  St..  New  York,  or  I  44  Monadnock 
bIocT™  hlcaao.  will  be  forwarded  (excepting  cU-culars  or  similar  literature). 
No  Information  given  by  us  regarding  keyed  advertisefs  name  or  address. 
Original  letters  of  recommendation  or  other  papers  of  value  should  not  be  inclosed 
to   unknown   correspondents.     Send   copies. 
.■\dvertlscment.s  calling  tor  bids.  SiStO  an  inch  per  insertion. 


Cumnelitiie  examinations  for  the  citil-semce  positions  namerl  below  mil  he  held  on 
or  up  to  the  dates  given.  For  detailed  information,  write  the  Vnited  States  Cml  ber- 
rire  Commission.  Washington.  D.  C  or  other  addresses  specified. 

JUNIOR  ELECTRICAL  ENGINEER  (Male)  $10S0-.$1500 ; 
examination  Mav  20;  for  vacancy  in  the  Interstate  C9mmirce 
c'on  mission,  and  positions  that  become  vacant  lequinng:  sim- 
ilar qualificktions  Write  for  Circular  397,  Application  Form 
2039. 


GRADUATE  MECHANICAL  ENGINEER,  several  years' 
commercial  experience  on  power  apparatus,  also  testing  ana 
design;    references.      P.    W.    206,    Power. 

AIECHANICAL  ENGINEER,  graduate.  28.  with  practical 
experience  on  boiler-room  work,  ice  plant,  electric  plant  and 
wfter  supply;  hustler  who  can  carry  out  responsibilities  seeks 
permanent    position.      P.    W.    207,    Power. 

ELECTRICIAN  AND  MECHANIC  with  broad  experience, 
installation  and  operation  of  hydro-electric,  gas  and  oil  en- 
gine power  plants,  high  tension  transmission:  age  30.  mar- 
ried, speak  Spanish;  best  of  references.  Lock  Box  10,  Shreve, 
Ohio. 

WAMTED 

.\GE!VTS    AND    SALESMEN 

SALESMAN — Thoroughly  competent  steam  specialty  sales- 
man; one  that  can  sell  high-grade  goods.  W.  120,  Power, 
Chicago. 

SPECIALTY  MFN  in  every  city  calling  on  power  plants 
to  sell  our  patented  pump  valves;  liberal  commissions.  George 
C.  Van  Vechten  Co.,  255  Main  St..  East.  Rochester,  N.  Y. 


l.l»<hl  A>  1(1*  <'o..  city  of  Kiivonnu  lOhlu).  and  Kurlto  liiHulnled 
WIru  Si  Cable  Co.;  IZfi-kw  unit,  VpHllaiitl  Keed  Kurnltuie 
Co.;    lOO-kw.    unit,    (iulf    FlMlierloH    Co. 

(!  I,.  SIiiioimIh  &  Co,  COO  (iaff  HullclltiK,  ChliiiKO,  111.,  hiivo 
ri(<'Iilly  Miiiiieil  I'onlraclH  foi-  IiihIiiHjiI  Ion  of  Vulcuii  Hoot 
I'loarierH  fr<iiii  S.  F.  llowHer  /it  Co.,  Fori  Wayne.  Ind.;  North 
WeHtern  Penn.  Ity.  <-'o.,  Meadvllle,  I'enn.,  DufjueHiio  LiKhtliiK 
Co.,  llrunot'H  iHlnnd  Power  PlanI;  PItlHbiiiKh,  I'enn.,  20  clean- 
orH;  MahonliiK  ^  ShonanKO  l(y.  Ar  LIkIiI  Co.,  Lowe|lv|||o,  Ohio; 
Hnlx'oi'k  &  Wilcox  Co.,  for  Ciiiilniiiill  Waler-works;  Dabcoek 
A  Wilcox,  for  (irrvlllo  Water- works,  Ohio;  Pinri  Central 
LlKht  *  Power  Co.,  Warrior  Rlilxe,  I'enn.  AIho  for  WIlllaiiiH- 
liiirK.  Pi-nn.,  plant;  Penn  Public  Servl.  <•  Co.,  Phlllli>Hl>urK. 
Penn.;  U.  .S.  Aluinlnnni  <'o.,  New  KenHliiKton.  Penn;  TriiriHiie 
&  WIlllaniH,  Alliance,  Ohio;  Havana  Electric'  Ry.,  Lltfht  Xi 
Power  Co.,  Havana,  Cuba;  Merchants  Heat  &  LiKht  Co.,  In- 
dianapollH,    Ind. 

Tho  A.  S.  Cameron  Steam  Pump  Workn.  11  Broadway. 
N.  Y.,  has  opened  branch  ofllceH  and  warehousoK  In  thi'  fol- 
lowliiK  eltloH:  BlrmlnKhani,  Ala..  Ami?rlcan  TrtiMt  Hldg.,  II.  M. 
Perry,  mgr.  Chicago.  111.,  Peoples'  Can  lildn..  M.  P.  Frutehey, 
nigr.  {.'leveland,  r)hlo,  Wllllainson  Hldg.,  W.  A.  ArmstronK. 
mgr.  Duluth,  Minn.,  Provldr-nco  lildg.,  S.  II.  Hill,  ingr. 
Houghton,  Mich..  Thos.  F.  Lynch,  ingr.  Knoxvllle  Tcnn., 
Holston  National  Hank  lildg,  L.  F.  ThompHon.  mgr.  Los  An- 
geles. Calif..  W.  A.  Towns.-nd,  mgr.  Philadelphia.  Penn.,  Ar- 
cade Hldg.,  Phil.  Weiss,  mgr.  I'lttsburgh.  Penn.,  Farmers' 
Bank  Bldg..  W.  B.  Itrondllnger,  mgr.  St.  Lf.uls,  Mo.,  :iOO  N 
iiroadway,  A.  A.  Honsack,  mgr.  Seattle,  Wash.,  Colman  Hldg., 
R.   W.    Douglas,   rngr. 


MEW  EQUHFMEHT 


.VTLANTIC    COAST    STATES 
The  plant   of  the  Deposit   Electric  Co.,    Deposit.   N.   Y'.,   was 
recently   destroyed    by   fire.      Estimated    loss.   $25,000. 

SOITHEHN    STATES 

Plans  are  being  prepared  for  the  installation  of  an  electric- 
light  plant  In  Woodland,  Ga. 

The    Nashville    Cold    Storage    &    lee    Co..    Nashville.    Tenn., 
will  purchase  four  800-hp.   boilers  for   its   plant. 

CEXTHAL    ST.\TES 

The     installation     of    a     municipal     electric-light    plant     at 
West   Union,    Ohio,    is    under   consideration. 


MISCELIUAHIEOUS 

PATENTS  SECURED — C.  L.  Parker,  Patents  904  U  St.. 
WastilTigton.    D.    C. 

ENGINEERS — Do  you  want  to  utiliiie  your  exhaust  steam 
for  heating  or  driving  purposes  withcnit  back  pressure  on 
your  engine?  If  so  address  Monash  Engineering  Co.,  1417 
West  Jackson  Blvd.,   Chicago,   111. 


AUTOMATIC  STEAM  ENGINE — 25  hp.  Brownell,  almost 
new;  must  move  to  make  room  for  larg.  r  engine.  Box  12,  New 
London,    Minn. 

BOILER — 350-hp.  water  tube,  used  30  days;  insured  200  lb. 
steam  pressure;  cost  $3500;  price,  $1500.  Duzets  &  Son,  Hud- 
son 'Terminal,  Nev7  York. 

FOUR- VALVE  RUSSELL  ENGINE,  one,  14x20,  left  hand; 
diameter  wheel.  88  in.;  face,  18  in.;  good  condition.  Municipal 
Electric   Light   Plant,    Blessfield,    Mich. 

DYNAMOS — Two  75-k-.v.  Westinghouse,  125-volt,  direct 
connected  Ames  automatic  engines;  $975  each.  Duzets  &  Son, 
Hudson    Terminal.    New    York. 

GENERATORS — Two  75-kw.-YVheeler,  250-volt,  direct- 
connected  Harris  Fleming  engine,  with  switchboards;  $1200 
each.     Duzets   &  Son,   Hudson   Terminal,   New   York. 

ENGINES — Five  rebuilt  40-  to  50-hp.  Straight-Line,  one 
rebuilt  75-  to  So-hp.  Straight-Line  engine;  all  modern  ma- 
chines.     Straight-Line   Engine  Co.,   Syracuse,  N.   Y. 

WORTHINGTON  PUMPS — Two  20x12x15,  in  working  order 
(with  or  without  fittings);  capacity  too  small  for  present  de- 
mands. One  Stillwell  open  heater.  Address  John  M.  King, 
Superintendent    of    Lancaster    Water-Works.    Lancaster,    Ohio. 

1 1000   KW    FILER  &   STOWELL;   1 — 1200   kw.   Rice   Sar- 

genf  1 — 600  kw.  Allis-Chalmers.  Vertical  engines  complete 
with' generators  and  condensing  plant,  etc.,  and  in  gc)od  op- 
erating condition.  Call  or  write  for  further  particulars. 
Western  Electric  Co.,  Purchasing  Dept.,  Hawthorne  Station, 
Chicago,    111. 

NO.  21  STIRLING  BOILERS — Three  class  A.  280  hp.  each; 
one  class  A  No.  24  Stirling  Boiler,  320  hp.,  with  Dorrance  shak- 
ing grates,  complete  with  fronts,  drums,  framework,  no  tubes; 
best  condition,  IfiO  lb.  pressure,  one  year's  use;  stored  ready 
for  inspection  or  shipment.  A.  E.  Staley  Manufacturing  Co., 
Decatur,   111. 

BUCKEYE  STEAM  ENGINES — Two  at  bargain  prices.  One 
12"x21"  85  hp.,  185  r.p.m.,  85  lb.  steam  pressure;  flywheel  6'  0 
diam.  22"  face.  One  ll"xl8"  70  hp.,  200  r.p.m.,  85  lb.  steam  pres- 
sure; flywheel  4'  0"  dlam.  14"  face;  changed  to  motor  drive. 
Must  move  at  once.  Write  today.  The  W.  H.  MuUlns  Co., 
Dept.  C,  Salem,  Ohio. 

CORLISS  ENGINES — 1100  HP — 26&42x48  Vilter  Cross  Com- 
pound Corliss  Engine,  Belt  Wheel  18'.  800  HP.— 22&32x42 
AUis  Corliss  Tandem  Compound,  Right-hand,  18'  Belt  Wheel, 
both  Engines  perfect  condition.  Have  to  move  Immediately 
so  make  price"  each  engine  $1050  f.o.h.  cars,  guaranteed  ex- 
cellent condition.  Harold  R.  Wilson  Machinery  Co.,  413  Pine 
St.,   St.   Louis. 
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By  Chaklks  H.  Bkomi 


YOU  say  my  life's  intensely  dull, 
Monotonous — a  stupid  lull, 
Without  a  goal  to  raise  hopes  high 
And  that  if  you  were  me  you'd  die? 


Those  days  are  gone  and  though  they  had 
Their  times  that  almost  drove  me  mad, 
What  recollections  still  remain 
Are  more  of  pleasure  than  of  pain. 


Now  what  do  you,  with  unsoiled  hands — 
Your  smooth,  clean  face  and  linen  bands- 
Know  of  the  joys,  the  frights,  the  peace. 
Found  in  my  world  of  steel  and  grease? 


I  often  think  of  friends  of  old. 
Case-hardened  men  with  hearts  of  gold, 
Who'd  share  their  last,  and  gladly  too. 
Would  your  pals  do  as  much  for  you? 


At  cranky  pumps,  I've  worked  and  cursed 
As  tons  of  sea  through  great  holes  burst 
And  strove  to  fill  the  darkened  hold 
So  rapidly  my  blood  ran  cold! 


And  now  my  task's  to  work  and  plan 
To  get  the  best  that  human  can 
From  this  big  modern  plant  ashore; 
A  worthy  goal  I'm  striving  for. 


In  settings  hot  with  glowing  soot; 
My  hide's  been  scorched  from  head  to  foot. 
I've  put  grates  back  when  dropped  from  place, 
While  burning  coals  fell  on  my  face. 


Oh,  no,  young  man,  a  thousand  "no's!" 
My  life's  not  drear  nor  dull,  God  knows! 
But  yours!  'Tis  likely  tame,  I  fear. 
Beside  that  of  the  engineer. 
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Si'XOI'SiS — .1  iinxlirn  sicdiii  iihiiil,  hiiill  an  llir  viiil 
si/ttlrni,  irilli  on  iiiiliiil  ((iiKitilii  nf  I J.iino  h-ir.  diid  an  iilli- 
malc  niliiiij  of  J,S,ot)0  kir.  The  biilliliiii/  is  runstntrtfil  Id 
be  i/iaditnllii  cjli'iulcd.  The  hantlliiui  uf  fuel  and  ash 
and  sui>i>liiin(j  circnlalimj  water  to  the  rondcnsrrs  ore 
also  features.  The  eireulalinp  /nnnjis  are  at  llie  hnUoni 
of  a  pit,  ^'J  ft.  hrlow  niarinnnn  hi(jli  iraler.  and  Init  J  ft. 
aim  re  I  lie  luir-iraler  staff  e  of  tlie  Ohio  Hirer. 

Tlio  olortrical  oiut^v  for  oiH'nitiiijj  Hi.")  miles  of  (ilv 
ami  !)()  niilos  of  inttTurhiin  track  j)rior  lo  llic  coiiiiilciinii 
of  the  lunv  llifjli  St.  power  plant,  was  sii|iplir(l  fi-iMii  ilie 
old  C'aniphell  St.  plant,  which  had  a  total  ralcd  c:i|iacil\ 
of  1  i.lJOO  kw.  at  13,200  volts.  Tho  old  plant  was  sup- 
phintcd  for  several  reasons,  tlic  two  of  most  importance 
being  the  hick  of  circnhiting  condenser  water  and  tlio 
rapid  increase  in  the  electrical  output. 

Circulating  water  Avas  obtained  from  Beargrass  Creek, 
on  which  the  plant  is  situated,  and  which  received  tlie  dis- 
charge from  a  number  of  sewers ;  it  maintained,  however, 
a  fairly  constant  water  tlow  and  did  not  prohibit  the  use 


of  the  water  for  cdndenHing  jinrpoKcH.     Within  tlic  \y.\ 
five  years   the  city  of  liouisville   lias  constriicted    sewei 
paiiiilcl    lo  llie  creek,  and  ho  diverted   the  (low  of  wniei 
iIkiI  Millii  Hill  eircuialing  water  was  not  available. 


Fig.  1.  High  Sthkkt  I'owku  St.\tion 

Artesian  wi'lls  were  sunk  and  a  s))ray  cooling  system 
was  installed  to  furnisji  condensing  water,  but  the  water 
supply  was  limited  and  the  idea  was  costly,  because  of  the 


Fig.  2.  l^iEiauit  of  the  High  Street  Statiox,  Showixg  the  Two  6000-Kv.-A  Tukbixe  Units 
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anioiiiit  of  i)uiiiping  necessary;  (he  efficiency  was  iiia- 
terially  reduced,  and  extensions  could  not  ])rorita!)ly  be 
made  to  the  old  plant. 

Another  reason  was  that  the  average  daily  output  in 
the  old  plant  had  inci'oascd  from  35,000  kw.-hr.  in  li)00 
to  practically  150,000  at  llie  close  of  1913,  and  the  niaxi- 
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Rotary  Convkrtei!,  Transformers  and  Oil 
Switches 


mum  hourly  load  demand  rose  from  3000  kw.  in  1900  to 
14,000  in  1918.  This  rapid  increase  in  output  was  due 
to  increased  car  and  track  mileage,  and  to  the  size  and 
equipment  of  the  cars. 

The  new  station  site  is  on  the  Ohio  Eiver,  but  separated 
from  it  by  the  Kentucky  &  Indiana  Terminal  R.R.  and 
the  Louisville  &  Portland  Canal,  the  latter  having  bpi>" 
built  as  a  means  of  transportation  past  the  rapids  during 
low-stage  periods  of  the  river.  The  power  house  is  above 
the  locks,  where  there  will  always  be  an  abundance  of 
water  for  power-plant  consumption. 

The  new  plant  site  fronts  1358  ft.  on  the  railroad,  a 
part  of  a  double-track  line  about  half-way  around  the 
city,  and  connects  with  all  steam  roads  entering  it.  The 
general  level  of  the  property  is  about  5^4  ft.  above  the 


maximum  high-water  stage  of  the  river,  and  is  underlaid 
with  bed  rock  at  a  depth  of  about  .'id  fl. 

Construction  work  was  begun  on  May  1,  1912,  and 
19  months  later,  Nov.  23,  1913,  current  was  first  gen- 
erated. The  building,  Fig.  1,  is  of  steel,  concrete  and 
brick  construction,  but  the  west  side  is  closed  in  with  a 
icmporary  corrugated  siding  to  lie  removed  when  future 
cxlcnsions  arc  made.  All  foundations  and  walls  up  to 
tile  high-water  line  are  built  of  coiitTcte.  The  concrete 
foundations  of  the  chimney,  turbine  and  crane  columns 
were  built  upon  1)ed  rock;  ail  other  supports  rest  upon 
concrete  piles  driven  to  bed  rock.  The  roof  of  the  build- 
ing is  made  with  a  2-in.  course  of  reinforced  concrete,  a 
course  of  6-in.  hollow  tile  and  a  2-in.  finishing  layer 
of  concrete;  the  whole  is  covered  with  a  layer  of  five-ply 
tar  paper  and  gravel. 

The  building  includes  a  100xl80-ft.  boiler  room  built 
with  the  longer  dimension  at  right  angles  to  the  turbine 
room,  which  is  80x175  ft.  At  the  time  of  the  writer's 
visit,  there  were  two  6000-kv.-a.  turbines  of  the  semi- 
double-flow  type,  employing  the  impulse  and  reaction 
principles  in  operation.  Steam  at  180  lb.  and  125  deg. 
superheat  is  used  in  the  turbines.  The  generators  are 
three-phase,  25-cycle,  13,200-volt  machines  with  inclosed 
ends  and  forced  ventilation.  The  cooling  air  is  drawn 
through  the  cable  room  from  outside  the  building  and 
passes  through  copper-wire  screens  covered  with  cheese 
cloth,  which  catch  the  dust  drawn  in  with  the  air. 

Fig.  2  is  a  view  of  the  turliine  room  looking  east  to- 
ward the  permanent  end.  The  condenser  and  pump  pit 
is  between  the  two  main  turbines.  The  electrical-con- 
trolling apparatus  is  on  the  near  side  of  the  room ;  the 
auxiliary  units  are  shown  on  the  opposite  side  under  the 
boiler-room  floor. 

There  are  three  auxiliary  exciter  units;  100-  and  150- 
kw.  engine-driven,  125-volt  generators  and  one  50-kw. 
motor-generator  set.  There  is  also  a  2000-k\v.,  six-phase, 
25-cycle,  13,200-volt  rotary  converter  of  the  latest  de- 
sign.   Provision  has  been  made  for  starting  it  from  either 


Fig.  4.  \  ii:\v  uf  the  Switchboard  Gallery,  Looking  West 
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llic  alliTiialin^'-  or  llic  iliifil-ciiintit  nid.  'riicn-  aiv 
tliii'i'  T.')()-k\v.,  Hinjfli'-pluisc.  oil-i-oolcd  tiiiiiHforiMfrs  imcd 
fur  tlu'  rotarv  cdnvi-rli'r.  slt'ppiiiK  iIk'  tiirrciit  down  lioin 
i:<,'^0()  to  '.W)  voMs.  'I'liirt  i'(iiii|nii('nt,  whiili  is  tii'(l  in 
witli  two  fity  sniwialioiix  liy  way  of  a  (iixi-volt,  <lirc<l- 
turrciit  Inmk  liru-.  is  shown  in  Kifj.  :?.  also  the  <on(  rctc- 
incast'd  oil  switrlii'S  and  liif;li-tciision   lins  strnclnrc. 

A  fonr-li'vrl  pdlcry  flanks  oiio  side  of  tlio  lurltint-  room. 
On  tlir  lower  oiic.  wliirli  is  In-low  the  tnrl)iiir-rooin 
lltMir.  arc  the  nndcrfiroiind  transmission  conduits.  Krom 
the  rondnit  tlii'  caltlf  radiati-s  tliroufili  tlic  lU'cfssnry  cahle- 
fiid  lu'lls.  'I'lic  i;5.W()-volt  l)iisl)ars  arc  in  concrcli'  coiii- 
partmciits  and  automatic  oil  swil<li's  ar^  installed  over 
lliem,   being  shut    in    hy    rull-lenu'lh    polisiieii    wire-^'hiss 


lii'iini  ;,'rillage,  Hn|p|iorled  iiy  llie  two  irMicri'le  I'oiiiidiiiion 
walls,  the  liam!  of  which  is  helow  the  water  level  ol  llie 
river,  l'"i^'.  '>.  In  Vl^.  (I  is  shown  a  part  of  one  end  of 
a  comlenser.  one  of  the  two  .M-in.  electrically  operated 
vidves  and  a  'tii-in.  atmospheric  exhaust  valve  and  litlin^'H. 
The  piping  is  so  arianged  that  the  direction  of  the  flow 
of  water  can  he  changed  in  thi'  condenser  hy  the  manipu- 
lation of  four  valves;  thus  washing  the  refuse  out  of  tin- 
condenser  into  the  discharge  tunnel.  r)r  any  ohstruction 
that  might  come  in  with  the  circulating  water.  These 
]>unipH.  Kig.  ■">.  driven  iiy  '.'SO-hp.,  two-stage  turhines,  are 
in  the  condenser  pit  .i."!  11.  helow  the  maximum  liigli  water 
and  .'5  ft.  aliove  (he  low-water  stage  of  the  river,  'i'lie 
water  for  condensing  purimses  is  taken  from  the  canal, 
Fig.  7.  and  is  conveved  to  the  jjump  |)it  through  two  7.\8- 
n.  (OIK  rile  iniini'ls  alter  passing  through  wire  8creon« 
ill   (he  screen  jiolisc. 

The  to|)  of  llie  eight  cniial  intake  openingfi  is  about 
I  ft.  helow  the  normal  water  level,  to  eliminate,  as  much 
as  possible,  floating  debris  and  to  avoid  frcfjuenl  clog- 
ging of   file  screens.      Tlie  openings    for  both   the   intake 


Fig.   5.    Plmi'    Pit.    Showing   Pcmps    -vxd    Concrete      Fio.  (i.   End  View  of  One  of  the  Surf.\ce  Condensers 
TiiiBiNE  Foundation  and  Motor-Operated  Valve 


doors.  The  switchboards  are  on  the  south  side  of  the 
room  on  the  second  gallery.  The  desk-type  control  board, 
in  two  sections  and  designed  for  four  generators,  has  a 
miniature  busbar  layout  showing  the  connections  of  the 
generators  and  feeder,  also  the  cross-connections  of  the 
bus  system.  A  view  of  the  switchboard  floor  is  shown 
in  Fig.  4. 

Condensing  Apparatus 

A  feature  not  found  in  the  general  design  of  power 
plant  is  in  connection  with  the  condensing  apparatus. 
Each  turbine  foundation  consists  of  two  parallel  walls 
and  extends  to  within  18  in.  of  the  main  turbine  floor, 
which  is  12  ft.  below  the  boiler-room  floor,  thus  forming 
a  bay  where  au.xiliaries,  pumps,  etc.,  are  placed. 

The  foundation  walls  are  so  spaced  that  the  surface 
condenser  may  be  lowered  in  place  under  each  turbine  by 
the  overhead  50-ton  crane.     The  turbines  are  on  an  I- 


and  the  discharge  are  for  a  flow  of  160,000  gal.  per  min. 
with  a  discharge  current  of  1.19  ft.  per  sec. ;  this  is  nec- 
essary so  as  not  to  interfere  w-ith  small  boats  passing  in 
the  canal.  This  was  accomplished  by  discharging  from 
the  bottom  and  from  several  outlets.  The  other  end  of 
the  tunnels  terminate  under  the  circulating  pumps  in 
the  pump  pit. 

Two  auxiliary  30-in.  cast-iron  discharge  pipes  extend 
from  the  east  end  of  the  discharge  tunnel  to  a  point  on 
the  canal  over  the  intake.  Should  the  canal  water  freeze, 
the  discharged  hot  water  can  be  used  to  melt  any  needle 
ice  that  may  obstruct  the  tunnel  entrance. 

In  the  screen  house  there  are  four  sets  of  double,  brass- 
wire  screens,  two  in  series.  The  screens  on  the  intake 
side  have  a  %-in.  mesh  and  those  on  the  other  a  l^-in. 
mesh.  The  screens  are  mounted  on  metal  frames  and  the 
whole  can  be  raised  to  the  floor  of  the  screen  room  for 
cleaning.  Fig.  8,  by  a  five-ton  electric  traveling  crane. 
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Fig.  7.  Canal  and  Screen  House,  the  Ohio  River  in 

THE    DlSTAXCE 


Fig.  S.  Interior  of  the  Screen  House,  Showing 
Screen  Crane 


llach  tunnel  can  be  shut  ofE  by  sluice  gates  operated  from 
llie  ground  floor  by  means  of  worm  gears.  At  the  canal 
1  lid  of  the  tunnel  a  system  of  iron-bar  racks,  placed  at  60 
I  leg.,  and  spaced  2y->  in.  apart,  catches  all  heavy  material 
1111(1  prevents  damaging  the  smaller  screens. 

The  concrete  discharge  tunnel  from  the  condensers  is 
lidrseshoe  in  shape,  9x9  ft.,  and  empties  into  the  canal 
■'iiio  ft.  west  of  the  intake.  Discharge  pits  have  been  built 
1 11  In  the  discharge  tunnel  below  the  flow  line  to  seal  the 
iiindenser  discharge;  the  water-discharge  entrance  into 
I  lie  conduit  is  by  means  of  flanged  castings  set  in  the 
1  oiicrete  walls. 

Condensate  is  taken  from  each  hotwell  by  a  4-in.  two- 
stiige  turbine  pump  driven  by  a  small  turbine.  The 
|iumps  deliver  wator  from  the  hotwell  to  the  open  heater 


in  the  boiler  room  at  a  maximum  rate  of  350  gal.  per 
min.  against  a  head  of  60  ft.  Makeup  water  is  supplied 
from  an  overhead  35,000-gal.  capacity  steel  tank  by  either 
of  two  9,  14  and  8V2  by  15-in.  duplex  compound  pumps. 
The  tank  is  above  the  elevator  shafts  of  the  boiler  room 
and  the  water  overflows  at  a  height  of  119  ft.  above  the 
turbine  room.  A  float  valve  in  the  tank  closes  the  inlet 
when  the  water  rises  to  within  6  in.  of  the  overflow.  This 
action  produces  pressure  on  the  pump  discharge  and  the 
regulators  automatically  stop  the  pump.  An  elevation 
gage,  installed  over  the  engineer's  desk,  is  graduated  in 
feet  to  indicate  the  height  of  water  in  the  tank.  This 
water  is  not  only  used  for  makeup  but  fox  water-cooled 
glands  in  the  main  turbine,  centrifugal  pump  and  ex- 
citers. 


.  I )      Equipment 

-   Turbines 

_'  (Icncrators. .  .  . 
1    (lenerator 


PRINCIPAL  EQUIPMENT  OF  THE  NEW  TURBINE  PLANT  OF  THE  LOUISVILLE  RAILW 
Size                           Use  Operating  Conditions 

6000  kv.a Main  units ISOOr.p.m.,  1801b.  steam,  125  deg.  superheat.  . 


Ki-.l 
Hor.  semi  d(j;fil 

-Mt.  current 

Direct  current. . 


1  Generator. 
1  Turbine...  . 


1  Converter. . . 
3  Transformer 

2  Condensers. . 

2  Pumps 

2  Turbine  ■.. . . . 

1   Crane 

1  Crane 

2  Pumps    ,    . 
2  Tur':ire;i.... 

2   Heat<Ts 

2  Pumris 

2  Pump-, 

2  Pump :■■ 

2  Tur'rines. . . . 

1  Tank 


CiOOO  kv.a Main  units 1.500  r.p.m.,  13,200-volt,  3-phase,  25-cycl( 

1.50  kw Exciter,     turbine 

driven 2200  r.p.m.,  125-volt,  turbine  driven 

Direct  current 100  kw Exciter,     turbine 

driven 1800  r.p.m.,  12.5-volt,  turbine  driven 

Horizontal,  impulse 1.50  kw Driving      exciter 

generator 2200  r.p.m.,  180  lb.  steam,  125  deg.  superheat    . 

Horizontal,  impulse 100  kw Driving      exciter 

generator 1800  r.p.m.,  180  lb.  steam,  125  deg.  superheat .  . 

Rotary 2000  l:w Trolley  circuit.      25-cycles,  6-phase,  13,200  vcit  interpole 

SinKle-,.h..                                   753  I;-.v For  rotary  trans- 
former     Oil  insulated,  self  cooled,  13,200  to  380  volts 

Surface,  .    20,000  sq.ft. 

cooling  sur. .  .    Main  turbines. .  .    29-in.  vacuum 

Cci'.trifuE.ii    tri-rotor.  ,         ,    2()-iri Circulating    wat- 
er     20,000  gal.  capacity,  turbine  driven,  1000  r.p.m 

Two  sta^c ,    2S0  ]\\) Driving  circ. 

pump 1000  r.p.m.,  180-Ib.  steam 

Traveling -5  t.)  \ Hoisting  screens,    Electrically  operated — 000  volt,  d.c 


Travelir.E. 
Turbine,  two-stage. 

Single  stage 

Open 

Comp.  duplex 

Four-stage 

.\ir 

Horizon'.  ::l. 

Steel ,  . 


I  Pump I)ui)l 


8  Boiler.1 

8  Superheaters. 


1  Chimney.. 

2  Elevators . . 

1   Motor 

1    Motor. 

I'ipe  covering. 


•50  ton Turbine  room  ..  .    3-motor  operated — fiOO  volt,  d. 

4-i:i Hot  well Turbine  driven,  1800  r.p.m 

Hot  well  pun:ps     1800  r.p.m.,  180  lb.  steam. ..  , 

■5't'i;i  Im Boiler  feed  w.nter  .\uxiliary  exhaust 

'.  t  \  I  1  \s  i :;  i  5  in . .   Tank  service ....    Non-condensing 

l-i'i Boiler  feed 3000  r.p.m.,  15  ft.  head  suction  

12x31x18  in. . .  .    With  condenser     285  to  29  in.  vacuum 

.50  hp Driving  boiler 

feed  pumps  1.80  lb.  steam,  3000  r.p.m 

35.000  gal    cap     Make-UD     and 

gen.  utility  water  Head   on   heaters  and   for  house   service   and 

gland  water 

20xl2xl.5-in..  .  .    Boiler  feed,  house 

or  fire Can  be  used  for  station  service 

Water  tube 507  hp Steam  gei^erator    200  lb.  pressure,  125  deg.  superheat 

Babcock  &  Wilcox 125° Superheating 

steam .    125  deg 

Brick,  red  radial 255  ft.  hi'-h,  in- 
side dia.  13  ft.  Flue  gases Natural  draft 

Platform fiOOO  lb.  cap. . .  .    Elevating  bunker 

coal Motor  operated 

Direct  current 30  hp Elevator  service .    Direct  current,  5.50  volts 

.\ir  current 30  hp Elevator  service.    Three-phase,  2.5-cycle,  440  volt 

Magnesia  and  asbestos Various Piping 


AY  CO 

Maker 
Westinghou.se    Mch.    Co. 
Westii  ghouse  Elec.  &   Mfg.  C( 

Westinghouse  Elec.  &   Mfg.  O) 

Westinghouse  Elec.  &  Mfg.  C^. 

Westinghouse  Mch.  Co. 

Westinghouse  Mch.  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 

Westinghouse  Elec.  &  Mfg.  Cc 

Henry  R.  Worthington 

Henry  R.  Worthington 

General  Flectric  Co. 

Whiting  Foundry  E<niipment  Co. 

Whiting  Foundry  10<iuipment  Co. 

Henry  R.  Worthiiigtoi' 

Terry  Steam  Turliiiic  Co. 
Harrison  Safety  Boiler  Works 
Henry  R.  Worthincton 
Jeanesville  Iron  Works 
Laidlaw-Dunn-Gordon  Co. 

General  Electric  Oo. 

Henry  Vogt  Machine  Co. 

Henry  R.  Worthington 
Babcock  &  Wilcox 

Babcock  &  Wilcox 

H.  R.  Ileinicke 

,\bell  Elevator  Co. 
Westinghouse  F|»e.  <«•   i^'f".  Co. 
Westinghouse  Elec.   Jk   >ffg  Co. 
H.  W.  Johns-Manvillc  Co. 
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Two    l-iii.,    1(111  r-8t lip-   lioilfr-ffi'il    piiiiips,  cmli   driven  iiiiils  is  hu  jiipi'd  lliut  it   may  Ih-  imcd  for  hoilcr  feed,  lor 

bv  a  .')tl-lip.  slciini  turbiiu'.  arc  placed  in   the   l\.'-ft.  Iii;;li  lioime  nerviee,  or  for  :J<M)-1I).  prensiire  (in;  Kcrviee.  The  Btie- 

hnv    roriiied    l)y    tlie    projeetioii    of    the    Itoiler-rooni    floor  tioii  eoniieetH  with   the  two  eoiurete  water  iritakeK.     All 

and  under  the  two  ."i()()0-hp.  feed-water  hoater«,  as  wliown  pump   suctionH   are  ho   piped    that    they   may    take   water 

at  llie  rij;ht  of  Ki^.  'L    'This  arran^jenient  jiives  a  lieiid  for  from   the  city  nniiuK  if  iieccHKary. 

tile  hoiler-fecd   pump  of  ahoiit    1.")   ft.  a.s   the  henterw  are  In  the  hay  formed  under  the  hoiler-room  floor  are  two 

supportctl  '^  ft.  ahove  the  hoiler-room  lloor.  dry-vacuum  piimpH  of  the  rtinj^le,  horizontal  fcnter-crank, 

.\  W  and    \'i  hy    iri-in.  duplex   reciprocating   pump  in  doiihlc-lly wheel  tyjie,  eipiipped  with   Muvlth  Btcuni  valve- 

tlie  pi.mi)  pit   lictwi'cn   the   futuro   Nos.  .'l  and    \   tiirhine  <;car  and  CiiK  innati  air-valve  j^ear. 


Amniinnioma  FSpe  FM^Iirn: 


r>v    (iii,i:i:i;r  I'kaw  i  diih.  .1 1;. 


SYXOl'SIS — Describes  the  chief  types  of  aiinnuiiid  /ll- 
tiiif/s  ill  (jeneral  use.  Tells  how  to  connect  them  uinl 
irhal  troubles  lo  expecl  when  nsinf/  the  ilitjcmif  h-iii<ls. 

To  tlio  novice  in  a  rcfrifreratiii<,'  ])laiit,  the  ammonia- 
pipe  fittings  are  a  puzzle  to  be  solved  only  after  con- 
siderable study.  The  confusion  is  caused  by  the  many 
ty])es  of  fittings  used  in  diil'ercnt  plants,  and  sometimes 
in  diiVeivnt  |)arts  of  the  same  plant.     Some  of  t!ie  types 


Fig. 


1.    liKTlKN    BkND: 

each   other. 


XOTE    SoLDEn 
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There  is  no  standard  type  of  ammonia-pipe  joint,  and 
unfortunately,  the  fittings  from  the   different  manufac- 
tures, even  though  of  the  same  type,  are  not  interchange- 
able.    An  effort  is  being  made  to  accomplish  a  standard- 
ization,  but,   on  account  of  the   great 
manufacturing    outlay    involved,    it    is 
doubtful  if  much  can  be  done  toward 
this  end. 

Ammonia  under  pressure  is  very  |3en- 
etrating,  and  in  refrigerating  appa- 
ratus particular  pains  must  be  taken 
to  prevent  leaks;  they  are  not  only  dis- 
agreeable, but  also  expensive.  Wherever 
8  pipe  screws  into  a  fitting  there  is 
the  possibility  of  a  leak.  Tins  joint 
must  be  made  tight,  and  in  the  ilauged 
fitting,  the  joint  between  the  flanges 
must  be  made  tight  as  well.  These 
are  the  two  places  where,  in  the  ordi- 
nary plant,  leaks  may  develop. 

There  are  in  wide  use  four  general 
types   of    pipe   fittings    for   ammonia    Fig.  2.  Elbow  with  Loose 
•work,  as  follows:  Flaxge  axd  Gasket 


1.     Screwed   fillings. 

t.     Screwed   fittings   with    gland. 

."!.     Tongue-and-groove  flanged  fittings. 

I.      lioyle  flanged  fittings. 

The  first  and  third  are  used  llie  more  i-xtensively,  l)ul 
llic  second  and  fourth  have  important  applications.  Whii' 
there  are  other  types  on  the  market,  they  do  not  rank 
with  these  four  in  importance,  though  some  are  ingenious 
on  ])aper. 

Taking  up  the  .screwed  fitting  first,  one  sees  (Fig.  1) 
that  it  is  similar  to  the  ordinary  water-  or  steam-pipe 
fitting,  but  it  is  built  on  stronger  lines  and  has  a  recess 
for  solder.  The  joint  between  the  pipe  thread  and  tin 
fitting  thread  is  made  tight  in  a  variety  of  ways.  Tii' 
cheapest  method  is  to  cover  the  threads  (especially  tin' 
thread  of  the  fitting,  since  the  pressure  is  internal)  witii 
litharge  and  glycerin  and  screw  the  two  together.  This 
mi.xture,  when  proportioned  pi-operly,  "sets"  hard  and 
the  joint  is  satisfactory  when  well  made.  A  much  better 
method  is  as  follows : 

After  screwing  the  pipe  into  the  fitting  to  a  hard  grip, 
the  fitting  and  pipe  are  heated  at  the  joint,  acid  or  solder- 
ing salts  are  applied,  and  the  recess  is  filled  with  solder. 
Care  must  be  taken  that  the  solder  sticks  ])erfectly  to 
both  pipe  and  fitting,  for  on  this  depends  the  tightness 
of  the  joint.  On  this  account  the  pipe  is  usually  ground 
or  filed  bright,  back  of  the  thread,  so  that  there  will  be 
no  reason  for  the  solder  not  adhering. 

Another  way  of  making  a  tight  joint  is  to  "sweat"  the 
jjipe  into  the  fitting.     This  process  consists  in  first  tin- 
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ning  the  threads  of  the  pipe  and  fitting  and  screwing  tlu' 
two  togetlier  while  hot,  immediately  filling  the  recess 
with  molten  solder.  When  i)roperly  made  this  joint  is 
most  satisfactory. 

A  word  is  not  out  of  place  here  as  to  the  material  used 
in  making  screwed  fittings  for  this  class  of  service.  As 
cast  iron  cannot  readily  be  tinned,  and  as  it  is  somewhat 
porous  and  hi'ittle  in  comparison  with  other  preferred 
metals,  it  is  used  hut  little  for  ammonia  screwed  fittings. 
Instead,  malleable  iron  and  semi-steel  are  used.  Sol- 
der will  adhere  to  them,  and  they  are,  especially  the 
former,  far  more  ductile  than  cast  iron.  For  pipe  coup- 
lings, wrought  iron  is  sometimes  used. 

The  screwed  fitting  with  a  gland  is  shown  in  Fig.  2. 
it  differs  from  the  plain  screwed  fitting  in  that  the  joint 
is  made  tight  by  a  gasket.  Instead  of  using  a  grommet 
or  solder,  usually  a  rubber  gasket  is  placed  in  a  recess 
of  the  fitting,  and  a  gland,  nearly  always  tightened  by 
bolts,  as  in  Fig.  2,  holds  the  gasket  in  its  place.  The 
gland  and  the  gasket  act  as  a  stuffing-box.     When  first 


the  pipe  line  is  vertical  (the  pianos  of  the  flanges  hori- 
zontal) when  the  grooved  flange  is  the  lower  of  the  two, 
to  enable  one  to  more  easily  place  the  washer  in  posi- 
tion. 

The  Boyle  fitting  (all  ends  tongued)  is  shown  in  Fig. 
5.  This  type  lies  in  the  fiangcd  class.  The  joints  at  A 
and  at  B  are  made  tight  with  one  gasket,  usually  of  rub- 
ber. The  gasket  is  placed  in  a  recess  formed  by  the 
flange  and  the  end  of  the  pipe,  as  shown.  'I'he  tongue 
end  of  the  fitting  is  held  against  the  gasket  by  bolts  con- 
necting the  pipe  flange  to  the  fitting  flange,  and  by 
drawing  up  on  the  bolts,  both  joints  are  made  tight. 
With  the  Boyle  joint  it  is  not  necessary  to  have  the  pipe 
screwed  tight  into  the  flange;  in  fact,  the  flange  is  usual- 
ly ta]3ped  with  a  unifoi'm  (nontaper)  thread,  which  does 
not  allow  of  a  tight-screwed  joint.  Entire  reliance 
against  leakage  is  placed  on  the  gasket. 

There  is  also  a  sort  of  hybrid  type  of  fitting,  partly 
flange  and  partly  screw,  an  example  of  which  is  shown 
in  Fig.  6.     Such  fittings  are  useful  for  many  purposes. 

A  comparison  of  the  different  fittings  is  difficult.  Each 
has  its  advantages,  each  its  disadvantages,  and  individual 
preference  enters,  as  in  all  such  cases. 

The  screwed  fitting  is  the  cheapest,  is  the  lighter,  and 
requires  less  machining,  but  a  pipe  line  made  up  ex- 
clusively of  screwed  fittings  is  a  poor  affair.  A  leak  can- 
not be  repaired  or  an  alteration  made  without  perhaps 
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put  together,  a  solid  I'ing  gasket  is  used,  and  For  re- 
newals a  split  ring.  The  use  of  the  latter  saves  un- 
screwing the  pipe  from  the  fitting.  A  leak  in  such  a 
joint  is  easily  stopped  by  drawing  up  on  the  bolts. 

The  standard  type  of  tongue-and-groove  fitting  is 
shown  in  Fig.  3.  This  is  a  different  fitting  as  it  is 
flanged,  and  two  points  are  to  be  made  tight  with  it,  at 
A  and  at  B.  The  joint  A  is  between  the  pipe  and  the 
flange  and  B  is  the  joint  between  the  flange  and  the  fit- 
ting proper.  The  joint  .4  may  be  made  tight  by  the  use 
of  either  solder  or  litharge.  The  joint  at  B  is  tightened 
by  a  washer  set  into  the  groove  and  held  there  by  the 
tongue.  The  flange  on  the  pipe  is  held  against  the  flange 
of  the  fitting  by  bolts ;  the  fittings  are  usually  made 
tongue  on  one  end  and  groove  on  the  other.  The  washer 
is  generally  of  lead  or  fiber,  but  may  be  of  rubber  in  in- 
stallations where  there  is  vibration. 

In  Fig.  4  is  shown  a  tongue-and-groove  flange  union. 
Two  flanges,  one  tongued  and  one  grooved,  are  bolted  to- 
gether, with  a  washer  between.  These  flanges  are  some- 
times"«made  of  drop-forged  steel. 

In  laying  out  pipe  lines  using  tongue-and-grooved  fit- 
tings, it  is  customary  to  have  the  gas  flow  through  the 
fitting  from  the  groove  to  the  tongue,  where  the  choice 
is    at    will.     This    rule    is    sometimes    excepted    when 


taking  iluwn  half  the  liii",  and  the  entire  line  must  be 
made  up  on  the  job,  which  makes  the  soldering  of  the 
joints  impracticable. 

The  screwed  fitting  with  glands  makes  a  tight  joint, 
and  is  applicable  on  long  pipe  lines,  such  as  street  mains, 
where  the  gland  is  used  as  an  extra  precaution;  entire 
dependence  is  not  placed  on  the  screwed  joint.  It  will 
be  noticed  that  the  gland  type  allows  of  a  certain  amount 
of  flexibility,  sharing  this  distinction  with  the  Boyle  fit- 
ting, in  that  it  can  be  turned  somewhat  on  the  pipe,  even 
with  pressure  therein,  the  rubber  gasket  maintaining 
the  joint.  Like  the  plain  screwed  pipe  line,  a  line  made 
up  of  gland  fittings  exclusively  cannot  be  taken  down  at 
any  point.  If  a  leak  occurs  at  a  joint,  however,  it  can 
be  stopped  by  tightening  the  gland. 

The  tongue-and-groove  fitting  admits  of  easy  accessi- 
bility as  the  piping  may  be  disconnected  at  any  joint. 
The  same  may  be  said  of  the  Boyle,  although  both  are 
more  expensive. 

The  Boyle  flanged  fitting  has  one  disadvantage  wdiich 
about  offsets  its  many  good  points.  The  pressure  on 
the  gasket  created  by  the  tightening  bolts  will  cause  the 
rubber  of  the  gasket  to  creep  slowly  past  the  pipe  thread 
on  the  end  of  the  pipe,  into  the  pipe  system;  this  causes 
accumulations  and  stoppages.     On  the  hot  gas  lines,  the 
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Itfiil  and  |irt'ssiii'i'  iIccoiiiihihc  iiikI  hnUcii  llic  iiiUImt.  iiihI 
lilowoiitH  (H-i-ur. 

W'lu'iv  iiil>li«'r  in  used  hh  ii  >,'ii»ki'l.  it  is  (ucii^ioiially 
lUfcsnarv  to  "I'ollow  ii|>'"  <iii  tin-  hulls  In  slop  Irakw.  Ii 
is.  llicrrfori',  i|in'stii>iialili'  pnicliic  Id  iilacc  riii>iicr-|>a(k('il 
joints  in  plan's  wlicic  leaks  arc  hard  to  dricci,  siu  li  jin 
fivfzinn  tanks,  snl>nicr;;cd  coiidmsi'is.  ftc 

'I'o  lake  advanta;;!'  of  tlic  lower  cost  of  scrcw-cnd  lil- 
lin^'s  ami  vet  have  a  simple  pipe  line  to  const iiKl  or 
ehanfr*"— one  that  mav  he  lar;,'elv  made  np  in  the  shop — • 
it  is  sometimes  enslomarv  to  use  scivu-end  littin^'s  with 
occasional  llan;red  lillin;,'s.  When  |)ipe  lines  are  thonj,dil- 
fnllv  laiil  out  according;  to  tiiis  coiid)inalion  system,  the 
results  are  most  satisractorv. 

It  is  well  to  mention  that  the  weldinj,'  processes  have 
found  one  of  tlio  nuiny  applications  to  the  field  of  am- 
monia-pipe work.  Kirst-class  headei's  and  l)raiiclies  are 
constructed  hy  their  application,  at  a  fraction  of  the  cost 
if  nuido  up  with  fittings.  The  joints  arc  diminatud  aud 
the  whole  joh  is  neater  and  lighter. 

A  Heatiii^^   Boiler  IBssp]lo@soin\ 

The  energy  and  capacity  foi-  doing  damage  lurking  in  a 
domesticated  and  harmless-looking  cast-iron  boiler  is 
underestimated  by  most  of  those  who  liave  to  do  with 
them.  Tlie  effect  of  the  explosion  of  a  cast-iron  boiler  is 
shown  by  the  photogra])hs  rei)roduced.  This  accident  oc- 
curred in  St.  John's  Church,  Des  Moines,  Iowa,  on 
Mar.   2  at   11   o'clock  at    night.      "The   loss,"  a   member 
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of  the  council  states,  "will  he  from  $li).(l(l()  U)  $1'2,')()0, 
with  no  insurance,  but  we  are  thankful  that  no  one  was 
killed  or  seriously  injured."  The  attendant  had  h-ft  the 
building  about  an  hour  before. 

From  the  reports  at  hand,  it  ajjpears  that  the  boilers 
had  not  been  behaving  properly  all  winter  and  it  is 
likely  that  an  intelligent  inspection  would  have  revealed 
the  fault,  which  might  then  have  been  remedied  and  the 
accident  averti'd.  The  exterior  view  of  the  church,  Fig. 
1.  shows  the  high  windows  damaged,  which  indicates  the 
force  and  far-reaching  effect.     Fig.  3  shows  a  brick  wall 


Fig.  1.     How  Wixnows  Were  Broken 


Fig.  3.     Another  Exterior  View 
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demolished.  Fig.  2  shows  tlic  boiler  room.  As  a  whole, 
the  damage  seems  entirely  out  of  proportion  to  the  size 
and  pressure  usually  carried  on  boilers  of  this  class. 
That  there  are  frequent  faulty  installations  of  domestic 
heaters  is  well  known.  '^I''hat  it  is  international  is  shown 
in  a  British  Board  of  Trade  report,  from  which  vve  (piote 
Ihc  following  regarding  a  somewhat  similar  accident. 

The  explosion  was  caused  by  over-pressure  of  steam,  due 
to  over-firing-,  there  being  no  adequate  means  of  relieving 
the   boiler  of  such   pressure. 

We  think  the  owners  are  responsible  for  the  following 
reasons:  (1)  No  safety  valve,  or  other  sufficient  means  were 
provided  for  relieving  the  boiler  of  steam  pressure.  (2)  The 
management  of  the  heating  apparatus  was  not  intrusted  to 
a  peison  with  sufficient  experience,  and  no  printed  or  written 
lules  were  supplied  to  him.  (3)  The  boiler  was  not  period- 
ically  or  at   all   inspected,   as  it   should   have   been,   by   a   qual- 


ified person.  (4)  No  proper  measures  were  taken  by  the 
owners  to  insure  that  the  boiler  was  worked  under  safe 
conditions. 

The  firm  described  as  "ironmongers,  plumbers  and  sani- 
tary engineers,"  we  think  is  partly  to  blame  for  the  explo- 
sion, as  no  sufficient  means  were  provided  foi-  relieving  the 
boiler  of  steam  pressure.  Further,  we  think  that  the  duty 
of  those  who  install  boilers  is  to  take  all  precautions  to 
prevent  persons  being  injured  by  explosions.  This  being 
their  duty,  it  is  no  answer  to  say  the  explosion  would  not 
have    happened    if    the    boiler    had    not    been    over-fired. 

Boiler  explosions  are  nearly  always  due  to  preventable 
causes,  and  there  was  certainly  no  unavoidable  cause  in  this 
case.  We  think  the  explosion  would  have  been  averted  by 
reasonable  precautions  and  by  the  exercise  of  ordinary  care 
in  the  installation,  inspection  and  supervision  of  the  boiler. 
This  is  not  the  first  explosion,  of  the  boiler  of  a  heating  ap- 
paiatus  having  no  safety  valve,  which  has  been  attended  by 
loss    of    life. 
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S]'X()PSIS — Evaporative  cffirirnn/  of  diffwcnt  oils  after 
deducting  ^teaiii  for  atom  izin(/. 

During  tlie  past  few  years  tests  ha\e  been  conducted  by 
the  engineering  division  of  the  Oklahoma  Agricultural 
and  Mechanical  College  to  determine  the  economic  use 
of  some  of  the  grades  of  coal  and  oil  which  are  avail- 
able in  this  vicinity.  Some  recent  investigations  have 
been  carried  on  to  obtain  a  comparison  of  different  oils 
when  used  as  a  fuel  under  a  2()()-hp.  B.  &  W.  boiler 
equipped  M'ith  a  Peabody  oil  furnace.  The  comparison 
was  to  determine  the  evaporative  efficiency  of  the  different 
oils,  when  the  amounts  of  steam  for  atomizing  were  taken 
into  account.  This  consideration  gives  rise  to  the  two 
terms,  which  will  be  used  later,  "gross  and  net  boiler  effi- 
ciency." The  gross  efficiency  is  represented  by  the  quotient 
obtained  by  dividing  the  heat  given  up  to  the  feed  water 
per  pound  of  oil,  by  the  total  heat  contained  in  one  pound 
of  the  fuel.  To  obtain  net  efficiency  the  amount  of  steam 
required  for  atomizing  is  subtracted  from  the  amount 
evaporated  before  making  the  above  division. 

In  the  usual  system  of  burning  oil  under  a  boiler,  the 
burner  is  at  the  front  and  the  flame  is  directed  against 
the  brickwork  at  the  bi'idge-wall.  This  is  to  prevent  any 
excessive  local  heating  of  the  tubes  or  boiler  shell.  Tn  the 
system  under  discussion  the  burner  is  located  at  the 
bridge-wall,  which  is  about  half  the  length  of  the  setting 
from  the  front.  The  flame  is  dii'ected  toward  the  front 
of  the  setting.  By  this  method  tliere  is  no  excessive  local 
heating  and  the  flame  is  not  permitted  to  come  in  contact 
with  the  outer  walls  of  the  setting  or  exposed  metal  of 
the  boiler.  It  also  provides  a  sufficiently  long  travel  for 
the  gases  so  as  to  insure  complete  combustion.  The 
boiler  used  in  this  test  has  been  installed  within  the  last 
few  months  and  was  perfectly  clean  and  tight.  The  fit- 
tings were  also  all  new. 

To  insure  the  greatest  accuracy  the  mettTs  that  wen? 
used  on  the  oil-  and  feed-water  lines  were  carefully  cali- 
brated before  placing  in  the  line.  A  separate  boiler  was 
used  to  supply  steam  for  the  burners  and  the  required 
amount  of  water  to  keep  a  constant  level  in  the  gage-glass 
of  this  second  boiler  was  recorded.  An  individual  tank, 
pump  and  oil  line,  was  used  so  that  the  oil  under  test 
should  not  become  mixed  with  that  used  in  the  plant,  as 


the  latter  supply  was  drawn  from  the  large  supply  tank, 
which  is  a  mixture  of  various  oils  added  from  time  to 
time.  The  tank  used  for  the  test  had  a  capacity  of  425 
gal.,  a  sufficient  amount  to  cover  the  period  of  any  one 
test. 

Before  the  test  tank  was  filled,  oil  was  ]jermitted  to 
flow  from  the  tank  car  for  several  hours  so  that  the  line 
to  the  siding  should  be  well  cleaned  of  other  oil  and 
that  a  nearer  average  sample  could  be  collected.  Another 
precaution  in  the  test  was  to  proportion  the  air  admitted 
so  that  no  smoke  should  be  perceptible  and  still  not 
allow  an  excess  of  air.  The  results  of  the  tests  are  tabu- 
lated in  the  accompanying  table. 

Kesults   of   Tests 


Crude 

.\verage  duration  of  test.s,  hr 35 

DIMENSIONS 

Grate  area,  sq.ft 60 

Heating  sjurface,  sq.ft 1870 

Area  smoke  stacl<  at  top,  sq.ft 23  8 

Height  of  stack,  ft 125 

Ratio  heating  to  grate  surface 31,2 

PRESSURES 

Steam  pressure,  gage,  lb 112 

Draft  in  breeching,  in.  of  water 0   109 

TEMPERATURES 

Boiler  room,  deg.  F 7fi .  .5 

Feed  water,  deg.  F 14,5 

Flue  gases,  deg.  F 3,52 

Oil  to  burners,  deg.  F 75  2 

FUEL 

Total  weight  of  oil  fired,  lb 1783  8 

Heating  value  per  lb.,  B.t.u 22,115 

Specific  gravity  at  av.  temp.  78  deg '     0  808 

Specific  gravit.v  at  av.  temp.  81  deg 

Degrees  Baum6  at  above  temperatures 44 

Fuel  burned  per  hour,  Ih .509  7 

WATER 

Total  weight  fed  to  boiler,  lb 25,974 

Weight  feci  to  auxiliary  boiler  for  steam  to  burners,  \h.  780 

Per  cent,  of  total  steam  generated  used  to  atomize  oil .  3.1 

Water  per  hr,,  lb 7421 

EVAPORATION  CORRECTED  FOR  QUALITY 

Quality  of  steam,  per  cent ?A\  H 

Total  weight  evaporated  from  feed  water  temperature, 

^Ib.    .,.;,, 25,1.50 

Total  equivalent  evaporation,  lb 28,000 

Factor  of  evaporation 1,112 

Equivalent  evaporation  per  hr.,     per    sq.ft.     heating 

surface,  lb 4 ,  28 

Equivalent  evaporation  per  hr.,  lb 8000 

Actual  evaporation  per  lb.  of  oil  from  feed  tempera- 
ture, lb 14 .  on 

Equivalent  evaporation  per  lb.  of  oil,  lb 15.65 

HORSEPOWER 

Horsepower  developed 231 . 9 

Builders'  rating 2OO 

Per  cent,  of  rated  horsepower  developed 116 

EFFICIENCY 
Boiler  efficiency   not  accounting   for  steam   used   in 

atomizing,  per  cent 08 ,  6 

Boiler  efficiency  accounting  for  steam  used  in  atomiz- 
ing, per  cent 60. 7 


Fuel 
1   125 


00 
1870 
23.8 
125 
31   2 

101   7 
0   128 


307  5 
153 


1560,3 
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0,877 
30 
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22,046  5 
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Too  imicli  weight  should  not  hr  ;,'i\i'n  lo  llic  ciiniMil  iil 
(>vii|ioi'iilioii  per  |ioiiiiil  of  oil  willioiil  ('oiiHidrrin;.;  ntlii-r 
factors  at  the  same  liiiM*.  In  the  icsiills  attention  nii^rlil 
lie  (liict'li'd  to  tlic  anionnts  of  steam  used  in  atonii/in;; 
and  tlie  elfiH't  this  has  on  the  nei  ellieieiiey  of  the  hoiler. 

'I'he  avera^'e  cost  ;il  ihc  stora^'e  tanks  of  I  he  ml  rniii- 
panies,  for  the  ciiidc  .nl  was  (»Sc.  per  hand  of  I".'  ;:mI. 
Kor  the  fuel  oil  the  aveia^'  cost  was  SVc.  In  a  sliidv  i>( 
liu"  tahnlated  results,  it  will  he  seen  tlial  while  the  use  of 
the  fuel  oil  is  more  economical,  the  dilfereiue  is  not  as 
}j;reat  as  is  represented  hy  the  costs  per  harrel.  If  the 
ahove  test  hail  heen  made  in  colder  weather,  the  i-isidls 
would  prohal)lv  show  slii,ditl\  iiicn-e  Imnnible  to  ilir  use 
of  crude  oil  on   airoiint   of  tiie  steam    used    in   ntnMii/inL;. 

On  account  of  liie  fact  that  (inuiuh  attention  is  mil 
{liven  to  the  amount  of  steam  used  in  sprayinji  oil  in  oil 
hnrners  under  hoilers,  the  following  is  included.  It  is 
not  alone  the  cost  of  water,  for  this  may  ""•  ''*'  •*  'un- 
siderahle  item,  hut  when  the  cost  of  evaporating  lliis 
water  into  steam  is  considered,  nielhods  of  oil  hiirninj;- 
may   receive  closer  attention. 

Figuring  on  a  basis  of  an  eipiivalont  evaporation  of  15 
lb.  of  water  per  pound  of  oil  and  ">  per  cent,  of  the  steam 


.-lejim  used  for  atomi/ing  are  known.     'I'lie  e(piiitioii  would 
read 


(/  = 


H  « I  A' 


"liere   ()  pounds   of  oil    used    for   alomi/ing    for  eiidi 

horsehowcr    devidoped. 


ILocommodives  fcjip  Paniiainnka  Cciinval 

The  |)hu|ograpli  shows  one  of  the  10  electric?  locomo- 
tives whhli  liic  Ccneral  Klectric  Co.  is  building  for  the 
r.  S.  ( Idvernnienl  to  he  u.scd  in  towing  ships  through 
the  ranania  Camil  locks.  Each  machine  weiglm  HJi, .')()() 
11).  and  has  a  tractive  effort  of  4T,r)()f)  lb.  ThiH  power  in 
derived  through  two  lo-hp.,  thre(!-phase,  2')-cycle,  ^iW- 
volt.  mill-type  motors,  one  connected  to  each  a.xlo  througii 
gearing. 

The  locomotive  is  pro|)elled  by  means  of  a  rack  rail 
while  towing  and  while  going  up  and  down  the  Ktcep 
grades  from  one  lock  level  to  anothcM-  at  a  speed  of  two 
miles  ])erliour.  When  running  liglit  on  the  return  tracks, 
the  speed  is  changed  to  five  miles  per  liour,  the  rack  pin- 


Tovvixc;    Locomotive   foi:   P.vxAiiA   Cax.vl 


generated  to  be  used  for  atomizing;  one  pound  of  oil 
wonld  be  expended  in  atomizing,  for  each  300  lb.  of  steam 
generated  from  and  at  212  deg.  F.  For  other  values  sub- 
stitution can  be  made  in  the  equation: 

_  100  E 

where 

A' ^  Evaporation  from  and  at  212  deg.; 
E  =  Equivalent  evaporation  per  pound  of  oil ; 
A  =  Per  cent,  of  X  used  for  atomizing  oil. 
For  the  example  taken  above  the  cost  of  atomizing, 
when  tleveloping  100  h]). 

100  X  34.-5  =  34.50  lb. 
of  steam  are  evaj^orated  and  this  would  require  for  atom- 
izing 

3450  H-  300  =  11.5  lb.  of  oil 
The  above  formula  can  be  modified  to  give  results  in 
pounds   of   oil   used   for   atomizing   per   horsepower   de- 
veloped, if  the  hoiler  performance  and  the  amount  of 


ion  being  entirely  released  and   the  locomotive  proceed- 
ing by  ordinary  traction  methods. 

Eeference  to  tlie  pliotograph  will  show  a  vertical  wind- 
lass and  drum  at  the  center  of  the  locomotive;  this  car- 
ries 800  ft.  of  1-in.  steel  hawser  for  towing.  Ordinarily 
four  locomotives  will  be  required  to  put  a  ship  through 
a  lock;  two  on  each  side,  the  forward  pair  pulling  and 
the  astern  pair  guiding  the  ship.  With  very  large  ves- 
sels it  may  be  necessary  to  employ  six  locomotives. 

SsiiTC®  IR®®inm=T©inap®2=sv.tttui2=®  IRe^= 

A  temperature  regulator,  based  on  the  use  of  liquid 
expansion  operating  an  elongated  corrugated  diaphragm. 


Fig.  1.    Sakco  Mixing  Valyk 
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is  bein<;-  j)l;ue(l  on  the  market  by  tlie  Sarco  Engiiicfriiig      is  reversed  and  the  valve  is  oi)enod,  thus   regulating  the 
Co.    11  (J  Broad  St.,  New  York  City.  supply  of  steam  or  hot  water  used  to  maintain  the  tem- 


I)erature  required.  The  regulator  is  self-eontained  and 
su])plies  its  own  motive  power,  without  outside  sources  of 
energy. 

Another  device  using  the  same  i)rinciple  is  the  Sarco 
mixing  valve,  Fig.  1,  an  apparatus  which  produces  the 
The  thermostat  is  practii-ally  a  cylinder  containing  a      continuous  discharge  of  water  at  a  constant  tempei-ature. 


The  room-temperature  regulator,  Fig.  2,  is  substaniial- 
ly  of  three  parts:  The  thermostat,  which  is  mounted  on 
a  board  and  exposed  to  tlie  atmosphere,  tlie  temperature 
of  which  it  is  desired  to  control ;  the  controller  and  the 
valve. 


Fig.  2.    Sakco  1?ooji  Temi'ki!Atuj!E  Kegci.atoi! 


heavy  oil,  the  capacity  of  wliich  is  varied  by  regulating 
the  extension  of  a  corrugated  tube.  When  the  tempera- 
ture of  the  air  rises,  the  liquid  in  the  thermostat  ex- 
pands and  produces  a  considerable  pressure  in  the  thermo- 
stat, which  is  transmitted  by  a  fine  copper  tube  to  the 
controller,  there  compressing  another  corrugated  tube, 
which  when  contracted,  forces  out  a  piston,  tending  to 
close  the  valve.     When  the  temj)erature  falls,  the  process 


This  device  is  so  constructed  that  hot  water  or  steam  is 
supplied  at  one  side  and  cold  water  on  the  other.  In  the 
mixing  chamber  within  the  valve  there  is  a  cartridge 
which  controls  the  size  of  the  hot-water  or  steam  inlet. 
The  discharge  water  is  thus  maintained  at  a  predet(;r- 
mined  temperature,  which,  it  is  claimed,  will  not  vary  1 
deg.  under  ordinary  conditions,  hence  any  desired  tem- 
perature may  be  obtained. 


©  ^ 

By  J.  E.  Terman 


SYNOPSIS — If  you  were  to  purchase  a  steam  boiler, 
\would  you  know  how  to  specify  what  features  were  to  he 
incorporated  in  its  design?  Would  you  know  what  fea^ 
tures  are  or  are  not  desirable?  This  article  gives  a  num- 
ber of  points,  and  tlw  procedure  to  foUoiv  in  purchasing 
boilers. 

;*: 

It  is  intended  that  this  article  will  aid  the  purchaser  of 
boilers  who  buys  one  or  two  at  a  time.  The  purchaser  of 
many  boilers  can  afford  to  hire  a  competent  consulting 
engineer  to  look  after  his  interest,  if  he  has  not  already 
in  his  plant  an  engineer  capahle  of  handling  the  subject. 
When  a  consulting  engineer  is  engaged,  the  purchaser 
should  make  certain  that  he  is  capable  and  then  follow 
his  advice  implicitly. 

If  additional  boilers  are  bought  and  adtled  to  an  exist- 
ing snuiU  plant,  it  is  probably  because  the  plant  engineer, 
who  may  possibly  have  little  theoretical  steam-engineer- 
ing knowledge,  complained  of  the  difficvdty  of  maintain- 
ing the  desirable  steam  pressure  until  the  management 
finally  decided  to  purchase  additional   boilers. 

The  complaint  in  practically  all  such  cases  is  proper, 
for  the  engineer  is  in  a  position  to  know  the  difficulties 
operation.  It  is  also  almost  certain  that  remedying 
the  conditions  of  which  he  complains  will  result  in  econ- 
omy. However,  it  should  be  understood  by  the  manage- 
ment that  an  apparent  lack  of  boiler  capacity  is  often 
remedied  by  means  other  than  by  the  purchase  of  addi- 
tional boilers. 


Draft  and  Grate  Area 

The  fundamental  feature  of  boiler-plant  capacity  is  the 
ability  to  burn  an  amount  of  fuel  sufficient  to  generate 
the  steam  required.  This  ability  to  burn  fuel  depends 
primarily  on  two  things,  draft  and  grate  area,  and  both 
of  these  factors  have  to  be  adjusted  according  to  the 
kind  of  fuel  used.  The  question  of  grate  area  is  usually, 
in  a  measure,  cared  for  by  the  boiler  manufacturer,  but 
the  stack  capacity  may  be  inadequate  in  a  plant  using 
one  stack  for  all  boilers,  and  where  the  boiler  capacity 
has  been  increased  since  the  initial  installation.  For  in- 
stance, the  original  equipment  may  have  consisted  of  two 
or  three  boilers  and  a  stack  capacity  to  barely  suit  their 
needs.  Therefore,  any  addition  to  the  boiler  equipment 
would  overload  the  stack.  Often,  under  such  conditions, 
the  original  boiler  capacity  has  been  doubled  or  trebled 
without  any  change  in  the  stack  capacity.  In  such  aggra- 
vated cases  the  addition  of  a  boiler  will  actually  reduce 
the  plant  capacity. 

The  owner  who  contemplates  purchasing  additional 
boilers  should  satisfy  himself  that  his  apparently  insuffi- 
cient boiler  capacity  is  not  due  to  lack  of  chimney  capac- 
ity, either  as  regards  the  intensity  of  draft  or  volume,  or 
to  lack  of  proper  grate  area. 

With  the  finer  grades  of  anthracite  coal  usually  sold 
for  power  purposes,  it  is  practically  impossible  to  burn 
enough  fuel  with  ordinary  stack  draft  to  operate  a  boiler 
at  its  normal  capacity.  However,  there  are  many  small 
plants  burning  this  grade  of  fuel  with  natural  draft,  the 
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owiicrH  of  wliicli  will  adil  to  llic  ixiilcf  ('(iiiiinMciil  wiii-ii 
iifi'diiij,'  mt)rc  wtcaiii,  witlioiil  coiisiilcriiin  tlic  um-  oI'  iirti- 
liciiil  (Ira ft.  Tlu'  iiiHlaiialioii  of  a  hlowiT  in  hucIi  caHcs 
would  ol'ti'ii  »'iial)l»'  till'  inirning  of  I'lioii^ili  coal  to  o|M'ral(' 
the  lioilors  filiiit'iitly  and  relievo  the  eoiiditioii  diii^'imsid 
us  lack  of  boiler  eapaiitv. 

AnotluT  feature  tlial  should  he  deteiniinod  hefore 
puivhasiiijj  additional  holler  e(|iii|)nienl.  is  whether  the 
steam  jjenenited  h.v  tlie  hollers  on  hand  is  eeonomiiidly 
used  or  not.  In  plants  iisin^j  a  sinji;le  eiiKiiU'  and  where 
no  sleani  is  uan]  for  heatinfj  eoils,  ete.,  deterniinin;,'  the 
eiru'ienev  of  the  use  of  the  steam  is  relatively  simple. 
Traeinjj  its  etiieient  use  is  more  dilliciilt  with  eiifiiiies 
seattered  nhoiil  the  phiiil.  iiir;.;v  nitliation  losses,  and 
steam    used    for  <itlu'r   llian    |)ower    |)urposes. 

AiiK  AnnrrioNAi.  Hori.i:i;s  Ukqiiim:!)? 

The  best  method  to  ])ursue  when  eontemplatin<r  the 
purehase  of  additional  eciuipmeiil,  even  fur  llie  small 
plant,  is  to  have  a  reliahle  eonsulting  engineer  look  into 
tile  plant  conditions  to  determine  if  additional  hoilers  are 
aelually  required,  or  if  ehanjies  in  opi-ration  cannot  be 
made  whicli  will  obviate  the  necessity   for  new  boilers. 

\VliiIi>  this  course  may  seem  expensive  in  tlic  average 
casi',  the  ciiances  arc  that  an  investigation  will  reveal 
conditions  wiiich  will,  when  rectified,  result  in  enougli 
saving  in  future  operation  to  pay  a  handsome  profit  on 
the  engineer's  fee,  even  if  additional  boiler  equipment 
is  re(|uired. 

Tlie  consulting  engineer  may  show  that  more  boilers 
are  not  necessary,  in  whicli  event,  their  cost  and  tlie  in- 
terest on  tlie  investment  are  saved,  in  addition  to  the 
economy  gained  by  the  changed  operating  conditions  that 
rendered  new  boilers  unnecessary. 

If.  on  account  of  any  of  tlie  numerous  reasons  which 
deter  tlie  management  from  emi)loying  a  consulting  en- 
gineer, it  is  decided  to  take  chances  and  settle  tlio  ques- 
tion unaided,  the  following  suggestions  may  be  of  ser- 
vice in  deciding  the  question  of  purchasing  additional 
boilers:  First,  find  out  how  much  heating  surface  in 
square  feet  is  contained  in  the  boilers  already  installed, 
■which  need  not  be  done  with  extreme  accuracy.  If  the 
boilers  are  of  the  horizontal  tubular  type,  the  calculations 
may  be  made  as  follows: 

To  find  the  heating  surface  of  each  boiler,  add  the 
combined  diameters  of  all  tubes,  in  feet,  to  one-half  the 
diameter  of  the  boiler  shell  in  feet,  and  with  their  sum 
as  a  diameter  find  the  circumference  of  the  correspond- 
ing circle.  Multiplying  this  circumference  by  the  lengtli 
of  the  tubes  in  feet  will  give  the  heating  surface  in 
square    feet. 

For  example,  a  T2-in.  boiler,  18  ft.  long,  contains  ?0 
four-inch   tubes.     The  combined   diameter  of  the  tubes 

One-half  the  diameter  of  the  shell  is  3  ft.,  then  the 
total  diameter  is  3  -f  23.3,  or  26.3  ft.  The  circumfer- 
ence of  26.3  diameter  is  82  ft.,  and  82  X  18  is  1476 
sq.ft.  of  heating  surface. 

If  bituminous  fuel  is  used,  every  foot  of  the  heating 
surface  should  evaporate  from  3.8  to  -i  lb.  of  water  per 
hour,  when  forced,  and  if  the  maximum,  not  average, 
rate  at  which  steam  is  required  does  not  equal  or  ex- 


ceed   tills   amount,   some   other  cause   of  deliciunl    hieatii 
su|iply  Hhould  be  looked  for. 

(Jitvri;   .\iii:\   and   l!i:\riN(i   Sikkack 

I'nder  average  conditions  in  the  small  |)lant,  '/^  lb. 
of  cr)al  should  be  burned  per  Mcpiare  foot  of  lieating  sur- 
face per  hour  to  evaporate,  say,  1  lb.  of  water  into  steam, 
if  it  is  found  tluit  lliis  amount  of  coal  cannot  he  burned, 
the  draft  conditions  siioiild  be  investigated  or  tlu;  avail- 
able grate  surface  he  looked  after.  With  ordinary  chim- 
ney draft,  it  is  usually  (liUlciilt  to  burn  good  biluininouit 
coal  at  a  rati;  higlier  than  20  to  25  lb.  per  H(|.ft.  of  gratt- 
surface  per  hour;  20  is  fairly  easy  to  obtain,  but  2.'j  lb. 
iiw.  generally  dilliciilt. 

ir  ihc  |ir()|)oili()n  (if  ihc  giiilr  lo  the  heating  surface 
is  such  thai  inncli  over  20  lb.  of  fiU'l  are  burned  per 
square  fiiol  of  grate  |)er  hour  to  get  the  ma.ximum  re- 
sults from  the  heating  surface,  tlien  the  grate  surface 
re(|uires  enlarging.  If  tlie  rate  of  coal  required  to  be 
burned  |)er  .s(|uare  foot  of  grate  surface  per  hour  is  not 
over  20  lb.  to  give  the  maximum  capacity  for  the  lieat- 
ing surface  available,  as  already  estimated,  and  the 
pounds  of  steam  rcipiired  per  hour,  divided  by  tiie  num- 
ber of  square  feet  of  heating  surface,  is  not  over  four, 
then   tlie  draft  conditions  should  be  investigated. 

It  must  be  understood  that  the  foregoing  are  about 
the  maximum  rates  under  average  conditions  in  the  small 
plant  and  can  be  used  as  a  guide  to  tell  whether  there 
is  some  glaring  deficiency  in  the  available  heating  sur- 
face or  grate  surface  in  an  existing  plant. 

MKAfsriiiNc;  Draft 

A  good  grade  of  biliiniiiKnis  coal  in  a  plant  with  aver- 
age surroundings  riKpiires  a  stack  from  100  to  125  ft. 
high  to  afford  ample  draft.  A  cross-sectional  stack  area 
of  about  1  sq.ft.  for  the  first  1000  sq.ft.  of  heating  sur- 
face and  3  sq.ft.  for  each  additional  1000  s(|.ft.  is  re- 
quired to  give  the  proper  volume  of  draft.  The  draft  in 
inches  of  water,  with  a  stack  of  the  height  and  area  as 
indicated,  under  operating  conditions,  should  be  about 
%  to  %  in-  ^it  the  liase  of  the  stack  and  %  to  1/2  in.  in 
the  furnace  over  the  fire. 

A  plant  may  lie  provided  with  a  stack  of  ample  height 
and  area  and  still  be  unable  to  burn  the  re(|uired  amount 
of  fuel,  owing  to  improjier  connections,  either  as  to  sliapc 
or  size,  between  the  boilers  and  the  stack.  Therefore,  the 
measurement  of  the  effective  draft  over  the  firebed  with 
the  fire-doors  closed  and  the  damper  and  a.shpit  doors  wide 
open  is  the  real  test  of  whether  the  draft  conditions  are 
pro])er  for  the  grate  surface.  The  measurement  of  the 
draft  should  be  taken  when  all  the  lioilers  that  the  stack 
is  supposed  to  serve  are  operating. 

Type  of  Eoileks  To  Be  Selected 

After  deciding  that  new  l)oilors  are  necessary,  what 
size  and  type  should  be  adoptefl  ?  Since  this  article  is 
only  intended  to  cover  the  average  case  for  the  small 
plant,  the  type  of  boiler  could  be  eliminated  and  it  be 
assumed  that  the  horizontal,  return-tulmlar  boiler  wouhl 
1)6  used.  However,  some  of  the  general  features  of  a  few 
other  types  will  be  discussed. 

The  water-tube  boiler  is  made  in  so  many  forms  that 
it  is  difficult  to  say  much,  in  a  general  way,  about  them. 
Thev  are  capable  of  carrying  a  high  steam  pressure,  and 
if  pressure  above   150  lb.   is  desired,  the  water-tube  or 
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,Jie  vertical'  liiliular  hoilci'  wdiild  be  u.st'd,  in  most  cases. 

If  a  watcr-tiihc  boiler  is  to  be  used,  select  a  simple 
|lesign.  The  average  purcJiaser  slioidd  pay  no  attention 
jo  high-brow  theories  in  regard  to  circulation  and  effi- 
[iency :  he  should  buy  a  l)oiler  tliat  is  so  designed  that  it 
an  be  rejiaired  and  cleaned  wilhont  being  torn  down, 
riiere  are.  however,  j)oints  connccled  with  the  proper 
jlesign  for  efficient  operation  that  ai'c  worthy  of  con- 
ideratiou,  providing  that  accessibility  has  first  been  at- 
ained. 

Few  small  plants  will  be  interested  in  the  water-tube 
loiler,  because  the  lirst  cost  is  ap|)i'o\iiiKitely  .in  ])er 
ent.  above  that  of  tbe  I'eturn-tubular  and  its  main- 
bnance  re(iuircs  more  sk'ill  and  costs  nmiT.  The  life  of 
|uch  boilers  is  usually  niucb  sbortci-  than  that  of  tbe 
ori/contal   tubular  type. 

The  vertical  tubular  boiler,  particularly  in  sizes  of  loO 
i>  250  hp.,  is  an  excellent  one  for  power  purposes,  being 
)w  in  first  cost,  slightly  under  the  horizontal  tubular. 
nd  is  economical  to  operate.  It  does  away  with  l)rick- 
etting  repairs,  and  is  capal)le  of  l)eing  built  for  high 
ressures.  This  type,  however,  has  one  serious  draw- 
ack,  which  is  that  the  crown-sheet  is  extremely  sensi- 
ve,  and  unless  the  feed  water  is  of  the  best  quality  for 
oiler  pur])oses,  this  type  should  not  be  considered. 

The  locomotive  type  is  sometimes  used  in  small  plants, 
ut  little  can  be  said  in  its  favor.  It  is  high  in  first 
Dst,  fairly  efficient,  extremely  costly  to  repair,  a  repair 
f  any  magnitude  in  the  firebox  costing  practically  as 
uicli  as  the  l)oiler ;  it  has  some  advantage  where  head 
lom  is  limited,  or  wliere  the  location  of  the  lioiler  is 
jnsidered  tem])ora  ry. 

The  horizontal  fubulai-  boilei'  is  the  ty]ii'  most  J're- 
uently  used  in  the  small  ])Iant,  and  has  the  most  ad- 


vantages  under  general  operating  conditions.  It  is  easily 
cleaned  and  repaired;  it  requires  the  least  skilled  atten- 
tion of  pi'aclically  any  boiler,  and  it  is  about  equal  in 
elficiency  to  any  when  boilers  of  equal  capacity  are  com- 
pared. 

A  feature  that  should  he  considered  in  purchasing 
boilers  to  add  to  an  existing  ])lant  is  that  the  men  have 
become  accustomed  to  the  type  already  in  use,  and  if  the 
boilei's  have  given  satisfactory  service  there  should  be 
some  good  reason  for  nud\ing  a  c-hange.  It  will  he  as- 
sunu'd,  therefore,  that  tbe  horizontal  I'cturn-tubular 
boiler  is  to  be  adopted  and  the  rest  of  this  article  will 
refer   to    that    type. 

SiZK  OF   ITXIT  TO    BlC   .\.I)OI*TED 

The  size  of  unit  to  be  adopted  depends  largely  upon 
the  plant  conditions.  If  it  is  at  afl  practicable,  every 
plant  should  consist  of  a  minimum  number  of  two  boilers. 

(ienerally,  the  larger  the  boiler  the  more  economical 
its  operation  and,  if  the  size  of  the  plant  will  stand  three 
or  more  large  units,  boilers  of  78-in.  dianu'ter  and  18-ft. 
length  are  a  good  size  to  adopt.  This  size  represents 
about  the  maximum  capacity  for  the  type,  and,  although 
much  larger  sizes  are  l)uilt,  it  is  doubtful  if  they  have 
demonstrated  their  worth. 

The  diameter  of  this  type  is  limited  by  the  thickness 
of  the  sheet  necessary  to  use  for  the  pressure  desired.  It 
has  been  demonstrated  by  trial  that  a  %-in.  sheet  is 
practically  the  limit  for  externally  fired  boilers,  and  even 
this  thickness  is  too  great,  except  where  good  feed  water 
is  used  and  the  best  workmanship  employed.  Boilers  are 
occasionally  built  with  thicker  sheets  and  the  edges  of 
the  plate  at  the  girth  seams  are  ])laned  or  milled  down, 
but  it  is  doubtful  if  this  construction  is  justified,  and  it 
remains  to  be  proved  that  it  represents  good  practice. 
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Among  the  advantages  of  alternating-current  distribu- 

on  is  the  facility  with  which  the  potential,  current  and 

bases  can  be  changed  by  different  com!)iuations  of  trans- 

)rnu>rs.      For    single-phase    work,    transformers    can    Ik* 

lunected  so  as  to  change  any  cnneut  and  voltage  to  any 

I    r  current  and  voltage  within  )n-actical   limits.     In  a 

liliiphase    system,    in    addition    to    these    changes,    the 

'lascs  can  be  changed   to  almost  any   form  desired. 

The  cmunmn   nu^tho(ls   of   connecting   transformers   to 

n;jl(-|)hase,  constant-potential  mains  are  diown  in  Fig. 

I'lactically  all  distributing  transfoi'tners  have  prnuary 

id  secondary   windings   made   up  of    two   coils  eacli.   to 

ini-e  a  flexibility  of  voltage  combiiuitioi!--.      Kitber  the 

iinaiT  or  the  secoiulary  coils,  or  both,  may  be  connected 

t  sci-ies  or  in  multi|)le.     At   .1,   in   Fig.  1,  tiie  ])rimarv 

)ils  are  connected  in  series  and   the  secondary  coils  in 

idiiple  to  secure  a  22nO-Yolt  to  .5,5-volt  transformation. 

I   /.'  both  the  primary  and  the  secondary  coils  are  con- 

'  ird  in  series  for  a  20-to-1    transfornuttion.     For  resi- 

11.  !■  lighting,  the  most  economical   method  of  supply  i< 

I'liin-li    single-phase    transformei's    with    tliree-wire   sec- 

iihiiics.      A  tap  is  brought  out   from    the   middle  of  the 

inndarv    winding    which    is    connectcci    to    the    neutral 


wire  of  the  three-wire  system.  In  this  wj\  a  few  large 
transformers  can  be  connected  l)y  three-wire  secondaries 
in  a  residence  or  other  district  and  will  take  care  of  a 
large  nundjer  of  connected  lamps.  Such  an  ai'rangement 
of  transformer  connections  is  shown  in  Fig.  2. 

A  nuxlificatiiiii  of  the  thive-wire  system  is  shown  in 
Fig.  .'),  in  which  the  outside  wiics  of  the  secoiulaiw  sys- 
tem are  feil  bv  a  singh'  t i-ansf<ii-iiier  and  the  neutral  wire 
is  taken  care  of  by  a  balancing  li'ansformer  connected  at 
or  near  the  center  of  distribution.  The  effect  of  the  bal- 
ancing transformer  is  similar  to  a  motor-generator  bal- 
ancing set — that  is,  tbe  \oltage  of  the  heavily  loaded 
side  of  the  three-wii'e  system  is  boosted  to  compensate! 
for  the  excessive  voltage  drop  on  that  side,  owing  to  the 
unbalanced  load  conditions.  The  capacity  of  the  lialane- 
ing  transfornu'r  need  be  onlv  half  the  greatest  variation 
in  load  between  the  two  sides  of  the  system. 

Where  the  ratio  of  transformation  is  not  greater  than 
2  to  1,  auto-frausformers  can  be  nsed  to  advantage  in 
place  of  the  I'egular  transformers.  In  effect,  these  are 
the  same  as  balaiU'ing  coils.  In  Fig.  4,  ,4  shows  a  three- 
wire  sceondarv  nr  di<tributi<in  system  fed  from  a  220- 
\()lt   uuiin  and  so  ii;-rao<r(.d  as  to  give  a  potential  of  110 
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Volts  l)('l\\(M'n  llic  iiciitnil  wire  n  IK  I  llic  outHiilc  wires.     Ai  I  liiiisroriiH'r   docM    not    iiili'rni|it    lliriT-pliiih"   diKliiliiilio 

/{  tlu>  Hccondai'v  Hystciii   is  cssciiliiillv   the  harm'.   Imt    llir  irinl  llic  removal  of  two  I riitisrortiii'i's  still  .'uliiiils  of  |Miwt> 

]>i-iiiiai-v  main  lias  a  polciitial  of  onlv   I  ID  volts,  tiro  aiilo-  Iratisrrrissioii  on  n  siii;;lc-|)liasc  ol'  the  lirciiit.     Wlicii-  on 

(iiinsl'oiiiri'i'  in  I'lVctt   fiiviiijf  llu'  same   iiwrr't    tiiat    woirii!  trnrrsroiiiii'i'  is  I'cmovcd.  iiowcvi-r,  cacii  of  tin-  two  i-cimiin 

Im'  swnrcd   if  an  oidinaiT   transroriiicr'  liaviiii;  a    IJ(i-\oli  iri;j  ones  irrrist   cariT   \.'i'-i  limes  the  orifjiiial  ciiricnt   fo 

jirimiifv  and  a  ;;?'^<>-volt   sccoiidai-y   were  used.  the  vame   load    and    the   internid    losses   in    tliis  ease;   wij 

'rile      |i!:iiri      twn-|iliase     oi'     i|nai-ter-|)lia>;e     eonneetioii  he  i.'ii'ali'r'. 

show  ri   in    I'ii;.   .">   is  sirii|ilv   two  siiij;le-|>lras"  triinsror'mer-s  The    )'  or-  star  connection  shown   in    I-'Il'.  H   has  one  i, 

eonueeled    to    their'    I'espect ixc    filiases.    the    phases    hein^  1  he  ler'irr inal>  of  each  |ii'iirrarv  arrd  each  secftiidury  hi ■ 

ke|)t  entir't'iy  separ'ale.    In   thi'ee-wii'c,  (|iiaitei'-pliase  woii<  to  a   corrirrrorr   coiiiiecl  ion.    the   I'cnrainin^   thr'eo   (crrn 

one  of  the  scciirrdai'y   leads  can   he   \\m'i\   as  a  coiuiiiorr    I'c-  Ijciir;,'   coiiirectcd,    r'esp(.'cti\('ly,    wrtir    lire    supply    ami    lir 
Inrii.  as  irr    l-'iu-  '>• 

The  thi'cc-piiase  conirertioiis  show  11  in  l<'i<r.  7  arc  known 
as    delta    connections    and    arc    ni'    a(l\aiila<'e    where   con- 
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distribution  system.  An  luKantii^c  of  this  (■oniu'ctiou 
over  tlic  (k'lta  is  that  I'oi-  the  saiuc  transmission  voltage 
Inac-li  transtoi'incr  is  wound  for  only  oS  pei'  cent,  of  tlie 
h'lic  \()lta^e. 

Two  currents  differing  in  pliasc  hy  !)0  dc^.  may  1k' 
I  iMiisformed  into  three-pluise  currents  differing  hy  1  "30 
ill-.,  or  vice  rcrsd,  l)y  using  the  condiination  siiown  in 
V\'j:.  9  and  well  l-;no\\  n  as  the  "Seott"  connection.  'I'wo 
iiansformers,  .1  and  Jl,  are  connected  to  Iwo-pliase  mains, 
riie  secondary  coil  of  />'  is  represented  hy  Ixl  and  that  of 
I  liv  ec.  The  secondary  coil  of  .1 — tliat  is.  cr — has  O.siKi 
iiiin's  as  many  turns  as  the  secondary  of  J>  or,  what 
iiiinunts  to  the  same  thing,  an  (SCi.O  per  cent,  voltage  tap 
I-  I  nought  out  from  the  secondary  of  .1,  to  which  the  lead 
IS  connected  The  other  end  of  the  secondary  of  ,1  is 
comiected  to  a  tap  hi'oughl  out  from  the  middle  ])()inl 
of  the  secondary  of  /.'.  Thcrefoi'c,  the  leads  bde  form  a 
three-phase  system,  oi'  if  Ihrcc-phase  currents  arc  aj)- 
|i|ii'(l.  they  will  he  transformed  to  two  cnrrents  diifci'ing 
111   phase  by  !U)  deg.  in  the  primary  windings  of  .1   and 


The  phol<)gra])li  shows  |)art  of  a  casing  for  a  large 
mine  turhine.  Originally,  of  course,  the  casing  was 
lindricaj. 

Tliis  casing  is  of  (lei'man  manufactui'c.  the  metal  he- 
ii:   -iipplied   li\-  a   cdinpany  oilier  than  the  builders.   The 
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deformation  test  was  made  to  demonstrate  to  the  Iniild- 
ers  the  quality  of  metal   supplied.     Although   American 

I  engineers  will  perhaps  question  the  merits  of  such  a  test, 
it  is  interesting  as  an  example  of  the  Oerman's  effort  to 

I  be  thorongh. 

The   progress  of   the   movement    f<u-   smoke   ahatement 

j  and  fnel   economy  in  Great  Britain  during  tlie  past  12 

months,    writes    Consul-Oeneral    John    L.    (xrilTiths,    has 

talcen    the    form    chieflv    of    propaganda    erlncation    and 

pioneer  work  in  respect  to  improved  methods  of  hurning 


coal,  for  both  factory  and  domestic'  jmrposes.  In  addi- 
tion, steps  arc  being  taken  to  secure  accurate  measure- 
ments of  atmosphei'ic  pollution.  Fifteen  of  the  largest 
cities  have  agreed  to  join  in  these  experiments,  and  in 
London  the  woi'k  conunenced  in  Xovemher  last  and  is  at 
pi'csent  in  operation.  Owing  to  delay  in  securing  Ihc; 
iieci'ssary  soot  and  dust  gages,  the  stai't  in  this  woi'k  in 
all  the  15  cities  has  had  to  be  deferred  until  this  spring. 
It  is  not  expected  that  the  coni])arative  records  will  he 
available  hefore  the  close  of  tliis  year. 

The  cities  which  will  undertake  these  observations  are 
Birmingham,  Bradford,  Crewe,  Exeter,  Glasgow,  Hull, 
Jiceds,  Leicester,  Tjiverpool.  JIalvern.  Mancliester,  Xew- 
castle,  Plymouth  and  York,  in  addition  lo  certain  Lon- 
don borouglis. 

.\  bill  has  bet'n  drawn  for  introduction  into  Parlia- 
ment to  consolidate  existing  laws,  as  well  as  to  provide 
local  authoi'ities  with  extended  powers  against  the  emis- 
sion of  black  smoke.  This  is  a  private  hill — that  is  to 
say,  not  a  government  measure — and  as  the  supporters 
were  not  successful  in  the  ballot  for  private  members' 
bills,  nothing  will  probably  result  this  year,  but  the  exist- 
ence of  the  bill  has  created  increased  interest  among 
smoke  reformers,  particularly  as  to  the  lines  of  future 
legislation. 

The  educational  classes  for  engineers  and  firemen, 
started  in  several  cities,  continue  to  nu'ct  with  growing 
success.  The  object  is  to  develo])  ])roperly  trained  bodies 
of  skilled  firemen,  who,  it  is 
claimed,  are  essential  to  the 
soliilion  of  the  black-smoke 
])i'oblem.  The  classes  in 
(ilasgow,  which  lune  been 
x'ci'y  successful,  are  carried 
on  (hiring  the  winter  months 
at  different  populous  centers, 
and  are  under  the  direction 
of  smoke  inspectors  of  the 
muiiici])ality.  Each  winter 
100  to  200  firemen  have  been 
enrolled  since  the  classes  were 
inaugurated  four  years  ago, 
and  it  is  now  proposed 
to  start  more  ad^•anced 
classes. 

Tn  connection  with  the 
subject  of  smoke  abatement 
should  lie  noted  the  greatly 
increased  iis(>  of  gas  and 
electricity  for  (hunestic  pur- 
])oses.  This  is  ]iarticularly 
the  case  in  Tvondon  and  in  provincial  towns  where  gas 
is  cheaper  than  coal.  The  i'a]ud  growth  in  this  direction 
is  so  marked  that  it  is  believed  hy  many  that  gas  and 
electrical  appliances  will,  to  a  great  extent  in  the  near 
future,  take  the  place  of  coal  grates  and  fires,  and  that 
those  who  prefer  coal  fires  will  use  snioke-con,siiiiiing 
grates  or  employ  smokeless-coal  substitutes. 

^ATiile  progress  is  constantly  being  made,  it  is  neces- 
sarilv  slow  because  of  the  limited  powers  conferred  by 
existing  laws  and  the  fact  that  societies  for  the  suppres- 
sion of  coal  smoke  are  dependent  unon  membership  fees 
and  donations  for  the  funds  required  to  carry  on  their 
work. 
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Accident  to  A.inniinnLOiniia  Comm- 
pressor 

One  mall  wiis  killcil  ninl  tliit'c  iiijuicd,  oiic  nf  ilicm 
\i'i\  sfri()iisl\ .  wlicn  tin-  iciir  licnd  ot'  llic  niniiionin  <\l- 
iiiilcr  WHS  kiKickcd  I'rdin  ii  rrrii;^i'r;iliiiL''  iniirliinc  in  lln' 
Ildlljih  Ave.  |ilaiil  <>l  ihr  ( 'lr\  .•hiinl  A  Siiiiilii^k\  l'.ir«- 
ili^r  Co.,  (.'Ii'Vi'liilid.  Ohio.  'I'lic  wrcik'd  iiMiliiiic  uji-  nf 
liUl  tons  rcfii^^cratiii;;  ciiluifilx . 

'riu'  accident  (iccuiii'd  wliilr  ilic  iiniciiiMc  \mis  liciiij; 
started  up  at  !>  :1">  p.m..  iilii  r  ;i  slinit  slitildowii.  Cliiel' 
KiiL'ineer  .James  I  >.  B'lw  iii.iii.  mI  liu'  lliinlilc  of  tlie 
steam  end.  was  sliiiik  1p\  (Uic  nf  ilie  ll\inj;  pieces  and  so 
Imdiy  injured  lluil  lie  was  sull'ociiled  Ipelore  assistance 
could  reach  liiiii.  (icoij^c  Killnirn,  assistant  en^'ineei', 
stamlinj:'  liv  ihc  ainnionia  (.-vlindef.  had  his  ri^ht  h'ji 
l)roken,  luit  nianai:ed  to  iid  !<■  a  wiiidnw  and  ])artly 
throuiih  it  hrlnic  he  wa.v  o\  cicuM  r.  .Mdi'c  than  niie-lialf 
of  the  rear  liead  nf  ihc  aiiiinoiiia  c\  liinlcr.  can-yiu;:  the 
\al\i>  cliests  with  it.  ua\e  \\a\.  'Ihc  lii\\ -pressiii-e  am- 
monia line  was  hrnkm  in  the  Ice  connccl  in^'  w  illi  thi'  in- 
let \al\es.  while  the  liii:h-pi-essin e  line,  which  connected 
with  the  twii  hiwcr  \al\c  chests  hy  a  tee  below  the  cyl- 
inder, was  earned  away  at  tlie  ceiling  and  tlirown  over 
1lu>  ammonia  end.  Jailing  aci'oss  the  sti'am  end,  wliere  it 
lient  tlu'  <jovernor  and  Corliss  valvo  roach  rod.s.  The  liand- 
■whoc'l  on  tlie  steam-throttle  valve  was  bent  over  and  one 
of  the  dashpot  reach  rods  broken.  Fig.  1  shows  the  com- 
pressor. 

Fig.  2  siiows  the  vnd  of  the  ammonia  cylinder  and  the 
line  of  tlie  break.  This  cylinder  consists  of  a  s]kk>1- 
siiai)ed  casting  wliicji  is  bolted  to  a  yokc^shaped  scut  on 
the  bedplate  by  a  longitudinal  flange  on  its  lower  side. 
The  cylinder  heads  are  secured  to  the  cylinder  flange  by 
heavy  stud-bolts,  none  of  which  was  broken.  This  figure 
shows  a  portion  of  the  cylinder  head  still  in  position.  The 
break  ]iassed  through  two  of  the  bcilt  holes  and  one  of  tlie 
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vahc  (hand)ers.  On  the  left-hand  side  the  cylinder  flange 
was  entirely  cariie(|  away  for  that  portion  of  it.s  circnin- 
ference  where  it  rested  against  the  bedplate,  the  break 
starting  at  two  diametrically  o|)posite  ])oinls  of  the  flange 
and  ininning  around  the  wall  of  the  cylinder. 

Thei-e  are  no  marks  on  the  piston  or  the  cylinder  liead 
to  indicate  that  they  liad  been  in  contact.  The  line  of 
the  break  following  the  lilht  of  the  cylinder  flange  woulil 
seem  to  indicate  that  the  stress  had  been  thrown  upon 
Ibis  poition  of  the  rear  flange  by  something  between  tlic; 
front  head  and  the  piston  suHicient  to  till  the  clearance 
space  (d'  the  machine.  .\s  the  front  liead  wa.s  still  in 
place  with  its  valve  lumnets  when  the  j>hotograj)]is  were 
taken,  this  was  im])ossible  to  verify. 


Fill.  1.     The  Damaged  Coin>RESsoH,  Bkokex  Parts    ix  Fokeg)!OUXD 


M^iv 


l!ll  I 


VO  W  K  R 


n;3i 


'I'licfc  was  11(1  liolti'i'  hoiliT  i-ooin  in  Chicago  llial 
\ii,ii'ust  afternoon.  Tlu'  i'i'ilin<>'  was  low,  the  boiler  load 
las  heavy  and  the  rest  ix'riods  were  few  and  far  between. 
I'.iii  steam  had  to  l)e  kept  ii|)  and  tlie  gage  needle  pointing 

M  ilh'  l.")()-ll).  mark,  or  the  chief  engineer  would  want  to 

II  i\\    wliy. 
W  hat  if  it  was  hot  in  the  boiler  I'oom,  the  refrigerating 

iih  liiiif  had  to  run.  and  ihc  nu-n  sitting  at  their  roll- 
-ti  -li'sks  in  ihc  ollices  aboxc,  demanded   the  coniforts  of 

.i-iird    air    and    of    the    clecli'ic    fan. 
Tun   Donovan  was  not   concei'iied  about  these  matters, 

I-  Jill)  was  to  keep  up  sleam.  ami   there  was  no  time  to 

1)11  y  aliout  the  troubles  or  comroi'ts  of  others.  Perspir- 
iii:.   begrimed  with  coal   dust   and    wielding  a  coal  scoop 

lib  vim  was  how  the  sid)seription  man  found  Donovan. 
\  -hort  survey  of  the  situation  convinced  the  visitor  that 

I'    time  and  place  were  not  conducive  to  business.  As  he 

nirlied  the  grilling  work  of  Donovan,  his  sympathy  for 
lie  man  and  his  condition  sent  him  away  determined  to 
l|i  him   if  he  could. 

\m\\.  Donovan  was  of  a  studious  nature,  which  fact 
ill'  subscription  man  had   learned   from  the  chief;   why 

(it  send  him  a  good  work  on  engineering?     He  did  so, 

lib  his  compliments,  and  promptly  forgot  all  about  the 

lallci-. 
Siiiuething  like  two  years  passed  and  the  subscription 

laii    had   forgotten   Donovan;   in   fact,   would  not   have 

iiMwii  him  on  the  street  with  the  grime  of  the  boiler 
MM  111  removed.  As  the  "sub"  man  was  walking  up  La 
•a lie  St.,  he  received  a  vigorous  thump  on  his  back  and 

biu'.  conimanding  hand  gripjied  his  own. 

■  ^'er  til'  man  I've  been  lookin'  for,"  shouted.' Donovan, 
muuscious  of  the  passing  tiirong.  "How  are  ye,  me 
"v  !'"  which  was  emphasized  with  another  thump  on  the 
ack. 

■Miuess  you  got  the  wrong  man,"  replied  the  suliserip- 
iin  man,  eyeing  Donovan  nervously,  "1  don't  know  you; 

never  saw  you  before." 

"Not  me,  me  b'y.  Come  and  crook  yer  elbow,  "tis 
)ime  ye  had  one  on  me." 

"But  I  don't  know  you  ;  you  have  got  the  wrong  man." 

"I  tell  ye  I've  not.  Listen,  do  ye  moind  th'  day  ye 
ime  int'  me  b'iler  room  about  a  year  ago,  and  later 
II  sint  me  a  book  on  engineerin'?  'Twas  th'  begiunin' 
f  me  success.  Before  I  had  nothin'  in  me  dome,  now 
've  ivery  thin'  in  the  book,  and  some  more.  An',  best 
f  all,  they  can't  take  it  away  from  me.  Do  ye  see  me 
oyle,  son?  L  can  wear  me  kid  gloves  an"  not  neglect 
le  job." 

A  light  began  to  dawn  on  the  subscription  man's  mind. 
hen  he  knew  Donovan  and  recollected  the  position  he 
)rmerly  held.  Filled  with  astonishment  at  the  change 
e  asked  Donovan  what  position  he  now  held  and  how  he 
ad  procured  it. 

"Man.  dear,"  replied   Donovan,  "I'm  chief  out  here  to 

.     All  I  have  to  do.  compared  wid  what  I  us'ter,  is 

sit  in  me  chair  and  tell  th"  min  what  t'  do.  I'm  th" 
iss,  me  b'y.  I  give  th"  orders,  and  me  days  of  sweatin' 
^rninst  a  sit  of  b'ihu's  lie  over.  But  yer  th'  b'y  what 
arted  mo  roight  wid  yer  little  engineerin'  book,  and  I 
3n't  forgit.  Now  will  ve  come  along  an'  lilow  some 
ids  ?" 

The  su1)scription  man  later  in  th(>  day  joyously  meand- 
ed  up  La  Salle  St.,  at  peace  with  Donovan,  himself  and 


the  world.  A  little  lielj),  and  a  lireman  had  litted  himselt 
to  occupy  a  chief  engineer's  position.  He  had  made  good 
when  given  the  chance  and  tlu;  subs(;ription  man  got 
more  than  the  cost  of  the  book  out  of  it,  in  the  satisl'ac- 
tion  of  knowing  that  a  good  turn  had  helped  another  to 
succeed. 


e^ueir 


One  of  the  recognized  advantages  of  the  closed  feed- 
water  heater  is  that  the  feed  water  is  kej)t  free  from  the 
exhaust  steam  which  may  c(.)ntain  considerable  oil.     Tliis 

type  prevents  the  oil 
frimi  getting  into  the 
boiler  even  if  no  .sep- 
arator is  used.  When 
installed,  the  con- 
densed steam  contin- 
ually leaves  the  heat- 
er through  the  drip 
pipe,  which  should 
always  be  left  wide 
open. 

In  some  installa- 
tions this  condensed 
steam  can  be  u.sed 
1(1  advantage  in  ice 
making,  for  washing',, 
or  by  returning  it  to 
tile  boiler  together 
with  drips  from  a 
heating  system  or 
other  ai)i)aratus.  But 
the  oil  must  be  got- 
ten rid  of,  and  it  is 
usually  easier  to  take 
it  out  of  the  exhaust 
steam  than  to  filter  it 
from  the  condensate. 
To  facilitate  this 
operation,  the  Xa- 
tional  Pipe  Bending 
Co.,  Xew  Haven, 
CoMiiiNKi)  Fi'KD-Water  Coiiii.,    has    made    a 

Dkatici;  sjiecial    closed   heater 

with  a  separator 
forming  part  of  it,  as  illustrated.  The  sejiarator  is  placed 
at  the  bottom  of  the  heater  so  that  the  exhaust  steam  will 
imjhnge  upon  the  baffles,  and  by  change  of  direction  and 
in  passing  through  the  ports  shown,  will  be  freed  from 
])articles  of  oil  without  materially  adding  to  the  liack 
pressure  on  the  engine. 

'^. 

N'atif>ii.s  to  Be  Represented  at  the  E:x|>OHition — The  follow- 
ing extract  from  a  recent  official  buUetin  on  the  Panama 
Pacific  E.xpoi5ition  work  should  be  of  interest  to  prospective 
exhibitors  and  visitors:  "The  following  foreign  nations  have 
accepted  the  invitation  of  the  United  States  to  participate 
in  the  exposition:  Argentina,  Bolivia,  Brazil,  Canada,  Chile, 
China,  Costa  Rica.  Cuba,  Denmark,  Dominican  Republic, 
Kcuador,  Prance,  Guatemala,  Haiti,  the  Netherlands,  Hon- 
duras, Italy,  Japan,  Liberia,  Mexico,  Nicaragua.  New  Zea- 
land. Panama,  Persia,  Peru,  Portugal,  Salvador.  Spain, 
Sweden,  Turkey,  Uruguay,  Venezuela.  It  is  now  assured  that 
practically  all  the  states  of  the  Union  will  be  represented. 
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Tlhree-Wire  Generator  witlh 
Revolvn]i&[^  Commpeir&sfltor 

'I'lic  iiditiitKiii  (>r  a  n'\(il\  iiii,^  <  uiii|icii>ntnr  willi  mw  col- 
liHtor  ring  for  (dittiiiiiiig  llic  iinilial  cniuuM  liuii  \vi(li 
throo-wiro  opiTiitioii  is  ciiilawlicil  in  a  (lr.-i;in  ii'icnlly 
hrou^'lit  out  1)V  the  ({cncnil  KIcclric  Co..  sniKTscdin;,'  tlic 
familiar   separate   .slatiomnv    r(>ni|K'nsator    and    two-col- 
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Fic.  1.     Akmatiim;  wiiii  I'Kvni.vixd  ('omi'kxsatoi; 

IcH-tor-ring  iUTan^yi'nu'nt.  The  revolving  (•()ni})i>nsator  con- 
sists of  a  circular  nnignctic  core  iipon  which  are  mounted 
suitable  exciting  coils,  the  core  with  its  coils  being  as- 
sembled on  a  cast  bracket  bolted  directly  to  the  back  end 
of  the  armature  spider,  as  shown  in  Fig.  1.  The  com- 
pensator fits  under  the  overhanging  end  windings  of  the 
armature,  projecting  only  a  short  distance  beyond  the 
main  winding. 

The  compensator  windings  are  connected  to  the  main 
armature  winding  at  proper  points,  and  the  nciitrni 
connection   is   taken   through   the   armature   spider   to   n 


Mn;;lc  collcclor  ring  mounted  <in  the  outer  end  of  the 
(■utnniiilalor  sliell.  Tliis  ring  nniy  lie  seen  in  l'"ig.  y.  'J'lie 
miitial  brushes  bearing  on  lliis  ring  are  supported  by 
and  insulateil  from  the  main  brnsh-lioider  studs.  The 
simplicity  of  this  (h-sign,  self-containi-d  with  the  iirma- 
tnre,  eliminatcH  floor  space  taken  by  the  stationary  eorii- 
pensator,  requires  fewer  collector  rings  and  brusbi's  and 
reduces  the  niMnber  of  cable  leads  to  the  switcbboard. 
Tiic-c  generators  are  nf  the  (()ninnitatiiig-p<ile  tyjie. 

ILarge    WlheelleB'cBariaard    CooU 
iim^  To^yyeip 

The  illustration  shows  a  large  twin  Wheeler-llarnard, 
forced-draft  cooling  tower,  recently  built  by  the  W'beeler 
Condi-nser  &  Knginec  ring  Co.,  (Jarteret,  N.  J.,  for  the 
American  Hardware  Co.,  at  its  New  Britain,  Conn., 
plant.  The  capacity  is  132,()()()  gal.  per  hour,  cooled 
liom   100  to  HO  (leg.  V. 

The  tower  projjcr  terminates  just  above  the  platform 
on  wiiich  the  men  are  standing,  the  steel  plate  work 
above  this  being  a  stack  to  convey  vajwrs  above  the  roof 
nf  the  building,  and  also  to  provide  natural  draft  for 
operation  in  cold  weather.  The  tower  is  designed  with 
spc(  ial  air  inlets  which  are  opened  when  tlie  fans  are  not 
in  use  ;iiid  llu'  stack  su|)|)lics  tiic  draft.     They  consist  of 


Fig.  2.     2oO-Yolt.  Tn 
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riKE-AVlRK    CrKXKKATOR,    ShOWIXG 
EXSATOE    RlXG 


COOLIXG    TOWKR   WITH    FORCED   AXD   XaTURAL    DrAFT 

connterweighted    doors,   which    when   opened,    provide  a 
large  area  for  the  inlet  of  air. 

The  unit  consists  of  two  towers  arranged  side  by  side, 
each  11  ft.  5  in.  wide  and  18  ft.  3  in.  long,  erected  over 
a  reservoir  which  also  serves  as  a  foundation  for  both 
towers.  The  chimney  is  18  ft.  3  in.  square  and  the 
height  from  the  base  of  the  tower  to  the  top  of  the  stack 
is  70  ft.     Forced  draft  is  supplied  by  four  108-in.  fans. 
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By  William  S.   Lijckknhach 


i^NOPSIS — The  article  if  replete  tvith  solid,  practical 
hits  and  instructions.  It  tells  wliat  indicates  weal:  am- 
\pnia;  liow  to  calculate  the  amount  of  fresh  ammonia 
ujiiired;  why  ice  gets  dirty ;  cleanliness  of  ice  as  in  flu- 
'(I'll  by  carelessness  in  pulling  the  ice;  cold  losses  in- 
I'lil  by  irregular  pulling  of  the  ice;  filling  of  cans  and 
liiir''  to  keep  brine  Imil:  pnipcrli/  covered. 


Pijoi'Ki;  Ai;iiAX(iK,MKXT  OF  CooLixci  Coils 

(nils  in  the  brine  tank  of  ail  machines  of  over  three 

lour  tons  capacity  should  be  in  sections  of  from  four  to 

\  coils  i^er  section,  with  a  division  in  the  center  of  the 

liiiiii.     This  is  better  than  one  continuous  header,  for 

nils  furthest  from  the  expansion   \alve  will  receive 

than  their  share  unless  there  is  a  valve  on  eacli  coil 

-Dvern  the  su])ply.     To  nicely  regulate  the  flow  of  the 

i-  nHjuires  considerable  skill  and  judgment,  and  at  best 

'    ri'sult  is  not  satisfactory  because  the  quantity  of  gas 

I II I  red  for  a  few  coils  is  so  small  that  it  is  diihcult  to 

I   the  valves  properly. 

<»ii  the  other  hand,  if  all  the  sections  are  connected 

u  main  header  and  are  regulated  with  one  expan- 

11  valve,  the  distribution  of  the  expanded  gas  will  be 
Illy  equal  over  the  entire  tank.  Each  section,  however, 
lould  have  a  controlling  valve,  and  each  coil,  at  both. 
:)p  and  bottom,  should  have  a  valve  in  case  of  accident 
0  that  any  coil  or  section  could  be  cut  out  without 
iterfering  with  the  i)lant.  There  is  no  set  rule  as  to 
lie  proper  amount  of  liquid  to  feed  or  allow  to  pass 
lirough  the  expansion  valve  for  any  number  of  coils. 

We  will  assume  that  the  liquid  ammonia  on  the  high- 
iressure  side  is,  say,  99  per  cent.,  pure  and  is  at  nor- 
lal  pressure  regardless  of  the  style  of  machine.  Open 
he  expansion  valve  slowly  and  note  the  frost  on  the 
lipes.  If  they  frost  nicely,  open  the  valve  a  little  more 
t  intervals,  imtil  the  frost  gets  moist,  then  close  slightly 
s  you  have  reached  the  maximum  of  expansion  under 
uit  pressure  and  temijerature.  As  the  proper  capacity 
epends  largely  on  the  purity  of  the  liquid  ammonia,  it 
s  of  the  greatest  importance  to  test  it  occasionally.  The 
iiethod  of  testing  the  .ammonia  for  i)uiity  has  been  de- 
cribed  in  a  former  article.* 

If  it  usually  is  pure  and  the  test  shows  nioislure  after 
vaporation,  it  may  be  due  to  the  rectifier,  or  fo  allow- 
ng  the  rich  liquor  in  the  generator  to  get  too  high  and 
ause  a  partial  boil-over  in  the  generator.  Should  the 
'rost  beyond  the  expansion  valve,  become  moist  or  drop 
3ff,  it  is  an  indication  that  the  liquor  level  in  the  gener- 
itor  was,  or  is,  too  high.  If  still  too  high,  stop  the  am- 
nonia  pump  until  the  proper  level  is  restored.  When 
die  freezing  tank  is  above  the  absorber  (as  it  should  be) 
md  the  pressure  in  the  absorber  is  lowered,  the  accumu- 
lated ammonia  in  the  brine  tank  coils  will  flow  to  the 
ibsorber  by  gravity.  If,  however,  the  absorl)er  is  on  a 
level  with  the  tank,  then  create  a  \acuum   in  the  ah- 
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sorber  for  a  few  minutes  by  closing  the  weak-liquor  valve 
and  start  the  ammonia  ])uinp.  After  ihe  liquor  has  been 
drawn  into  the  absorber,  which  will  be  indicated  by  the 
rise  of  the  liquor  in  the  gage-glass,  open  the  weak-liquor 
valve  again  and  run  llic  pump  to  suit  the  proper  level 
in  the  generator.  As  the  temperature  of  the  brine  will 
rise  during  this  time,  the  niachiuc  will  require  special 
attention   until  normal  conditions   lime  been  restored. 

Loss   oi'    Lkjioi; 

After  a  machine  has  been  in  operation  for  some  time, 
the  liquor  in  bolli  the  generator  and  flic  absorber  may 
fall,  perhaps  without  any  apparent  cause.  In  a  new  plant 
it  may  be  due  to  an  insuflicieiit  original  charge,  provid- 
ing the  rich  liquor  remains  the  same  in  density;  but,  if 
after  restoring  the  proper  level  it  falls  again  and  the 
strength  is  also  less,  there  is  something  wrong.  First, 
the  cooling  water  of  all  the  coils  and  the  brine  must  be 
tested  with  litmus  paper  or  Nessler's  solutionf  to  deter- 
mine if  there  is  any  leakage  of  ammonia.  If  there  is 
no  leakage,  the  loss  may  be  due  to  some  of  the  liquor  be- 
ing pocketed  in  a  low  place  in  the  piiniig  system  or  in  the 
expansion  coils  in  the  brine  tank,  when  that  tank  is  so 
located  that  a  gravity  flow  to  the  absorber  cannot  be  es- 
tablished. In  that  case,  the  li(|uoi'  nuisr  lie  drawn  into 
the  absorber  by  a  vacuum.  If  this  should  not  normally 
restore  the  level,  air  may  have  been  tra])]ied  in  the  top 
condensing  and  cooling  coils  and  found  its  way  slowly 
into  the  absorber,  where  it  has  been  burnt  off  at  the  purge 
cock  and  some  of  the  air  si)ace  fillei!  with  liquor. 

Makixo   Vv  Am.moxia   Lossks 

In  absorption  machines,  aqua  ainmoiiia  should  always 
be  kept  at  the  standard  density  of  v!G  deg.  Baume;  27  or 
28  deg.  is  preferable,  providing  the  ammonia  pump  is 
in  condition  to  handle  it.  This  is  especially  advantage- 
ous when  the  generator  is  using  exhaust  steam  because 
it  requires  less  heat  to  liberate  the  necessary  percentage 
of  gas,  and  the  weaker  the  rich  liquor,  the  higher  the 
temperature  of  steam  needed  to  liberate  the  same  per- 
centage of  gas.  We  will  now  assume  that  the  rich  liquor 
has  weakened  to  24  deg.  Baume  and  that  we  wish  to 
iiu'rease  its  density  to  the  standard,  20  deg.,  by  adding 
liquid  ammonia.  The  amount  to  be  added  may  be  found 
in  the  percentage  table  of  strength  of  ammonia  liquors. 
Aqua  ammonia  at  26  deg.  contains  about  28  per  cent,  of 
pure  ammonia  and  at  24  deg.,  24  per  cent. ;  the  loss  is  4 
per  cent,  of  pure  ammonia. 

Suppose  that  the  original  charge  was  10,000  lb.  at 
26  deg.,  28  per  cent.,  or  2800  lb.  is  pure  ammonia. 
Then  4  per  cent,  of  this  quantity,  112  lb.,  will  again 
bring  the  whole  charge  up  to  26  deg.  The  simplest 
method  of  introducing  it  is  to  connect  directly  to  the 
brine  and  take  up  heat.  Then  it  is  only  necessary 
to  see  that  it  is  not  admitted  to  the  coils  faster  than 
the  weak  liquor  flowing  into  the  absorber  can  ab- 
sorb it.     Again,  suppose  we  wish  to  use  aqua  ammonia 
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to  iiii'it'iiso  tlio  strcii;;lli.  I)iit  liiiil  tlmt  this  ciiiiikiI  lie  iloiic 
until  somo  of  llif  wnikcr  |i(|ii(ii'  in  tlir  system  iiiis  Ipccii 
withdniwii.  \\ f  iilso  waul  lo  know  iiIhuiI  Ikiw  iiiiiiiv 
ilnims  to  order  witlioiit  ;;iiessiii;i,  so  iis  not  to  linve  ii 
(Inini  or  two  ahoiit  tlie  pinee  I'or  which  we  liave  no  use. 
'I'ake  (he  same  examine  of  1(1. (Mto  |i(hiiicIs  oTi;,MMally  witli 
4  |)i'r  cent.  h)ss  of  |Mire  ainiininiii.  In  di^l  ilhil  mn,  it  is 
(lillieult  to  ;^et  lielow  1 V  de^;.  Iliiiiine,  ni  '.'  |ier  i-eiil. 
additional  loss  on  (he  whole  aiiKninl.  luil  :is  (inly  a  small 
Iiart  of  the  lO.OOO  Ih.  is  di-lillid.  Hie  arliial  loss  wutild 
lu'  approximately  I  i/o  per  (eiii.  of  the  •.;«()()  Ih.,  or 
Ivti  Ih.,  and  as  a*pia  al  ".'ti  ile^.  contains  ahout  ^H 
per  (cnt.  of  ammonia,  the  halamo,  I'i  per  cent.,  would  he 
water.  Thus  wo  need  ]->Vt  X  "-"v^  =  '■^'^■'■^  l'>-  <>''  "I'W 
ammonia. 

The  quickest  way  lo  distill  the  liipior  to  I '■.'  de.l,^  is: 
Slop  tho  pump  and  close  itic  po(ir-li<|U(ir  \alve,  Icavinu 
llie  gas  and  the  sleam  \alvcs  open,  as  well  as  the  expan- 
sion valve.  This  will  riMJiirc  liic  pressure  ^radnally  in 
the  condensing  ru\\s.  W'iicii  I  he  density  has  licen  reduced 
to  alxiut  \'i  (leg.,  close  llic  gas  and  the  steam  \alves. 
draw  the  required  annmnl  al  liic  liolloni  of  tlie  gener- 
ator ajul  ])unip  strong  litpior  to  icplacc  the  weak.  Now 
open  tho  steam  valvo,  hut  do  not  open  the  gas  or  ])oor- 
liquor  valves  until  tho  genci'alor  pressure  is  ahout  equal 
to  tho  poor-liquor  ])rossure  due  to  its  head  or  height 
ahovo  the  liquid  in  generator,  otherwise  the  gener- 
ator might  be  flooded.  Next  o]}on  the  valves  slowly; 
the  nu\chine,  however,  will  need  careful  attention  until 
the  pressure  and  the  licpiid  levels  are  normal. 
Piiiirv  OF  Ice 

Artificial  ice  i.s  made  either  from  distilled  or  ordinary 
drinking  water,  usually  termed  raw  water,  but  when  steam 
is  the  ])rime  mover,  distilled  water  should  be  used  becau.se 
of  its  purity.  Whore  raw  water  is  eni])loyod.  the  first  re- 
quisite is  pure  water,  or  such  as  can  he  made  so  by  chem- 
ical treatment.  Furthermore,  air  agitation  is  essential, 
either  by  the  can  or  the  plate  system,  to  avoid  white  or 
opaque  ice.  The  can  should  have  a  capacity  of  not  less 
than  300  lb.,  thus  avoiding  a  multiplicity  of  connec- 
tion from  the  main  air  pipe.  This  pipe  should  be  close 
to  the  return  gas  pipe  in  order  to  reduce  the  air  tempera- 
ture at  least  as  low  as  that  of  the  water  iu  the  cans  or 
tank.  Distilled-water  can  ice  should  not  be  frozen  at  a 
lower  temperature  than,  say,  — 10  or  — 12  dog.  F.,  be- 
cause the  ice  forms  more  rapidly  when  directly  iu  con- 
tact with  the  can  and  may  give  an  opaque  appearance  on 
the  outside  of  the  block. 

Opaque  ice  from  distilled  water  is  frequently  due  to 
carelessly  handling  the  can  filler  when  the  can  is  full. 
Withdrawing  the  filler  should  be  done  with  as  little  agi- 
tation as  possible.  The  causes  tending  to  make  excessive 
core  and  dirty  bottoms  are  numerous,  such  as  impurities 
in  the  water  carried  over  with  the  steam,  especially  if  the 
water  in  the  boiler  gets  too  high;  insufficient  reboiling 
of  the  distilled  water,  fluctuating  level  in  the  distilled  wa- 
ter tank  or  forecooler,  thus  alternately  exposing  and  cov- 
ering the  coils  or  pipes,  and  invariably  washing  off  some 
dirt.  A  dirty  filter  is  another  cause.  One  common  cause 
that  is  frequently  overlooked  or  underestimated  is  that 
due  to  dirt  accumulation  on  the  top  of  the  freezing  tank. 
The  cleats  on  vhich  the  bath  lids  rest  must  he  clean  ; 
dirt  must  not  drop  into  the  cans.  The  top  of  the  lids 
should  be  free  from  dirt  also,  because  dragging  the  bot- 
tom of  one  lid  over  the  top  of  another  is  bound  to  carry 


dirl  with  it  and  deposit  it  in  llu-  can.     'I'ho  engineer  will 
usually  in\esligiile  every  place    liiit   llie  dirty   lids.      I'ut 
a  good   mat   al  every  entrance  to  th*!  frecy.ing  tank,  and 
over  T-acii  eiitranci!  plaic;  the  sign,  in  large  letters,  "Wipf, 
)'fiiir  Fi'rI." 

Kolh  the  raw  anil  the  di.'-ldlcd  water  should  he  tesleil 
occasionally  Im  purity.  This  can  easily  he  dc^termiiiwl 
by  using  nil  rale  of  silver  or  chloriile  of  barium.  To  liml 
uIikIi  is  preferable,  especially  in  rlislilled  water,  draw 
lud  glasses  of  water  frcuii  the  feed  to  the  steam  boiler, 
put  twd  drops  of  nil  rale  in  one  glass  ami  two  drops  of 
chloride  in  llie  other.  The  chemical  sh(»wing  the  great- 
est |iie(  ipiialion  .-hoiild  he  used,  and  if  the  water  in  the, 
tank  or  the  cans  prove  to  he  pure,  there  is  no  need  to 
go  fiiiibcr.  if,  however,  the  distilled  water  is  impure, 
a  second  test  >lioiild  be  made  from  the  pipe  leading  from 
llie  dislillcd  water  tank  lo  the  liller.  if  this  is  pure, 
it  is  plain  llial  the  fault  is  in  the  lilli'r.  On  the  uUn'.r  hand, 
if  till'  water  shows  a,  piccipiiale,  llic  fault  is  either  in 
the  ili>lilled-watcr  lank,  the  gcncialor  or  the  sleam  boil- 
er, and   the  tc-l   should   he  continued. 

In  case  one  can  tasU;  or  snicll  ammonia  in  the  watir, 
about  the  same  inclhod  would  apply.  This  trouble  may 
be  in  any  part  having  return  gas  ]»ipes  pa.ssing  through 
it,  oi'  it  may  be  a  leaking  steam  pipe  or  coil  in  the  gen- 
erator. After  having  determined  the  origin  of  the  trou- 
ble, cut  one  coil  or  tube  out  at  a  time  until  the  defective 
one  is  reached,  then  cut  that  out  of  service  entirely. 
Locating  this  may  take  scune  tinu',  and  it  may  be  ad- 
visable to  use  raw  water  instead  of  annnonia-impregnated, 
distilled  water.  Shoidd  the  defect  be  in  one  of  the  gen- 
erator tubes  or  coils,  it  nuiy  be  lemporarih'  necessary  to 
either  use  a  higher  strength  aqua  annnonia  or  a  higher 
steam  tem])erature  to  liberate  tho  percentage  of  gas  for 
normal  capacity  because  of  Ihe   loss  of  one  tube  or  coil. 

I'll.l,l\(!      I(   ]■:     AM)     FlI.I,l\(i 

It  is  essential  that  the  staled  number  of  cans  be  drawn 
every  hour.  IF  more  are  pulled  at  any  time,  the  economy 
of  the  ])laut  is  disturb(>d,  especially  where  distilled  water 
is  used,  as  the  water  will  be  warmer  if  the  extra  cans 
are  filled.  If  they  are  not  filled,  the  brine  will  he  lower 
on  the  outside  of  the  other  cans  iu  the  bath  and,  of 
course,  decrea.so  tho  output  to  that  extent.  The  surface 
of  the  brine,  where  the  extra  cans  have  been  withdrawn 
and  the  lids  left  off,  will  also  be  exposed  to  the  tempera- 
ture of  the  atmosphere,  which  is  usually  about  6o  or  70 
dog.  warmer  than  the  brine.     This  practice  is  inexcusable. 

The  exposure  of  the  brine  to  tho  surrounding  summer 
heat  should  never  bo  longer  than  necessary  for  the  with- 
drawal of  a  few-  cans  or  a  plate  block  at  any  one  time, 
and  all  hot  air  from  the  engine  or  the  boiler  room  likely 
to  increa.se  the  temperature  on  top  of  the  bath  must  be 
prevouteil  from  geltiug  in  the  freezing  room. 

If  there  is  likely  to  bo  a  shortage  of  distilled  water, 
start  filling  as  soon  as  the  water  runs  at  the  overflovv  of 
the  tank,  regardless  of  wdiether  it  is  just  on  the  hour. 
Have  a  few  extra  cans,  so  that  tlie  cans  from  which  the 
ice  has  been  dum])ed  can  be  turned  down  and  well 
drained,  thus  preventing  bad  butts  or  .second-quality  ice. 

Many  of  those  suggestions  may  seem  of  little  conse- 
quence, but  in  tho  aggregate,  the  loss  can  be  readily  seen 
and  computed  by  any  progressive  engineer  and  be  ap- 
preciated by  the  owner.  Proper  attention  to  all  these 
matters  requires  but  little  of  the  engineer's  time  after 
a  proper  system  of  daily  inspection  has  been  established. 


May  T),  1!)U 
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By  the  very  lucnniii;^-  nf  the  words  ••assistiinf  and 
■'liclpci'"  tilt'  t'lif^'incci'  i':'<i-ai'ds  liis  snlxii'dinalcs  as  I'oi'  the 
|iiirposo  of  assistiufi'  and  licl|)in<;-  him.  How  ol'tcii  docs 
lie  think  tliat  theiv  is  any  I'cliirn  (iMiualinn  on  his  part? 
.Many  cnirinoci-s  arc  humanly  iiiici-csti'd  in  those  wofk- 
inu'  under  thoni,  and  thanks  he  to  siicli  men  I  In  limes 
i;iiiH'  I  hey  lia\e  done  niueh  to  raise  uj)  wortliy  sueeessors 
I'l  liil  their  places  and  there  is  still  a  goodly  number 
diiin^  it,  some  if  for  no  other  reason  than  that  they  ought 
I'l  do  il  because  someone  once  did  it  for  them.  A  few — 
wc  lio])e  they  are  exceedingly  scarce — are  so  small- 
minded  that  they  fancy  it  is  prejudicial  to  tlieir  own 
i^ood  to  teacli  hel])ers  too  much,  lest  they  dis])lace  their 
tiachers  too  soon. 

Xo.  we  like  to  feel  that,  if  there  is  a  growing  disposi- 
lioii  to  neglect  the  instruction  and  counsel  of  his  assist- 
ants, the  engineer  is  doing  it  from  force  of  circumstances 
--not  deliberately.  In  small  ])lants,  and  all  plants  were 
small  in  the  old  days  compared  to  the  present  average 
lines,  there  was  time  to  give  some  thought  to  the  welfare 
I  if  the  young  chaj)s  who  were  just  learning  the  gentle  art 
mI  plant  operation.  Today,  the  chief  usually  is  a  very 
busy  num ;  his  mind  is  occupied  with  numy  large  ]iropo- 
sitions:  he  is  kei'Uer  of  his  responsibility  to  a  critical 
management,  and  he  has  little  leisure  to  consider  the 
needs  of  those  undi^r  him.  They  must  be  capable  as- 
sistants or  his  natural  tendency  is  to  look  for  others 
rather  than  train  them  to  the  proficiency  he  requires. 

This  is  a  serious  condition  of  affairs  if  we  diil  but 
realize  it.  Somewhere,  these  beginners  must  get  their 
education  in  ])owei'-plant  practice.  Schools  have  come 
into  existence  to  do  a  great  deal  of  this  work  and  are 
filling  an  important  economic  need.  Still,  not  all  young 
men  have  the  time  or  the  funds  to  go  to  school.  They 
must  get  to  work  for  their  own  support,  and  often  the 
sup])ort  of  others  dependent  u[)on  them.  You  oldf>r 
nien,  have  you  ever  thought  what  a  severe  handicaj)  these 
young  men  have  placed  upon  them?  is  it  not  your  liabit 
to  comment,  if  at  all.  on  how  much  greater  are  the  ad- 
vantages enjoyed  by  the  youth  of  today  compared  with 
what  you  had?  Where  there  are  many  who  do  enjoy 
advantages,  there  are  some  who  do  iini.  'I  he\'  can  see 
only  the  much  greater  amount  of  infornuilion  th 'v  ninsl 
have  to  handle  the  more  complicated  equipment  anil  to 
handle  it  in  keeping  with  the  more  exacting  standai-ils 
now  imi)osed.  Worst  of  all.  they  are  expected  to  have 
this  knowledge  when  they  start  and  are  in  fcai'  of  dis- 
charge the  moment  tin  ir  shortcomings  are  discovered. 

Here  is  a  thought  :  Just  su])pose  yon  give  the.se  men 
\\  iio  are  on  your  stalf  somewhat  the  same  consideration 
vou  do  tile  ]ilant  equi])ment  under  your  charge.  Treat 
them  at  least  as  well.  You  find  a  certain  i)iece  id'  ap- 
paratus not  up  to  its  proper  perfurmance.  What  do  you 
do,  scrap  it?  Hardly;  your  employer  would  ])robably 
object  if  you  wanted  to.  So  you  first  examine  it  to  see 
if  it  cannot  be  im))roved.      Possibly  it  is  only  a  little  out 


of  adjustment,  or  it  is  worn,  or  even  broken  in  some 
minor  ])art.  when  you  examine  into  it.  A  little  time 
si)ent  in  renewing  defective  parts  or  overhauling,  with 
little  or  no  expense,  and  it  goes  on  doing  as  good  or 
bettei-  woi'k  than  bidore. 

Now.  how  about  the  oilci-  or  lircman  who  is  not  doing 
the  kind  of  work  you  expect?  if  he  has  not  got  it  in  him 
to  be  a  belter  workman,  yon  do  him  a  service  in  dis- 
charging him.  with  tiic  ail\ice  to  get  into  some  line  for 
which  he  is  better  lillcij.  lint  be  sure  you  give  him  a 
chance  if  he  deserves  il.  Show  him  wdiy  this  or  that  way 
he  has  of  doing  somctiiing  is  not  right.  Then  teach  him 
to  do  the  right  way  binrself.  Incidentally,  you  will  get  a 
loyalty  in  that  nuin  which  moiicv  cannot  bnv. 

Aiiothei-  thing,  do  not  be  unreasonablv  harsh  with 
yoi  r  men  over  their  faults.  Cursing  them  is  just  as  fool- 
ish as  banging  a  balky  ])ump  with  a  hammer,  and  does 
about  as  much  good. 

Y'ou  can  carry  this  analogy  between  your  men  and  your 
machinery  as  far  as  you  liki'.  IJeally  they  are  both  ma- 
chinery in  a  way,  and  how  much  more  important  it  is 
to  be  patient  with  human  nuichinery,  for  that  can  mani- 
fest appreciation  in  return.  If  you  are  not  appealed  to 
by  higher  motives,  there  are  plenty  of  selfish  reasons  for 
your  helping  the  helper. 


Slho^Sd  InI©Si^nim||  Bonier©  Be 
Ilinis^ipedl? 

However  much  our  respect  for  the  destnu'tive  i)os- 
sibilities  potential  in  a  boiler  carrying  high-pressure 
steam,  we  are  inclined  to  underestimate  such  ability  in  a 
low-pressure  heating  boiler.  The  latter  looks  innocent 
enough.  It  would  seem  ridiculous  to  tliink  of  requiring 
licenses  to  operate  heating  hoilcrs  and,  it  is  true  tliat,  in 
proportion  to  their  number,  relatively  few  of  them  so 
far  forget  tlieir  good  manners  as  to  do  much  serious 
damage. 

Xevertheless,  when  we  read  of  an  occasional  heating- 
boiler  outbreak,  such  as  that  desi-ribed  on  page  622,  it 
may  well  cause  us  to  pause  and  consider.  Fortunately,  in 
this  instance,  no  lives  were  lost.  The  building  was  a 
cliiii'cil  and  em])ty  at  flic  time,  imt.  had  the  explosion  oc- 
cni-red  during  a  serviee,  the  loss  of  life  might  have  been 
appalling.  This  consideration  of  the  much  greater  num- 
ber of  peojile  likely  to  be  williin  the  range  of  harm  from 
a  heating  boiler  as  conipareil  with  a  power  boiler  em- 
phasizes the  importance  of  gi\iiig  them  ;in  equi\alent 
amount  of  attention  to  prevent  disa.-trnus  mishaps. 

This  Des  Moines  accident  was  not  the  only  recent  one 
of  the  kind.  \Vitliin  a  few  monllis,  at  least  three  seri- 
ous heating-boiler  explosions  have  occurred.  The  further 
quotation  in  the  present  article  from  the  British  Board 
of  Trade  report  on  jf  similar  explosion  shows  how  gen- 
eral is  the  experience  and  how  especially  needful  it  is 
that  interest  to  tile  point   of  action  be  arcnised   for  some- 
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tliiiii;  to  III'  (liiiic  1*1  rriliu'f  till'  iiiciiiici'  a('('oiii|iMiiyin;{  iiii 
itiiinti'lli;j;rnl   liainlliiii;  «(  hiuliii^'  |iliints. 

We  lioM  IK)  hriff  for  the  insiiniiicc  fratcniitv,  Iml  tin' 
;;(i(i<l  work  it  lias  (Idmc  in  llic  ilircclioii  of  (liiMiiiisliiii;: 
|iii\\cr-lii>ilcr  ai'iidfnls  naliii'allv  suj^^cnts  its  jirdljalilr 
uscrnliu'ss  ill  tilt'  itiiiadcr  Held.  Apiiii.  to  cite  tlif  ex- 
I'liision  iiicntioiu'd  in  this  issue,  tluTc  was  a  ten-  to  IwcIm'- 
tlioiisaml-dolhir  |tid|icrtv  loss  iiinovcn'd  l»y  iiisnrancr. 
I"Vw  itowcr-lioih'r  cxidosiini-   iii\i)|\c  n   Inr'^fi  iiMmniit. 

Laws  of  till-  i'i;.dit  kind  uoiiM  il(>uliili'>~  he  n  lirln.  Iml 
!( <:islatioii  is  a  slower  rrincdv  than  insni:inrc  mi  ihrtnnit 
di'  lilt'  dt'lays  in  ^rclliii^-  it  csliililislK  d.  ildUfvcr.  im  uiic 
a^^ciKV  siionld  he  relied  on  eiitirelv.  ( '<iin|Miisorv  iiis|)ee- 
tioilS  would  he  the  hest  |ir(iteet  ion.  Next  In  these  collie 
those  thai  are  riirnished  liy  llic  insnnniee  cuiniianie- 
wherever  tiiey  issue  polieies.  Much  can.  thi'i-cforc,  lie  ac- 
ciiiniiiislied  when  tlu'  jnililic  is  •cun\  meed  of  llu'  iir(  asKni 
to  insure  heatinji  hoiiers  and  linally,  and  innst  iinnicdi 
ale  in  their  etVeets,  nnci'  ihcii-  iin|i(irtance  is  recoL:ni/-ed, 
ai'c  the  preeantions  which  indi\idual  owners  could  and 
should  take  I'or  tiicir  own  uood.  Se\eral  of  Ihese  ai'c 
noted  in  the  British  Kojird  of  Trade  rejiort  and  deserve 
n  petition  hen  : 

Provide  safety  \alves. 

liire  eoiupeteiit  attendants. 

Post  in  a  eoiispicuous  ])lace  printed  instriiclions  for 
the  care  and  use  of  the  ajijiaratiis. 

See  that  tlie.se  instruetions  are  understood  and  foihiwed. 

Have  jieriodieal  inspections  hy  (pialified  expert-. 

Install  reliaiile  equipment. 

Practically  all  of  these  iirecaiitions  will  he  enforced 
when  insurance  is  taken  out  on  the  idant,  and  the  owner 
will  have  the  satisfaction  of  knowing  that  if  anv  loss 
does  follow   he  will  he  recompensed  financiallv. 

Usasadl©  Hjmspectlaoia 

It  is  second  nature  for  every  cn,iiineer.  as  soon  as  he 
comes  on  duty,  to  ins])ect  the  machinery  under  his  care. 
He  feels  the  l)eariii<>-s ;  sees  that  all  the  oil  cujis  arc  full 
and  lliat  the  oil  is  llowinu'  fi-ccl\:  he  notes  that  llie 
needles  on  the  switchhoard  inslniments  and  the  sti'ani- 
pressuro  gage  are  pointing  to  llieii-  pioper  figures.  Auto- 
matically and  as  a  matter  ol'  hahil.  he  repeats  these  ob- 
servations at  fairly  regular  intervals  througlioiit  his 
watch. 

Thert'  are  some  engincci's  who  consider  that  this  daily 
round  of  routine  inspection  is  the  extent  of  theii-  jol). 
Fortunately  for  all  concerned,  their  number  is  daily 
diminisliing.  They  regard  such,  work  as  keying  up  of 
loose  brasses  or  adjusting  goTernor  springs  as  necessary 
bnt  incidental.  As  for  removing  cylinder  heads,  opening 
valve  chests  or  lifting  out  main  bearings  at  opportune 
moments,  to  know  the  true  state  of  an  engine,  tlie  num- 
ber of  reasons  for  not  doing  these  things  which  an  in- 
different engineer  can  give  is  astonishing.  The  common 
ones  are:  "Too  bnsy";  ""\^'hat's  the  use?";  "She's  always 
run  all  right";  "This  engine  has  never  cost  a  cent  for 
renairs  so  far." 

'ihis  "let-well-enough-alone"  sentiment  is  now  so  com- 
mon in  almost  every  line  of  business  as  to  scarcely  excite 
comment,  even  from  those  most  interested.  In  {he  en- 
gine room,  however,  it  must  be  banished.  The  failure 
to  ]3eriodically  look  into  and  overhaul  every  piece  of 
ineclianism  and  piping  in  a  plant  sooner  or  later  brings 


disasliT.  HrenkdowiiK,  interrupt  ions  in  service,  iiicreaHcil 
o|»eiHting  costs  -tlies!'  are  llic  dread  of  all  eoiiseieiitioiih 
iiigiiieers,  yet  all  (d'  them  can  he  prHetically  eliiiiinalcd 
by   a    tlioroiigli   Hcaicli    for  eoiu  enlcd    defects. 

.No  macliiiiciy  can  he  expectcil  to  keep  up  to  its  origi- 
nal performance  after  its  working  parts  have  begun  to 
wear,  but  the  wear  on  essential  parts,  with  the  conse- 
<pi('nt  loss  of  ellieieiiey,  can  always  be  kejit  within  rcHsoii- 
ahle  limits  and  generally  made  a  iiegligiiile  (|iiaiitily  by 
svslemalie  inspect  ion  to  discover  and  remove  anv  source 
of  wear  hefore  it  can  do  harm.  Ah  an  instance,  consider  . 
the  unrn  and  leaky  piston  ring.  It  may  be  ri'Sponsihlc  ^ 
for  the  loss  of  only  one-tweiitieih  of  a  pound  <>(  steam 
jier  stroke,  yet  in  the  average  engine  doing  its  liiindred 
revolutions  per  miniite.  ten  hours  a  day.  this  represents 
a  daily  waste  of  six  thousand  pounds  of  steam. 

.M'ti'r  a  wide-awake,  enterprising  engineer  has  entered 
;i  plant  to  lake  ii|i  the  hurrleii  laid  down  by  an  indill'er- 
eiit  engineer,  it  is  the  expected  that  always  liappens.  The 
operating  costs  gradually  decrease  as  one  by  one  the  vari- 
ous imils  are  inspeclid,  their  ]i.iil  icular  defects  discovered 
and    th.'   projier   remedies  applied. 

Txiflimaira^  'U-p  tilbe  IR-efipageratin^ 


.\ow.  as  the  lime  a|ipidaches  to  put  the  refrigerating 
plants  into  commission  which  have  been  idle  during  the 
winter,  the  article  on  ".\mmoniii  Fittings,"  in  another 
part  of  this  issue,  is  timely.  The  reasons  for  many  of  the 
pijiing  troubles  due  to  leaks  will  be  apparent  when  the 
various  types  of  joints  are  understood.  To  those  of  long 
experience  with  refrigerating  ('([uipment,  there  may  be 
little  in  the  article  referred  to  that  is  unfamiliar,  but 
others  more  accustomed  to  the  fittings  common  to  steam 
and  water  lines  will  find  many  helpful  points  in  this 
article.  Jlodilications  in  present  systems  may  be  sug- 
gested liy  a  better  appreciation  of  the  peculiarities  of  thei 
usual  forms  of  ammonia  fittings  or  of  the  variety  ol 
forms  that  is  availal)le.  some  offering  jiossibly  better  sub- 
stitutes for  those  now  in  use. 

\\'e  also  commend  to  the  attention  of  all  concerned  the 
"Accident  to  Aninujiiia  Comjiressor"  and  especially  "Re^ 
frige  ration- Plant  Troubles  and  Kemedies,"  the  other  tw( 
refrigeration  articles  in  this  number,  and  for  the  benefit 
of  any  wdio  may  have  missed  them,  the  following  recent^ 
ones  which  may  prove  of  assistance  while  getting  ir 
shape  for  the  summer  service : 

"Practical   liefrigeration-Plant  Suggestions,"  Mar.  24j| 
1914. 

"Testing  for  Ammonia  in  Brine,"  Mar.  :n,  li»14. 

"Starting  and  Stopping  an  Absorption  Refrigeratior 
Plant,"  Apr.  21,  1914. 

A  German  statistician  states  that  the  ra])idly  increa.sed 
used  of  electricity  over  gas  in  several  German  cities  ii 
the  last  ten  vears  is,  in  some  in.stances,  two  to  threefoldj 
Tt  is  probable  that,  as  in  our  large  cities,  the  energy  an( 
tenacity  of  the  lighting  and  power  interests  are  respond 
sible  for  the  decreased  use  of  gas.  While  gas  is  at  present 
holding  its  own  in  the  smaller  communities,  it  is  con| 
tended  that  it  is  mainly  because  the  small  field  is  held 
in  altogether  too  much  contempt  l)y  the  electric-lighting 
interests. 


Alav  T),   1!)U 
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Tiic  article  on  tliis  subjwl,  on  pajiv  W>  of  the  Jan.  l;} 
issue,  was  interesting  to  me,  as  I  have  Froiu  time  to  time 
had  to  run  a  condenser  with  the  hyihaulic  air  pump  do- 
111^-  all  the  work. 

The  turbine  is  usually  running  at  full  load,  about  1130 
kv.-a.  We  found  that  with  the  extractor  pump  shut 
down,  wo  could  still  run  with  !t4  per  cent,  vacuum  (in- 
stead of  the  usual  9G  per  cent.),  corresponding  to  an  out- 
|Uit  of  lO.'iO  kv.-a.,  for  about  41^4  hr.,  when  the  vacuum 
would  fall  rather  quickly.  As  the  vapor  and  air  pipe  to 
ihc  air  pump  is  taken  from  about  halfway  up  the  con- 
denser side,  the  latter  was  lilled  so  far  witii  condensed 
steam. 

When  the  vacuum,  and  consequently  the  load,  dropped. 
I  he  only  way  to  restore  it  was  to  shut  down  the  steam 
side,  drain  the  condenser  and  start  over  again,  the  whole 
operation  taking  about  half  an  hour.  As  the  machine 
was  on  a  large  alternating  system,  the  loss  of  load  was 
not  serious.  Considering  the  largely  redut'cd  tube  sur- 
Jace,  94  per  cent,  seems  a  remarkably  high  vacuum  to 
lidld.  It  is  difficult  to  account  for  the  sudden  periodic 
ImII.  Obviously,  the  air  pump  must  have  been  dealing 
"  ith  condensate  as  well  as  air  and  vapor  for  a  long  time 
III  fore  it  failed.  The  theory  that  the  condenser  is  much 
til"  big  for  its  work  will  not  hold,  each  set  being  com- 
piclc  and  modern. 

E.  DiLwoKTH  Hauuisox. 

Middlesbrough,   Eng. 


Answering  G.  S.  Hprague  as  to  the  above  query,  I 
lia\e  had  similar  trouble,  and  will  explain  how  I  overcame 
it. 

My  oil  separator  was  located  ])ractically  in  ihe  same 
place  as  Mr.  Sprague's,  but  where  he  shows  a  drain  to 
the  sewer  that  he  closes  when  running,  I  installed  a  low- 
pressure  trap  with  a  swing  check  valve  between  it  and 
the  e.xhaust  pipe.  The  line  is  open  all  the  time  and 
■water  and  oil  cannot  collect  in  the  bottom  of  the  hori- 
zontal run  at  light  loads  and  then  be  thrown  over  too 
fast  for  the  se])arator  to  take  care  of  Avhen  the  load 
increases. 

I  also  tapped  the  drain  connected  to  the  separator  a 
size  larger  and  connected  the  pipe  to  a  tee  in  the  trap 
line  between  the  trap  and  the  check.  Since  making  these 
changes,  T  have  had  no  trouble  with  oil  in  my  returns ; 
before,  I  had  plenty. 

There  is  less  waste  by  using  a  trap  than  to  pipe  direct 
to  the  sewer  or  to  put  in  a  valve  and  just  crack  it  enough 
to  let  the  water  out,  as  I  have  seen  done  in  many  plants. 
\Mien  this  is  done  the  opening  is  not  enough,  when  the 
back  i)ressure  is  light,  to  let  the  water  and  oil  out,  or  if 


it  is  opened  too  much  a  great  amount  of  steam  is  wasted. 
The  trap  also  acts  to  a  certain  extent  as  a  receiver,  and 
tlie  separator  does  not  become  flooded  as  it  otherwise 
would  when  first  starting  or  upon  starting  anotiier  en- 
gine or  pump  connected  to  the  same  exhaust  line. 

A.  0.  Whitk. 

(Jenoa,  iSIeb. 

I  Since  publishing  two  letters  in  reply,  there  have  been 
several  others  received.  •  All  agree  in  general  terms  that 
the  location  is  not  responsible  for  the  failure.  This  one 
describes  a  similar  difficulty  which  has  been  overcome 
and  is  therefore  given  preference. — Editoh.] 
ys 

Kil©at©dl  A.n5p  fow  Stl©S5.nffii°IS>®2E©ir' 


The  letter  on  this  subject,  by  Mr.  Odell,  ])ublislied  in 
the  Dec.  30  issue,  has  recently  come  to  my  attention.  Al- 
though the  letter  is  old,  it  raises  questions,  the  discussion 
of  which  should  prove  interesting.  Mr.  Odell  asked  why 
heated  air  is  not  more  generally  used,  when  such  eco- 
nomical results  are  possible  as  proved  by  the  tests  financed 
by  an  association  of  manufacturers.  The  present  limita- 
tions to  the  use  of  heated  air  are  due  to  the  character- 
istics of  the  fuel — that  is,  the  plan  has  failed  because 
with  average  coals  it  has  caused  excessive  formation  of 
clinker. 

Providing  the  ash  contains  substances  which  will  fuse, 
clinkers  will  form  when  the  ash  is  subjected  to  a  tem- 
perature higher  than  its  fusing  point.  Fortunately,  the 
surface  of  the  fire  is  usually  the  hottest  part,  and  from 
there  to  the  grate  the  temperature  gradually  decreases, 
slowly  at  first  and  then  more  quickly  as  a  region  is 
reached  where  much  of  the  combustible  matter  has  been 
burned  out  of  the  coal  and  the  cooling  action  of  the  air 
coming  up  through  the  grates  is  not  offset  by  the  intensity 
of  combustion.  Thus  as  more  and  more  of  the  ash  par- 
ticles come  in  contact  they  are  working  down  into  a  cooler 
part  of  the  fire,  and  unless  they  melt  at  a  comparatively 
low  temperature  they  will  not  melt  and  run  over  the 
grate,  even  though  the  inciting  point  of  the  ash  is  less 
than  the  temperature  of  the  upper  ])art  of  the  fire. 

In  numerous  boiler  tests  it  has  been  found  that  when 
the  melting  point  of  ash  falls  much  below  2400  deg.  F., 
clinkers  are  formed,  while  coals  having  ash  melting  at 
2(>0()  or  2700  deg.  F.  give  little  trouble  under  the  same 
boiler  rating  and  draft  conditions. 

If  the  air  supply  to  the  fire  were  heated  250  deg. — 
that  is,  if  it  went  into  the  ashpit  at  a  temperature  of 
about  300  deg.  F. — the  temperature  of  the  fire  would  be 
about  250  deg.  higher  all  the  way  through  and  the  coal 
having  ash  which  melts  at  2400  deg.  F.  would  be  in  th(! 
same  position  as  the  one  in  which  the  ash  fuses  between 
2100  -f  220  deg.  P.  with  cold  air  supply.  To  get  a  coal 
which  would  give  even  tolerable  results,  it  would  be  nec- 
essary to  obtain  one  where  the  ash  would  not  melt  below 
2()50  deg.   F.     There  are  onlv  a   few  regions  which  can 
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su|i|«l\    ii   iomI  III'  tliis  rliiiriiitcr  mid   llu'si-  miiHt   In-  raic- 
I'nllv   |ii'c|iar('il  al  tin-  iniiif  and  atf  i-\|i('iisivr. 

On  tlic  (itlicr  hand,  llic  system  would  rlVfcl  larjto 
citiiioinics.  for  llir  cIVk  icncv  nf  llii'  linilcr  woidd  lie  in- 
civasi'd  It'.j  Mild  I  |irr  (ciil.  for  ciu  li  liiindrcd  dc^^rccs 
(if  hcalinfi  ol  llic  air  sii|i|ily  ;  this  Wdidd  mean  a  cnal 
savinj;  of  .">  to  ">'-  jicr  ccMt..  itrnvidcd  this  heat  wcri'  taken 
I'rDin  some  sonrcc  of  waste  lieal.  In  lliis  wav  I  he  air 
heater  would  art  like  an  ('eononii/ci  ■a\u\  rrdmc  the  icin- 
peratiire  of  the  pises,  so  that  a  Ian  or  a  vcrv  tall  slack 
would  he  i-e(|uired  lo  niainlain  the  diaft.  Where  condi- 
tions warrant  liie  coiH|>licali<m  and  cxiicnsc.  an  econo- 
mizer will  '^\\r  llic  same  (i|)cialiii^  clliciciicy  with  less 
incidental  IrouMes  and  ^vi  ilic  liciiclil  ol'  lliis  heal  wjiicli 
olherwi.^JC  would  lia\c  lo  lie  used  in  llic  aii'  healer.  in 
other  words,  it  \oii  ha\c  an  economizer,  there  isn't  heat, 
enoujrli  left  to  ojiciaic  an  air  heater,  and  in  a  thoice  he- 
iween  the  two  ihe  advrinlaiics  are  all  with  the  ei'ono- 
nii/.er. 

On  shi|il)oard,  where  the  weifjht  ol'  an  economizer  would 
he  prohihilivc.  air  heaters  have  heen  used  quite  exteii- 
sivelv.  as  in  the  lluwilcn.  and  the  lOllis  and  Haves  sys- 
icnis,  the  chicl'  .jiirci-eiicc  liciiij;-  thai  Ilowden's  system 
uses  a  roricd-dralt  Ian  and  cl<i>ed  ashpit,  sending  the 
air  to  he  heated  around  the  luiies  of  Ihe  air  lieater,  -while 
the  Hllis  and  P^aves  system  uses  an  induced-draft  fan 
and  draws  the  air  to  l)e  heated  through  the  luhes.  in 
neither  <loes  the  air  supplv  attain  a  very  liigli  tenipera- 
t  u  re. 

With  oil-hurning  hollers,  where  there  is  no  clinkering 
to  l)e  considered,  this  is  an  ideal  arrangement,  as  it  pro- 
duces a  sliort.  hot  flame  ami  aids  in  ohtaining  smokeless 
c-omhnstion  with  a  minimum  (piantity  of  air.  Heated  air 
injected  into  a  locomotive  lirebox,  as  in  the  Parsons  sys- 
tem, has  been  used  with  good  eft'cct  both  in  improving 
smokeless  operation  ami  economy,  provided  the  air  was 
hot  enongh  and  the  right  (|uantity  was  supplied.  1  liojie 
that  this  will  e.xplain  to  Mr.  Odell  some  of  the  diiliculties 
incidental  to  air  heating  for  boilers. 

H.  D.  Fisher. 

Xewton   Highlands.   Mass. 

Settliim^  Clh8i3iffilb©2=  f®!?  Falser 
C©M© 

Mr.  Fenwick.  in  a  letter  under  this  title  in  the  Apr. 
7  issue,  shows  how  the  small  pieces  of  coke  used  in  some 
of  the  o])en-type  feed-water  hejiters  may  be  prevented 
from  going  into  the  feed  pump. 

At  one  time  I  had  considerable  trouble  with  an  open 
heater.  The  floor  of  the  coke  chamber  is  made  of  iron 
plates  having  a  large  number  of  small  holes  through 
which  the  water  passes,  but  it  retains  the  coke,  and  the 
])unip  suction  is  taken  from  below  this  plate.  The  great- 
est trouble  was  just  after  putting  in  new  coke.  The 
method  we  used  to  prevent  it  was  to  spread  a  layer  of 
burlap,  such  as  comes  ai"ound  bales  of  w^aste,  over  the 
iron  plates.  This  will  allow  the  water  to  pass  through, 
but  will  prevent  anything  but  the  finest  of  the  coke  from 
passing.  This  burlap  will  also  catch  much  of  the  scale- 
forming  matter  which  passes  through  the  coke.  Usually, 
a  new  piece  is  used  each  time  the  filter  is  cleaned. 

The  idea  presented  by  Mr.  Fenwick  is  not  entirely  sat- 
isfactorv  in  that  the  coke  is  liglit  and  will  not  readily 
settle  into  the  trap;  it  would  likely  be  carried  by  with 


ihi'  uaici  In  llie  piiinp.  If  a  strainer  ol  hmall  incKli  were 
inHerteil  Ml  the  joint  just  above  the  lee,  the  coke  would 
he  slopped,  but  a  sirainei'  located  at  liiis  point  would 
soon  clog  up.  although  it  probably  eoulil  be  lluHlied  oil 
by  <ipening  the  \alve  at    (he  holtorii  <d'  the  trap  leg. 

In  addition  lo  the  burlap  on  the  bottom  of  the  coke 
rhamber,  we  also  found  it  advisable  lo  place  a  layer  of 
burlap  ovi'r  the  coke  uilli  a  few  bricks  piled  on  lop  to 
hold  Ihe  coke  down.  The  reason  was  that  it  would  lloal 
and  work  into  such  position  that  it  intei-fered  with  tiie 
hall  lloal  colli  rolling  Ihe  feed-water  injr-t.  We  were  also 
advised  that  hay  was  much  lietler  to  use  in  the  heater  in 
place  of  coke  as  the  hay  would  hold  hack  more  of  the 
scale-foiiiiing  mailer  which  was  preci|)itated  in  ihe 
healer,  and  Mime  of  uhich  would  pass  ovei'  witli  the  water 
to  the  boilers.  W'c  only  used  this  once.  Ft  would  not 
last  long,  and  gave  Ino  much  iroiihle  fivmi  breaking  up 
and    passing    through    the   lieatcr    to    the    |)iimp. 

.J.    (J.    ll.\WKJNS. 

liyallsville.    Md. 

The  illustration  shows  a  steamboat-enginc!  cylinder  '4\ 
in.  by  s  ft.  that  was  damaged  bv  a  '"dose"'  of  water.  The 
cylii.der  was  cracked  in  two  j)laces  for  IH  in.  in  the  direc- 
tion of  its  leni^th.  and   big  luers  were  brokcm  out  of  the 


Where  the  E.vcuxe  Cvlindek  Was  Welded 

steam  chest.  A  new  cylinder  was  telegraphed  for.  The 
reply  was  that  the  builders  who  made  this  cylinder  were 
out  of  business,  and  had  been  for  seven  years.  For  mak- 
ing a  new  cylinder  a  local  iron  works  would  charge  $T20. 
and  it  would  be  at  least  two  weeks  before  the  boat  could 
be  put  back  into  service. 

As  a  last  resort,  a  welding  concern  was  given  tlie  job 


Mav  5,   19  U 
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of  patching'  and  we'ldiiifi  the  cyliiidcr.  Tlic  job  was  done 
ill  .'Ui  hours  for  $(>(),  alter  whicli  the  boat  steamed  up 
the  Mississippi  River,  and  has  been  in  constant  service 
In  I-  the  past  three  months. 

.).    W.    IllCKSON. 

Mt'inpiiis,  'Venn. 

l']ngineers  accustomed  to  keeping  a  constant  check  on 
thr  existing  condition  of  their  equipment  so  as  to  be 
alili'  to  promptly  trace  the  cause  of  irregularities  that 
may   occur,   mark   the    positions   of   their  generator-field 


<  oxTACT   Points   Connected  to  Wrong   Resistances 

ilicostats  both  for  cold  field  and  for  hot  field.     The  ad- 
vantage of  this  is  illustrated  bv  the  following: 

An  old  rheostat  that  had  been  in  use  for  years  was 
taken  apart  to  fix  an  open-circuited  connection.  As  sev- 
I'lal  of  the  dial  leads  proved  to  be  in  bad  condition,  they 
uere  renewed  also  and  reconnected.  On  reinstalling  the 
liiix  and  placing  the  handle  bar  upon  a  marked  dial  plate 
corresponding  to  no-load  normal  voltage,  the  machine 
|irnmptly  built  uj)  to  normal  voltage  and  everything  was 
a -Slimed  to  be  all  right.  After  the  machine  had  heated 
under  load,  however,  it  was  found  that  upon  placing  the 
ilii'ostat  in  the  position  marked  for  this  condition,  the 
niaciiine  undercompounded  considerably. 

The  engineer  naturally  suspected  a  fault  in  the  rheo- 
stat because  that  was  the  only  thing  that  had  been  dis- 
ttnbed.  On  removing  the  rheostat  panel  and  checking 
iiic  connections,  he  found  leads  6  and  10  interchanged. 
Is  indicated  by  the  dotted  lines  in  the  sketch.  The  in- 
cichange  happened  to  involve  the  No.  10  plate  that  held 
;lic  hot  field  mark,  with  the  result  that  advancement  from 
plate  9  to  plate  10  cut  in  four  resistance  sections  instead 
of  cutting  out  one  section.  With  two  machines  in  paral- 
lel, such  a  condition  might  liave  caused  trouble,  but  the 
ciiL^ineer  discovered  it  in  time. 

J.  A.  Horton. 

Schenectady,   X.   Y. 

Whi^  Tlhns  See  Pl®.imfi''s  Cs^p^caty 


Recently  a  new  ice  plant  which  had  been  in  operation 
only  a  few  weeks  began  to  drop  off  in  capacity,  and  as 
matters  got  worse,  an  engineer  was  called  in  to  locate  the 
trouble.  Tie  found  that  the  freezing  tank  coils  were 
heavily  coated  with  salt.  Tt  developed  that  when  the 
brine  was  made,  before  tlie  plant  was  \n\t   in  operation. 


the  erecting  engineer  liad  used  so  much  salt  that  after 
the  water  had  taken  up  all  it  could  hold  in  solution,  the 
balance  was  deposited  on  the  coils  and  crystallized  there, 
forming  an  insulatif)n  between  the  ammonia  in  the  pipes 
and  tlie  brine. 

It  ap|)eared  tliat  after  the  brine  was  brought  to  its 
jnoper  density,  there  were  several  bags  of  salt  left  over; 
the  erecting  man  dumped  them  into  the  freezing  tank 
ratlier  than  bother  with  shipping  the  salt  back  to  the 
factory. 

The  brine  was  drawn  out  of  the  tank  and  the  coils 
and  tank  cleaned,  after  which  the  brine  was  put  back 
and  enough  fresh  water  added  to  bring  it  down  to  its 
proper  density. 

Each  coil  was  fitted  with  drain  connections  at  the  bot- 
tom whicli  passed  through  stuffing-boxes  at  the  end  of  the 
tank.  The  drain  valves  on  each  coil  were  opened  and 
32  gal.  of  ice-machine  oil  drawn  off.  This  showed  that 
the  oil  trap  on  the  discharge  line  between  the  compressors 
and  the  condensers  were  being  neglected  and  that  too 
much  ammonia  oil  was  used. 

After  the  plant  was  put  in  operation  the  second  time 
there  was  no  further  trouble,  and  the  plant  developed  its 
capacity. 

Jacksonville,  Fla. 

C.  T.  Baker. 
'*" 

In  a  producer-gas  power  plant,  which  cunie  within  the 
writer's  observation,  considerable  trouble  was  experienced 
with  the  engines  missing.  An  investigation  showed  the 
cause  to  be  in  the  make-and-break  ignition  system,  the 
heat  from  the  spark  periodically  welding  the  nickel-com- 
position electrodes  together;  they  would  stick  for  a  time, 
causing  the  engine  to  miss,  then  break  loose  again.  These 
nickel  composition  electrodes  were  replaced  with  cast- 
iron  ones  and  there  was  no  further  trouble  from  this 
source.  The  arcing  surfaces  of  the  cast-iron  electrodes 
seemed  to  wear  smoothly,  not  having  the  tendency  to  pit 
and  corrode,  as  in  the  case  of  the  other  electrodes. 

C.  J.  Barton. 

Chicago,  111. 

Oil  Imx  Boalleips 

This  is  an  old  subject,  but  it  frequently  comes  up  in 
boiler-room  practice.  No  set  of  rules  can  cover  all  cases 
and  long  experience  is  most  essential  in  correctly  judging 
how  to  remedy  troubles  due  to  the  presence  of  oil. 

After  years  of  experience  with  this  problem  in  our 
plant,  we  seem  to  have  arrived  at  a  fairly  satisfactory 
solution  of  it.  The  condition  was  bad  as  the  boilers  were 
so  caked  with  oil  and  grease  impurities  that  a  dozen 
tubes  had  to  be  replaced  before  the  boilers  could  be  put 
in  service.  All  possible  means  were  adopted  to  prevent 
the  oil  from  getting  in,  but  still  some  got  into  the  boil- 
ers. A  compound  cylinder  oil  had  been  used  which  con- 
tained a  high  percentage  of  animal  matter.  The  oil 
seemed  to  emulsify  in  the  water  and  cause  the  foreign 
matter  to  adhere  to  it,  the  entire  mass  settling  to  and  de- 
))ositing  on  the  shell,  where  it  would  bake,  forming  scale 
which  prevented  the  water  rroin  making  good  contact 
with  the  heated  plates.  The  scale  was  not  hard  and 
could  be  easily  shoveled  out  when  the  boilers  were  opened. 
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1 1  was  il(<('iil('i1  111  iiiaki'  ii  ihiiii^'i-  in  tin-  nil  and  use  a 
|Mii'i>  iiiiiicral  nil  wiiicli  woiihl  not  cauKc  forci^'n  |iarti('l<'S 
lo  adlii'ic  to  it  and  would.  tluTcfori',  Hlav  on  top  ol'  the 
water.  Sni'liur  hlowolT  pipi's  were  jM'ovidrd  ;  tlit-v  wrrc 
nsod  <laily  and  rcdiut'd  the  acciiniidation  matcriidlv.  in 
vpi-ninjj  till'  lioik-rs  it  was  lonnil  that  wliilc  there  was 
jinutiiallv  no  di'|)osit  in  the  hottoni.  there  was  a  eon- 
siderahle  eo«lin<;  of  oil  in  the  >.one  (d'  the  water  |e\el. 
W'liile  periiaps  not  dan^reroiis,  tiiis  condition  was  si  ill 
nnsatislaetory  as  llie  aeeunndalion  was  diilieidt  to  j.'el 
oir,  as  well  as  rorniiiii:  an  insiil;i1i(Mi  fnnn  the  heat  nf  liie 
{jases. 

The  lioilers  are  nl'  the  I'el  ii  in-l  iihiihir  l\|>e.  in  which 
ihe  L:ascs  make  a  |iass  nwv  the  lup  nf  ihc  shell.  As  a 
last  resdiM.  soihi  ash  «as  leil  weekly  inln  ihe  hnilers.  with 
a  daily  u^c  df  the  siii-ra<e  .ock  and  hniidin  hlnwnlVs.  The 
lioilers  ai'c  wow  II  \eai's  (iM  and  it  so  happens  llial  the 
same  iiis|iccl(ir  has  hccu  inspccliuj;-  ihciii  I'tn-  (he  iiiajiir 
pari  111'  llial  liiiie.  He  i-epoi'ls  liial  I  hey  arc  now  in  hel- 
ler condil  ion   than  cNcr. 

l'J)WAI!l)    T.    J?1NNS. 

IMiiladclphia.   i'cnn. 

in  chanj;ini;'  rrcini  coal  to  pis  luel  the  Oklahoma  (ias 
k  Electric  Co.  encountered  several  ohslaelcs  wliith  taxed 
tiie  ingcnnity  of  the  eii<!:inecrs.' 

'I'lie   hoilcrs  were  of  the  ordinary   water-tulie   type  and 
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Gas  Bukner  befoke  axd  after  Alteration!' 


were   nnclianp'ii  except    for   ihe   iireliox    \n\\m   rennxieifl 
for  ^^UH,  and  a  type  <d'  (inn  Inirner  whh  uhimI,  an  Hiiitwn 
I'i;^'.   I.      it  consiHted  of  a  pipe  witli  a  iiell-Kiiapc(i  niout 
ihi'    end    having;   adjuslahle   siintterH    for   air    regiilutic 
'ihe  ;.:as  was  admitted  lo  the  hui'ner  tliroii^'li  a  rinj^  nit 
ateil  around   the   linrncr  luhe   \(iili  circumferential  opu 
in;.'s  into  it.      \\y  means  of  ihc  air  siiuttcrw  and   the  jjll 
\al\('   any    desired    pro|iortions  of  air  and   jjuh  could   i)C 
ohlaiiiccl.     The  hurners  were  fixed  in  the  furnace;  wall,  ;r 
in    i'i;:.  '.'. 

.M'ler  inslalliii;.''  ihe  hiiriiers  and  |iutlin^r  lla>  hoilci'H  in 
(iperaliun.  lliev  worked  satisfactorily  for  a  lime  and  tlicn, 
appareiillv  witjionl  cause,  there  occnrreil  evclic  r-xpIosiouH 
inside  the  liichiix,  caii>iiij,'  Severe  \il)i'alions  of  the  hoilt'l" 
and  icnderiii;^  (ipcTatimi  nn>are.  Careful  adjiistmentK  of 
Ihc  fri'd  ami  iciiiiidclii:;/  ih,.  Inijllc  vvalls  and  insich'  ar- 
i-anjiciiicnls  of   the   lirelmx   did   nut    remedy  matters. 

\'aiiniis  rcasdii^  were  advaiiccrl  for  the  cause  of  the 
e\pl(isi<iiis.  the  most  plansihlc  hciiij^  lliat  the  air  anil  fraH 
were  nut  mi\ei|  inlimatelv  in  ihe  hiirncr  luhe  so  as  to 
hiirii  near  thi'  end  of  the  hiirner,  hut  were  drawn  haclc 
into  the  liichox  hcfoic  mi.xiiif;  and  liien  i<,Miiled  in  siieii 
a  larjre  volume  as  lo  cause  the  vihration,  tiiis  eirect  caus- 
ing a  jiartial  vacuum  at  llie  hurner  end,  tlins  drawing 
in  another  charge  of  fuel  wliicli  in  turn  e.xjiloded. 

In  line  witli  this  reasoning,  two  wire  screens  were 
fastened  in  tlie  tuhe  near  the  furnace  end,  tiie  first  lieiiig 
coarser  than  the  second  ;  sec  Fig.  3.  'i'lie  screens  seemed 
lo  effect  a  more  uniform  mixture  of  tlie  air  and  tiu;  gas, 
and  the  explosions  ceased.  But  that  wliicli  was  not  an- 
tici])ated,  occurred  as  a  secondary  result — tliere  Avas  a 
diminution  of  Vn  per  cent,  in  the  euhic  feet  of  gas  used 
])er  kilowatt-Jiour. 

L.  W.  \V.  MoRiiow. 

Xurmaii,    Okia. 

Wi 

CsiS='Ib©ir"viairadl^Bim    vSo   lEsmes's^  (CEotllhi 

In  the  Jan.  (>  issue  under  "Incjuiries  of  (ieneral  In- 
terest" and  in  the  "Corresjwndence"  of  the  Feb.  24  issue, 
reference  is  made  to  the  danger  of  using  emery  cloth 
around  a  dynamo.  F^inery,  most  assuredly,  is  not  fit  to 
use,  hut  r  have  found  that  carhorundum  cloth  may  be 
used  without  the  attendant  danger  of  loosened  particles 
lodging  between  the  bars  iind  causing  short-circuits,  as 
emery  will  do.  I  lune  used  it  on  commutators  and 
brushes  and  have  never  had  any  but  the  best  results. 

After  using  the  carborundum,  however,  it  is  best  to 
l)low  off  the  commutator  and  bru.shes  with  compressed 
air  (U-  a  bellows  to  ])revent  any  particles  from  getting  into 
the  journals  and  cutting. 

A\'.  W.  Pettiboxe. 

Lrullow,  Ky. 

Some  time  ago  the  ])lant  shut  down  all  night  for  lack 
of  steam.  The  superintendent  blamed  the  shutdown  to 
poor  coal.  The  coal  was  sampled  and  tested  by  the 
laboratory,  and  as  the  results  were  comparable  with  coal 
that  had  given  satisfactory  results,  it  was  pronounced 
all  right. 

The  tests  were  made  on  50  lb.  of  finely  ground  and 
quartered    coal    taken    from    each   car.     The    proximate 
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analysis  included  moisture,  volatile  eoiiibustible  ma- 
terial, fixed  carbon  and  asli.  The  moisture  and  ash  are 
(|uantitative  deterininations,  but  the  other  two  are  em- 
pirical. 

The  superintendent,  a  man  of  2.5  years'  experience  in 
))()\ver-plant  work,  maintained  that  the  laboratory  tests 
were  woi'thless,  they  told  nothing.  ''I'he  chief  chemist, 
nil  experienced  man,  saw  that  the  tests  were  carried  out 
in  the  most  approved  manner. 

The  trouble  in  this  case  was  in  buiiiins;-  the  coal.  Tt 
was  impossii)le  to  hold  the  load.  How  could  the  chemist 
icll  how  the  coal  was  going  to  burn  from  the  above  tests? 

'i'hese  tests  do  not  satisfy  ]iower-plant  operators  l)o- 
lause  they  do  not  tell  enough.  Much  ill  feeling  often 
arises  between  the  ])ower  plant  and  tlie  laI)oratory  because 
loo  much  is  expected  of  these  tests.  They  are  inade- 
i|uate,  which  shows  the  need  of  more  ])ractical  methods 
of  testing. 

It  would  seem  highly  desirable  to  have  an  apparatus 
which  could  be  placed  in  the  power  house  to  burn  a 
sam])le  from  each  carload  under  conditions  closely  re- 
scml)ling  the  actual  situation  under  the  boiler  which 
would  record  the  British  thermal  units  per  pound.  The 
ash  could  be  weighed,  which  would  give  the  percentage. 
The  burning  of  a  40-  or  ."iO-lb.  sample  of  coal  from  each 
carload  would  giv(>  opportunity  of  watching  the  com- 
bustion, noting  the  coking  of  the  coal  and  the  physical 
properties  of  the  ash. 

I  would  like  to  hear  what  otlier  j)ower-])lant  operators 
and  chemists  think  of  the  value  of  the  laboratory  tests 
uf  coal. 

Chicago,  111.  C.  J.  Baktox. 

■*' 

Referring  to  the  article  on  ])age  440  of  the  Mar.  31  is- 
sue, "Bushing  a  Pistou-Rod  (ilaiul,"  I  lia\c  had  a  like 
experience. 

On  a  Corliss  engine,  which  has  been  in  use  for  about  IS 
years,  the  rod  was  so  badly  worn  that  it  was  almost  im- 
])ossible  to  hold  the  packing  in  place.  I  had  the  gland 
bored  out  similar  to  the  illustration  just  mentioned,  l)ut 
instead  of  using  an  ii'on  or  brass  bushing,  I  obtained 
a  good  grade  of  liabbift  to  bush  it.  I  could  get  a  \ery 
close  fit  without  fear  of  scoring  the  rod. 

Previous  to  bushing  it  was  necessary  to  ])ut  in  new 
])acking  about  every  week.  T  sometimes  luid  to  keep  the 
l)acking  so  tight  that  the  rod  would  get  hot,  and  at  one 
time  one  of  the  gland  bolts  broke.  IMic  present  packing 
has  been  running  about  six  weeks  and  shows  no  signs  of 
blowim;-;  I  keep  the  nuts  just  tisi'ht  enouuh  not  to  come 
off. 

Knoxville,  Iowa.  Rov  Tj.   Pktkkson. 

?^: 
IPLod 

T  noticed,  in  the  Mar.  IT  issue,  I>.  (1.  LovelFs  in(]uiry 
concerning  the  corrosion  of  tin  buckets.  Considerable; 
trouble  was  caused  by  the  corrosion  of  the  lower  end  of  a 
pump  rod  of  a  deeii-well  pump.  It  corroded  so  badly  that 
it  broke  and  was  replaced  several  times,  as  was  also  the 
lower  end  of  the  suction  pipe,  which  extended  to  within 
li/>  ft.  of  the  bottom  of  the  well.  The  cause  was  never 
found,  but  it  is  thought  to  be  due  to  the  presence  of  sul- 


phuric acid  in  the  water.  When  the  pump  is  at  rest,  the 
acid,  i)eing  heavier  than  water,  settles  to  the  lowest  point 
and  forms  a  more  concentrated  solution  which  attacks 
the  metal. 

We  presuinc  that  our  analysis  is  correct,  as  only  the 
lower  end  of  llic  rod  is  corroded  for  a  distance  of  about 
18  in.  above  the  2)lunger;  the  rest  is  as  good  as  new. 

We  also  had  trouble  with  rusting  and  corroding  tin- 
ware when  water  was  allowed  to  stand  for  some  time. 

While  1  will  not  say  that  sulphuric  acid  is  the  cause 
of  corrosion  in  Mr.  Lovell's  case,  I  think,  on  analysis,  he 
M'ill  find  that  some  such  agent  is  responsible  for  it.  Cer- 
tainly graphite  cannot  do  it  unless  there  is  some  other 
comjjound  mixed  with  it. 

Pure  graphite  will  never  cause  corrosion,  and  graphite 
paint  is  one  of  the  best  known  protectives  against  cor- 
rosion. If  Mr.  Lovell  will  mix  some  of  the  graphite 
with  boiled  linseed  oil  to  a  ])aint  consistency  and  then 
paint  the  buckets  with  it,  I  think  he  will  soon  find  that 
the  corrosion  will  cease. 

Milwaukee,  Wis.  Fkaxk  (;ai;t.ma\. 


On  taking  charge  of  a  hydro-electric  ])ower  station,  I 
found  the  governor  belts  on  each  unit  reeking  with  oil ; 
this  made  it  hard  to  maintain  a  constant  frequencv  on 
the  generators.  The  oil  from  the  chamber  leaked  through 
the  bearing  to  the  ])ullcy   ami   belt.     1  cut  a  concentric 


Disk  ix  Place 

washer  of  tin  as  large  as  could  be  ])ut  into  the  o])ening, 
and  with  a  peen  hammer  I  made  it  saucer  shape  and 
neatly  fitted  it  on  the  shaft,  which  had  a  shoulder  as 
shown.  I  first  put  on  the  tin  washer,  then  with  the  pul- 
ley I  forced  it  into  its  place,  and  drove  in  the  cottter 
pin.  The  illustration  shows  the  disk  in  place.  New  belts 
were  put  on  and  after  eight  months  of  constant  work, 
night  and  day,  not  a  trace  of  oil  can  be  seen  on  the 
jndley  or  belt. 

Transvaal,   South   .Vfrica.  B.  J.  Lowi:. 
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Elementary  Meclhair&ncs— VII 

L\M'   l,i:ss(i\  s  .\\s\vi;iis 
'v'(i.      Ill    \-'\\i.  ■-'(;.  Iri   ihc  line  A  IW  reim'sciit   ilic  -ixcii 
|M)li'  iind   li'l    tlic   pri'ssiiri's  cxcilid   li\    llic   ini'ii    lie   rc|ir<'- 
sciitcil  l)V   tlif   t'orros   /',  mihI    /'..      Tlic    nsiillMnt   nl    these 
two    foires   is  fi|iiiil    to   (id     |      In  KM)    II,.      |||.|ue  ihe 

weijrlit    W  .  wliicli   is  e(|iial   mikI   opposite   to   tiie  resultant, 
must    eiinal    HKt    Ih.      'I'liis    weiiflit    is    loraled    nearest    tiie 
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iiiaii   supporting   tlie   ureater    load.      The   ilistaiui'   a   iiiav 
lie  I'ouuil   from  the  eipiation. 


(10  -  a)       J\ 
or 

a  =  ^)(l()-,0  =^||(l(,_,o 

_  400       4(1  ti       •>()        •]  <i 
~   (K»         GO    ~   a  3 

3  a  =  20  -—  2  a  or  5  n  =  20 
hence  <[  =  4  ft.  and  (10  —  n)  =  (I  ft. 

'l\.  This  pi-ohlein  illustrates  a  sj)eeial  form  of  coviple : 
namely,  a  couple  in  whic-h  one  of  tlio  efjual  ami  opposite 
parallel  Tore'es  is  produced  by  the  reaction  of  a  lixed  hear- 
ing. Thus  the  pressure  exerted  by  the  man  on  tlu'  crank 
is  one  force,  tbe  distance  from  the  center  of  the  liandle 
to  the  center  of  the  shaft  is  the  arm  of  the  conple,  and 
tiie  second  force  is  the  reaction  olfereil  by  the  bearing. 
without  the  existence  of  wliieli.  the  man  could  exert  no 
pressure  at  all  on  the  crank. 

28.  The  moment  arm  ecpials  12  in.,  the  force  is  30 
II).  and.  therefore,  the  turning  moment  (more  commonly 
called  forriiic)  jiroduced  is  eipial  to  12  V  ;''.(>  =  3iin 
in.-lb.,  or  ;^0  ft.-lb. 

29.  In  this  problem  the  force  is  10  lb.  and  the  mo- 
ment arm  is  24  in.:  therefore  the  turning  moment  is 

24  X   T>  =  240  iu.-lh..  or  20  ff.-lh. 

;50.  The  effective  force  tending  to  produce  rotation 
of  the  crankshaft  was  found  in  problem  !>  to  e<(ual  GOOD 
lb.  The  moment  arm  of  the  force  is  the  length  of  the 
crank  wliich  is  one-lialf  the  stroke  of  the  engine  or  ^2 
X  18  =  !>  in. 

Hence  the  turning  moment  is 

9  X  fiOOO  =  r)4.0()()  In.-lh. 
This  moment  does  not  remain  constant  since  the  pres- 
sure of  the  steam  on  the  piston  varies  and  also  the  angle 
between  the  crank  and  the  connecting-rod. 


I'ki  \('in,i:  1)1    .MoMK.NT.s 

In  the  discussion  on  eoiiniirent  Corces  it  WU8  sli()\v : 
that,  for  a  slate  of  eipi  1 1  ilniiiiii  |o  e.vist,  tho  HUIii  of  tli 
lion/.orOal  and  Milieal  (•ompoiieiilH  miiHt  ecpial  zero.  In 
the  case  ol  noiK  iiiK  uireiit.  or  parallel.  I'oi'cch  IIickc  con- 
ditions are  not  Millicietit  to  insure  e(piilil)riiim,  for  the 
sum  of  all  the  eoni|)oneiits  might  e(pial  zero  and  yet 
there  still  might  exist  a  teiidi'iii\  for  the  forces  to  pro- 
duce rotation  of  the  given  hod\  ahoiit  a  real  or  assumed 
axis.  Hence  the  following  additional  condition  must  l^ 
fullilled  to  produce  e(pnlibrium  in  a  system  of  noncurren' 
bTees: 

Whrii  tiiii/  iiiniilirr  of  [ones  (I'liiif/  on  a  IxjiIi/  jirodiu' 
ii  sidit'  of  rijitil iliriit III  Ihr  ill i/rhniir  yiliii  of  llir  iiujliienls 
iij  all  ilicfii'  forii's  iilioiil  11111/  ijiii'ii  jiohil  iiiiisl  ciiiial  zero. 
Till'  roil riTsr  of  lliiM  rule  docs  not  iiccrssarili/  hold  fnie, 
lor  Ihe  sum  of  the  moments  might  equal  zero  while  tliere 
still  existe(|  either  a  resultant  horizontal  or  vertical  com- 
ponent through  the  ]ioint  about  which  moments  were 
taken. 

it  is  to  be  iioteil  that  in  the  rule  the  term  "any  number 
of  forces'"  was  used  without  any  statement  being  made 
as  to  the  kind  of  forces — that  is,  whether  concurrent  or 
nonconc  nirent.  This  means  that  the  law  applies  equally 
as  well  to  concurrent  as  to  nonconcurrent  forces,  and  in 
many  instances  problems  can  he  solved  more  readily  by 
moments  than  by  the  application  of  either  the  triangle 
or  ]x)lygon  of  forces. 

Thus  in  Fig.  IG,  Lesson  1  \',  siip|)ose  the  perpendicular 
distance  from  the  point  />  to  the  line  AC  was  18  in.  and 
the  distance  .  I />'  was  30  in.  Take  moments  about  the 
point  /).  The  b)i'ce  /'  ai-1ing  in  the  strut  Ali  can  have 
no    inoiiiciil   iibiint    llie   point   Ii   s'luc    tlir   force   I'   passes 
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tlironi/Ji  Ihc  point  B  and  as  the  moment  arm  is  zero. 
the  moment  must  al.so  ecpuil  zero.  'J'he  only  forces,  then, 
having  monu'nfs  about  the  point  B  are  the  tension  T  in 
the  rod  AC  and  the  weight  W  acting  at  tlie  point  A.  The 
moment  of  r  =  18  X  7"  and  the  moment  of  ir  =  30  X 
ir.  From  the  condition  of  equilibrium  previously  stated 
the  algebraic  sum  of  these  moments  must  equal  zero,  or 
18  r  —  30  ir  =  0 :  lience 

^     30  ir 


12 


=  2.0 ir 


For    all    problems    involving    either    concurrent    or   non- 
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Ancurrent    forces    then    the    thrci 
:iisl  always  be  satislied. 

!■  H  =  0 

2r  =  0 


following    (■(|Uiitioiis 


HI 


forces 


(10) 
is  a  siiiiilc 


lee  equations   (S)   and    (!•),   Lesson 
-'  iiKiincnts  =  0 

Since  the  resultant  of  a  systoni  o 
rce  that  will  produce  the  same  effect  on  a  body  as  ihc 
nibined  action  of  the  system  it  must  be  apparent  Ihitl 
e  moment  of   the   resultant  is   equal   to    Ihr   elgchraic 

in  of  the  iiiotiiciif.s  of  all  the  other  forrcx. 

A  common  application  of  this  principle  is  in  the  dcler- 
'ination  of  the  reactions  of  the  beam.  In  this  case  the 
essure  acting  at  either  sujiport  or  pier  is  the  resultant 

all  the  other  forces.     The  beam  remains  at  rest,  due 

■   the  fact  that  the  support  exerts  a  reaction  which  is 

ual  and  op])osite  to  the  above  resultant. 

I A  practical  application  of  this  princi])le  is  made  use 

i  in  the  design  of  the  main  bearings  of  an  engine.  The 

Iad  on  each  bearing  can  be  found  when  the  weight  of 
e  shaft  and  flywheel,  the  thrust  of  the  connecting-rod, 
c,  are  Icnown,  by  taking  moments  about  each  bearing. 

\ Problem:  A  beam  of  IS-ft.  span  carries  concentrate! 
jads  of  1000  lb.,  2400  lb.  and  GOO  lb.  at  distances  of 
•j  10  and  15  ft.,  respectively,  from  the  left  end  of  the 
|am.  The  bi'am  is  supported  l)y  a  column  placed  at 
4'h  end  of  the  span.  Find  the  load  on  each  column, 
jj'glecting  the  weight  of  the  beam. 

In  Fig.  27,  let  AE  represent  the^,jbeam  of  18-ft.  span 
jid  \]\,  W.,  and  11',  the  respective  loads  located  as  stated 
i  the  problem.  Let  R^  and  R.,  be  the  reactions  exerteil 
1  the  columns.  The  load  acting  on  the  column  at  E 
i  the  resultant  of  the  reaction  at  the  point  .1,  and  the 
Jids  ]\\,  W.,  and  W.j  The  force  counteracting  this  re- 
flltant  is  the  reaction  of  the  column  at  the  ])oint  K 
^(Heated  by  the  force  R.^.  For  equilibrium  the  algebraic 
(jm  of  the  moments  about  any  point  must  eipial  zero, 
'idving  moments  about  the  point  A  there  results  the 
(uation, 

RiX  0  -\-  -i  X  1000  +  10  X  2400  +  l.")  X  •>()()  — 
18  X  R,  =  0 

18  X  /^,  =  <»  -|-  1000  4-  24.000  4-  11000  =  .'m.ooo 
nee 

/.',  ==  20:).5  lb. 
like  manner  taking  moments  about  the  point  A'  there 
suits  the  equation, 

S.,  X  0  —  3  X  «<)0  —  8  X  2400  —  14  X   1"<'0  + 
18  X  R^  =  •' 

!8  X  R^,  =  0  +  ISOO  +  li),200  -f-  14,000  =  35,000 
jnce 

n^  =  1945  lb. 
-le  student  should  study  these  equations  carefully  so  as 
t  understand  the  use  of  positive  and  negative  moments. 
However,  these  equations  do  not  fully  satisfy  the  con- 
iion  of  equilibrium  and  the  additional  test  of  -  T'  = 
J  must  be  applied.  From  this  law  there  results  the 
■uation, 
,     _  1000  —  2400  —  600  +  2055  +  1D45  =  0 

( 

_  4000  +  4000  =  0 
':'nce  all  the  conditions  of  equilibrium  are  satisfied  and 
le  reaction  of  2055  lb.  at  the  point  E  and  1945  lb.  at  .1 


will  keep  the  beam  at  rest  under  the  given  loads.  If  any 
error  had  been  made  in  the  computation  of  R^  and  R2 
from  the  equations  of  moments  it  would  have  been  dis- 
covered when  the  law  of     2' F  =  0  was  applied. 

After  the  student  has  acquired  confidence  in  problems 
dealing  with  beam  reactions  he  will  find  himself  deter- 
mining one  reaction  by  taking  moments,  and  then  sub- 
ti'acting  the  reaction  thus  found  from  the  algebraic  sum 
of  the  vertical  loads  to  find  the  remaining  reaction.  This 
is  ru)t  to  be  commended  as  there  will  be  no  check  on  the 
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Fig.   28. 

work.  If,  however,  moments  are  taken  about  each  re- 
action and,  if  the  sum  of  the  reactions  found  from  the 
equations  of  moments  does  not  equal  the  sum  of  the 
vertical  loads,  it  means  that  an  error  has  been  made  and 
the  necessary  corrections  may  be  made  before  proceeding 
farther  in  the  design  of  the  beam. 

Study  Qukstioxs 

31.  Fig.  28  is  a  diagrammatic  sketch  of  the  crank- 
shaft of  a  vertical  side-crank  engine.  The  weight  of  the 
flywheel  is  9000  lb.  and  acts  at  a  point  65  in.  from  the 
right-hand  bearing.  The  weight  of  the  armature  of  the 
generator  plus  the  magnetic  pull  is  15,000  lb.  and  acts 
at  a  point  411/4  in.  from  the  right-hand  bearing.  The 
thrust  F  on  the  crankpin  is  45,000  lb.  Assunu^  the  weight 
of  the  shaft  as  concentrated  53  in.  from  the  right-hand 
bearing.     Weight  =  2000  lb. 

Make  a  sketch  showing  the  location  of  all  the  loads 
and   the  reactions. 

32.  Find  the  reactions  R^  and  R..  for  the  down  stroke 
by  taking  moments  about  the  ])oints  A\  and  R.,. 

33.  Find  them  for  the  upstroke  in  like  manner. 

3  1.  Check  the  computations  for  32  and  33  bv  nuiking 
2'     ]•  =  0. 

35.  At  the  instant  shown  in  Fig.  28,  does  the  pressure 
of  the  steam  on  the  piston  produce  any  turning  monu'nt 
on  the  crankshaft? 

The  AVorlil's  Ble;^est  Ocean  Liner  is  to  b«  built  at  Belfast, 
aocordins  to  announcements  in  English  newspapers.  It  will 
be  of  60,000  tons,  whereas  the  "Vaterland"  is  of  58,000  grosa 
tons,  the  "Imperator"  52,171,  the  "Britannic"  50.000,  the 
"Aquitania"  47,000,  and  the  "Olympic"  46,369  tons.  The  "Bri- 
tannic," launched  at  Belfast  on  Feb,  26,  for  safety,  will  have 
4S  of  the  largest  lifeboats  yet  made,  two  of  them  fitted  with 
powerful  engines. 
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OVER  THE  SPILLWAY 

J  1ST  Ji:ST.S.  J  A  lis.  J  OS  II  i:S  A  N  I)  J  I)  M  II  i,i:s 


You    iiiiiHt    piliit    MY    Hliiff   Juki    mm    II'h   wrotf!" 
IH   what    hi>   Miilil.      Anil    h<'   Kut   uur   k""'- 
All    we   I'DiiUI   (lu   wiiH   to  HontI   thiH   noti-: 
l><'iir   Sir:    Sit   ilown:    you're    rocUIn"    tlic   I. mil!'' 

X 
llhutn  I'liiirlfx  iimUh  \ih  If  iipit  iiMiiif  Is  tlif  ifiirliiii  of 
MIX'M.  No.  Ill:  HoiiK'liody  In  ti'ylUK  I"  iniiki-  a  inoiikcy  nf  you. 
.\plri  Iturc  l8  the  rr'irlnn  of  the  liUHy  lltllo  licf.  iiiiil  orrhiiiid. 
It  looks  like  you'd  been  HtuiiK.  honey.  (The  "liuiulry"  editor 
tmni'd  this  over  to  uh  as  irn-li-Viiiit.  .Mel>l)e  he  has  the  hives. 
IMilor.) 

Down  In  Vene/.uelu  tlii-y  eall  liie  native  s<ift  drinks  "fres- 
eos."  Just  think,  chief,  of  stnyinK  out  until  8:07  p.m.  fresco- 
inp  your  town,  and  thi-n  hurrying;  honii>  to  put  a  dndo  around 
Kiiio's  doniiiile  or  a  friezi'  on  llie  locistcis  l)un>?alow.  Crent 
sarsparilly ! 


there    was 


little    boy    who — oh,    hero. 


Oneo    upon    a    tun 
lead    it    yourself  I 

".■\  littli-  bov  invented  the  safety  valve  for  entfine.s.  It 
was  his  business  to  watch  the  steam  pressure  and  let  the 
stiam  off  when  the  pressure  not  too  hitjh.  But  he  wanted  to 
nlav  at  marbles  and  othir  Kames  free  from  worry.  And 
lie  invented  the  pressure,  the  whirling  apparatus  on  the  to|) 
of  the  steam  ennini-,  which,  by  the  power  of  centrifugal  force, 
wedKes  apart  the  two  revolvinR  balls  and  lets  the  steam  es- 
cape automatically  when  the  pressure  M;ets  too  high. — Edi- 
torial   in    "Chicago    .\meii<an." 

Oh,  piffledinks!  Why  didn't  this  editor  let  little  .Archi- 
bald keep  on  playing  at  marbles ;  then  he  wouldn't  have  had 
all    this   trouble   with   his   "whirling   apparatus"? 

Vou-all,  one  time  or  another,  have  been  amused  Viy  the 
fa<-tory  picture  that  looki'd  like  it  covered  149  square  miles, 
had  a  forest  of  stacks  belchins  volumes  of  dense  black  smoke, 
and  a  million  windows,  and  apparently  housed  65.432  employ- 
ees'.' One  concern  has  already  been  driven  to  say  under  its 
illustration:  "All  buildings  here  shown  are  part  of  our  works." 
nood    scheme,    and    enlightening:. 

.■\  lire  was  recently  cansid  by  wire  bed-springs  short-cir- 
cuiting a  storage  battery  temporarily  placed  under  the  bed, 
says  "Electrical  World."  The  occupant  sitting  on  the  bed 
made  the  springs  sag  and  short-circuit  the  battery  terminals 
so  that  the  wire  fused,  burning  a  hole  in  the  mattress  and 
setting   fire   to  the   bedding. 

Here's  an  idea  for  an  inventor  of  an  old  maid's  patent 
burglar  alarm;  that  is,  if  it's  still  true  she's  looki  .g  under 
her    bed    for    burglars. 

'^. 
A  Nevada  miner  has  suggested  ^his  "safety  first:" 
"To    the    Safety    Department.      How    to    prevent    accidents: 

Close  the  saloons. 

"ROASTER  PLANT." 
The  saloons  in  Dublin  Gulch,  says  the  "Engineering  & 
Mining  Journal"  have  the  "peculiarly  exasperating  practice" 
of  furnishing  beer  chasers.  This  is  the  best  reason  yet  for  a 
"dry"  town.  If  the  teetotalers  love  a  shining  mark,  Dublin 
Gulch    is    a    barndoor    target. 

Woman  of  114  .Vttributes  Age  to  Never  Having  Worried. — 
Headline. 

Like  to  know  how  to  prove  a  case  like  this.  Looks  as 
if  we'd  have  to  begin  with  our  grandchildren,  and  this  would 
start   some   of  us   to   worrying   right    oft   the   handle. 

'*' 
"Starve  the  railroads  and  we  starve  ourselves,"  says  Frank 
Jlunsey.  There's  no  getting  away  from  it,  we  need  the  rail- 
road if  we  want  to  get  anywhere,  and  in  the  cities  it  brings 
us  our  eats.  Two  good  reasons  why  the  railroad  has  some 
rights  we  are  bound  to  respect. 

He  "has  light  complexion  and  hair  and  sharp  features"  is 
a  contemporary's  partial  description  of  an  engineer  impostor. 
Is  it  unusual  for  an  impostor  to  have  hair?  Whatcha  mean, 
"and  hair"?  Are  just  baldknobs  honest?  And  don't  you  be- 
lieve a  baldhead  never  goes  crazy.  They're  all  crazy — to 
grow  some  hair.  And  hair!  W'hy  not  tell  how  many?  An 
easy  task  for  those  who  are  coaxing  a  few  on  very  evident 
false    pretenses. 


Oster  CuUing-Ofif  and  Rectmiing 
MacHine 

Tllis    lii;nlillli'    is    ilrsi;.Mlfil    In    iiil     ulV    aixi     iciilil    |)i|M 
ill  all  si/<s  ii|)  to  '^   ill,   ill  iJiatiirliT.      1 1    i.-   |M'oviili'i|   wilh 
II    larf^f  niiifjlf,  Htalioiiarv   wlii'i-i  IiiIm-   (lilicr   iiioiiiiIimI  on 
:i  still   |iiiiiiiii   wIikIi   rrsis  ill  a  liron/.c  licaiiii^'. 

'I'lir  |M|ir  III  Im'  1  III  oil'  ii'sis  (111  a  |)air  of  rolliTH,  aiir] 
li\  a  liiin  of  lilt'  liaiKlulicrl  at  tin-  luji  <>(  tlir  iiiacliiiie, 
ilie  |ii|ir  i.s  lij-oufjlil  ill  coiitail  uiili  till'  riiiliii;r  flixk  iind 
i,s  (|iiitkly  severed.  ,\  slij^lil  |iirssiiie  on  iIh'  hamlw  Ik  r| 
re;,Mllales  llie  speed  of  cull  ill;;  oil'. 

Till'  l\wi  nilliTs  wliirli  -ii|i|ioii  ilic  |ii|ie  \\liil(«  eiiilirijf 
oil'  are  iiiailr  of  steel  anil    leMihe  in   lenipered-steel   Ijear- 
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r 

OsTKi;  ('rT-ri\(i-Oii'  axu  IJivmim;  ^[.\fnixi. 

ings.  'Vho  rollers  wliicli  support  1lie  ])ipe  rest  on  the 
liottom  of  a  yoke  wliich  slides  up  and  down  in  tlie  frame. 
The  disk  cutter  can  easily  he  removed  for  sharpening 
or  renewal.  The  gage  rod  is  adjustalile  for  the  different 
lengths  of  ])ipe  to  I)e  cut  off'. 

In  reaming,  the  pipe  is  held  in  the  vise  jaws,  which  are 
opened  or  closed  by  a  movement  of  llie  liand wheel  at  the 
side  of  the  vise.  The  open  vise  enables  the  operator  to 
quickly  change  the  work. 

Pressure  of  tlie  pipe  against  the  reamer  is  brouglit 
.ibout  by  the  handle  mounted  behind  the  vise  wheel, 
which  moves  the  vise  ])ack  and  forth.  The  vise  is  .solidly 
mounted  on  this  frame. 

The  reamer  is  held  fast  by  a  setscrew:  it  can  be  easily 
removed  for  sharpening  when  necessary. 

This  machine  is  built  by  the  Osier  .Maiiulaeturing  Co., 
Cleveland,  Ohio. 

Winnipeg  (Man.)  Owns  Its  Public  T'tiIHie.s,  among  which 
are  the  electrical  works,  at  Point  du  P.i>is  on  the  Winnipeg 
River,  77  miles  northeast  of  the  city.  The  waterfall,  naturally 
32  ft.,  has  been  increased  by  the  power-development  dam  to 
47  ft.,'  with  a  pond  of  6000  acres.  The  total  power  available, 
without  storage,  is  60.000  hp.,  which  can  be  increased  to  100.- 
000  hp.  These  works,  including  generating  stations,  com- 
pleted and  equipped,  cost  Winnipeg  $5,000,000. 
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By  Fhaxk   K.   lioo'i'ii 

Heavy  oils  when  used  in  oil  engines  are  atoniizcd  by 
means  of  compressed  air;  hence  the  continuous  and  satis- 
factory operation  of  the  engine  depends  largely  on  the 
oil  j)uni])  and  air  conipi'essor. 

Oil  Pump 

The  oil  and  air  pipes  are  both  directly  connected  with 
tlie  atomizer.  The  air  jjressure  may  be  anywhere  between 
300  and  1200  lb.,  and  a  little  dirt  on  the  check  valve  of 
the  oil  pump  may  cause  it  to  refuse  to  deliver  against 
this  pressure  and  cause  a  sluitdown.  For  this  reason,  the 
fuel  should  be  run  through  a  screen  before  entering  the 
oil-supply  tank.  Multiple  check  valves  in  series  reduce 
the  liability  of  shutdown  from  this  cause  as  the  chances 
are  that  both  valves  will  not  be  touled  at  the  same  time. 

Furthermore,  there  should  ])e  no  air  pockets  or  traps 
in  the  interior  of  the  puni])  as  air  bubbles  will  interfere 
with  the  operation  of  the  pump.  If  the  pump  plunger 
is  worked  by  hand,  a  spring  effect  caused  by  air  bubbles 
is  quickly  detected.  A  stroke  with  unifoi'm  pressure 
from  start  to  finish  indicates  an  absence  of  air. 

If  the  engine  has  been  shut  down  for  some  time,  air 
may  get  in  the  suction  pipe  and  make  it  impossible  to 
start.  A  bypass  connecting  the  discharge  pipe  with  the 
suction  and  having  an  air  chamber  in  the  line,  may  be 
used  for  freeing  the  pump  of  air.  When  operating  the 
pump  l)y  hand  with  the  bypass  open,  the  air  lodges  in  the 
tur  chamber  and  is  liberated  through  a  petcock  at  the 
top. 

The  oil  is  likely  to  carry  in  suspension  a  certain  amount 
)f  water,  and  when  the  engine  is  shut  down  this  water  ac- 
•uniu kites  at  the  bottom  of  the  oil  tank ;  if  it  is  not 
Irained  off,  the  engine  will  miss  fire  when  starting.  The 
!)ipe  should  enter  the  oil  tank  three  or  more  inches  from 
;he  bottom  and  a  faucet  should  be  placed  near  the  bottom 
jo  take  care  of  the  water. 

I  Candlewick  rubbed  well  with  soap  and  graphite  makes 
',  good  packing  for  the  pump  plunger.  The  pipe  joints 
nay  be  made  up  with  litharge  and  glycerin  or  shellac, 
lloreover,  the  oil  pump  should  have  surplus  capacity  to 
lake  care  of  any  snuill  leaks  which  might  occur  during 
peration. 

I  Air  Co ji pressors 

A  two-stage  tandem  air  compressor  has  pressure  behind 
le  piston  all    the   time,   making  a   smoth-running  ma- 

liine  by  keeping  the  slack  in  one  direction.  There  should 
sduu!  adjustment  endways  so  that  the  piston  clearance 
i     be  kept   at   a  minimum   and  the   valves  should  be 

iged  so  that  a  duplicate  one  might  be  inserted  at  short 
)tice. 

I  A  little  soapy  water  fed  through  the  low-pressui-e  in- 

!t  helps  to  keep  the  valves  clean.  Too  much  lubricating 
I  will  foul  them  as  it  chars  with  the  heat,  the  cai'bon 
us  formed  causing  the  discharge  valves  to  stick.     Some- 

;ines  too  much  oil   also  causes   explosions  in  the  com- 

;"essor. 
I  f  the  low-pressure  inlet  of  the  compressor  be  coupled 

1  the  air-inlet  pipe  of  the  engine,  the  compressor  will 

like  very  little  noise.     A  safety  valve  should  l)e  placed 


in  the  air  line  between  the  compressor  and  the  tank,  'i'liis 
relieves  the  pressure  should  the  tank  valve  be  closed  by 
mistake.  It  may  be  noted  that  when  the  compressor  is  in 
good  order,  the  low-pressure  dischai'ge  pipe  is  not  as  hot 
as  the  high-pressure,  which  fact  helps  one  to  locate 
trouble.  If  the  high-pressure  discharge  valve  is  leaking, 
the  low-pressure  discharge  pipe  will  bo  much  hotter  than 
usual;  the  low-pressure  discharge  pipe  is  not  hot  when 
trouble  exists  in  the  ]ow-]iressure  end.  A  pressure  gage 
on  the  intei'mediate  receiver  will  also  help  to  locate 
ti'ouble. 

Sometimes  tlie  compressor  is  working  all  right  when 
the  pressure  gage  indicates  a  loss.  This  may  be  due  to  a 
leak  in  the  air  line,  a  leak  in  the  sprayer  valve  proper  or 
around  the  valve  spindle;  moreover,  the  sprayer  valve 
may  stay  oi)en  too  long,  caused  by  too  great  a  lift  or  too 
long  a  contact  with  the  cam. 

If  one  cylinder  in  a  multicylinder  engine  cuts  out, 
which  sometimes  happens  on  light  loads,  the  reduced 
pressure  in  the  cylinder  allows  more  spraying  air  to  go 
through  the  valve.  Also,  an  engine  valve  not  seating 
l)roperly  causes  reduced  compression  and  lower  initial 
pressure  with  a  loss  of  spraying  air. 
[*] 

Off-^aira    Cenatff'afvifl^all   Gipease  Ctsp 

This  centrifugal  grease  cup  is  used  primarily  for  loose 
pulleys  and  thrust  l)earings,  the  -grease  feeding  through 
the  cup  only  when  the  bearing  is  moving. 

It  consists  of  a  shell  threaded  at  the  shank  on  the 
lower  end  to  fit  in  the  hub  of  the  pulley.  The  top  is  a 
caj)  which  screws  onto  the  cup.  On  the  inside  is  a  piston 
which  slides  on  a  stationary  tube,  capped  at  the  top  with 


Skctton  of  Organ  (Jk-kase  Cup 

a  stop  nut.     In  the  shank  is  a  regulating  plug  for  con- 
li'olling  the  feeding  of  the  grease. 

In  operation,  the  centrifugal  force  ])resses  the  movable 
])iston  against  the  grease,  causing  it  to  flow  through  the 
center  tube  to  tlie  bearing.  When  the  cup  is  empty,  the 
cap  is  removed  and  the  cup  filled  with  grease  on  top  of 
the  piston.  This  cup  is  made  by  the  Keystone  Lubricat- 
ing Co..  Twenty-first,  Clearfield  and  Lippincott  Sts., 
Philadelphia,    Penn. 
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SelectLiomi  of  Refr©\cttory   Mcc>\ilerii^\Ils 

l')^    Mdin.  \  \  l>.  Sm  11 II 

SV.\0/'SlS—An  oiillliir  (if  h'sl-i  h,  (Irlcrmliir  Uir  (jiuil-  llic    iri;iliTiiil  ;    iilsn   of    ihc    dcfrrcc    of    "Ijurn"    iiml.    in    u 

(7//  (if  firclirirh-s  and  /ircdai/.  uwntimv,  oT  llic  loiid-ciinviiij^  iilnlilv. 

M.i  ,.  ,.         ,'■",•  1        ,  •  II  I'ill-'l'l  MI'KK A  11    1(1.     'I'KSTH 

lilt"   piirposi'  ol    ii'l  riiiliirics    lor   powci-pliuit    use   is  n 
pn>l)l(MM   wliicli  rvcrv  piirflinsiiijr  iifjcnl   or  cliicr  eiifiincer  '"    IIm'sc    (csIs    llic    Icnipciiitiiic    niiisl     he    hoiiicwImi 

lias   to  solve  sooiut  or  Inter    in   the  (luirsc  ol'  operation.  liiLilier  ihan   ilial    to  wliich   ilic   rcriii<toiv   would  he  hiiIi- 

In  this  proiilem   two   raetors  arc   proiiiiiient,  namely,  tiic  .jec  led    in    inaclicc  and    iini.si    lie   maintained   over  a  coii- 

ulility    for    wliicli    the    rel'ractorv    mntcriiil    is    to    he    pni-  sidcrahlc   lcii;,Mli   of  lime   in   nrdci-   that    all   the  eharaelir- 

eliased,  and.   secondly,   llic   refractory    itself.      The   utility  i'^li'':^  "f  ih''  material   seiisili\c   to  heat    may   he  developed 

is.  of  course,    pi-cdclcnniiii'd    hv    the    pnrcliascr;    the   iicii-  ^'H'l    ll'e   pliciioiiieiia   noted.      .Ml    the   conditions   of  jir.i 

eral    essential    diaraclcrisl  ics    of    the    rc(|nircd    refractory  li<<'   should    he    duplicated    insofar   as    is    praeticahio,    i 

are  Icnown  ;  the  question  then- is  to  find  a  refractory  whicli  <ludiiig   the  aetion  of  coal    ash.  coal   j^ases,  clinker,  ci 

possesses  these  re(]uireiiieiits.  ^"'I'  tests  .can  ho  run  alon<;  with   the  simple  heat  te 

The  tests  which  a  purcliaser  may  make  folhnv  certain  i"  Ihe  same   furnace  and  consist  of  hurninK  the  coal 

well    defined   lines   in    which   the  essential   cliaracteristics  he  used  in  the  hoiler  i'urnaco  on  top  of  the  firehrick  1: 

arc  hroii;jlit  out  under  conditions  closelv  simulating  those  i>i«'   tested,   tlie   coal   heing   renewed   as    fast   as  it  l)uin 

of  ])ractieo.     .\s  a  mafler  (d'  fact,  it  is  always  good  ])olicy  away.      In   tills  way   the   tendency   of   the    firebrick  an. I 

to  maintain   the  conditions  of  the  tests  somewhat  more  '"^1'  or  clinker  to  react  and  flu.x  each  other  may  he  noted, 

severe  than  in  practice  for  the  customer  is  wise  in  insist-  '''''i^  author  has  found  that  very  often  a  refractory  wliidi 

ing  on  a  certain  margin  in  the  way  of  service  from  a  re-  stands  up  under  tlie  liigh  temperatures  splendidly,  J'ail- 

fractory  material,  i.e.,  he  has   tlie  right  to  demand  ma-  utterly  when  maintained  at  the  same  temperature  in  con- 

terials  "  somewhat    better    than    tlie    utility    actually    de-  tact  with  coal  ash  or  clinker. 

"'""'^^''-  ,  .  .,     ^  PviiOMKTKYoF  He.VT   Ui:<irL.\TI()N- 

Inasmuch  as   refractory   materials,    (irehrick   and   lire- 
ckv,  are  used  in  power  stations  mainlv    for   the  linings  I'l  high-temperature  tests  it  is  -absolutely  essential  iIkii 

of  "the  combustion   chambers   and    arches   of   boiler    fur-  tlH>  temperature  be  determined  and  maintained  by  mean^ 

naces,  the  tests  which  have  he -n  found  essential  will  he  "''  «<'iii(*  fo""   of  accurate   pyrometric  control.     This  i- 

outlined.  ^"  because  of  the  desirability  of  being  able  to  dupli(-i 

]^li:\sri!i:Mi;xTs  conditions  in  check   tests   and   also   because  of  the  f:e 

that  the  accurate  evaluation  of  the  ret/actorv  demands  it. 

(General    dimensions    in    inches    (or    centimeters),    ac-  por  moderate  temperatures,  not  exceeding  1000  deg.  ('., 

curate  to   g'o-in.,   should   be   taken.      Frojn   these  iigures  the    platinum-resistance    thennometer    is    probably    th.' 

the  volume  is  figured  and  the  relation  between  the  vol-  ^^^^1    outfit,    although    there    are    so    called    b?.5P-metal 

ume  found   and   that  of   a  standard  brick  of  the  same  pyrometers  wliich  are  satisfactory  under  general   londi- 

shape   established.     From   this  ratio   the  estimating  en-  ^ions.     The  latter  have  one  advantage  o\er  the  former 

gineer  can  figure  the   amounts   necessary  for   the   given  type,  namely,  that  they  are  fairly  accurate  at  the  lower 

utility.  temperatures  and  may  also  be  used  at  temperatures  higher 

Calipered   measurements   are   to  he   taken   before   and  than  the  former  type  will  stand, 
after  heat  tests  of  length,  breadth   and  thickness,   each  p^r  high  temperatures,  up  to  looO  deg.  C,  there  is  a 

dimension  being  taken  at   two  different  points  so  as  to  choice  between  two  types,  the  platinum-platinum-rhodium 

assure  a  fair  ayerage  in   the  measurements.     These  fig-  couple  and  the  radiation  pyrometers.     The  latter  is  too 

ures  give  the  chunge  in  size,   due  to  heat  tests,  or,  in  delicate  an  instrument  for  general  use  around  power  sta- 

fact,  any  tests  which  may  tend  to  distort  the  shape  of  the  tions  and  the  extreme  temperature  range  of  this  instru- 

firebrick.     Change  in  size  is  one  of  the  best  indications  ^^^^^^   jg   not   required   for   such    work.      The   platinum- 

of   the   future  behavior  of   the   firebrick  under   practice  j^latinum-rhodium    couple    with    its    sensitive    indicator 

conditions,    especially    if   this    information    is   combined  must  be  calibrated  from  time  to  time  against  the  known 

with  that  obtained  from  the  load  test  given  below.  temperatures  of  metals  or  salts,  a  list  of  the  more  com- 

AVi-H'irT  "'°^  points  being  given  below. 

Melting  Point, 

The  weight  is  of  importance  as  a  rule  to  the  construct-        .    Element  ^^^kf' 

ing  engineer  as  it  gives  him  an  idea  as  to  the  mass  to  be  cadniium   "...  .'.'.'.'.'.'.'.\'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.\'.'.'.'.\'.'.         eio 

carried  by  his  structural  work  and  indeed  by  the  refrac-  Antimony' '.'.'.'..'.'.'.'.'.'.'.'.'.'.'.'.'.'....'..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.        ii66 

tory  itself.     The  weight  figure  is  also  of  use  in  figuring  ca"c?uim  "! .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.        ill\ 

the  density  of  the  material.     This  is  generally  taken  in  f j^^yi-"" .\::::\'.'.'.::::'.'.'.'.'.'.'.'.:'.:\'.'.::'.'.::'.'.'.'.'.'.:'.        litl 

pounds  and  ounces,  but  mav  he  in  kilos  and  grams  if  S°^*^  J?o? 

1  T      •       1      '  Copper     i9»i 

crreater  accuracy  is  desired.  Nickel   2642 

■^  -  Palladium     2822 

-r,  >  Platinum    3191 

Porosity  Tungsten   5432 

This    is    generally    determined    by    determining    the  From  the  above  elements  a  selection  may  be  made  ai- 

amount  of  water  which  the  lirick  will  absorb  in  a  given  cording  to  the  range  of  the  tests  in  question  and  the 

time.     It  is  also  a  measure,  indirectly,  of  the  density  of  ijyrometer  standardized  accordingly.     It  is  best  to  select 
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points  covering  a  fairly  wide  range,  for  then  the  teni- 
pei'ature  cnrve  of  the  pyrometer  will  be  more  nearly 
correct  than  if  only  a  few,  closely  related  points  are  taken. 
The  zero  for  the  couple  is  taken  at  the  temperature  of 
melting  ice  and  the  cold  end  of  the  couple  must  always 
be  used  at  the  same  temperature  as-  when  the  zero  is  es- 
tal)lished  or  else  somewhat  uncertain  corrections  must 
be  made.  If  possible  the  cold  end  should  be  either  water 
or  steam  jacketed  to  assure  a  uniform  temperature. 

Tliere  are  also  the  older  pyrometric  indicators,  such  as 
the  Seger  cones,  which  give  good  results  when  only  mo- 
mentary temperature  indications  are  essential.  As  a 
rule,  they  are  acciirate  when  used  properly,  they  must 
not  be  allowed  to  soak  at  temperatures  lower  than  that 
which  they  are  supposed  to  indicate  for  they  will  almost 
invariably  bend  under  such  treatment  and  so  indicate  a 
temperature  really  higher  than  exists.  They  should  be 
heated  up  carefully  outside  of  the  furnace  where  they 
are  to  be  used  and,  when  thoroughly  heated  through, 
jshould  be  inserted  into  the  test  furnace.  They  will  then 
[come  quickly  to  tlu'  temperature  of  the  furnace  and  will 
jnot  give  false  indications.  The  author  has  noticed,  for 
[example,  that  the  cone  which  indicated  1370  deg.  C.  un- 
jder  normal  treatment  gave  just  as  good  an  indication 
[when  held  at  1320  deg.  for  a  comparatively  short  time. 
jWith  a  little  practice  the  use  of  the  electro  pyrometer 
land  the  cones  may  be  combined  to  good  advantage  as  the 
J3ones  serve  as  a  ready  check  on  the  accuracy  of  the 
pyrometer  during  a  test  run. 

Load  Tpsts  at  High  Temperatures 

These  tests  are  essential,  for  tliey  give  the  real  capacity 

)f  the  firebrick  to  stand  up  under  load  at  high  tempera- 

ures.    It  is  f I'equently  found  that  a  brick  which  is  strong 

it   ordinary    temperatures    becomes    easily    crushed    and 

)ften  will  bear  no  load  at  all  in  proportion  to  that  which 

t  must  carry  in  practice  when  heated  to  a  high  degree. 

Irhere   are    two   ways   of   conducting   such   a   load   test, 

liamely,  by  testing  a  single  brick  and  by  testing  a  mass 

f  the  test  bricks  generally  laid  up  in  the  form  of  a  pier. 

In  the  first  case  the  test  brick  is  supported  above  the 

oor  of  the  test  furnace  by  the  ends  and  is  weighted  in 

he  center  on  top  with  a  weight  proportional  to  the  load 

liich  the  brick  must  carry  in  practice.     In  the  second 

;ise  no  load  is  added  unless  it  is  necessary  to  do  so  to 

ring  the  load  up  to  that  found  in  practice.     The  pier 

;  built  in  the   furnace,  projects   through  the  roof  and 

ivries  its  load  (if  any)  upon  its  top.     Measurements  of 

le  pier  before  and  after  the  test  give  a  measure  of  the 

)ad-carrying  capacity  of  the  brick  in  question. 

In  general  practice  around  power  stations  the  test  on 

ngle  bricks  has  been  found  satisfactory,   especially   if 

ways  carried  out  on  some  particular  standard  shape, 

uh  as  an  ordinary  9-in.  straight,  as  then  all  tests  be- 

)nu!  comparative.     For  general  utilities  a  9-in.  straight 

rebrick  should  be  supported  on  two  soap  bricks  21/4  in. 

f  the  floor  and  7  in.  clear  of  siipports.     This  gives  the 

ick   1-in,   bearing   at  each  end.      The   weight   used   is 

'ucrally  7.5  lb.,  made  by  trimming  a  magnesite,  or  bet- 

r,   a  chrome  firebrick.      The   load,   however,   as   stated 

iove,  must  he  determined  in  proportion  to  that  carried 

practice.      Many   an    arch    failure   might   have    been 

:  erted  had  such  a  load  test  been  carried  out  at  or  near 

e  temperature  maintained  in  practice. 


Abrasion  Tests 

It  is  not  often  that  these  tests  are  conducted  on  re- 
fractories used  in  boiler  furnaces,  but  there  are  certain 
phases  of  this  test  which  are  of  value,  especially  where 
firebrick  are  used  in  the  linings  of  furnaces  heated  with 
inclined  grates,  such  as  the  Koney,  where  there  is  at 
times  severe  abrasive  action,  due  to  the  constant  steady 
motion  of  the  fuel  down  the  grates  and  along  the  brick 
surfaces.  Such  tests  should  be  carried  out  at  as  high  a 
temperature  as  is  practicable  since  the  resistance  to  abra- 
sion varies  with  the  temperature  of  the  brick. 

An  apparatus  for  abrading  firebrick  may  be  made  by 
studding  an  iron  or  steel  plate  with  many  soft-iron  stove 
bolts,  or  similar  material,  which  may  be  renewed  from 
time  to  time  as  they  wear  away.  The  plate  is  drawn 
back  and  forth  over  the  surface  of  the  brick  a  definite 
number  of  times  and  the  material  worn  away  weighed. 
It  is  also  possible  to  apply  the  rattler  test,  commonly  ap- 
plied to  building  and  paving  brick,  to  firebrick  with  good 
results  if  the  firebrick  are  hard  burned  and  fairly  close 
grained. 

Shock  Tests 

These  tests  are  carried  out  to  determine  a  firebrick's 
resistance  to  sudden  changes  in  temperature.  The  fire- 
brick is  heated  to  the  desired  temperature,  is  withdrawn 
from  the  furnace  at  full  heat  and  is  immediately  plunged 
in  cold  water  or  buried  in  wet,  finely  ground  coal.  It  is 
then  removed  from  the  water  or  coal  and  examined,  after 
which  it  is  again  heated  and  chilled  if  desirable.  A  fire- 
l)rick  should  stand  this  test  without  checking  or  spawling. 
The  test  simulates,  in  a  degree,  the  conditions  in  a  boiler 
furnace  when  fires  are  banked  quickly  or  when  the  boiler 
is  taken  off  of  bank  and  tlie  fires  are  brought  up  to  full 
intensity  in  a  short  period  of  time. 

Firebrick  vs.  Fireclay 

Needless  to  say  it  is  of  great  importance  in  laying  up 
firebrick  to  know  what  may  be  expected  of  the  fireclay 
with  which  bonds  are  effected  and  joints  made  tight.  A 
fireclay,  to  fill  its  utility,  must  make  good  Ijonds  between 
the  firebrick  and  must  produce  permanently  tight  joints. 
It  must  do  this  without  inducing  undue  fusion  in  the 
firebrick  and  must  not  fuse  unduly  itself. 

A  good  way  to  test  out  a  fireclay  is  to  lay  iqi  the  two 
halves  of  a  split  O-in.  firebrick,  as  in  practice,  with 
the  clay  in  question,  rubbing  down  joints  carefully.  This 
test  piece  is  then  heated  ip  the  desired  temperature  for  a 
stated  length  of  time  and  results  noted.  As  a  rule,  the 
fireclay  should  be  of  a  slightly  lower  degree  of  refrac- 
toriness than  the  firebrick  with  which  it  is  to  be  used. 
This  statement  is  made,  however,  with  caution,  for  it  is 
only  by  test  that  the  proper  degree  of  refractoriness  of  a 
fireclay  can  be  detenu ined  for  use  with  a  certain  brick 
under  certain  conditions.  It  is  well  to  remember  that  the 
less  fireclay  used  the  better,  so  long  as  the  desired  func- 
tion of  the  clay  is  attained. 

Physical  Tests 

As  a  rule,  physical  tests,  such  as  resistance  to  crushing 
load,  are  not  applied  to  firebrick  used  for  furnace  con- 
struction. Some  data  may  be  obtained,  however,  in  spe- 
cial cases  which  is  of  value,  but  the  fact  must  be  kept 
in  mind  that  temperature  plays  a  large  part  in  tests  of 
this  character  and  the  results  of  these  tests  at  ordinary 
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tciii|iciatiiii's  iiuisl  In- coiisidci'cil  .'iloii^r  willi  lln'  Iniiil  tcsln 
at  liij^li  li'm|H'ialiiri'8.  At  Ih-hI,  pliysiral  tt'Hts  al  or- 
iliiiarv  lcni|H'ratiiics  arc  a  iiicasiirc  nl'  llic  j^ciicral  work- 
iMaiislii|i,  the  (Ic^rrcc  ol'  lniiii  mikI  iln-  i oinlil loii  oT  llic 
lioiitlin^  of  a  lii'rln'ifk. 

IIkat  CoNDrci  ivity 

III  the  ciisc  of  l)(iilci-l  nin:u  (•  icrnictorics,  heat  ("M- 
iliiitivilv  is  iiol  (U'siri'd,  lallicr  llii'  ivverHo,  lor  it  is  In 
ri'lU'ction  ol"  lioat  llial  llio  gases  ol'  combustion  of  coal 
arc  ifjiiitcd.  It  is  ci|iially  true  that  those  bricks  whicli 
show  u  i'oin|)iiiati\(!\  low  dri^icc  nl  coiidiictivity  f^ivc 
t.lic  longest  service.  As  a  iiiatlcr  ol'  Jact,  the  lirick  com- 
posing the  lining  of  the  coiiilmslion  ihanibcr  slioiild  aisn 
show  a  low  degree  ol'  coiidiutiNit y  so  that  the  radiation 
losses  may  be  cut  down  as  iniuli  as  possiijie. 

Heat  conductivity  is  best  dclcniiined  by  the  calori- 
mctric  nicliiod  in  wliicli  ilic  heat  imparted  to  a  known 
volume  of  water  is  measured  oxer  a  stated  period  of  time. 
There  are  otlicr  methods  in  wliidi  tlie  penetration  of  heat 
itito  a  tirel)rick  is  moasnicd  bv  inserting  pyromotric 
couples  into  the  brick  to  varying  deptlis  and  the  tem- 
])eratures  noted.  Tn  such  tests  one  end  of  the  brick  is 
maintained  at  a  definite  temperature,  the  pyrometer 
cou])Ies  indicating  the  fall  in  temperature  away  from 
the  hot  end  of  tlic  brick.  Tlicse  tests  are  |)urely  com- 
parative, and  do  not  give  the  actual  conductivity. 

(ii;\  i:i!  \i.  It  \T\ 

Under  the  heading  (iciicral  Data  may  be  included 
notes  on  the  following  characteristics:  Worlonansliip; 
degree  of  burn:  iiulications  of  tlio  presence  of  tiu.xes. 
such  as  alkalies,  ferrous  iron,  titanium  oxide,  etc.;  size 
of  grain,  its  compactness  or  looseness;  tendency  to  spawl 
or  otherwise;  surface  checks  or  cracks;  conditions  of  the 
"skin";  behavior  wlien  cut,  its  tendency  to  ravel  or  other- 
wise: the  condition  after  heat  tests  and  load  tests  at  high 
temperatures. 

Analysis — TTi;riMATK  and   Kaiionai. 

The  ultimate  analysis  is  of  value  in  that  it  affords  the 
opj)ortunity  to  calculate  the  probable  degree  of  refractoi'i- 
ness  Ijy  the  so  called  ''Bisch()ff  number,"  in  which  case  the 
refractoriness  is  referred  to  the  relative  proportion  of  the 
silica,  alumina  and  fluxes  found  by  analysis,  according  to 
the  formula : 

a  \\J),  4-  b  SiO,  +  lU) 
where  EO  is  taken  as  the  unit  representing  the  fluxes, 
a  and  i  indicating  the  amount  of  alumina  and  silica  in 
proportion  to  the  fluxes.  Bischoff  suggests  that  the  degree 
of  refractoriness  be  shown  by  the  fonnula :  a-/b,  that 
clay  which  gave  the  highest  "numljer"  by  this  formula  to 
be  considered  the  most  refractoi'v.  This  method  is  some- 
what uncertain,  for  some  clays  give  figures  which  corre- 
spond well  with  the  direct  fusing  tests,  whereas  others 
do  not. 

The  rational  analysis,  in  which  an  attempt  is  made  to 
separate  the  clay  into  its  mineralogical  constituents,  is 
of  value  along  with  the  ultimate  analysis  whfen  carried 
out  properly.  It  requires  much  experience  to  get  ac- 
curate results. 

The  tests,  as  outlined  aliove.  will  give  satisfactory  re- 
sults when  conducted  with  care  and  with  a  proper  sense 
of  the  character  of  the  refractory  and  of  the  utility.   The 


best  test  of  a  refriiijory  in  iIh'  long  run  is  its  ad  mil  uhc 
for  ihi'  given  iMilily  and  uIiciic\'M'  ixissible  sikIi  praclicul 
tests  should  be  conducted. 

I*' 

AHIbers^er  MxmH^nlhiead  Heater 

W  hen  heating  le(;d  water  from  H)  or  ."lO  (leg.  to  within 
a  few  d(!greeH  of  the  temperature  of  the  steam,  the;  most 
severe  treatment  the  heater  gels  is  when  it  is  placed  in 
sei'vice  after  being  cold,  at   which   time  the  tiib(!H  an;  all 

of  one  length.  Tbcic  uill  also  be  an  uneipial  elongation' 
of  the  tubes,  due  to  the  cbaiig"'  of  lemperature  wliicli. 
unless  taken  care  of.  creates  strains  in  tlu;  tubes  ami 
tube  heads. 

.\ii  clVeitive  design  of  liealei-  has  recently  been  de- 
veloped by  the  .\lberger  Heater  Co.,  Chicago   and  (irang<"- 


Fu;.  1.  IIeatki;  with  Donu-K  Fl()atixg-T[ibk  He.\ds 


Floating 


Fig.  2.     Multihead  Water  Heatkr 

V^afer  Outlet- 


Air  Vent 


Fig.  3.     Sixgle  Head  ix  Two-Pass  Hkater 

Sts.,  Buffalo,  X.  Y.  Several  groups  of  tubes  are  per- 
mitted to  expand  or  contract  free  from  each  other,  by 
means  of  floating-tube  heads  which  hold  the  tubes  con- 
taining hot  water.  The  heads  may  assume  a  position, 
say.  14  in-  further  away  from  the  stationary-tube  head 
at  the  opposite  end.  than  the  floating- tube  head  hold- 
ing the  tubes  \vhich  contain  cold  water  (Fig.  1),  and  no 
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liarin  cnn  j'l'siiII  Iroiu  tlic  Liiicqiial  expansion  or  conti'ac- 
iion. 

In  Fig.  2  is  sliouii  a  design  J'or  lieating  boiler-feed 
water  wherein  a  niultiliead  design  is  used.  It  is  of  the 
four-pass  eonstruction.  'Die  right-hand  tube  head  is  se- 
cured to  the  slicU,  but  the  floating-tube  heads  at  the 
opposite  end  of  (he  shell  are  free  to  move  indejiendently. 
The  tubes  are  expanded  at  both  cuds  into  the  tube  heads 
and  no  packings  are  used.  The  cold  feed  water  enters  at 
one  end  of  the  heater  at  the  bottom  and  passes  through 
it  four  times  in  the  direction  of  the  arrows,  discharging 
at  the  same  end  and  at  the  top.  As  all  steam  and  feed 
connections  are  nuide  directly  on  the  shell  it  is  not  neces- 
sary to  break  these  pipe  connections  to  obtain  access  to 
the  heating  surface  for  cleaning  or  inspection.  All  heat- 
ers are  supplied  with  baffle-plates  to  protect  the  tubes 
from  the  im])act  of  the  incoming  steam,  and  assist  in 
distributing  the  steam  over  the  heating  surface. 

The  hot-water  service  oi-  domestic  supply  heater,  such 
as  is   used  in   hotels,   hospitals,   etc.,   follows  the  same 


construction.  As  the  service  this  heater  is  required  to 
jjcrform  is  unusually  severe,  the  multihead  arrangemeiii 
should  be  used  to  prevent  trouble. 

For  the  forced-circulating  heating  system  the  water  is 
usually  passed  through  the  heater  twice  because  of  the 
large  quantity  of  water  to  be  handled,  and  as  the  tem- 
perature range,  usually  from  20  to  25  deg.,  is  very 
small,  the  multihead  arrangemenl  is  not  necessary.  In 
such  a  heater  a  single  floating  bead  is  used,  as  illustrated 
in  Fig.  3. 

In  all  heaters  a  seamless-drawn  copper  tube,  which  is 
!)9.8  per  cent,  pure  copper,  is  used.  The  corrugated  tube 
was  adopted  in  order  to  obtain  a  high  rate  of  heat  trans- 
mission. The  corrugations  are  not  depended  upon  to 
take  cai-e  of  the  expansion  or  contraction.  All  tubes  are 
expanded  rigidly  into  the  tube  heads. 

The  induction  or  dead-end  principle  is  used  largely, 
although  a  steam-outlet  connection  can  be  furnished  if 
the  conditions  demand.  The  heater  is  made  in  either  the 
vertical  or  the  horizontal  type. 


By  S.  F.  JETtRf 


The  present-day  "safety  first"  movement  has  apparently 
take  aU  by  storm,  but  if  fuU  credit  is  to  be  given  where  credit 
is  due,  it  must  be  reniemliered  that  boiler  inspection  was  the 
first  "safety  first"  movement.  It  is  the  first  duty  of  the  boiler 
inspector  to  endeavor  to  jirevent  accidents  to  the  boilers 
under   his    care. 

He  must,  of  course,  know  boilers  thoroughly;  so  well,  in 
fact,  that  he  feels  confident  his  recommendations  or  demands 
are  absolutely  right.  His  Ijackbone  must  be  without  joints 
when  it  comes  to  arguing  a  case  legarding  changes  that  are 
necessary  for  safety. 

He  should  be  built  like  a  camel,  gastionomically,  and  learn 

to   eat   and   drink    when    he    reaches    a   point   where    food   may 

be   obtained.      These    requirements    do    not    particularly    apply 

•  to   New   England    inspectors;    in    the   West    and    South    it   is   a 

!  real   and    necessary    qualification.      Boiler    inspections    are    di- 

j  vided   into   two   general   classes,    usually    termed    external   and 

1  internal,    but   the   names   would    better   designate    their   nature 

I  If  they   were   called    operating   and    general    inspections.      The 

external   is  usually  made   without  any   previous   notice   to   the 

assured,    and    the    inspector's    duties    in    connection    with    this 

'  inspection   are  such   that   the   operation   of   the   plant   is   in   no 

I  way     interfered     with,     providing,     of    course,     everything     is 

I  found   in  order. 

To   make   an    internal    inspection,    it    is   necessary    that    the 
I  boiler  be  idle  and  empty  and   that  the  manhole  and   handhole 
plates  be  removed  as  well  as  otherwise  prepared  for  examina- 
:  tion.     I   will   first  describe   the    internal   or   general   inspection 
'  because   the   first   of  such    inspections   is   the   one   required    for 
the  approval   of  the   risk   for  insurance,   and  I   can  assure   you 
that  finding  the  boilers  is  sometimes  no  mean  part  of  the  in- 
spector's task. 
\        On  arriving  at  the  jilant  he  usually  meets   the  chief  engi- 
neer   and    otlier    plant    attendants.      At    this    meeting    the    in- 
'  spector's  ability  to  size  up  his  man  is  most  necessary,  because 
the    plant    employee    can    make    his    task    difficult    or    other- 
wise,   as   he   may    see    fit.    and    he    also   can    be    of    inestim,able 
value    in    imparting    information    regarding    operating    condi- 
tions   which    the    inspector    could    not    hope    to    obtain    in    any 
other  way.     Often  a  minor  accident  has  resulted  in  the  injury 
or  death  of  an  employee — causing  mental   anguish  as  well  as 
physical  pain,   and.   besides,  an   expense   to   the  assured   or  in- 
suring   company    which    could    have    been    prevented    by    pro- 
viding reasonalile  means  of  exit. 

The  blow-off  connection  is  a  fruitful  source  of  such  acci- 
dents. The  blow-off  valve  is  frequently  so  placed  that  the 
man    operating    it    is    in    a    closely    confined    space,    with    the 

*Al)stract  from  a  paper  read  before  the  Insurance  Insti- 
tute of  Hartford,   April  7,   1914. 

I        tSupervising    inspector    of    the    Hartford    Steam    Boiler    In- 
1  spection  &  Insurance  Co. 


piping  so  arranged  that  a  break  at  any  point  during  the  act 
of  blowing  off  is  likely  to  cut  off  all  means  of  his  escape. 
It  is  the  inspector's  duty  to  recommend  the  necessary  changes 
lequired  to  prevent  such  an  occurrence.  The  steam  and  wa- 
ter piping,  as  a  whole  has  to  be  carefully  considered  to  see 
that  there  are  no  connections  which  may  lead  to  accidents 
or  dangerous  conditions  of  operation.  The  feed  appliances, 
such  as  pumps,  injectors,  etc.,  and  the  piping  between  them 
and  the  boilers,  must  be  inspected  for  safety  as  well  as  gen- 
eral plan  and  capacity,  so  that  the  boilers  may  at  all  times 
be  supplied  with  an  abundance  of  water  to  meet  their  max- 
imum  capacity. 

SOME   FIRST    THINGS    TO    EXAMINE 

With  separately  set  boilers  the  connecting  pipes  to  the 
water  space  must  be  examined  to  see  that  it  is  separate  and 
distinct,  with  check  valves  properly  arranged  to  prevent  the 
transfer  of  water  from  one  boiler  to  another.  In  some  cases, 
where  the  heating  plants  woik  on  low  pressures  and  gravity 
returns,  it  is  found  best  to  do  away  with  check  valves  be- 
tween the  boilers.  The  steam  pipe  must  be  so  arranged  that 
no  pockets  will  be  formed  to  trap  the  condensation  and  it 
must  also  be  so  connected  that  the  movement  due  to  the 
expansion  and  contraction  can  take  place  without  undue 
strain  on  any  of  the  parts.  Many  lives  have  been  sacrificed 
owing  to  a  lack  of  precaution  and  forethought  in  suitably 
arranging  steam  piping. 

An  examination  must  be  made  of  the  connections  and  at- 
tachments for  determining  the  water  level,  for  it  matters 
not  how  strongly  a  boiler  is  built  if  the  water  line  is  continu- 
ally carried  even  a  small  amount  below  the  fire  line: 
disaster  is  almost  certain  to  follow  sooner  or  later.  Water 
columns  are  frequently  found  set  so  low  that  the  safety  of 
the  boiler  is  endangered.  The  blow-off  or  drain  connection 
from  the  water  column  is  examined  to  see  that  its  size  is 
ample.  The  connection  from  the  steam  space  of  the  boiler  to 
the  top  of  the  water  column  must  be  inspected  to  see  that 
there  are  no  connections  on  this  pipe  that  are  required  to 
furnish  a  supply  of  steam  for  any  other  apparatus,  or  that 
water  can  be  trapped  in  the  pipe.  Either  of  these  conditions 
will  render  the  indications  of  the  water  level  inaccurate. 
\\hether  the  location  of  the  steam  gage  is  correct  mu.st  be 
determined;  frequently  it  is  so  connected  to  a  boiler  that  the 
steam  comes  in  direct  contact  with  the  spring  or  it  is  so 
fastened  that  it  is  exposed  to  heat  from  some  part  of  the 
boiler  or  smoke  flue,  either  of  which  conditions  renders  its  in- 
dications inaccurate.  The  .safety  valve  is  a  most  important 
attachment  and  deserves  the  closest  scrutiny  to  determine  its 
condition.  The  escape  pipe  from  a  safety  valve  is  another 
frequent  source  of  danger,  and  the  inspector  must  see  that 
it  is  properly  drained  and  well  supported  to  prevent  undue 
strain   on   the   valve. 
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If  III!'  IioIIki'h  ari<  of  tho  Huaponiloil  ty|ii<,  llu<  iiblllty  of  Ihc 
NU|>|»>i'(M  to  Hiifoly  t'lii'i'V  tho  loud  iiiiiHt  liti  tlotiiriiiliioil.  TIiIh 
iiMiiiilly  loiiuli'ON  coiuplclt'  rliitii  of  coluinnii  iiikI  MUpporlluK 
iii«iiil>i<rM  iiH  wfll  iiH  Hlxt>H  of  hiiiiK'M'H,  otc.  Thi<  <li<t<>rii)liiii(loii 
an  to  wlu'thcr  i>iich  Hiippnil  Ih  cnrryltiK  lt«  piupcr  proporllon 
of  thr  limil  Im  iu'c'<>Mmully  iiiuilc.  for  |irop<<r  liollor  Hiipporl  1m 
JUHl  iiH  linpoi'tant  iih  k-kiiicIm  IIh  Hjifi'ly  iih  Ih  IIh  HtrtMiKtIi  l>> 
aiiv    ulhrr   ii-Hpi-cl 

Tiih:  i\'ri;uNAi,  i.N.srKcno.N 

The  Inxpcilor,  iifli-i  writing  llu>  muhwi'Ih  iihI<o<I  on  IiIb 
(liita  nllp  ii'ttaiilliiK  Iho  yurloiiH  piiitH  cxaiiiliicil  ho  far,  thfii 
ciiteiH  tlu'  top  manhole  with  a  ll^ht,  a  rule,  callperB,  a  ham- 
mer anil  UNually  a  clei'th  KaKO.  Up  HihI  caiefiilly  examlneH 
the  ooncllllon  of  the  paitn;  tho  Bhell  may  Bhow  evldencsH  of 
IilttInK,  e.spoclally  alonK  ami  JiiHt  below  the  water  line;  the 
tubes  may  be  pitted  or  thin  from  (general  corrosion;  the 
braces  may  bo  weakened  by  corioslon  or  they  may  be  loose, 
due  to  strain  or  Improper  flttInK-  The  soundncHH  of  the 
braces  Is  usually  determined  by  stiikliiK  them  with  thi^ 
hammer  as  well  as  by  visual  Inspection,  and  th(!  shell  is 
carefully  sounded  to  determine  If  there  are  Indications  of 
cracks  or  laminations  In  the  shell  material.  Many  of  the 
rivets  are  sounded  for  tightness.  The  condition  of  the  upper 
portion  of  the  boiler  as  regards  scale  or  oil  deposits  Is  as- 
certained, and  it  Is  not  uncommon  to  find  the  spaces  between 
the  tubes  analnst  the  rear  heads  comjiletely  stopi)od  with 
scale  for  a  foot  or  more.  Such  conditions  are  likely  to  lead 
to  serious  trouble.  If  not  explosion.  Any  indication  of  oil  In  a 
boiler  is  a  serious  matter;  there  is  no  substance  likely  to 
reach  the  interior  of  such  a  vessel  that  can  produce  an  effect 
at  such  wide  variance  with  the  apparently  harmless  nature 
of  the  cause. 

All  openings  to  outside  attachments  or  connections  are 
examined  to  see  if  they  are  free,  as  many  boiler  explosions 
have  been  caused  by  a  stoppage  of  the  water-column  con- 
nection. Where  the  connections  are  supplied  with  a  pipe 
screwed  into  a  i)art  of  the  boiler  or  into  a  flange  riveted  to 
the  shell,  the  inspector  must  note  whether  the  screwed  joint 
has  been  fully  made.  Since  this  insiiection  is  assumed  to  be 
the  first  one  made  of  the  boilers  under  question,  the  in- 
spector must  obtain  the  necessary  data  for  calculating  the 
strength;  he  must  know  the  distance  between  the  shell  and 
the  tops  of  the  tubes  to  correctly  estimate  the  amount  of 
bracing  required;  he  must  know  the  number  and  the  size  of 
the  braces  at  their  least  section  on  each  head.  The  number 
and  the  size  of  the  rivets  attaching  the  braces  to  both  the 
head  and  the  shell  must  be  known  so  that  the  weakest  ele- 
ment in  the  construction  can  be  taken  into  account  in  cal- 
culating the  strength.  The  thickness  of  the  heads  must  be 
ascertained  In  order  to  estimate  the  strength  of  any  unstayed 
surfaces  and  to  judge  whether  a  suitable  bearing  surface  has 
been  supplied  against  which  the  tubes  were  expanded^.  The 
pitch  and  the  size  of  the  rivets  must  be  obtained  as  well  as 
the  design  of  the  joint,  so  that  its  strength  relative  to  that 
of  the   solid   plate  may   be   determined. 

The  size  of  the  rivets  is  usually  judged  from  the  dimen- 
sions of  their  heads.  The  thickness  of  the  shell,  which  must 
be  known,  can  usually  be  measured  by  means  of  a  depth 
gage  applied  along  the  edges  of  the  plate  at  the  girth  seams, 
and  may  be  calipered  at  an  opening  in  the  shell.  If  there  is  a 
dome,  the  details  regarding  the  bracing  of  the  head  as  well 
as  those  of  the  connection  to  the  shell  must  be  secured  a.s 
well  as  the  dimensions  of  the  reinforcement  around  the  open- 
ing from  the  boiler  to  the  dome  should  this  opening  be 
large. 

Upon  coming  out  of  the  boiler,  the  inspector  can  place  the 
data  obtained  on  the  data  slip,  but  he  usually  waits  until 
after  completing  his  inspection.  The  layman  might  think  it  a 
difficult  feat  to  commit  all  of  these  measurements  to  memory, 
but  the  average  inspector  can  generally  repeat  offhand  the 
principal  data  of  a  boiler  several  weeks  after  taking  it. 

The  next  point  to  be  examined  is  the  interior  below  the 
tubes  if  the  boiler  is  supplied  with  a  manhole  communicating 
with  this  part  of  the  structure.  The  usual  points  to  be  given 
attention  here  are  the  soundness  of  the  bracing,  the  condi- 
tion of  the  shell  as  regard  corrosion  or  other  defects;  the 
heads  and  tubes,  and  to  note  the  quality  and  quantity  of  the 
scale  attached  to  the  surfaces.  Quality  of  scale  is  just  as 
important  as  quantity  as  regards  its  ability  to  injure  a  boiler 
or  detract  from  its  economical  operation.  The  tube-cleaner 
salesman  and  the  boiler-compound  man  frequently  quote 
tables  giving  the  different  efficiencies  of  opera.tion  due  to 
fixed  thicknesses  of  scale  is  boilers.  While  there  is  more  or 
less  regular  change  in  the  efficiency  of  a  boiler  with  carry- 
ing thicknesses  of  scale  of  the  same  quality,  it  is  pure  bun- 
combe to  state  that  a  given  thickness  of  any  kind  of  scale 
will  reduce  the  efficiency  a  fixed  amount. 

Proper  makeup  of  the  blow-off  pipe  is  determined  while 
tke  inspector   is   in   the   lower  part   of  the  boiler.      If  there   is 


ti<i  iiianlioln  below  Ihn  lub«N,  Ihn  Infornialloii  Juiit  Nperincd  In 
delcM'inlncd  uH  well  uM  poHHilile  wlille  In  th«<  uppor  part  of 
the  boiler,  and  iiIho  throUKh  tlx-  hand  holeH,  which  are  UNUiilly 
Hupplleil   In   the   front   and   rear   liciidH. 

After  coiiiplellnK  the  Internal  InHperllori,  the  InHpertor 
hIiouIiI  examine  the  front  heudn  externiilly.  liorn  corroHlon 
of  the  heail  and  the  lube  endn  Ih  likely  to  occur,  eHperlull;' 
If  the  boiler  Ih  lilted  with  u  Htuck  connected  <llrectly  to  thu 
I'XlenHlon  Hheet,  for  under  thene  condltloMH  rain  may  cfjine 
ilown  the  stuck  during  I'lle  perloilH,  anil  the  Hulphur  depowlt  in 
the  Htack  and  on  the  hejid  from  the  furnace  guHOH,  combined 
v.lth  the  niolHture,  cuuhch  extremely  laplil  corroHlon.  The  In- 
Mpe<tor  must  next  t^xumlne  the  front  lo  deterniirie  lh;it  no 
weight  of  tho  .boiler  Ih  curried  on  It.  urileHH  It  Mhould  hupiien 
to  be  one  of  the  type,  now  rapidly  dlHappe.-irlng,  which  Ih  de- 
signed to  ciiiry  the  weight  of  tho  front  end. 

KXAMININC;    TlIK    KrUNACK 

The  liiMpeclor  next  enterH  the  furnace  and  notCH  the  con 
dition  of  the  fire  !<heetH  and  the  .Meams,  anri  he  should  make  V 
careful  examination  of  the  .Murfaces  to  locate  any  bramlH  or 
Hliuni>H  pla<-ed  on  the  sheetH  by  the  inanufaclurers,  and  from 
which  the  tensile  strength  of  the  i)late  can  usually  be  ob- 
tained. If  rivets  leak.  It  Is  the  outnlde  of  the  boiler  that 
usually  reveals  this  fact,  and  when  leakage  Is  discovered  iti 
cause  has  to  be  ascertained,  so  that  necessary  recommenda- 
tions can  be  made.  T..oakage  of  the  girth  seamH  can  be  cauHed 
in  many  ways;  If  from  .'scale  or  oil  deposit,  the  inspection  of 
the  interior  already  made  will  generally  reveal  the  cause. 
Poor  workmanship  will  usually  be  evident  to  the  experienced 
inspector. 

The  location,  the  shape  and  the  size  of  the  bridge-wall 
which  forms  the  rear  limit  of  the  grate  surface  is  often  the 
cause  or  contributes  to  leakage  at  the  girth  seams.  In  many 
types  of  lioilers  the  improjier  suppoit  is  also  a  contributing 
cause.  Feeding  in  the  bottom  of  the  boiler  through  the  blow- 
off  connection  is  another  fruitful  source  of  such  trouble.  The 
inspector  must  examine  into  all  of  these  phases  and  must 
recommend    the   necessary    chan';es. 

The  inspector  must  keep  a  sharp  eye  for  evidences  of 
leaks  coming  from  the  vicinity  of  longitudinal  seams,  as  any 
such  leak  must  be  regarded  with  the  gravest  suspicion  as  the 
cause  is  likely  to  prove  a  hidden  crack.  This  defect  has  been 
responsible  for  some  of  the  worst  explosions  in  the  history  of 
steam  boilers  and  no  leak  at  a  longitudinal  seam  should  be 
considered   harmless   until   it  has  been   so   proved. 

The  condition  of  the  setting  walls  must  he  known  to  the 
inspector,  particularly  with  respect  to  their  ability  to  prop- 
erly support  the  boiler.  The  blow-off  i)ipe  should  be  ex- 
amined to  see  that  it  is  sound  and  f :  ee  at  the  bottom — that 
is,  that  no  weight  is  resting  on  it.  This  is  a  common  source 
of  accident.  The  freedom  of  the  blow-off  pipe  where  It 
passes  through  the  setting  wall  is  also  essential  to  safety,  as 
is  the  proper  protection  of  the  iiipe  from  the  direct  impinge- 
ment of  the  flame  and  the  highly  heated  gases  from  the 
furnace. 

The  rear  tube  ends  must  be  examined  for  leakage  and  for 
corrosion,  and  if  the  defects  a:e  disclosed,  the  cause  must  be 
determined  and  the  proper  recommendations  made.  The  con- 
dition and  the  position  of  the  covering  over  the  rear  com- 
bustion chamber  must  be  examined  into,  as  the  arches  gen- 
erally used  at  this  point  are  frequently  located  so  high  as  to 
cause  the  overheating  of  the  head  above  the  water  line.  The 
fusible  plug  which  is  located  in  the  rear  head  must  be  in- 
spected to  see  that  the  fusible  metal  is  in  proper  condition 
to  respond  to  an  increase  in  temperature  should  low  water 
occur.  After  examining  the  blow-off  valve  and  the  outer 
portion  of  the  pipe,  the  inspector  is  ready  to  test  and,  if 
necessary,  to  correct  the  steam  gage.  Then  the  Inspection  is 
completed. 

After  the  inspection  the  inspector  usually  discusses  the 
various  points  revealed  by  his  examination  with  the  chief 
engineer,  and  directs  him  in  regard  to  the  making  of  repairs 
o:  to  the  betterment  of  operating  conditions.  Inquiry  should 
be  made  as  to  the  maximum  steam  pressure  required  to  proP" 
erly  operate  the  machinery  used  in  connection  with  the  plant 
as  this  should  be  given  due  consideration  in  fixing  the  max- 
imum   pressure   to   be   allowed. 

THE  EXTERNAL,  INSPECTION 

While  the  external  inspection  is  not  nearly  so  complete 
as  the  internal,  it  is.  notwithstanding,  a  most  important  in- 
spection. Operating  conditions  can  be  observed  at  such  an 
inspection  and  dangerous  practices  stopped  before  it  is  too 
late  to  check  their  effect  on  the  boilers.  The  inspector  has  a 
card  or  list  indicating  the  allowed  pressure  on  the  boilers  to 
be  inspected,  and  on  entering  the  boiler  room  he  should  note 
the  gage  pressure  carried,  and  whether  all  the  gages  register 
alike. 

The  water  column  must  be  blown  down  to  determine  the 
freedom  of  the  connections  leading  to  the  column,   this  being 


May  5,  1914 


POWER 


651 


made  readily  evident  by  the  speed  with  which  the  water  re- 
turns to  its  original  level  as  well  as  the  behavior  of  the 
water  in  the  gage  glass  if  the  boiler  is  steaming.  The  gage 
cocks  should  be  tried  to  see  if  they  are  free  and  in  operating 
condition.  An  examination  is  next  made  of  the  fire  surfaces 
of  the  boiler  and  the  conditions  of  the  furnace  walls,  as  far 
as  can  be  ascertained  from  the  furnace  doors.  Notice  is  also 
taken  of  any  tendency  toward  leakage  or  bagging  or  blister- 
ing of  the  plates.  The  front  flue  doors  are  opened  in  order  to 
view  the  tube  ends,  which  are  examined  for  leakage  and  gen- 
eral conditions. 

The  rear  of  the  boilers  is  now  to  be  visited  and  the  con- 
dition of  the  blow-off  valve  and  connection  is  determined  as 
far  as  their  operating  condition  is  concerned.  There  is  fre- 
quently a  cleaning  door  in  the  rear  setting  wall  in  such  po- 
sition that  the  fire  surfaces  and  possibly  the  rear  tube  ends 
may  be  examined  from  this  point. 

The  inspector  next  visits  the  top  of  the  boilers  and,  ascer- 
taining the  steam  pressure  at  the  time,  he  tries  the  safety 
valves  or  has  the  engineer  try  them.  With  a  safety  valve  of 
either  the  spring-loaded  type  or  of  the  ball-and-lever  design, 
and  with  the  steam  pressure  not  over  20  per  cent,  less  than 
the  pressure  for  which  the  valve  is  set,  an  accurate  idea  of 
the  pressure  at  which  a  safety  valve  will  operate  can  be  ob- 
tained by  testing  the  freedom  of  the  valve  by  hand.  If  the 
safety  valve  does  not  appear  to  be  properly  adjusted,  the  in- 
spector requires  that  steam  be  raised  until  the  valve  oper- 
ates in  the  regular  manner  or  until  the  increase  in  pressure 
positively  demonstrates  that  it  is  set  for  a  pressure  in  ex- 
cess  of  the   limit   allowed. 

One  of  the  most  important  features  regarding  the  ex- 
ternal inspection  is  the  discussion  of  plant  conditions  with 
the  employees,  for  information  of  the  greatest  value,  both  to 
the  assured  and  the  insuring  company,  is  often  obtained  in 
this    way. 

The  mistakes  of  the  inspector  always  stand  out  in  bold 
relief  after  an  accident,  as  does  the  soundness  of  his  advice 
when  compliance  with  his  recommendations  and  demands  can 
be  assumed  to  have  prevented  the  accident,  but  how  many 
explosions  are  prevented  bj'  timely  warning  and  advice  can 
never  be  known. 

In  conclusion,  I  say  that  the  subject  allotted  to  me  is  so 
broad  that  I  have  been  able  to  touch  only  on  the  regular 
inspection  of  one  of  the  simplest  types  of  boilers,  while 
there  are  many  different  types,  practically  all  of  which  are 
far  more  complicated  than  the  one  discussed. 


At  a  meeting  of  the  Northeastern  Section  of  the  American 
Chemical  Society  in  Boston,  Mass.,  on  Apr.  24,  Dr.  William  H. 
Walker,  of  the  Massachusetts  Institute  of  Technology,  gave 
a  lecture  upon  the  manufacture  of  steel  pipe,  reviewing  the 
process  from  the  sampling  of  ore  at  the  mines  to  the  testing 
of  the  finished  product.  A  resume  of  the  lecture  is  printed 
herewith. 

Iron  is  one  of  the  most  widely  distributed  elements  in 
nature,  but  it  is  practically  always  found  in  combination  with 
other  substances,  occurring  largely  in  the  oxide  form.  Chem- 
ically pure  iron  is  extremely  rare;  its  separation  in  the  labor- 
atory is  a  long  and  tedious  process,  and  few  engineers  ever 
see  it  freed  from  combination  with  other  elements.  The  pro- 
duction of  pig  iron  in  the  United  States  has  increased  from 
8,000,000  tons  in  1896  to  31,000,000  tons  per  year  at  present. 
Forty-one  per  cent,  of  the  total  output  comes  from  Pennsyl- 
vania, 23  per  cent,  from  the  Great  Lalces  District,  9  per  cent, 
from  Illinois,  4  per  cent,  from  New  York,  and  6  per  cent,  from 
Alabama.  The  large  coal  deposits  of  Pennsylvania  are  im- 
portant factors  in  the  cheap  local  production  of  iron  and 
steel.  Some  of  the  largest  plants  on  this  continent  are  the 
Gary,  Ind.,  works  of  the  Indiana  Steel  Co.,  the  Lorain,  Ohio, 
works  of  the  National  Tube  Co.,  and  the  Chicago  plant  of  the 
Illinois   Steel    Co. 

The  Lake  Superior  district  is  the  largest  producer  of  iron 
ore,  and  the  Mesaba  Range  in  Minnesota  is  the  most  famous 
present  source  of  the  raw  material  of  the  pipe  Industry. 
From  the  range  to  the  steel  mills  of  Pittsburgh,  the  distance 
is  about  1000  miles.  The  ore  beds  are  sometimes  600  ft. 
deep,  with  a  heavy  overhang.  Steam  shovels,  efl^icient  ore 
cars,  excellent  docking  facilities  and  the  loading  of  steamers 
by  gravity  are  utilized  to  the  fullest  extent.  An  average 
steamer  cargo  of  ore  weighs  13,000  tons,  and  such  a  boat  can 
be   loaded   in   31   minutes. 

Unloading  by  cranes  and  multiple  buckets  consumes  four 
hours.  A  modern  blast  furnace  will  produce  500  tons  of  iron 
in  24  hours,  the  furnace  being  100  ft.  high  and  22  ft.  in  diam- 
eter  at    the    bottom.      To   produce   one    ton    of    iron    in    a    blast 


furnace  there  must  be  .supplied  eight  tons  of  air,  four  tons  of 
ore,  two  tons  of  coke  and  V^  ton  of  limestone.  The  furnace 
is  tapped  every  four  hours  and  the  iron  is  tapped  into  sand 
molds  or  into  ladles  as  conditions  require.  In  a  modern  blast 
furnace  40,000  cu.ft.  of  air  per  minute  is  supplied  at  a 
temperature  of  400  deg.  C,  and  a  pressure  of  15  lb.  per  square 
inch.  At  Gary,  all  the  gases  of  the  furnaces  are  burned  and 
enough  power  is  produced  by  the  gas  engine  and  electric 
generating  plant  to  operate  the  rolling  mill,  a  cement  plant 
and  other  establishments.  Eight  blast  furnaces  are  installed 
at    Gary. 

From  the  blast  furnace  the  iron  is  run  into  a  metal  mixer 
of  600  tons  capacity,  which  reduces  the  casts  from  different 
furnaces  to  uniform  temperature  conditions,  impurities  being 
later  removed  in  a  Bessemer  converter.  When  the  iron  has 
been  purified  by  blowing  air  through  the  charge  of  metal  in 
the  converter,  the  charge  is  emptied  into  a  traveling  ladle  and 
at  the  same  time  a  certain  amount  of  molten  spiegeleisen 
is  poured  into  the  ladle  with  the  iron  to  introduce  into  the 
metal  a  proper  amount  of  carbon  and  manganese  for  the 
grade  of  steel  required. 

In  usual  practice  a  train  of  cast-iron  ingot  molds,  with 
two  ingots  to  the  truck,  is  drawn  by  an  engine  beneath  the 
pouring  stand,  and  the  hot  metal  is  run  into  the  molds 
through  a  nozzle  in  the  base  of  the  pouring  ladle.  As  soon  as 
the  ingot  is  set.  the  mold  is  drawn  from  it  by  a  hydraulic 
stripper,  and  it  is  lifted  by  an  electric  crane,  and  lowered 
into  a  soaking  pit  or  heating  furnace,  where  it  is  raised  to  the 
proper  temperature  for  rolling.  From  the  soaking  pit  the 
ingot  is  taken  to  the  mill  and  passed  through  the  blooming 
rolls,  which  reduce  it  in  section  ready  for  shearing  into 
slabs  and  billets.  Electromagnets  are  extensively  used  in 
handling  billets.  The  billets  in  manufacturing  pipe  are  le- 
heated  and  passed  through  a  continuous  mill  consisting  of 
a  large  number  of  rolls  in  pairs,  placed  one  beyond  the  other 
at  increasing  intervals.  As  the  billets  or  slabs  are  carried 
through  each  successive  pair  of  rolls  they  are  reduced  in 
thickness  and  increased  in  length,  until  they  issue  from  the 
last  pair  of  rolls  in  the  form  of  long,  narrow  plates  called 
"skelp." 

In  the  narrower  strips,  used  for  smaller  pipes,  the  width 
is  sufficiently  uniform  to  eliminate  trimming  with  shears,  but 
the  skelp  for  large  pipes  has  to  be  carefully  trimmed  to  the 
correct  dimensions.  In  lap-welding,  the  plate  is  first  laid 
upon  a  traveling  table  and  has  its  edges  beveled.  It  is  then 
heated  in  a  bending  furnace  and  rolled  up  into  the  form  of 
a  pipe  with  the  beveled  edges  overlapping.  The  material  is 
heated  and  passed  through  concave  welding  rolls,  between 
which  a  ball-shaped  mandrel  of  a  diameter  equal  to  the  in- 
terior of  the  pipe,  is  held  in  position  by  a  long  bar.  As  the 
skelp  passes  through  the  rolls  the  overlapping  edges  are 
squeezed  together  between  the  rolls  and  the  mandrel  into  a 
perfect    weld. 

The  rough  pipe  is  then  passed  through  sizing  rolls  and 
brought  to  the  exact  diameter  required;  then  through  the 
cross-straightening  rolls,  after  which  the  pipe  is  rolled  on 
a  cooling  table  to  prevent  warping,  and  is  finally  forced  by 
a  hydraulic  press  through  the  dies  of  a  straightening  ma- 
chine. The  ends  are  then  trimmed  and  threaded,  and  after 
being  screwed  into  the  couplings,  the  pipe  is  given  various 
bending,  torsional,  flanging  and  compression  tests  in  a  hy- 
draulic machine.  If  the  weld  breaks  the  pipe  is  scrapped. 
Lap-welding  is  now  applied  to  larger  pipe  up  to  a  maximum 
length  of  15  to  18  ft.,  and  a  diameter  of  20  in.  Test  pres- 
sures vary  from  300  to  3000  lb.  per  square  inch.  In  the 
larger  sizes  the  maker's  name  is  rolled  into  the  pipe,  and  in 
the  smaller  sizes  it  is  stenciled  upon  the  pipe.  Boiler  tubes 
are  tested  under  the  drop  hammer  by  end-on  blows. 

In  butt  welding,  the  edges  of  the  plate  are  left  square. 
The  skelp  is  heated  to  the  welding  point  and  is  then  drawn 
through  a  bell-shaped  die,  the  diameter  of  which  is  a  little 
less  than  that  of  the  skelp.  The  pressure  thus  induced 
squeezes  the  edges  together  and  makes  a  perfect  weld.  The 
smaller  pipes  are  generally  fitted  with  screwed  flanges  and 
couplings.  Nothing  is  required  in  the  interior  of  the  pipe  in 
butt    welding. 

The  attainment  of  the  proper  temperature  during  the 
drawing  process  is  vital  to  the  success  of  the  work.  The 
larger  pipes  must  be  kept  moving  during  butt  welding  to  pre- 
vent sagging.  There  is  a  tendency  for  scale  to  run  to  the 
bottom  and  cause  corrosion  in  butt-welded  pipe.  At  the 
works  of  the  National  Tube  Co.  a  method  of  overcoming  this 
trouple  has  been  developed  for  pipes  up  to  4  in.  in  diameter. 
The  pipe  is  passed  through  rolls  which  pull  it  enough  to 
loosen  the  scale,  which  then  drops  off.  This  treatment  is  of 
great  value  when  a  pipe  is  to  be  galvanized  and  has  a  future 
outlook,   which   is  worth   bearing  in   mind. 
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The  Exposition's  Progress 

A  piirl  i<(  till'  iiiiilii  I'xhililt  HiM'tliiti  i>r  till'  I'liiiiiinii-l'iK'illi' 
liitcriiiilloiiiil  Kx|iii><ltl(>ti,  to  ii|H>ii  In  Sum  KntiirlMi'o  In  I'.tUi, 
Is  Hliown  lii'i'i'.  Till'  |ili'tui'i<  wiiH  tiiki-ii  fruni  tin-  Himtli  nIiIi- 
«f  till'  Ki'oiiiiilH.  Till'  liir«i'  Ki'i>ii|iH  "f  liiillilliiKH  rliiHtori'iI 
on  till'  rlKht  III'  lii'twciMi  th<>  hhiiIIi  Kiirdi-nn  nnil  nil  flitli- 
oniti'ly  lanilHi'iipi'il  iniirino  liouli'Viiid  on  the  8hori'M  of 
Snii  Kiani'lHco  liiirlior.  Thf  t-xjioNltloii  Ui'H  In  ii  Kii-iit  niiliiral 
ainiililthi'iitcr  I'lu'lnli'd  on  tlu'  noiitli,  <>a«t  anil  wi'hI  liy  thn 
hill.M  of  San  KranilHro  am)  tin-  womli-il  Hlopi'M  of  til.'  I'ri'HiiII" 
ro.Mitvatlon.  'rin-  plrtiiir  wasi  taUi'ii  at  a  I'oiiHlili'iabli'  i-lcva- 
tloii   iinil  HO  (loi'K  not    rovi'iil   llii'   nvnH   lii'luht   of   thi'   biillilliiKH. 

Till'  lartfi'  sli'i'l  frami'  mi'.'II  In  tlii'  ri'iiti-r  of  tlU'  k'anli'iiM  Ih 
till'  ilonu>  of  tin-  I'aliuo  of  Iloitliultuii'.  ThlH  iloiiii'  1m  ISfi 
ft.  liiKh  and  152  ft.  In  dlain.ti-r;  whin  (ompli'liil  It  will  lii' 
oovi'icd  with  >;ln.ss  and  at  nitjht  colored  soarchllKhtH  will 
play  upon  It  from  within,  kIvIii*;;  lln'  doiiii'  tln'  cfT'ct  of  a 
glf^antU-  soap  Inilibli'.  sparkllii*,'  aiul  lilili'Mcciit  in  .ill  tlu' 
colors   of    the    rainbow. 

In  the  foii-niound.  before  th\-  Palace  of  Ilortii-ulture,  \» 
a  part  of  the  south  Ki""don8.  which  will  be  marvels  of  tropi- 
cal   transplantinK. 

The  large  Kl'oup  of  bulldiuKS  on  tin-  linlil  has  elKht  ex- 
hibit palai-es.  four  of  which  face  on  San  l'"i:inclsco  harbor, 
the  others  borderhiK  on  the  south  Kaideiis.  The  bulldiiiKS 
facing    the    south    H'ai'dens    aie.    Kit    to    riKht,     the    I'alaces    of 


MesnoriAl  to  '"Titainiic"£mgiinieers 

Umveiled 

The  unvellliiK  at  Soiithiiinplon,  KiiKland,  on  Apr.  23,  of  u 
nieniorliil   to   the  enKlneerH  of   th<<   "Tlliiiile"   watt   wItneitHed   by 

III, 11(11)    IlerMonH. 

The  ceri'iiiony  wiih  perrurmeil  by  Sir  Archibald  D'linv,  lli. 
SeottlHh  Hhlpbiillder,  and  an  addieHH  wan  delivered  by  Albi-n 
\V.    Swulin,    United    StateH   CoiihuI    at    Soiithumpton. 

The  memorial  Ih  a  *rranlte  inonumenl,  durmounlid  by  .i 
bronze  anKel   bearing  a   laurel   wreath. 


Nova  Scotia  Mime 
I£:Kp]losiom 
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An  explosion  occuiicd  at  the  Oiuninioiiil  i 'iiiliei  :.■«  ;i  i 
Weslvllle,  N.  S.,  Apr.  2.  at  about  '.)  a.m.,  which  coHt  the  llv. 
of  seven  men  and  Herlously  injured  live  others.  The  bolli  i 
wa.s  built  In  190S  by  the  Canadian  Heine  Safety  Boiler  (,'o  , 
of  Toronto,  whiih  has  since  none  out  of  existence  and  nev<.| 
had  any  connection  with  the  United  StateH  company  of  thai 
name.  The  presHure  for  which  the  boiler  waH  designed  wii: 
l(i5  pounds,  but  the  safety  valves  were  set  to  blow  at  lH" 
lb.    and    wen-    blowiiiK    at    the    time    of    the    accident. 

Till-    laiKe    loss   of   life    was   iliii-    to   llie   pri'sence   of   a    nuni- 
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Education,  Liberal  Arts,  Manufactures,  and  Varied  Industries; 
the  palaces  facing  the  harbor  are  Food  Products.  Agriculture, 
Transportation,   and   Mines  and   Metallurgy. 

The  larjje  white  dome  from  left  to  right  is  on  the  Palace 
of  Education;  this  dome  is  IKO  ft.  in  height  and  100  ft.  in 
diameter.  The  next  dome,  of  similar  proportions,  is  on  the 
Palace  of  Liberal  Arts.  Next  to  it  may  be  seen  the  dome  of 
the  Palace  of  Food  Products.  The  building  to  the  right  and 
prominent  in  the  picture  is  the  Palace  of  Manufactures, 
on  which  the  dome  has  not  yet  been  superimposed.  The  cros.i 
naves  in  this  palace,  at  the  intersection  of  which  the  dome 
will  be  placed,  are  110  ft.  high.  Then  comes  the  dome  of  the 
Palace  of  Transportation,  and  at  the  extreme  right  appears 
one  corner  of  the  Palace  of  Varied  Industries.  In  the  open- 
ing in  the  center  of  the  group  and  to  the  right  of  the  first 
two  domes,  will  be  the  Tower  of  Jewels,  which  will  rise 
in  terraces  to  a  height  of  433  ft.  The  tower  will  be  cleft 
by  an  archway  125  ft.  high,  through  which  visitors  will  enter 
from   the   main    gates   into   the   Court   of  the  LTniverse. 

Thousands  of  men  are  at  work  on  the  grounds,  and  the 
construction  is  proceeding  with  unparalleled  rapidity.  Ma- 
chinery Hall,  with  an  area,  of  nine  acres,  is  now  practically 
completed.  Three  buildings  are  almost  finished  and  all  of 
the    palaces   will    be    ready    to    receive    exhibits   on    July    1. 

Municipal  Electric  Plant  Completed — The  new  '$75,000 
municipal  electric-light  plant  and  distributing  system  of 
Cedar  Falls,  Iowa,  has  been  completed.  Current  is  now  being 
furnished  for  street  lights  and  connections  have  been  made 
■with  a  number  of  factories.  The  new  plant  will  gradually 
take  over  the  entire  electrical  service  from  the  Citizens'  Gas 
&    Electric    Co.,    whose    franchise    expired    some    months    ago. 


ber  of  men  in  the  boiler  house  eating  their  morning  lunch. 
The  gist  of  the  testimony  brought  out  at  the  inquest  was 
that  the  plates  were  lacking  in  ductility  and  that  it  seemed 
to  be  another  case  of  an  explosion  due  to  a  hidden  lap-seam 
crack,  to  the  dangers  of  which  "Power"  has  repeatedly 
drawn    attention. 

Further   details   and   photographs   will   appear   in    an   early 
issue. 


FeirastocM  IBtuia'stls  s\t  Spiers  Falls 

A-s  a  result  of  the  bursting  of  a  penstock  at  the  Troy 
electric  plant  at  Spiers  Falls,  near  Troy,  N.  Y.,  the  evening 
of  Anr.  21,  the  entire  city  and  adjoining  towns  were  plunged 
into  darkness  and  the  trolley  lines  tied  up.  The  waters  of 
the  Hudson  River  rose  and  part  of  the  United  Traction  Co.'s 
tracks  on  the  west  side  of  the  Hudson  was  said  to  be  inun- 
dated. Reports  from  the  north  say  the  woods  are  full  of 
snow  and  that  the  rain  and  warm  weather  are  resulting  in 
a    flood   of   some   magnitude. 


The  electric  generating  companies  of  Los  Angeles,  the 
Southern  California  Edison  Co.,  the  Los  Angeles  Gas  &  Elec- 
tric Corporation  and  the  Pacific  Light  &  Power  Corporation 
have  agreed  to  buy  all  of  the  energy  generated  by  the  Los 
Angeles    aqueduct    power    plants. 
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III  a  forniivl  offer  the  companies  aKi'ocd  to  pay  the  city  a 
wholesale  price  to  be  set  by  the  State  Railroad  Commission 
amounting-  to  at  least  a  million  dollars.  This  is  with  the  full 
understanding  that  the  city  council  will  protect  the  people 
by  fixing  a  low  retail  rate.  As  an  alternative  the  companies 
have  offered  to  enter  into  a  cooperative  arrangement  with  the 
city  for  the  public  use  of  their  complete  distributing  systems 
for  five  years,  the  city  to  make  all  rates,  all  contracts  with 
consumers,  read  all  meters,  handle  all  money  and  collect  all 
bills. 

The  companies  will  receive  only  the  sum  determined  by 
the  State  Railroad  Commission  as  equitable.  It  is  pointed 
out  that  either  of  the  offers  will  materially  reduce  tax 
burdens  and  that  cooperation  between  the  city  and  the  com- 
panies for  five  years  will  greatly  improve  Los  Angeles'  finan- 
cial standing. 


In  the  construction  of  the  new  buildings  of  the  Massa- 
chusetts Institute  of  Technology  on  the  Cambridge  side  of  the 
Charles  River  Basin  at  Boston,  rapid  progress  is  being  made. 
Some  400  men  are  at  worlc  on  the  site,  and  the  force  is  being 
steadily  increased.    Concrete  was  first  poured  for  the  founda- 


made  appaiatus,  still  the  illustrations  and  problems  are  such 
as  will  afford  a  good  understanding  of  the  subject  without 
tlie  actual  e.xperiments.  Briefly,  the  subjects  covered  are 
magnetism,  electro-magnetism,  electromagnetic  induction,  the 
electric  current,  resistance,  induced  currents,  and  electrolysis. 
Only  simi)le  mathematics  are  employed  and  the  applications 
are  well  illustrated  witli  problems. 


The  motion-picture  lecture  on  the  manufacture  of  pipe 
from  the  ore  to  the  finished  product,  as  given  by  the  National 
Tube  Co.  in  various  cities,  was  delivered  in  the  Y.  M.  C.  A. 
hall,  Newark,  N.  J.,  on  May  5.  Those  in  attendance  were 
chiefly  engineers,  plumbers  and  steam  users.  Admission  was 
free. 

The  14th  annual  six  weelis'  summer  school  of  the  College 
of  Engineering  of  the  University  of  Wisconsin  will  open  on 
June  22.  Courses  of  instruction  and  laboratoiy  practice  are 
offered  in  electrical,  hydraulic,  steam  and  gas  engineering, 
mechanical  drawing,  applied  mechanics,  testing  of  materials, 
machine    design,     shopwork    and    surveying,     in    addition    to 


IS\L   J'jXl'USl'l'K 


()i'i:n'  i\  San  Fisaxcisco  in  IDl. 


nuns  on  Apr.  9.  Three  piledrivers  are  at  work  with  a  ca- 
pacity of  300  piles  per  day,  and  an  extensive  lumber  yard 
and   construction  mill   equipment   are   in   use. 

The  well  of  the  hydraulic  laboratory  is  practically  com- 
pleted and  the  aeronautical  laboratory  is  leady  for  service. 
An  experimental  span  is  being  erected  for  the  electrical 
laboratory  for  transmission  investigations,  with  two  steel 
towers  similar  to  the  Big  Creek  (Calif.)  installation,  the  span 
being  500  ft.  Thesis  work  by  Institute  students  is  being 
pushed  along  civil-engineering  lines,  including  tests  of  full- 
.size  concrete  beams.  Electrical  energy  for  construction  ser- 
vice on  the  ground  is  being  supplied  by  the  Cambridge  Elec- 
tT-ic  Ijight  Co.,  a  90-kw.  transformer  installation  having  been 
erected    for    present    requirements. 

The  buildings  are  being  erected  by  the  Stone  &  Webster 
TOnginering    Corporation,    of    Boston. 


which  subjects  may  be  taken  in  the  College  of  Letters  and 
Science.  For  bulletin  or  for  further  information,  address 
P.   E.   Turneaure,  University   of  Wisconsin,   Madison,   Wis. 


KLEMENTART    MAGNETISM    AND    ELECTRICITY.     By    Cyril 
M.   Jan.sk v.      Published    bv   the   McGraw-Hill   Book   Co.,    239 
West   Thirtv-ninth   St.,   New    York.    1!>14.      Size    6x9    inches; 
212    pages,    illustrated.       Price    $1..'')0    net. 
This   book   has   been    prepaied    in   connection   with   the   ex- 
tension course  of  the  University  of  Wisconsin  and  as  such  is 
especially  adapted   to  those  who   have  had   some  practical  ex- 
perience  with   electrical    machinery,    but   are   unfamiliar   with 
the  theory  and  fundamental  principles  of  operation.     The  ex- 
perimental method   of  presentation   is  employed,   and    while   it 
would    be    advisable    if   the    reader   could    carry    out    these    ex- 
periments   which    are   mostly    simple   and    require    only   home- 


E.  J.  Deckman,  for  seven  years  past,  the  representative  of 
the  Hoppes  Manufacturing  Co.,  in  Pittsburgh,  has  become  dis- 
trict sales  manager  for  the  Eynon-Evans  Manufacturing  Co., 
for  Pittsburgh  and  vicinity,  with  an  office  in  the  Oliver 
Building. 

W.  J.  Maxwell,  formerly  one  of  the  chief  operating  en- 
gineers of  the  Merchants'  Heat  &  Light  Co.,  Indianapolis,  has 
I'ccepted  a  position  as  engineer  of  the  Spy  Run  power  sta- 
tion  of  the   Fort  Wayne   &   Northern   Indiana   Traction   Co. 

W.  S.  Heger  has  recently  been  appointed  by  the  Busch- 
Sulzer  Bros.-Diesel  Engine  Co.  as  manager  of  the  Pacific 
Coast  sales  division,  with  offices  in  the  Rialto  Building,  San 
Francisco.  He  has  the  assistance  of  Hugh  S.  Jones  and  W.  S. 
Heger,  Jr.,  as  sales  representatives.  For  25  years  Mr.  Heger 
has  been  selling  anri  installing  power-plant  equipment  on  the 
coast.  He  establislied  the  original  Pacific  Coast  agency  of 
the  General  Electric  Co.  in  1889.  In  1895  he  became  the  man- 
ager in  the  same  territory  for  the  Westinghouse  Electric  & 
Manufacturing  Co.,  from  which  position  he  resigned  after  10 
years  to  become  assistant  to  the  president  of  the  Allis- 
Chalmers  Co.,  later  returning  to  the  coast  to  assume  charge 
of  its  San   Francisco  and   Los  Angeles  offices. 
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NEW  EQUIPMENT 


%i'i. \NTi<'  <«n.s'r  «*t\ti:h 

Tl\o  A.  I,.  Swrit  lOUu-lilc  MkIU  &  Power  Co.  Ih  loiiHldci  Ihk 
nil    i<xiu-nillt\ir('    of    $miOO    for    thu    liniiiovrinriit   of    ItH    plimt    iil 

M.'dlim.    N.    Y..    IihIikIIiik    tho    liiMtalliilloii    of   a    l^O-lip.    K< i- 

iilor    Hiul    a    wa«or    wliool    foniu'cti-il    to    ji    »{""<">al<)r. 

Til.-  fouiu'll  of  Itutlir.  N.  .1.,  contfinplat""  th<-  limtallatloii 
of    u    iiiuIlU-lpill    I'lcrtili-llKhl     plant     to    (■u«t     $35,000. 

SOI    IIIKUN     MTVIIOS 

IMaiiH  air  lu'liiK  ronxlili'.-.il  for  Ihr  liiMtallatlon  of  ii  munic- 
ipal   fU-itili-llKht    plant   at    Klora.    Mlsa. 

rians  all'  l)<4nK  <onsUl.Tril  for  tin-  InHtallatlon  of  a  munld- 
il    fU-itrli-llKlit    plant    at    Itriiuix    llrldtic,    La. 

.  t.  1  ..1  f 1 /^„  11«».«..Vtlu 


I  hKliK'.  to  III  InMlalli'd  afti-r  liolli-r  anil  pumping  i'i|iiipMi<-Mt  Ih 
.  nrnpli'ti'il. 

A  I'oinpany  In  Ih-Iiik  orKaiiliii'il  for  tin-  piirpoNi-  of  i-on- 
HlnictlnK  an  i-ii-ctrlc-llKnt  plant  In  Ciiilli!.  Kv  Stiinli-y  Whlti-, 
(i.iirK<-   Hinllh    itnil    A.    P.    W  hlli  ,    Caclls!.    an-    int<ri«ti  <l. 

Th«'  city  of  Hi'bri-c.  Ky.,  will  piirrliam-  Ixilli-rH  for  a  wutiT- 
wurka    to    hu    InMtiilli'd    shortly. 

« 'i:\Tit  A  I.  NT\Ti:s 

,t.  10.  I.facli  Ih  iiiakInK  prcllinlnarv  arriinKemcntH  for  llii- 
in.Mtallatloii    of    an    ■■Ifctric-llKlit    plant    at    ('hcn<-y vlllc,    III. 

\\  KHT    OK    TIIF.    MIMMIMNII'I'I 

A.  1,.  PitU  conti-inplati'H  tin-  InHtallatlon  of  an  clcctrli- 
IlKlit    plant    In    AriiolilH    Park,    Iowa. 

Thi'  Ci-ntral  Iowa  I.IkIU  &  Power  Co.  Ih  pnparlnK  to  In- 
Htall    an    eli-('trlc-ll»;ht     plant    In    (iowrli-.    Iowa. 

KondH  for  $50.0(10  havi-  lii-iii  voted  for  the  conHtructhjn  ol 
an    ele<trlc-UKhl   jilant   at    Pratt.   S.    IJ. 

\V.    F.    Mulnney,    MarHhall,    Minn.,    will    InHtall    an    fleftrli 
lljjlit    plant    In    Cottonwood,    Minn. 

PreparationH  are  ImIiik  made  for  the  Installation  of  a 
municipal    clectrlc--liKht    iilant   at   MIntare,   Neb.,    to   eoHt   16000 

At  a  recent  elcflon  lionds  for  $20,000  were  voted  for  thir 
InHtallatlon  of  a  municipal  electrlc-llKht  plant  at  I'arker, 
S.    1>. 

Bonds  for  $20,000  have  been  voted  for  the  conHtruction  of 
a   municipal    electrlc-llKht    plant    at    Manilla,    Iowa. 

J.  H.  Sterling  and  a«soclate.s  are  interested  In  the  Installa- 
tion   of    an    electi  ii-li>,'ht    plant    :i  I     liayton.    Tix 


Oa^siiBiedl  Adli 


Positions  Wanted.  :i  .■cnl.s  a  wi.rd.  n.lnlnuiin  rimrk'e  .^0(■.  .in  Oiscrtlon,  In  lulvunoc. 
Positions  Open,  (C■1^  Ii  Service  l-\unilMailcm.s).  Kmpldymeiu  AKCiieles  (Labor 
Hureau.s),  Huslne.ss  Oi>uortuiiltle.s.  Wanted  (ARent-s  and  Nalesmen—t  onlrait 
Work)  and  Kiir  Sale.  5  eents  a  word,  minimum  iha.Re.  SI. 00  an  Insertion. 
Misccllan.-ous  (Kdueatlonal— Hooks)  U)  cents  a  word,  minimum  eharnc  S1.50. 
Count  three  words  tor  keyed  address  care  of  New  York;  four  for  C'hlcaKO.  Ab- 
breviated words  or  symbols  count  a.s  full  words. 

Copy  .should  reach  us  not  later  than  10  A.  M.  Tuesday  for  cnsuinK  week's  issue 
An.iwers  a(ldre.«ed  to  our  care.  .WS  I'earl  St.    New  1  ork    or  '  ,11^!?,??f " 
Block.  ChlcaKo.  will  lie  forwarded  (exceiitlnK  circulars  or  similar  literature). 
No  information  given  by  us  rcKardliiK  keyed  advertiser's  name  or  address. 
OrlKlnal  letters  of  recommendation  or  other  papers  of  value  should  not  be  Inclosed 
to   unknown   correspondents.     Send   copies. 
Advertisements  calling  for  bids.  S.S.BO  an  inch  per  insertion.  P 


FOSITHOHS  ©PEH 

COMPETENT  ENGINEER  to  run  140-hp.  De  La  Vergne 
oil  ensine;  one  capable  to  do  all  repairs;  state  experience 
and  wages  desired.     Gifford-Wood  Co..  Hudson.  N.  Y. 

WANTED,  bv  a  large  company,  an  experienced  and  capable 
man  who  thoroiighlv  understands  his  business,  to  take  charge 
of  a  department  working  about  100  men.  making  elevator 
cars  and  iiiclosures.     P.   211.  Power. 


Competilive  ejcnminations  for  the  cirit-senice  positions  named  below  will  be  held  on 
or  up  to  the  dites  giveti.  For  detailed  information,  write  the  I'nited  States  Civil  Ser- 
vice Commission.  Washington,  D.  C,  or  other  addresses  specified. 

STEAM  ENGINER — $900-$1500:  examination  May  23;  for 
vacancy  at  the  Capitol  healing  and  power  plant;  for  residents 
of  Wisconsin  only;  write  Wisconsin  Civil  Service  Commission, 
Madison.    Wis. 

POSSTSOMS   ^^AMTEB 

GAS  ENGINEER,  seven  years'  experience  with  gas  and  oil 
engines,  producers,  air  compressors,  pumps  and  electric  work; 
best   reference;   will   go  any   place.     P.  W.   215.   Power. 

POSITION  WANTED  bv  engineer  well  versed  on  steam, 
electric  machinerv.  a.c.  and  d.c.  Corliss  and  high-speed  en- 
gines; good  references;  Western  States  preferred.  P.  "W.  210, 
Power.   Chicago. 

MECHANICAL  ENGINEER,  five  years'  experience  erection 
and  maintenance  factory  and  power-plant  equipment,  build- 
ing construction,  handling  of  material  in  bulk  and  package. 
P.   W.   216.   Power. 

SENIOR  MECHANICAL  ENGINEERING  STUDENT,  22. 
wants  employment  after  June  10.  1914;  will  do  anything; 
lifetime  experience  in  shops  of  my  own;  am  accustomed  to 
hard  work;   anything  will   do.      P.   W.   212.   Power. 

LET  ME  INCREASE  YOUR  BOILER-ROOM  EFFICIENCY; 
thoroughly  experienced  in  the  combustion  of  fuels  and  the 
design  and  operation  of  stokers;  now  holding  responsible 
position  with  stoker  company;  age  29.  P.  W.  213.  Power, 
Chicago. 

MECHANICAL  ENGINEER,  technical  graduate,  .  30  six 
years'  experience,  thoroughly  familiar  with  shop  methods, 
four  years  mechanical  engineer  and  chief  draftsnian  for  rail- 
road "recently  taken  over  by  a  larger  system;  references  the 
best.     P.  W.  "209,  Power. 

WANTED — To  correspond  with  manufacturer  desiring 
services  of  master  mechanic,  having  erecting-engineer  and 
machine-shop  experience;  can  handle  men  acquainted  with 
all  latest  high-speed  machines  and  boiler  appliances.  P.  vv. 
208,   Power. 


.SlIPEKlNTI'iNUENT  of  power  ot  large  group  of  pow.  i 
plants,  desires  to  correspond  with  employers  requiring  tti 
services  of  a  high-grade  power-plant  engineer;  thoroughl. 
experienced  In  all  branches,  and  can  deliver  results;  only  i 
strictly  high-grade  position,  and  salary  commensurate  with 
same    is   solicited.      P.    W.    214.    Power. 


WANTED 

AGKNT.S    AM)    SAI.KSMEN 


.SALESMAN — Thoroughly  competent  steam  specialty  sales- 
man; one  that  can  sell  high-grade  goods.  W.  120.  Power, 
Chicago. 

SPECIALTIES — If  you  recognize  the  value  of  approved 
specialties  in  an  engine  and  boiler  room  as  a  means  to  higher 
efficiency;  if  you  believe  in  this  sort  of  thing  to  the  extent 
that  you  think  you  could  sell  a  well  known  boiler  specialty 
in  your  territory  for  an  old-established  manufacturer  in  the 
power-plant  field,  write  and  tell  us  all  about  yourself;  on  re- 
ceipt of  your  letter  we  will  outline  our  proposition  in  full. 
W.   33,   Power. 

MISCELLANEOUS 

ASBESTOS  SHEET  PACKING  guaranteed  superior;  all 
sizes,  any  quantity;  state  requirements  extreme  prices,  perma- 
nent supply,  sariiples.  "Manufacturer."  634  Temple  Court 
Building.    New    York. 

ENGINEERS — Do  you  want  to  utilize  you--  exhaust  ste.nm 
for  heating  or  drying  purposes  without  back  pressure  on 
your  engine?  If  so  address  Monash  Engineering  Co.,  1417 
West   Jackson   Blvd.,   Chicago,    111. 


FOR  sails: 


BOILER — 350-hp.  water  tube,  used  30  clay.s;  insured  200  lb. 
steam  pressure;  cost  $3500;  price,  $1500.  Duzets  &  Son,  Hu.^- 
son  "Terminal.  New  York. 

DYNAMOS — Two  75-kw.  Westinghouse,  125-volt,  direct 
connected  Ames  automatic  engines;  $975  each.  Duzets  &  Son. 
Hudson    Terminal.    New    York. 

GENERATORS — Two  75-kw.- Wheeler,  250-volt,  direct- 
connected  Harris  Fleming  engine,  with  switchboards;  $1200 
each.     Duzets   &  Son.   Hudson   Terminal.   New   York. 

ENGINES — Five  rebuilt  40-  to  50-hp.  Straight-Line,  one 
rebuilt  75-  to  85-hp.  Straight-Line  engine;  all  modern  ma- 
chines.     Straight-Line   Engine   Co.,   Syracuse,   N.   Y. 

A  $10,000.  250-K"n'..  125-VOLT  Fairbanks-Morse  generator, 
direct  connected  to  an  American  ball  angle  compound  en- 
gine, can  be  had  at  a  bargain;  only  four  years  old.  Bloom- 
ingdale   Bros..   3d   Ave.   and   59th   St..   New   York. 

1 — 1000  KW.  FILER  &  STOWELL;  1 — 1200  kw.  Rice  Sar- 
gent; 1 — fiOO  kw.  Allis-Chalmers.  Vertical  engines  complete 
with  gener.itors  and  condensing  plant,  etc..  and  in  good  op- 
erating condition.  Call  or  write  for  further  particula-s. 
"U'estern  Electric  Co.,  Purchasing  Dept.,  Hawthorne  Station, 
Chicago,    111. 

NO.  21  STIRLING  BOILERS — Three  class  A.  280  hp.  each; 
one  class  A  No.  24  Stirling  Boiler.  320  hp..  with  Dorrance  shak- 
ing grates,  complete  w'itli  fronts,  drums,  framework,  no  tubes; 
best  condition.  160  lb.  pressure,  one  year's  use;  stored  ready 
for  inspection  or  shipment.  A.  E.  Staley  Manufacturing  Co., 
Decatur.   111. 

BUCKEYE  STEAM  ENGINES — Two  at  bargain  prices.  Ono 
12"x21"  85  hp.,  185  r.p.m..  85  lb.  steam  pressure:  flywheel  S'  0" 
diam.  22"  face.  One  ll"xl8"  70  hp..  200  r.p.m..  85  lb.  steam  pres- 
sure; flyw-heel  4'  0"  diam.  14"  face;  changed  to  motor  drive. 
Must  move  at  once.  Write  today.  The  'U'.  H.  Mullins  Co.. 
Dept.   C,  Salem,  Ohio. 

CORLISS  ENGINES — 1100  HP — 26&42x48  Vilter  Cross  Com- 
pound Corliss  Engine.  Belt  Wheel  18'.  800  HP. — 22&32x42 
Allis  Corliss  Tandem  Compound.  Right-hand.  18'  Belt  Wheel, 
both  Engines  perfect  condition.  Have  to  move  immediately 
so  make  price;  each  engine  $1050  f.o.b.  cars,  guaranteed  ex- 
cellent condition.  Harold  R.  Wilson  Machinery  Co.,  413  Pine 
St..   St.  Louis. 
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S)'.\()I'SIS — The  iidiliti'iii  af  it  '^,.'t<H>-kw.  Iiirhiiir  iii- 
rri'tisf.'f  lite  laldl  atlMiriti/  lo  l<i,U(>0  k-W.  Fcdliirr  of  llir 
nt'ir   iiislnllaliuii   is  llic  (oiulriiscr  dtiil  iiii.riliiuiis. 


scvcii-stji;,'c    liori/.oiitiil    Ciiilis    tiirhiiic,    driving;    a    '/i.'''iii- 
\ull,  tliic('-|)litiHc,  :;i.")-{'yck!  {(I'liciMlor  iil    l.")(M)  r.|i.m.,  \ 
|)iil    ill  opcnilion.     TIiIh   iK-ccHKiUitcd    (lie   itiHliillation 
I'oiii'  aildilioiiiil  ."(nil-|i|).  lioilcrs,  rnisiiif;  tlic  lolal  caiiaciU 
lo  !MI(K)  li|). 

'I'lic  f^'ciicratin^  unit,  shown   in   ["'if,'.   1,  is  of  HtumlH 


Tin'  Uiitavia   |)laiil.  wliiili  is  alioiit    li>  Inilcs  soiitliwcst 
of  Cliira-io.  riirnislu's  jiowcr  lo  llic  Aurora,   I'll^^'in  &  Clii- 

»a_u(>   li.lx.  anil   oIIut  Inulion   intcivsls.     Current   is  also  (Icsijrn,    hut    the    condcnsiii/.^    (•(luipincnt    ciiilxHlics    m. 

sii|)i)lioil  for  lifi;liliiif:;  llir  cilifs  of   MIj^mm,  Wlicalon,  West  new    IVatuiTS   rt'cciilly   |)orfwt('d   In-   tlic   Alhcrficr    I'n 

Ciiuaj^o  and  Lonilmnl,  and  si'Vi'ial  smaller  towns.  iV  Condenser  Co.    The  conrleiiHor  is  of  llio  new  "Spiroll 

()ri<;inally,  the  e(iuij»inent  inehuled  four  Cooper-Corliss  two-pass  type,  haviiiji   l."),0()0  scplt.  of   l-in.  tiilx-  siiil 

horizontal  eross-ioiiiimund  engines  eonneeted   directly  lo  and.  at  2'.>  in.  of  vaeuuni,  a  capa-.-ity  to  eondonse  I'M),' 


Fig.  1.  View  of  Turbine  axd  Spiuoflo  Surface  Condensp;r  at  Tin:   Plaxt  of  ttii;  Atrora,  Elgin  & 

Chicago    R.R.   Co. 


loOO-kw.  three-phase  generators.  A  vacuum  of  25  in. 
was  carried  on  barometric  condensers  and  ten  500-hp. 
Edge  Moor  boilers  supplied  the  steam.  Late  in  1910,  a 
2-500-kw.  mixed-pressure  turbine  was  installed  and  so 
connected  that  it  could  take  exhaust  steam  from  either 
pair  of  reciprocating  units  or  live  steam  from  the  boilers. 
The  station  economy  was  bettered  16  per  cent,  without 
adding  to  the  number  of  boilers,  although  four  more 
were  eventually  installed  for  reserve  capacity. 

.The  increasing  demand  for  power  made  it  necessary  to 
again    enlarge    the    plant.      Last    summer,    a    7500-kw., 


lb.  of  steam  per  liour  with  17,000  gal.  per  min.  of  70- 
deg.  cooling  water.  The  arrangement  of  the  condenser 
is  shown  in  Fig.  2. 

Theoretically,  a  condenser  of  triangular  cross-.section 
is  considered  best,  as  the  amount  of  surface  decreases 
with  the  steam  to  be  condensed  and  the  air  may  be  effi- 
ciently collected  and  removed  at  the  apex.  With  this  ar- 
rangement, practically  all  of  the  tube  surface  is  active 
and,  consequently,  less  surface  need  be  installed.  In 
the  condenser  under  discussion  the  advantages  of  a  tri- 
angular cross-section  are  secured  by  the  use  of  a  spiral 
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partition  or  hallle  wliicli  so  divides  tlie  surface  tl:at  the 
area  exposed  to  tlie  steam  is  gradually  I'educcd.  Tlie  air 
from  over  the  full  lengtli  of  the  steam  space  is  collected  in 
the  baffle  and  removed  at  the  two  ends.  It  is  cooled  on 
its  way  through  aud  the  water  of  condensation  carried 


volute  pump,  ft  is  delivered  to  the  condenser  on  the  side 
o])posite  the  steam  inlet  and  a  portion  of  it  ])asses  through 
the  air-cooling  tubes  in  contact  with  the  baffle.  Partially 
heated,  the  water  then  enters  tlie  tubes  of  the  second  pass 
on  the  inlet  side  of  the  condenser,  so  that  the  hottest 


Stafionaru 
Nozzles     \ 


Injection 
Impeller 


Air  Impeller 
Wafer 


Water  6uct!On\ 


Fio.  ?•>.  Details  of  HynROFLO  Dry-Air  Pump 


along  with  tlie  air  is  removed  through  wator-sealod  drains 
provided  on  the  under  side  of  th"  l:)affle. 

From  the  spiral  liaffle  in  the  condenser  the  air  is  re- 
moved by  a  new  type  of  centrifugal  dry-air  punij),  shown 
in  vertical  section  in  Fig.  3.  As  is  apparent,  the  pump 
is  provided  with  an  injection  impeller  on  either  side  of 
a  double  air  impeller,  so  that  there  are  two  air-  and  two 
water-suction  openings.  The  injection  impeller  lifts  the 
water  from  the  suction  supply  and  gives  it  an  initial 
pressure  which  changes  into  velocity  as  the  water  is  dis- 
charged through  stationary  nozzles  into  the  air'  impeller. 


PERSPECTIVE    VIEW  OF  SPIRAL  BAFFLE   AND  AIR  COOLER 


Dry  Air  Pump  Sue  f ton 


'ondensation  Pump 
Suction 

Fig.  2.  Perspeotite  View  of  Spiral  Baffle  and  Air 
I  Cooler  and  End  View  of  the  Spiroflo 

I  Surface  Condenser 

II  Air  is  admitted  between  the  stationary  nozzles  and  the 
Impeller  so  that  alternate  plugs  of  water  and  air  are 
introduced  into  the  passages  of  the  impeller  and  dis- 
harged  by  centrifugal  force  into  the  volute  casing  and 
hence  to  the  atmosphere.  An  important  feature  of  the 
lump  is  the  water  impeller.  As  this  creates  the  initial 
elocity,  the  vacuum  may  be  lost  and  the  pump  will  not 
3se  its  suction,  so  that  there  is  no  occasion  for  priming. 

Cooling  water  for  the  condenser  is  drawn   from    Fox 
liver  through   a    tunnel    by  a  28-in.    tri-impeller   turbo- 


water  comes  in  contact  with  the  steam  at  the  entrance. 
Through  a  second  tunnel  the  water  flows  back  to  the 
river  some  distance  down  stream  and  is  discharged  at  a 
point  just  below  a  dam  erected  to  insure  a  sufficient 
supply  of  water  at  all  seasons. 

Both  the  dry-vacuum  and  circulating  jramps  are  driven 
l)y  Alberger-Curtis  single-stage  turbines  consisting  of 
one  wheel  carrying  three  rows  of  moving  blades  and  two 
rows  of  stationary  blades  secured  to  the  casing.  The 
former  requii'es  a  turl)iue  of  in  h|)..  and  a  l"^()-h}).  tur- 
bine drives  the  circulating  pump.  Condensation  is  re- 
mo\ed  from  the  bottom  of  the  condenser  by  a  motor- 
driven,  two-stage,  4-in.  centrifugal  pump. 
'*] 

Those  who  have  city  gas  in  their  engine  rooms  and  test 
the  coal  used  in  their  plants  will  find  the  little  retort 
herewith  illustrated  a  good  one  for  burning  the  samples. 
It  is  made  from  a 
coupling  and  reducers 
as  a  casing  to  hold  a 
graphite  crucible  .sep- 
arated by  asbestos. 
Graphite  bars  as  grate 
bars  are  laid  on  lugs 
on  the  crucible,  and 
broken  firebrick,  in 
pieces  a  little  smaller 
than  a  hickory  nut, 
are  laid  on  the  grate. 
A  piece  of  sheet  as- 
bestos with  a  small 
hole  in  the  center 
serves  as  a  cover  to 
prevent  the  rapid  rad- 
iotion  of  heat  and  to 
hold  the  porcelain  cup 
containing  the  coal. 

The  bottom  reducer 
s  h  o  u  1  d  be  small 
enough  to  take  a  %- 

or      a      %-'"•      pip*"        Retort  for  Burxixg  Coal 
throuii'li  which  a  mix-  Samples 


(>.')« 
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\'<.l.  :i!».  No. 


tiiir  111'  tiir  iiiid  nn^  i-  led  lo  ilir  IkiIIiiiii  of  I  ho  ciiiiihlc.  'I'Imh  rclorl   whh  orij^imilly  made  and   imcd  In    William 

'I'lie   ii'toit    works   on    tlic   >ui  laccn  oniimslion    principU'.  Kii-cr,  power  mjiinirr  for  tlio  American   i/oeomolivc  Co., 

When    the    (ircliriek    reaehes   a    lixlit    cherry-red    heat    no  at   Scheneclady,   N'.  Y.     The  rotorl.  in  not    palentud,  and 

llunic  is  visihie.  and  soon  the  hrick  huiomcs  wiiitc  iiol.  individnals  are  free  to  make  them   for  tlieinsclveH. 


H^    OsuoKN    .M()NNi;i'i'f 


SYXOf'SlS — Thv  foUowiiuj  disrussion  apjdivs  Ui  I  he  use 
of  llir  hiliiniinous  coals  found  in  the  Middle  Wesl.  nmrr 
fHirlicnlarh/  Illinois  coals,  irhosv  average  composition  Is- 
about  a.'<  follows:  moisture,  <S'  per  cent.;  ash,  12  per  rent.  ; 
volatile  matter,  -ij  per  cent.:  ji.red  carbon,  J/S  per  cent.: 
heat  value.  I(),l)()()  li.t.n.  Lower-grade  coals,  lit/nilcs, 
etc.,  found  further  West,  need  special  consideration  and 
the  data  given  herewith  must  be  varied  to  suit  local  con- 
ditions. )Hth  such  fuels.  The  grate  area  and  arrange- 
ment of  dampers  anil  breeching  are  con.'iidered. 

'.■>■'. 

GlJATK  AK'K.V   KOli   RKTlliN-TuiULAH   BoiLKRS 

The  ratio  between  Iioatinfj  surface  and  grate  surface 
has  ail  important  hearing  on  the  production  of  smoke, 
especially  in  liand-firod  units.  For  hand-fired  installa- 
tions this  ratio  should  not  l)o  as  large  as  with  mechan- 


ratios,  providing  liiicra!  gintc  area,  the  lires  do  not  have 
lo  l)c  cleaned  so  often  and  Ihc  o|)(;rating  conditions  are 
more  ncaily  lliosc  which  ihc  ordinary  fireman  can  haiuilc 
without  tiDiihlc.  Wilh  llic  larger  srzed  units  uKually 
installed  in  the  more  important  ))lants,  the  Kupervision 
is  better,  the  class  of  labor  is  higher  and  ratios  of  from 
40  to  48  to  1  can  safely  be  employed. 

SiZK  oi-  (Ias  I'a.s.saok  at  IfKAIt 

In  setting  return-tuimlar  boilers,  many  builders  re- 
strict the  gas  ])assage  at  the  back  head,  which  is  detri- 
mental to  good  operation.  Table  2  shows  dimensions 
that  can   be  recommended  for  this  .space. 

Dampki!  Dksion 

The  tube  area,  fixed  by  the  manufacturer,  is  generally 
sufficient  to  allow  the  ga.ses  to  pass  freely  to  the  stark 


COMMON  THOUGH   FAULTY 
FORM   CF  UPTAKE 
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FIG.4 
DAMPEH  AND    BREECHING   CONNECTION 
FOR.  LIMITED    HEAD    ROOM 


F16.2- DESIGN   FOR    IDEAL  HORIZONTAL  RETURN  TUBULAR 
BOILER  DAMPER 


F15  3 
IDEAL   DAMPER  AND  UPTAKE 
ARRANGEMENT 


Showixo  Faults  and  I'iioi-ki:  Ai;i!AX(;k\[kxts  of  Uptake  Axn  ]X\mi>i:r  for  Ri:Triix--TuBULAR  Boilers 


ical  stokers.     In  Table  1   is  a  set  of  dimensions  for  dif- 
ferent sizes  of  horizontal  retnrn-tubular  boilers  giving  the 

TABLE   1.     HORIZONTAL  RETURN-TUBULAR  BOILER  DATA 


Size 

Dimensions  of 

Grate 

Heating 

Rated 

Ratio  Heat- 

Diam 

Length 

Grate 

Area 

Surface 

Horse- 

ing to  Grate 

In. 

Ft. 

Width 

Length 

Sq.Ft. 

Sq.Ft. 

power 

Surface 

54 

14 

4 

45 

18 

628 

63 

35  to  1 

54 

16 

4i 

45 

20i 

718 

72 

25  to  1 

m 

16 

.-> 

5 

25 

896 

90 

36  to  1 

CO 

18 

5i 

275 

1008 

101 

38  tol 

(JO 

16 

55 

55 

30  i 

1043 

104 

37  tol 

66 

18 

55 

55 

30  i 

1173 

117 

39  to  1 

72 

16 

^i 

6 

33 

1327 

133 

40  to  1 

72 

18 

(> 

6 

36 

1493 

149 

41  tol 

78 

18 

6 

65 

39 

1843 

184 

4U  tol 

78 

20 

65 

f>5 

425 

2047 

205 

48  to  1 

84 

18 

6 

7 

42 

1937 

194 

46  to  1 

84 

20 

65 

7 

455 

21.'J3 

215 

47  tol 

area  of  heating  surface,  hor.«epower  ami  ratio  of  grate 
to  heating  surface.  The.se  dimensions  are  satisfactory 
for  suitably  designed  hand-fired  furnaces.  Low  ratios 
for  the  .smaller  boilers  are  employed  because*  the  small 
boiler  does  not  u.sually  get  the  expert  attention  required 
to  operate  .smokelessly  with  high  ratios.     With  the  low 

♦Copyright,   1914,   by   Osborn    Monnett. 
tSmoke    inspector,    city    of   Chicago. 


while  working  at  ordinary  commercial  ca])acities,  conse- 
quently, this  need  not  be  discussed. 

P?estriction  at  the  damper  reduces  the  amount  of  coal 
which  can  be  burned  ])er  unit  of  time  and,  therefore, 
is  a  limitation  on  capacity.  Further,  it  tends  to  shorten 
the  life  of  the  brickwork  of  the  furnace  and  setting  he- 
cause  if  the  gases  cannot  pass  oi?  freely  the  heat  will 
be  "bottled"  and  the  brickwork  will  melt. 

A  common  form  of  uptake  is  shown  in  Fig.  1.  This 
gives  a  long  and  narrow  o]»ning  which  is  not  as  good, 
even  though  it  is  of  the  required  area,  as  one  more  nearly 
square.  The  damper  of  a  return-tubular  boiler  should 
]jrovide  a  free  opening  25  per  cent,  in  excess  of  the  total 
tube  area.  Fig.  2  shows  the  design  of  an  ideal  damper 
and  the  dimensions  for  dampers  for  different  sizes  of 
boiler  are  given  in  Table  ^. 

TABLE  2.     DISTANCE  FROM  BACK  HEAD  OF  BOILER 
TO  COMBU.STION  CHAMBER  WALL 


Size  of  (  Diameter,  in. 
Boiler  1  Length,  ft. . . 
Back  head  to  wall,  in. .  , 


.54  54  60  60  66  66  72  72  78  78  84  84 
14  16  16  18  16  18  16  18  18  20  18  20 
26     26     28     28     30     30     32     32     34     34     36    36 


M;lV    1-v',    1!»14 


P  0  W  E  R 


659 


This  type  may  be  applied  to  continental  or  marine 
types  of  l)oiler,  also  to  the  Hawkes,  Kroeschell  combina- 
tion and  Lyons  boilers.  The  object  of  this  design  is  to 
avoid  the  long  and  narrow  opening  as  far  as  possible 
and  obtain  a  free  passageway  for  the  gases  to  the  stack. 


necessary,  it  shonkl  be  a  long  sweep  bend.  Sharp  right- 
angle  turns  in  the  breeching  should  be  avoided  and  like- 
wise sudden  changes  in  cross-section.  The  connection  to 
the  stack  should  also  be  in  an  easy  sweep  to  avoid 
a     drop    in    draft    at    this    point.      Fig.   5   is  a  gnciil 
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Section  Through      7ok^^'  ■= 
Center  of  Flue  °   ' 


E    LEVATION 


Fig.  5.     Model  Bkeechino  and  Stack  Conxectiox  for  Returx-Tubular  Boilers 


Fig.  3  shows  another  design  of  damper  which  elim- 
inates the  damper  plate  and  gives  a  maximum  opening 
into  the  breeching.     Fig.   4  shows  a  good   damper  and 

TABLE  3.       DIMENSIONS  IN  INCHES  FOR  DAMPER  SHOWN  IN 
FIG.  2 


model  to  follow  with  horizontal  tubular  boilers.  It 
shows  in  detail  a  breeching  serving  five  ISO-hj).  boilers 
and  the  stack  connection  designed  for  maximum  draft 
efficiency. 
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73 

21 

5 
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19 

61 

61 

1   3 
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l)reeching  connection  where  head  room  is  limited.  The 
dotted  lines  indicate  how  this  damper  was  originally  in- 
-lalled.  Draft,  readings  taken  before  the  change  was 
made  showed  0.52  in.  over  the  damper  and  0.26  in.  be- 
low at  point  A,  indicating  a  direct  loss  of  0.26  in.  After 
ihe  change  the  draft  at  point  A  was  increased  to  0.40 
in.  and  a  free  direct  passage  to  the  breeching  was  obtained. 
Breeohtngs 
Brecchings  should  be  laid  out  with  the  run  lo  Ihc  stack 
as  sliort  and  direct  as  possible,  and   wherever  a  turn  is 


Larjte  Klevator  Insttallation — The  23  passenger  elevators 
in  the  Continental  &  Commercial  Bank  Building,  Chicago,  are 
known  as  the  gearless  traction  electric  type.  This  type  pos- 
sesses some  features  which  differ  considerably  from  those 
of  the  geared  type:  for  example,  the  hoisting  cables  are  not 
wound  on  a  drum,  but  dri^-e  over  a  sheave  which  is  bolted 
directly  to  the  armature  spider  of  the  motor  by  means  of  a 
flange,  integral  with  the  spider.  The  necessary  tension  in 
the  wire  cables  to  secure  tractive  force  between  the  driving 
sheave  and  the  hoisting  cable  is  secured  by  passing  the 
cables  partially  around  the  traction  driving  sheave  and  then 
around  an  idler  leading  sheave,  forming  a  complete  loop 
around  both  sheaves.  The  car  and  the  counterweight  are 
suspended  from  opposite  ends  of  the  cable,  thus  avoiding  the 
use  of  intermediate  gearing.  The  motors  used  in  this  elevator 
system  are  of  the  slow-speed  shunt-wound  type,  with  a  ca- 
pacity of  35  hp.  The  normal  capacity  of  each  elevator  is  2500 
lb.,  lifted  at  a  speed  of  500  ft.  per  minute.  To  insure  safety 
the  motor  is  equipped  with  a  governor  which  regulates  the 
motor  speed  regardless  of  the  load.  At  the  bottom  of  each 
shaft  there  is  an  oil-cushion  buffer  which  brings  the  car  to  a 
slop,  being  regulated  by  the  escape  of  oil  from  one  cham- 
ber of  the  buffer  to  another. — "Engineering  and  Con- 
tracting." 
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New    T^rll"^nrn\(^,^    Jl'-o^wer    Plaimll    of  tH^ 
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S)  .\  Ol'SIS  —Tlir  hnlli'r  rnoiii  i.s'ainiiu/n/  for  fill nrr  r.r- 
Iniftuiii.  anil  liii.i  riijlil  .'lOO-li/).  inilvr-liihc  boilrr.s.  There 
■will  ulliiiialrlii  be  III  additional  anils  and  a-  second 
chivineij  :lJ't  fl.  Iiir/li.  Fuel  is  elevaled  lo  the  roal  hunk- 
er aliore  Hie  boilers  in  J-lon  hand,  push  ears,  by  nii'aii.<i 
of  tiro  ()()()()  lb.  cajiariti/  i>latfonii  elerators.  Ashes  are 
handled  in  the  saiiio  manner  and  are  discharged  into 
an  n.sh  hopjivr  from  irhicli  llieii  are  loaded  into  rail  way 
cars. 

'I'lir  iiiiluil   ImiiIit  iii.-l:ilhili(iM   111   Ihf  Ili,i:li  Slrcrt   Sin- 

tiim    (if    lllc    L()lll>\  ill.'    I':iilw;iv    ('(1.    (■(ilisisl>    of   cJLlllI    .")(M)- 

ii|).  wiitcr-tiilic  iiiiils,  V'\ix.  !'.  l'rt)\  isioii  lias  Ir'^ii  made  for 
ciiilil  additional  Ixiilcrs  nl'  tlio  same  size.  The  steam  pres- 
sure is  ISO  11).  sii|>cilicnlcd  125  deg.  at  the  normal  rat- 
ing of  the  hollers,  w  liii  li  have  parallel  drums.  The  tuhes 
are  14  in.  high  and  IS  in.  wide.  Each  holier  furnaee  is 
equipped  with  an  engine-  or  motor-driven  ehain-grate 
stoker  with  a  grate  !•  ft.  (!  in.  wide  by  12  ft.  3  in.  long, 
a  total  of  l.")3  sq.ft.,  or  1  sq.ft.  of  grate  surface  for  each 
3.2(i  boiler  horsepower.  The  boiler  settings  are  much 
higlier  tiian  usually  employed,  the  front  end  of  the  tubes 
being  (i  ft.  above  the  grates.  This  gives  a  large  combus- 
tion chand)er  in  which  to  burn  Kentucky  pea  and  slack 
coal,  which  will  be  used. 

These  boilers  are  served  by  a  red,  radial  brick  chimuey, 
^T),')  ft.  high  and  1.'!  fl.  inside  diameter  at  llie  lop,  and 
built  on  a  conerete   loundatidn   which  goes  down  to  bed 


p  Future  Pumps(Vacuum) 


Fig.  9.     Eight  500-11 1-.  W.\ti;i!-Tihi-:  Boileks 

rock.  The  stack  has  sudiiicnl  area  lo  provide  a  s(piare 
foot  for  each  3G.25  boiler  horsepower  and  was  designed 
to  serve  the  eight  boilers  installed  in  two  batteries  on  each 
side  of  it.  Foundations  for  a  second  stack  and  for  a  sec- 
ond row  of  eight  l)oilers  have  1)een  provided  on  the  op- 
posite side  of  the  room.  The  second  chimney  will  be  255 
ft.  high  and  18  ft.  in  dianu'ter,  and  will  ultimately  serve 
16  additional  boilers. 

The  present  stack,  with  six  boilers  in  service,  gives  a 
draft  of  1.3  in.  of  water.  Over  the  front  of  the  grates 
and  at  the  main  breeching  with  the  damper  open,  the 
draft  is  0.15   in.  of  water.     A  jircliminary  test  of  the 
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Fig.  10.     Plan  of  the  New  Turbine  Power  Plant 
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boiler  and  station  eificicncy  (liirin<j;  tlic  second  month  of 
operation,  before  all  of  the  steam  pijjes  were  covered  and 
while  some  steam  was  being  used  for  drying-out  purposes, 
gave  a  coal  consumption  of  2.975  lb.  per  kw.-hr.  with 
12.5  per  cent.  ash.  The  coal  tested  was  approximately 
]2,()00  B.t.u.  dry.  Figs.  10  and  11  are  plan  and  elevation 
views  of  the  plant. 

Coal  axd  Ash  Handling 
All  coal  is  received  from  the  steam  railroad  on  two  side 
tracks,  which  run  over  three  concrete  track  hoppers  at  the 


outside  (!nd  of  the  hoiler  house.  From  the  hoppers  the 
coal  is  loaded  by  gravity  into  two-ton,  hand-push  steel 
cars,  Fig.  12,  which  are  wheeled  onto  either  of  two  elec- 
trically operated  ])latform  elevators,  each  with  a  capacity 
of  6000  lb.  The  loaded  car  is  hoisted  to  a  level  with  the 
industrial  track  above  the  coal  bin  which  runs  from  the 
elevator  shaft  over  the  coal  bunkers,  and  the  cars  may 
be  pushed  to  any  desired  point  for  dumping.  The  elevators 
are  designed  to  run  at  100  ft.  per  min.  One  is  driven 
by  a  550-volt,  direct-current  motor,  the  other  by  a  440- 
volt,  three-phase  alternating-current  motor;  each  is  of 
;>()  hp.  capacity. 

Kach   battery  of  two  boilers   is   equi|)ped   with    a   coal 
hill    holding   285   tons,   a   supply   sullicient    for    1  i/o   days 
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Fig.  11.     Elevation  of  the  High  Stkeet  Poweii  tSTATioN 
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Fig.  12.     Room  below  Track  Hoppers  from  Which 
C'OAL  Is  Loaded  into  Push  Cars 
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C'OAL   AND    Ash    TInl'I'lIls    AND   AsH    CaR    IN 
BOILER-IJOOM    ?)ASEMENT 


F]G.  !;>.     Showing  Coal  Storage  outside  the  1'owkr 
Plant 


under  ordinary  operation.  The  bin  of  this  size  is  a  pre- 
cautionary measure  against  a  shortage  of  coal  during 
extreme  high-water  period;.,  when  the  railroad  tracks  are 
submerged.  The  coal-storage  capacity  of  the  yard.  Fig. 
13,  is  limited  only  by  the  height  to  which  the  coal  may  be 
piled.  The  side  tracks,  which  are  about  4000  ft.  long, 
are  capable  of  storing  90  loaded  cars,  or  about  two  days' 
fuel  supply. 

The  ashes  drop  from  the  furnace  grates  into  one  of  two 
steel  ash  hoppers,  lined  with  firel)rick,  and  are  dum])ed 
into   push   cars.   Fig.    14,  on  an  industrial   track   which 
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piissi's  imiltTiinilli.  J'lic  nllicr  lioppcr  cntclics  Hiftiii^H 
from  tilt'  ;,'niti'S,  wlmli  me  disrliar^fcd  into  ii  car  ami  rc- 
turiit'd  to  tlu>  I'oal  limikcrs.  Tlif  loaili'd  ash  car.^  an-  tlc- 
vatod  to  a  stci-l  lirt'lirick-lint'd  asli  lioppiT  installed  over 
tlir  I'oal-nnloadiii^  lioppt'is.  outside  the  l)oiler  house.  Uy 
this  arraii^'emeiit.  nt'ler  the  coal  has  Ix-eii  iinloailcd,  the 
same  car  may  he  lillcd  wilh  ash  rnim  the  .ish  hopper 
overliead.  This  method  of  handling;  coal  and  ash,  it  is  es- 
tinnited,  will  show  an  overall  savin;,'  (d'  approximati-ly  v'O 
per  cent,  as  compared  with  the  cont  innous-conveyor  sys- 
tems. 

I'l  ri  Ni;  S^  sri;M 

Tliere  is  one  main  steam  header  inslallcil  over  ihc 
front  of  the  hoilers  and  at  ri^dit  angles  to  the  1\irlMiic 
room.  The  header  varies  in  size  from  ]2  to  Ki  in.  and  is 
connected  lo  a  cross-heath-r  at  the  end  of  the  holier  room, 
riinning  parallel  to  the  turhine  room.  From  this  cross- 
header  steam  is  taken  to  the  tiirhines  through  two  T^-in. 
long-radius  hends.  Two  lO-in.  long-radius  hends  lake 
steam  to  an  aii\iiiai-v  headei-  in  llie  hasciiuMil  of  the  tur- 
hine room,   from  which  all  auxdiarics  are  fed. 


When  additional  ItoilorH  are  installed,  a  ring  Hyslcni  of 
steam  piping  is  contemplated  which  will  cncirelo  the 
hoder  room  and  permit  <Mitting  out  of  service*  any  biiU 
Icry  of  hoilers.  .All  \\w  headers  and  valves  arc  of  m-i 
steel  and  the  hoilers  are  safeguarded  with  autoimitic  < 
(t\\   valves. 

,\ll  sjcain  piping  I  in.  in  size  and  over  is  rhfsigned  to 
carry  '-ilto  Ih.  pressure  and  \2'}  deg.  suixTlicat,  and  is 
covered  with  a  layer  of  1-in.  lire  felt,  followed  hy  a  molded 
layer  of  H.")  per  cent,  nnigncsia.  2  in.  thick  and  covered 
with  s-oz.  duck.  .Ml  the  pijiing,  including  1-in.  and 
smaller,  is  insulated  with  1-in.  thick  fire  felt  and  covered 
with  du(  k.  The  cold-water  pijiing,  where  conrlcnsation 
might  cause  trouble,  is  cover'ed  with  1-in.  anti-sweat 
covering,  and  exhaust  steam  and  hol-waler  pipes  with 
1-in.  ashestoK  air-cell  covering. 

The  building  was  erected  according  to  architectural 
plans  made  by  1).  X.  Murphy  &  Hro.,  of  Tjouisville.  They 
were  drawn  from  designs  laid  down  by  F.  H.  Miller, 
superintendent  of  motive  power  of  the  company,  to  whom 
the  writer  is  indebted  for  photographs  and  drawings,  the 
former  being  unohtainal)le  when  the  plant  was  inspected. 
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SYNOPSIS — OntliiiiiKj  what  has  recently  been  done  in 
Europe  in  attacking  the  smoke  evil.  Hamburg  has  a 
smoke-prevention  society  made  up  of  manvfacturers,  the 
membership  being  J,SJf.  This  society's  engineering  stnff\ 
makes  tests,  inspections  and  alterations  in  the  members' 
plants  for  the  purpose  of  stopping  smoke  production  and 
of  increasing  the  efficiency.  Finland  is  active  in  smoke 
abatement.  Twenty-four  English  and  Scotch  cities  are 
making  soot  observations  vilh  standardized  apparatus 
and  methods.  Hamburg  has  joined  this  movement.  Tech- 
nical educational  authorities  in  mony  English  and  Scotch 
cities  have  included  classes  for  engineers  and  firemen  in 
their  curricula.  Glasgow  a  leader  in  this  work. 
■M 

The  problems  of  smoke  abatement  are  intimately  as- 
sociated -with  those  of  boiler  efficiency  and  of  fuel  econ- 
omy. This  connection  between  smoke  and  inefficiency  is 
today  quite  clearly  recognized,  .\lthough  a  strong  case 
for  smoke  abatement  can  be  made  out  on  hygienic 
grounds,  it  will  always  be  tiie  economic  argument  that 
is  the  most  convincing  to  the  man  who  is  actually  pro- 
ducing smoke.  Prove  to  him  that  a  cleaner  chimney  top 
means  a  smaller  coal  bill,  and  he  will  become  an  ardent 
and  willing  helper  in  a  campaign  against  black  smoke; 
whereas  in  the  absence  of  this  proof  he  will  remain  an 
indifferent  witness,  or  energetic  opposer. 

This  connection  between  smoke  abatement  and  im- 
proved fuel  economy  has  l)een  clearly  and  usefully  demon- 
strated in  Germany  and  Finland,  by  the  work  of  the  two 
smoke-abatement  societies  established  in  Hamburg  and 
in  Helsingfors.  the  latter  society  being  an  offshoot  of 
the  former.  The  Hamburg  parent  society— the  Yerein 
fiir  Feuerungsbetrieb  und  Rauchbekampfung— was 
found.'d  in  1902.     According  to  its  last  report,  it  has  i:3 


members  and  1593  steam  boilers  or  other  heating  ap- 
pliances on  its  register;  and  it  is  of  interest  to  note  that 
nearly  all  the  members  are  manufacturers  or  factory 
owners  who  have  joined  for  the  benefits  that  can  be  ob- 
tained in  the  more  scientific  control  of  their  boilers.  The 
society  is  a  voluntary  association  of  large  consumers  of 
fuel  bound  together  simply  by  the  common  desire  to  ob- 
tain the  highest  possible  efficiency  and  the  minimum  of 
smoke.  Each  annual  report  contains  numberless  ex- 
amples of  the  improvement  in  efficiency  that  results  when 
the  engineering  staff  has  taken  charge  of  the  plant. 

AVhen  the  skilled  engineers  and  firemen  of  the  "Verein" 
took  control  of  the  plant  I  have  in  mind,  they  changed 
the  conditions  of  working  as  regards  draft,  admission  of 
secondary  air  and  the  thickness  of  the  fuel  bed.  Burn- 
ing less  coal,  they  evaporated  more  water  and  raised 
the  efficiency  of  the  two  boilers  from  58. C  to  70  per  cent. ; 
this  is  equal  to  a  reduction  in  the  coal  bill  of  20  per 
cent.  The  reports  are  full  of  equally  striking  examples 
of  the  economies  gained  by  skilled  supervision  of  boil- 
ers, combined  with  the  work  of  properly  trained  and  paid 
firemen.  It  is  strange  that  this  method  of  attaining  such 
striking  and  valuable  results  by  the  voluntary  association 
of  fuel  users  has  not  been  more  widely  adopted.  Tn  the 
hope  that  some  American  cities  may  follow  Hamburg 
and  Helsingfors,  a  few  notes  on  the  organization  of  the 
Hamburg  society  are  given : 

The  work  is  controlled  l^y  a  committee  of  from  si.x  to 
nine  members,  elected  annually  from  the  rank  and  file,  at 
the  general  meeting.  The  technical  and  scientific  work 
is  undertaken  by  the  staff  of  experts  retained  by  the 
society.  At  the  date  of  the  last  report  this  staff  consisted 
of  a  chief  engineer,  three  assistant  engineers,  five  in- 
structors for  firemen,  and  two  clerks,   while  for  special 
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steam-raising  and  other  trials,  additional  assistance  had 
been  employed.  The  chief  engineer  attends  the  com- 
mittee meetings  and  takes  part  in  the  discussions  relat- 
ing to  the  work.  The  funds  are  drawn  from  three 
sources:  1.  From  the  annual  subscriptions  of  its  mem- 
bers. 2.  From  payment  for  special  work  and  reports 
for  its  members.    3.    From  payments  for  outside  work. 

The  society  is  thus  entirely  self-supporting,  and  its 
success  is  dependent  upon  the  value  of  the  return  it  makes 
to  its  members  for  their  contributions  and  fees.  It  is, 
therefore,  gratifying  to  note  that  the  nu'iulK'rship  shows 
steady  growtli. 

The  objects  are  the  attainment  of  the  highest  possible 
efficiency  from  the  heating  and  boiler  plants  of  the  mem- 
bers, with  the  least  jiossible  emission  of  smoke.  To  this 
end,  regular  examination  of  these  plants  and  of  the  meth- 
ods of  working  them  are  undertaken  by  the  engineering 
stafl,  and  suggestions  are  made  for  improvements  when 
such  are  required.  The  education  and  control  of  the 
firemen  in  their  duties  are  also  undertaken  by  the  fire- 
men instructors  on  the  staff.  Comparative  tests  of  fuel, 
and  tests  of  smoke  prevention  and  otlier  appliances,  are 
also  carried  out  by  the  exjjert  staff,  and  the  results  are 
circulated  among  the  members.  Members  can  demand  that 
boilers  or  heating  plants  shall  be  regularly  inspected, 
and  that  their  working  shall  be  tested  and  reported  on  at 
least  three  times  a  year.  They  have  also  the  right  to 
consult  the  chief  engineer  of  the  society  regarding  im- 
provements  and   alterations  in   design   and   operation. 

Further  details  of  organization  and  rules  may  be  found 
in  a  paper  contributed  by  the  writer  to  the  London  Smoke 
Abatenu^nt  Conference  of  1905. 

Turning  to  the  progress  of  the  smoke  abatement  in 
the  United  Kingdom,  the  most  notable  events  of  the 
past  year  have  been: 

1.  The  introduction  into  the  House  of  Commons  of 
a  bill  to  amend  and  extend  the  existing  laws  against 
smoke  emission.  2.  The  inauguration  of  soot-gage  ob- 
servations by  24  of  the  larger  cities  and  towns  of  the 
country,  on  the  lines  of  those  cari'ied  out  by  the  Lancet 
in  1!)10-1911.  3.  The  continuation  of  the  educational 
classes  for  firemen  and  engineers  in  London,  Glasgow, 
Liverpool,  Manchester  and  many  other  large  cities. 

The  Smoke  Abatement  Bill,  which  was  introduced  in- 
to the  House  of  Commons  on  Apr.  30,  1913,  has  for  its 
object  the  extension  of  the  powers  of  the  local  authorities 
|and  of  the  local  government  board  in  relation  to  the 
'nuisance  caused  by  the  improi)er  emission  of  smoke. 
i  Section  1  makes  it  incumbent  upon  the  owner,  oc- 
cupant, or  user  of  a  furnace  to  have  it  so  constructed  that 
|it  will  consume  its  own  smoke,  and  the  emission  of  smoke 
br  grit  from  such  furnace  or  its  chimney  is  constituted 
n  nuisance.  At  the  same  time  the  local  government  board 
is  given  powers  to  make  special  exemptions  where  it  is 
impracticable  to  avoid  uiaking  smoke  in  carrying  on  a 
business,  but  such  "power  to  exempt"  is  limited  to  ten 
|vears  from  the  passing  of  the  act,  and  the  exemption 
must  be  renewed  every  two  years. 

;  Section  3  authorizes  the  local  government  board  to 
jippoint  local  suioke-abatement  authorities  in  those  arms 
j.n  which  the  local  sanitary  authorities  are  failing  to 
I'arry  out  their  duties  as  to  smoke  abatement.  In  Lon- 
don, Ibe  London  County  Council  is  nuide  the  local  suu)k('- 
libatement  autlioritv. 


This  bill  was  reintroduced  into  the  IIou.se  of  Lords  in 
March,  1913,  by  Lord  Newton,  and  was  only  withdrawn 
on  the  promise  of  the  goverrunent  to  appoint  a  commis- 
sion of  experts  to  report  on  the  whole  sul)ject  of  smoke, 
and  to  indicate  the  lines  upon  which  furtlier  legislation 
is  desirable. 

Under  Section  4,  local  inspectv)rs  may  be  appointed  by 
the  local  authority,  subject  to  certain  i-equirements  as  to 
experience  and  to  the  control  of  tlu-  local  government 
board. 

By  Section  5  the  local  government  board  is  given  the 
right  to  inspect  the  records  of  offenses  in  order  to  Bee 
if  the  local  authority  is  properly  carrying  out  its  duties 
and  subject  to  such  obligation  being  satisfied,  the  local 
government  board  may  pay  not  more  than  half  the  salary 
of  local  smoke  inspectors  by  way  of  grant  in  aid.  The 
same  section  requires  the  central  authorities  themselves 
to  appoint  government  smoke  inspectors,  and  gives  sucn 
inspectors  power  to  prosecute  iii  cases  where  tiie  local 
authority  has  failed  to  do  so. 

Soot  and  Dust  Ob.servatioxs 

At  the  International  Exhibition  of  Smoke  Abatement 
Appliances  and  the  conference  on  the  black-smoke  prob- 
lem held  in  London  in  March,  1912,  a  committee  was 
appointed  to  draw  up  specifications  for  a  standard  ap- 
paratus and  a  method  for  measuring  the  extent  and  char- 
acter of  the  air  pollution  in  cities  and  towns.  Numerous 
meetings  of  this  connnittee  were  held  in  London  in  1912- 
1913  under  the  presidency  of  Dr.  Noi-man  Shaw,  chief 
of  the  Government  Meteorological  Office,  and  eventually 
a  type  of  apparatus  and  method  was  selected,  based  on 
that  used  for  the  Lancet  observations  in  London  in  1910- 
1911,  with  certain  modifications  suggested  by  experience. 

The  health  authorities  of  20  English  and  Scotch 
towns  and  of  several  of  the  London  boroughs  have  agreed 
to  join  in  this  work  of  recording  the  character  and 
amount  of  atmospheric  impurity.  The  following  towns 
have  joined :  Aberdeen,  Ayr,  Birmingham,  Coatbridge, 
Exeter,  Glasgow,  Greenock,  Hull,  Liverpool,  Leicester, 
Leith,  London,  Malvern,  Manchester,  Newcastle-on-Tyne, 
Oldham,  Paisley,  Plymouth,  Sheffield,  Stirling,  Wishaw 
and  York.  Hamburg  is  also  to  commence  observations 
with  the  standard  method  and  apparatus,  thus  giving  the 
movement  an  international  character. 

Educatioxal  "Wokk  IX  English  Cities 

The  classes  for  firemen  and  engineers  started  in  many 
cities  are  being  carried  on  with  increasing  success,  and 
they  appear  to  meet  a  real  need.  It  is  hoped  in  time 
to  create  a  standard  of  merit  and  efficiency  and  to  issue 
certificates  to  successful  members. 

It  is  gratifying  to  note  that  the  technical  education 
authorities  of  many  large  towns  and  cities  are  now  in- 
cluding classes  for  firemen  and  l;oiler  engineers  in  their 
curricula.  So  far,  Glasgow  has  been  the  most  successful 
in  conducting  these  classes,  whicii  are  carried  on  during 
the  Avinter  months  at  several  different  centers  in  the 
workingclass  district,  and  are  under  the  charge  of  the 
smoke  inspectors  of  the  municipality.  Between  100  and 
•:00  firemen  have  been  enrolled  each  winter  in  these 
classes  at  Glasgow  since  they  were  initiated  four  years 
ago,  and  it  is  now  proposed  to  start  a  class  for  the  more 
advniued  students  who  have  satisfactorily  passed  through 
tlu'  clcnu'ntai-y  course  of  instruction.      Glasgow  also  ar- 
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rniifjca  n   course  of   |ml.li.    Ictnirs   .mli    wiiilcr    lor    tlid  sii|i|ily   cDiMininicH   prove   linw    ni[iiill\    tlir  (loriirhli.-  .cii- 

inore  ('(liifateil  purl  of  the  loiiiimiily.  mimrr   is  aviiiliii^'   liiiriHclf  ol"   these  HiihslitiMeH   for  e(ml, 

IJefereiiee  iiiii>l  lie  inaile  lo  the  increase  in  recent  years,  and  there  is  reiiSDii   to  hope   that   hefore  the  first  rpnirter 

in   the  nunil)er  of  ^ms-  ami   electrical-liealing  appliances  of  tin-  twentieth  century  has  passed  away,  pis  ami  elee- 

enipidvcd    for   doiMestic    purposes.    esiU'ciaiiy    in    London  Irieity  will  have  larp-iy  replaced   raw  coal  UH  a  source  of 

and   the  hirp-r   towns,   wliere  coal    is  comparatively   diiir  heat    in   the   Kn/,'lish  liouseliold. 
and  pis  is  dieap.     Tiie  reiords  of  the  pis  and  elect rii-  Ilurope  has  had  a  year  of  |»ro;,'res8. 


Tlhi©    Eiapp    Flhase    Advsumceif 
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S)'.\()J'SIS — Jii/  nicdiis  of  III  ire  siinill  tlin'cl-i  iirrciil 
inolors  CO II II cited  in  drritit  iriJIi  (he  rotor  of  (in  iniliit- 
lion  motor,  an  c.ni.f.  is  /irodiiccil  in  opiinsilion  to  llml, 
produced  bij  tlie  sli/i  of  tlir  rotor  iind  flie  jioivrr  jcutor 
is  raised  to  anitij  or  almrr. 

I'oiisidenilile  at  Ifiil  um  lias  heen  devoted  lately  ill  Kuf;-- 
land  and  on  the  Contineiii  to  the  pioiileni  of  pliase  ad- 
vancin<i.  with  a  view  to  inipinv  inu  the  power  factor  of 
aiteniatiiiii-current  eircuiis.  especially  tlioso  having  in- 
duction motors.  A  maihine  invented  for  this  purpose  by 
Prof.  Uisberl  Kapp,  a  well  known  ])i()neer  in  electrical 
enpinoering,  has  recently  been  installed  in  connection 
with  a  I?;i0-hp.  motor  at  a  cement  works  near  Middles- 
brough, England.     Tlio  motor  is  snppliod  w^ith  power  at 


:;;;"i()   volls.    ID  <y(lcs,  and    luns  at    100   r.p.m.,  tli(!  jtower 
lac  tui'  at  half  load  being  O.rti,  ami  at  full  load  0.87. 

The  phase  advancer,  or  "vibrator,"'  Fig.  1,  is  a  small 
macJiine.  with  tliivc  ordinarv  diicct-current  armatures 
running  in  twu-polr  lidds,  uhidi  ai'c  separatelv  excited 
with    direct    ciincnt.      The   aniialiirrs   arc   onlv    I    in.    in 
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Fig.  1.     Assembled  View  of  KliPP  Phase  Advan'cek 


Slip  Rings  i  Pole  Snitch  "*-'"- 

Fig.  2.     Coxxectioxs  betaveex  Motor  axd  Piia«e 
Advaxckij 

diameter,  and  at  full  load,  when  the  motor  has  a  slip  of 
2.45  per  cent.,  or  about  one  cycle  per  second,  the  arma- 
tures reverse  their  direction  of  rotation  every  half  second, 
making  about  31/2  revolutions  in  each  direction.  Con- 
nections of  the  machines  are  shown  in  Fig.  2,  from  which 
it  will  be  seen  that  the  three  armatures  are  connected  in 
mesh  to  the  slip  rings  of  the  rotor  winding,  and  are 
traversed  by  the  currents  flowing  in  that  winding. 

Eeversals  of  this  current  cause  the  reversals  of  rota- 
tion mentioned,  but,  owing  to  the  inertia  of  the  arma- 
tures, the  latter  lag  in  phase  behind  the  rotor  currents, 
so  that  when  the  current  in  an  armature  is  approaching 
its  maximum,  the  armature  is  coining  to  rest.  Thus  the 
commutator  is  almost  stationary  when  the  current  is  a 
maximum,  and  is  moving  most  rajjidly  when  the  current 
is  zero,  conditions  which  are  favorable  to  sparkless  opera- 
tion. The  rotation  of  the  armature  induces  an  e.m.f. 
which  is  opposed  to  the  e.m.f.  of  self-induction  in  the 
rotor  winding,  and  is  greater  than  the  latter  by  an  amount 
sufficient  to  supply,  through  the  resistance  of  the  rotor, 
the  necessary  current  to  produce  the  magnetic  field  of  the 
motor.  With  normal  excitation  of  the  vibrator,  no  mag- 
netizing current  flows  in  the  stator  windings  of  the  motor. 
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and  conseqiiL'iitly  tlic  latter  operates  with  a  power  factor 
of  unity.  If  the  excitation  of  ihv.  vil)rator  be  increased 
above  this  value,  the  extra  voltage  induced  in  the  arma- 
ture will  produce  in  the  rotor  windings  a  magnetizing 
current  greater  than  normal,  so  that  a  leading  current 
will  be  induced  in  the  stator  windings,  thus  helping  to 
improve  the  power  factor  of  other  motors  on  the  same 
circuit. 

The  effect  of  th(>  vibrator  is  shown  by  the;  curve  in 
Fig.  3;  at  half  load  the  power  factor  was  brought  up 
to  0.!)i)  leading,  and  at  full  load  to  0.i)G  leading.  The 
power  used  for  excitation  was  only  ■")()  watts.  Obviously, 
the  power  factor  could  have  been  made  unity  if  desired,  at 
either  half  oi-  full  load,  by  reducing  the  excitation. 

The  vibi'ator  works  equally  well  when  the  machine 
with  which  it  is  connected  is  running  either  as  a  motor 
or  as  a  generator,  without  any  change  of  connections,  a 
prn])erty  which  enaijles  it  to  be  used  with  motors  driving 
winding  engines  or  locomotives,  giving  complete  compen- 
sation under  all  conditions.  If  a  fault  should  occur,  the 
vibrator  could  be  left  in  circuit  with  the  motor,  although 
out  of  action,  as  it  would  not  affect  the  working  of  the 
motor,  behaving,  in  fact,  as  a  short-circuit  on  the  slip 
rings.  It  should  not,  of  course,  be  connected  to  the  slip 
rings  until  the  motor  is  running  at  full  speed,  and  it  is 
easy  to  provide  interlocking  gears  to  prevent  the  motor 
being  started  in  this  condition.     The  use  of  the  vibrator 


also  improves   the  operating  conditions   by   considerably 

increasing  the  overload  capacity  and   pull-out  torque  of 
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the  motor.  The  machine  illustrated  was  built  by  Sandy- 
croft,  Limited,  at  its  works  neai-  Chester,  England,  and 
is  the  first  of  its  kind  to  be  put  into  commercial  use. 
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How  we  do  like  to  relate  our  experiences  in  the  plants 
of  long  ago,  especially  where  no  spare  parts,  packing  or 
hardly  anything  else  was  at  hand  in  case  of  need.  The 
usual  tools  were  an  old  dilapidated  oil  can  and  a  broken 
or  badly  battered  monkey-wrench.  Of  course,  the  engi- 
neer was  expected  to  bring  a  hammer  and  a  cold  chisel 
with  him,  and  other  tools  if  he  had  them. 

It  is  true,  the  owners  were  not  fussy  about  keeping 
such  plants  up  to  the  best  condition,  and  much  less  than 
fussy  when  the  engineer  worked  nights,  Sundays  and 
holidays  without  extra  pay,  on  repairs  which  could  have 
been  done  in  a  few  hours  with  proper  material  and  tools. 

In  one  place  I  put  in  a  piece  of  joipe  3  in.  in  diameter 
and  5  ft.  long,  and  the  largest  v/rench  in  the  plant  was 
an  18-in.  Stilson.  A  rope  was  wound  around  the  pipe, 
some  rosin  put  under  it,  and  the  ends  tied  together,  form- 
ing a  loop.  Then  the  end  of  a  piece  of  2x4  in.  timber  was 
put  through  the  loop  and  across  the  pipe.  By  pulling 
around  the  pipe,  the  rope  would  grip  and  turn  the  pipe. 
By  this  means,  the  joint  was  so  tightly  made  up  that  a 
3-ft.  chain  tongs  and  the  combined  efforts  of  two  men 
were  required  to  start  the  joint  six  months  later. 

Mr.  Bedorc,  referring  to  page  491,  Apr.  7,  1914,  is  not 
the  only  one  who  has  made  a  pump  piston  out  of  wood ; 
I  have.  In  my  case,  it  was  a  boiler-feed  pump  and  there 
was  no  spare  pump  or  injector  in  the  plant.  The  pump 
had  but  little  head  clearance  and  a  bolt  from  the  suction 
valve,  going  down  into  the  water  cylinder  toward  the 
steam  end,  had  broken  the  piston,  which  was  made  of 
two  follower  plates  with  an  expansion  ring  between.  A 
piece  of  hard  wood  was  turned  up  yV  i'l-  srnaller  than 
the  bore  of  the  cylinder  and  put  on  the  rod  with  a  wash- 


er each  side.  The  wood  expanded  enough  to  fill  the 
cylinder,  but  did  not  bind.  It  ran  nearly  a  month  before 
a  new  piston  was  put  on.  Wood  was  selected  which  did 
not  expand  much,  and  the  piston  was  made  enough 
smaller  than  the  bore  of  the  cylinder  to  allow  for  ex- 
pansion. 

On  one  occasion,  Jerry  Perkins,  the  engineer  over  in 
the  sawmill,  having  no  sheet  rubber,  came  over  to  get  a 
piece  of  pasteboard  box  to  pack  the  steam-chest  cover  of 
his  engine.  His  pump  valves  had  worn  down  as  well; 
one  had  broken  and  the  jjump  was  out  of  service.  Having 
no  new  valves,  one  was  turned  uji  out  of  lignumvitse — 
some  hard  wood ! — and  Jerry  put  it  in. 

As  a  reward  (?),  the  boss  said  he  did  not  see  why 
Jerry  needed  to  buy  pump  valves  when  he  could  make 
them  out  of  wood.  Jerry  got  no  more  new  valves.  It 
was  some  plant !  What  with  the  flanges  packed  with 
pasteboard,  the  valve  stems  with  hemp  twine,  the  piston 
rod  with  rope,  and  the  manhole  gasket  put  in  with  hemp 
rope  and  white  lead. 

Jerry  kept  things  quite  tight  at  that,  but  he  certainly 
had  to  work  to  do  it ! 


First     Use    of    the     Paiinnia     Electric   Towing;     lioeomotives 

was  made  on  Apr.  1.  at  Gatun  Works.  Locomotives  641,  642, 
643  and  644  towed  the  launch  "Balboa,"  clapet  "No.  1."  and  a 
scow  through  the  west  flight  from  Gatun  Lake  to  the  At- 
lantic entrance  channel.  Clapet  and  scow  were  lashed  to- 
Kether  alongside,  but  the  scow  leading-  by  half  a  length.  The 
low  freeboards  gave  as  unfavorable  inclination  to  the  tow- 
ing lines  as  probably  ever  will  be  secured  in  operation.  Pas- 
sage was  completed  in  1  hr.  17  min.  which  is  only  two  min- 
utes more  than  schedule  fixed  for  operation.  E.xtra  lines 
were  carried  by  laborers,  but  were  not  needed. 
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S)\()l'SlS  Will  ira.rrx  iiiiliijiniiU  ,il  llir  vh;ln,ul  ili<- 
liiiiiiiri/  nil  llw  siihjiut  i)f  till'  ilin-i  lion  of  rohilioii  irlifii  a 
iji'iirrnlor  is  roiivnti-il  iiiln  a  niiilnr.  Chief  Tcllrr  v.r- 
jilaius   llif  siibjrrt. 

y. 

"(i(i(ul  iiioiiiiMi.'.  chii'l'!  Last  Mi',Hit  llial  liook  of  \t)Uis 
tliiM  asks  ilscir  (incstioiis  and  tlicii  answers  tlicin.  liicil 
to  tell  nic  tliat  if  a  jf^-ncralor  was  coniicclcd  ii|i  as  a 
motor,  and  took  ciinvnt  lioiii  tlic  Imshai-,  il  would  iiiii  in 
tlio  opposite  ilii-e(tion  to  tlial  wliiili  it  did  to  produce 
current    ,is   a    m'neiator." 

"W.-ll.   uhal   rise  <lid    il   sav.   Will:-" 

"Siiv!  1 1  diiliTl  sav  any  niore.  liecause  I  simply  shul 
it  up  and  wouldn't  let  it  stulVme.  Il  may  talk  to  itself  lliat 
wav,  l)Ul  not  lu  me.  liecause  anvoiie  knows  lietter  lliaM 
tlial.  Don't  \ou  renuMnlier  o\ci-  in  the  old  plant  that 
when  the  helt  broke.  No.  'i  machine  would  keep  on  run- 
nins;;  in  the  sanu'  direction  until  the  switcli  was  pulled 
out?" 

"Let's  see.  Will,  tiiose  old  machines  were  straight 
shunt,  weren't  they?'' 

"Yes,  hnt  what  has  that  got  to  do  with  if:*" 


"Supposf  we  a^k  the  hook.  Hut  first  do  you  reni(!rril)(;r 
that  little  are  tnaeliine  we  used  temporarily  us  a  motor 
when  we  were  changing  over;  whi<h  way  did  that  run?" 

"('onu'  to  think  o\'  it,  we  had  to  reverse  the  leads  lo 
the  hrushes  to  get  that  one  to  run  the  wa\  we  expeeli-d 
It    to." 

"Ves,    here    it    is    in    the   hook.      .Just    as   you    said,   tl 
shunt  imichine  i-otated  in  the  same  direction,  heeause  1 1 
liclds  are   in    parallel   with   the  armature  and   the  are  "i 
series  machine  rotated   in   the  opposite  direction,  beeau-'' 
tile    (ields    were    in    scries." 

"Well,  il  goes  on  to  sav  that,  of  <-ourse,  a  eompouml- 
wound  machine  will  rotate  in  one  diicciiou  oi'  the  other 
according  as  its  shunt  or  scries  wimling  preponderate-, 
or  tliev  ma\  just  balance  when  llicre  will  he  no  motion 
at  all.  'I'liat  makes  il  clear  wliy  machines  will  act  diirer- 
cntly,  and  why  engineers  have  o-xperiences  which  do  not 
seem  to  tally." 

"This  hook,  Will,  does  not  go  into  lengthy  details  in 
answering,  hut  is  good  to  refer  to  as  the  old  Scoteluna/i 
said  of  a  dictionary,  'The  stories  are  verra  good,  but 
verra  sliort.'  " 
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SYNOPSIS— Charts  and  fornniUn^  fur  figuring  the 
power  transmitted  by  rope  drive,  the  sizes  of  sheaves,  etc. 
Also  the  characteristics  and  advantages  of  rope  drive  are 
discussed. 

■*■ 

Records  show  that  rope  manufactured  from  the  fiber 
of  palms  was  used  in  Egypt  long  before  the  days  of 
Christianity.  Such  ropes  were  found  in  the  tombs  of 
Beni-Hassan  (:50()()  B.C.)  and  on  the  walls  of  these  same 
tombs  are  illustrations  depicting  the  preparation  of  hemp. 
Carvings  found  in  tombs  in  Thebes  represent  the  process 
of  making  rope  from  thongs  of  leather,  about  IGOO  B.C., 
and  Assyrian  sculptures  of  about  50  years  later  show 
gigantic  hauling  operations  performed  with  rope.  These 
records  are  of  i)articnlar  interest  as  indicative  of  the  steps 
through  which  rope  manufacture  passed  in  the  early 
ages. 

Of  the  flexible  ropes  suitable  for  power  transmission,  a 
manila  rope  is  just  as  strong  as  a  solid  steel  bar.  weight 
for  weight,  though  only  about  11  ^ '2  per  cent,  as  strong 
per  equal  cross-section.  Leather,  on  the  other  hand,  is 
only  about  5  per  cent,  as  strong  as  a  steel  bar  of  equal 
cross-section  and  less  than  40  per  cent,  as  strong  per 
equal  weight  of  material. 

The  relative  efficiency  of  manila  rope  and  leather  belt- 
ing for  the  transmission  of  power  is  not  directly  propor- 
tional to  their  respective  strengchs.  however,  as  the  in- 
ternal construction  of  a  hemp  rope  and  a  strip  of  leather 
differ  greatly  and  are  affected  very  differently  by  wear. 
Manila  fibere,  from  which  the  rope  is  manufactured  are 


usually  from  8  to  10  ft.  in  length,  are  composed  of  elon- 
gated cells  that  possess  great  strength  longitudinally  but 
are  comparatively  weak  transversely.  Leather,  on  the 
other  hand,  is  about  equally  strong  in  any  direction  so 
that  the  wear  on  such  a  l)elt  is  mostly  external.  In  a 
manila  rope  the  wear  is  largely  internal,  the  elongated 
fiber  cells  being  crushed  together  when  passing  around  a 
sheave  and  breaking  up  into  short  pieces.  A  worn-out 
manila  rope,  as  far  as  its  strength  is  concerned,  may  have 
the  outward  appearance  of  an  excellent  rope  while  in- 
ternally its  construction  is  Init  a  mass  of  short,  broken 
particles.  The  allowal)le  working  stress  of  a  good  leather 
belt  is  customarily  taken  as  320  lb.  per  sq.in.,  or  about 
^  its  tensile  strength.  In  the  course  of  a  year  or  so  a 
manila  rope  will  lose  about  50  per  cent,  of  its  original 
strength,  after  which  the  weakening  becomes  more 
gradual.  Under  such  conditions  it  is  safe  to  figure  on  an 
allowable  working  stress  of  about  288  lb.  per  sq.in.  or 
3^2  its  tensile  strength. 

The  cross-section  of  a  manila  rope  closely  approaches 
a  circle,  and  an  allowable  working  stress  of  288  lb.  per 
sq.in.  is  equivalent  to  a  maximum  allowable  tension  of 
225  (/-  (pounds),  where  d  is  the  diameter  of  rope  in 
inches. 

The  influences  exerted  against  the  productive  force  in 
a  rope  drive  are  those  of  centrifugal  force,  the  tension 
required  in  the  slack  side  to  keep  the  rope  from  slipping 
and  the  air  resistance,  the  latter  negligible  at  low  speeds 
but  appreciable  at  very  high  speeds.  The  difference  be- 
tween the  productive  force  and  the  sum  of  the  unpro- 
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(luclivc  forces,  corrected  lor  iiieclianical  incHiciciicy  of  the 
sheaves,  etc.,  will  then  give  the  useful  power  that  can  he 
transmitted  by  a  rope  drive. 

Fig.  1  represents  the  distribution  and  consumption  of 
power  by  various  sizes  of  manila  rope  traveling  at  dif- 
ferent speeds.  The  upper  curves  show  the  tlieoretical 
power  that  can  be  transmitted,  corrected  for  the  loss  due 
to  tlie  centrifugal  force,  and  the  shaded  areas,  th(>  con- 
sumption of  power  l)y  aii'  resistance  and  meclianical  fric- 
tion. Theoretically.  Ilic  maxinuim  horsepower  Irans- 
mitted  by  a  rope  drive  would  be  when  tlie  ro])e  travels 
at  a  speed  of  about  a  mile  a  minute  (88  ft.  per  sec.)  but 
the  best  actual  speed  is  somewhat  less  than  this,  being 
aI)out  75  ft.  per  sec.  or  4500  ft.  per  min.  In  Fig.  2  is 
shown  the  net  power  that  can  be  advantageously  trans- 
mitted at  vai'ious  speeds.     Expressed  as  a  formula 

Hp,  =  (0.26  —  0.00001073^=^  —  0.00048i-')  vd^  (1) 
where  v  is  the  velocity  of  the  rope  in  feet  per  second  and 
jrf  the  diameter  of  the  rope  in  inches.  The  results  from 
this  formula  agree  closely  with  the  curves  in  Fig.  2,  which 
were  plotted  from  actual  conditions. 

The  curves  in  Fig.  2  and  also  the  horsepower  derived 
from  the  use  of  the  formula  depend  on  a  180-deg.  M'rap 
of  rope  on  the  driving  sheave  and  upon  the  angle  of  the 
heave  groove.  Cases  arise  where  it  is  impossible  to  ob- 
tain a  satisfactory  wrap  of  the  rope  about  the  driving 
sheave,  the  apparent  arc  of  contact  being  less  than  180 
.     in  such  cases,  the  power  transmitted  by  the  driving 
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leave  would  l)e  reduced  by  about  one-third  of  1  per 
nt.  for  each  degree  of  contact  less  tiian  180.  As  a  cor- 
iction  factor  this  niav  be  expressed  as  follows : 

B  =  100  —  0.34  (180  —  A)  (2) 

here  B  is  the  percentage  of  the  mr.ximum  power  trans- 
itted  and  A  is  the  arc  of  contact  on  the  driving  sheave. 
he  power-transmitting  capacity  of  drives  having  an  ap- 

t.rent  arc  of  contact  over  180  deg.  does  not  increase  at 
e  same  rate,  the  effective  arc  of  contact  being  about  l(i5 
g.  for  an  apparent  wrap  of  180  deg.     Increasing  the 


a])|)arent  wiap  much  over  ISO  deg.  sim[)iy  necessitates 
such  a  degree  of  snubl)ing  that  any  gain  in  power-trans- 
uiitting  capacity  is  lost  in  increased  friction  and  un- 
productive consumption  of  energy,  cxc('i)t  in  the  case  of 
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Fig.  2.     N'elocity  vkhsus  Xet  Horsepovfek 

very  short  drives.  Should  greater  accuracy  be  required, 
the  correction  factor  may  be  taken  from  Fig.  3,  which  is 
])lotted  from  experimental  data  and  shows  the  effect  of 
the  arc  of  contact  on  power  transmission  by  a  sheave  M-ith 
properly  proportioned  grooves. 

The  horsepower  transmitted  by  any  rope  drive,  depend- 
ing upon  the  difference  in  tension  between  the  taut  and 
slack  sides  of  the  rope,  permits  the  calculation  of  the 
tension  required  in  the  slack  side.  Expressec'  as  a  formula 
r  =   7rK/2  +  0.0000017fPF-  (3) 

where  T'  represents  the  tension  on  the  slack  side  in 
pounds  when  transmitting  the  full  load;  d  is  the  diam- 
eter of  the  rope  in  inches  and  V  the  velocity  of  th'3  ro])e 
in  feet  per  minute.  Table  1  gives  the  advisable  tension 
to  put  on  the  slack  rope,  from  data  derived  from  actu  il 
woi'king  conditions.  The  results  from  the  formula  and 
the  data  of  the  table  agree  verv  closelv. 


TABLE  I. 

TENSION  ON  SLACK  ROPE  IN  POUN 

DS  WHEN  1 

RANSM 

TING 

FILL  LOAD 

Diameter  of  R 

)pe 

Speed  of  Rope— Ft. 

per  Min. 

Inches 

,  loon 

•JOOO                3000 

4000 

5000 

J 

20 

22                    24 

28 

33 

1 

30 

.32                    35 

41 

48 

3 

42 

45                    .W 

57 

00 

J 

58 

61                     68 

77 

90 

75 

80                    89 

101 

117 

I     * 

95 

102                  113 

130 

150 

118 

126                  139 

159 

183 

142 

153                  168 

191 

220 

169 

180                  200 

227 

260 

198 

211                  235 

267 

305 

230 

245                  273 

309 

358 

263 

282                  314 

356 

409 

2 

300 

320                  355 

407 

468 
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Iwfcii    8ii|)|Hirliiig   sln'avt'.>*.      ()l)vioiiHly.    tin*    Haj;    on 
slaik  siilf  is  considcraljlv  iiiort'  tiiaii  on  llic  taut  side. 
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«00  +  0.0(}()013(>  V^ 
where  //  is  tlic  distance  hetween  support in<r  sheaves  in 
feet;  V  the  vekn-ity  id'  tiie  rope  in  ieet  per  minute:  N  the 
sag  on  the  driving  side  and  A"  the  sag  on  the  shick  side. 
Fornuihis  (4)  and  (5)  give  the  jj roper  sag  in  tlie  driv- 
ing and  slack  ropes  res])eetivel.v  wlien  the  drive  is  trans- 
mitting its  full  ]M-oper  )>ower  capacity.  Table  2  gives 
similar  data  obtained  from  observations  \mder  M'orking 
conditions. 


T.'VBLE  2. 


SAG   OF  nOPE   BETWEEN   SHEAVES  WHEN  TRANSMIT- 
TlNCi   FII.I.  CAPACITY 


Distance     Taut  Side 

Re'ween     All  Speeds 

Sheaves,  Ft.      Ft.  In. 

25  0     U 

50  0     5J 

1     Oi 


Slaik  Si<le  RunninE  at  the  Following  Ft.  per  Min 


100 
125 
150 


1  9 

2  10 


2  11 
5  1 
7  n 


7     5 
10     7 


4000 

Ft.  In. 

2i 

lU 

2  2 

3  10 
R  0 
8     8 


5000 
Ft.  In. 

25 
9| 
1  10 
3  3 
5  2 
7     6 


In  taking  up  the  design  of  equipment  necessary  for 
manila  rope  transmission  of  power,  the  most  important 
consideration  is  the  diameter  of  the  sheaves,  as  it  is  upon 
this  that  the  life  of  an  installation  and  hence  its  economic 
value  largely  depend.     The  life  of  a  manila  rope  is  not 
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llic  i-ipe  could  l>c  Hiilijected  to  .1  Working  slreHH  nearly 
Ivvicc  an  great,  and  as  the  niinilter  of  bcmls  that  tiie  rojio 
iiiakeH  is  dependent  upon  liolli  the  s|)ee(i  of  the  rope  and 
the  diaineler  of  the  sheave,  the  diameter  of  the  latter  need 
III'  hut  half  as  great  as  at  the  higher  speed. 

.Not  only  are  manila  rojies  used  for  the  transmitision  of 
power,  hill  they  are  also  usi-d  for  hoisting  operations 
where  the  ma.ximiini  speed  allaiiied  under  load  rarely  e.v- 
ceeds  KMIO  or  loOO  ft.  per  min.  and  for  tackle  operutiona 
while  the  rope  speed  does  not  exceed  !»<>()  ft.  per  min. 
Taking  llic  cllicicnt  rope  spi-ed  and  diameter  of  sheave 
fur  power  iiansniission  as  constant,  the  correct  diameter 
for  sliciiNcs  for  lioisling  piiiposes  would  he  from  i>  to  13 
times  ihc  ilianicicr  of  llic  lopc.  and  for  tackle  operation* 
ciglil  limes  that  of  llic  iupc.  Tin-  relative  allowable  loads 
arc  for  transmission  purposes,  ^  of  the  ultimate  strength 
of  the  rope;  for  boisling,  V.vj  ^'>  ''/-.w  ""<'  '""'"  tackle  op- 
erations .,'%  of  the  ultimate  strength  of  the  rope.  l*"or 
hoisting  tliere  is  ipiite  a  noticeable  variation  in  ilie  diam- 
eter of  tlie  sheaves  as  recommended  by  different  author- 
ities, due  to  the  great  variation  of  rope  sjieeds  that  may 
lie  considered  as  slandard   maxiiiuims:  hence,  it  is  advia- 


\^'^.:'*0.76736d      ^■'■"■^.0J67idd  """" 

Fig.  4.    Driving  and  Driven    Fig.  5.  Idler  and  Guide 
Sheaves  Sheave 

only  dependent  upon  the  degree  of  bend  but  also  on  the 
number  of  bends  that  must  be  made.  The  most  etticient 
minimum  diameter  of  sheave  for  a  manila  rope  traveling 
at  4500  ft.  per  min.  is  about  40  times  the  dianieter  of  the 
rope.  At  such  speed,  the  requirements  of  the  rope  are 
at  a  maximum  and  may,  therefore,  be  considered  as  equal 
to  100  per  cent.  At  any  lower  speed  the  requirements 
are  proportional  so  that  the  allowable  working  stress  can 
be  altered  accordingly.     For  instance,  at  half  this  speed 


Fig.   6.     Tension   Takkn   from   Driving   Shkavi: 

able  to  limit  the  allowable  working  load  for  hoisting  op- 
erations, the  rope  being  subjected  to  greatly  fluctuating 
loads  to  al)out  two-thirds  that  which  would  be  advisable 
under  more  uniform  and  constant  conditions  of  service. 
Table  3  contains  data  on  allowable  working  loads  and 
sheave  diameters  that  are  considered  good  practice. 

Of  almost  as  much  importance  as  correct  sheave  diam- 
eter is  that  of  proper  design  of  rope  grooves.  The  grooves 
for  both  driving  and  driven  sheaves  should  possess  enough 
gri])ping  power  to  prevent  slippage,  but  this  grip  should 
not  be  so  great  as  to  cause  the  rojie  to  wedge.    Experience 

TABLE  3.     working   LOADS  AND  SHEAVE  DIAMETERS 
FOR  MANILA  ROPE 

Diam-  Allowable  Working  Loads,  Lb.  Minimum  Diameter  of 
eter  Sheaves,  In. 
of     ritimate  Transi-  Trans- 
Rope  Strength  mission  mis.5ion 
In.          Lb.  of  Power  Hoisting  Tackle  of  Power  Hoisting      TacUe 
\           1,800  56  05  280  20  8  4 
I           2,810  86  160  430  25  9  5 
f           4,050  126  252  630  30  10  6 
I           5,510  172  365  860  35  11  7 

1  7,200  225  .500  1125  40  12  8 
U  9,110  285  6.57  1425  45  13  9 
U  11,250  351  835  17.55  50  14  10 
\\  13,600  ■125  1040  2125  55  15  11 
U  16,200  ,506  1267  2530  60  16  12 
11  19,000  595  1514  2975  65  17  13 
\\  22,000  688  1780  3440  70  18  14 
\\        25,300  790  1974  39.50  75  20  15 

2  28,800  900  2000  4500  80  24  16 

has  shown  that  the  45-deg.,  V-shaped  groove  is  the  moet 
suitable,  the  width  of  the  groove  on  the  pitch  line  being 
slightly  more  than  three-quarters  (0.76736)  the  diameter 
of  the  rope,  with  a  reasonable  clearance  between  the  un- 
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dcr  side  of  the  rope  and  the  bottom  of  the  groove;  see 
Fig.  4.  Orooves  flatter  than  45  deg.  are  apt  to  permit 
slippage  when  subjected  to  varying  loads  or  overloads, 
while  grooves  with  sharper  angles  are  apt  to  wedge  the 
rope  unduly.  Theoretically,  the  flanges  of  the  grooves 
need  not  extend  much  past  the  center  of  the  rope,  but  the 
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])ossibility  of  the  r()|)e  riding  up  the  side  of  the  groove  or 
of  increasing  in  diameter  from  some  cause,  makes  it  poor 
])ractice  not  to  have  the  flanges  extend  to  at  least  the  top 
111  the  rope  and  preferably  a  short  distance  beyond  the 
rope.  Idler  sheaves  require  grooves  that  simply  support 
the  rope  and  guide  it  without  any  grip;  see  Fig.  5. 

One  rope  being  inadequate  to  transmit  large  powers,  a 
number  of  ropes  have  to  be  employed  in  most  cases.  This 
has  led  to  the  development  of  two  distinct  systems  of  rope 
dri\'e,  the  multiple  or  "English"  system  and  the  con- 
tinuous or  "American"  system,  both  of  which  have  points 
of  advantage  so  that  the  choice  of  system  is  largely  a 
matter  of  personal  preference  and  local  conditions. 


[Acknowledgement  is  made 
to  the  American  Manufac- 
turing Co.  for  ideas  talcen 
from  its  catalog  with  regard 
to  this  and  the  other  trans- 
mission illustrations  accom- 
panying this  article. — Edi- 
tor.] 
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The  multiple  system  is  the  simpler,  consisting  of  in- 
dependent endless  ropes  running  side  by  side  in  the 
grooves  of  the  sheaves,  the  ropes  always  bending  in  the 
same  direction.  Each  rope  in  this  system  is  an  independ- 
ent drive  in  itself  and  should  one  break  the  remaining 
ones  can  transmit  almost  as  much  power  witliout  over- 
loading, so  that  the  broken  rope  may  be  replaced  at  a  con- 
venient opportunity.  In  installations  where  the  power 
from  the  main  generating  unit  has  to  be  distributed  to 
st'xcral  floors  or  to  several  independent  sheaves,  this  sys- 
tem is  particularly  adaptable,  as  groups  of  ropes  may  be 
led  from  the  driving  sheave  to  any  desired  point.  The 
main  disadvantage  of  the  system  is  that  each  rope  being 
an  independent  unit,  the  tension  in  both  the  taut  and 
slack  sides  should  be  about  the  same  for  all  the  ropes.  As 
the  various  ropes  may  not  stretch  equally  or  be  equally 
durable,  more  or  less  continual  adjustment  of  tension  is 


Fig.  9. 


QUAKTEK-TUKN    DlilVE,    TENSION    TaKEN    FROM 

Deiving  Sheave 


Fig.  8. 


Yehtical  Drive,   Tension  Taken  Fiio:M 
Driven  Sheave 


necessary  that  they  may  all  do  their  equal  share  of  the 
work.  However,  this  fault  is  not  as  serious  as  has  gen- 
erally been  supposed,  the  effective  arc  of  contact  between 
the  rope  and  sheave  not  varying  to  any  great  extent, 
although  the  apparent  are  of  contact  may  be  quite  notice- 
able. The  multiple  system  of  rope  drive  is  the  cheaper 
of  the  two  to  install  and  has  the  longer  life  of  rope  be- 
cause it  alwa3's  bends  in  the  same  direction. 

The  continuous  system  consists  of  but  one  endless  rope 
wrapped  about  the  driving  and  driven  sheaves,  the  differ- 
ent wraps  of  rope  occupying  adjacent  grooves.  The  rope 
from  the  inner  groove  of  one  sheave  must  be  delivered 
to  the  outer  groove  of  the  other  by  passing  about  an  in- 
termediate sheave  that  transfers  the  rope  from  the  inner- 
end  plane  of  one  sheave  to  the  outer-end  plane  of  the 
other.  The  exception  to  this  rule  is  when  the  transfer 
of  rope  is  made  from  the  inner  to  the  outer,  or  Dice  versa. 
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^'i(Mi\i>s   (if    llic   (liivcii    piillrv.      Tlic    tnmslVr    kIh'iinc    is  2.     'I'lic  iiiiiunnt   ol    |)(iwcr   llml   ciiii   lir  Iniiisniillril    Ik 

iisiiallv  ni()tiiitf<l  on  a  Iciisioii  ciirriti^'c  so  arraii^rt'd  an  to  liiiiitril  only   liy  liic  iiiiinlH-r  ol    roprH  ciniilovcd,  iuHtalla- 

travel  liack  and  I'oiili,  produiin^r  iinil'inin  tension  tlirou^di-  lions  IniiiMniiltin^'  up  to  'tUHU  hp.  froni  <inc  prinic  mover 

(III   (lie  rope  and  auloniatically   re;;iilatin^  llie  sliiek   tlial  liiiii-.'  in  operalioi). 

limy  oeiiir  I'roiii  stretch,  varying  load.  etc.  'riic  enii-  :;.  ( 'oiiipMieil  unh  liellin;;.  a  rope  i|ii\e  is  niiicli  more 
limions  system,  inoi'e  liian  llie  multiple  system,  is  inlapt-  i  (impact  and  re(piires  less  space,  the  width  of  a  rope 
alile  to  ipnu'ter-tnrn  drives  and  installatioiiK  in  which  the  sheave  is  t'roni  one-third  to  one-lialf  less  than  ihe  width 
drivinjj  and  driven  sheaves  lie  in  planes  •)hli(pie  lo  one  nf  n  licit  pulley  for  I ransniitlin;,'  the  same  power, 
another,  and  to  complicated  transmission  inslallnlioiis.  I.  Ifope  drives  are  noiseless  if  the  hearinj^s  are  proper- 
Its  main  and  only  serious  drawhack  is  that  should  llic  ly  luhricated.  the  fiexihility  and  luhrication  of  the  rope- 
rope  hreak  at  any  point  the  whole  system  is  I'i'ippled  i  he-  pioduciii^'  their  silent  runniii;^  and  the  air  K'M"'  '"' 
sides  it  is  Mioic  c\i>ciisi\e  to  install  than  the  niultiiilc  tween  the  ropes  prevent  in;;  any  ;rreat  atmospheric  dis- 
systciii.  Typical  examples  of  rope  drives  of  tlie  con-  tiirliance. 
tinuoiis  type  are  shown  in   l*'ius.  (i  to  !i.                                               '>.      I'recise  ali^^nmeiit   of   the  shafting   is  not  osHcntial 

The  advantages  of   mpc  drive  iiiiiv    l)c  sninincd    ii|>  :is  in  direct  drives  of  any  length  and  drives  may  take  sudden 

follows:  and  marked  changes  of  direction  if  |)ioperly  placed  guide 

1.     The  distan(eover  which  power  may  he  I raiisinilted  sheaves  arc  eni|)loyed. 
is  far  in  excess  of  that   liy  lielts,  chains  or  gearing.      Dis-  (i.      N'ery    little   slippage   occurs    in    properly    installe(l 

tances  np  to   150  or  even   "..'tHi   ft.   can  be  spanned   with-  rope    diives,    tending    to    a    nia.\imum    conservation    of 

out  the  necessity  of  intermediate  sheaves  and  if  these  arc  energy, 
used,  the  distance  can  be  made  much  greater.  7.     Cheapness   as   compared    with    belt   drives. 

SeHectiimg  a  IPm-mmp 

\',\    Wm.tck   Wkh.'^tki; 

SYNOI'SIS — The    conipiifdlidii.^   and    consiflcrations    hi/  failing  service  in  case  the  well  pump  was  under  repairs. 

which  a   volute  iijpe  of  pump  was  selected  from  the  iu-  If   the  volute   pump   were  crippled   city   water  would    he 

formation  submitted  hii  srreral  manufacinrers.  available. 

\-g.  The  accompanying  diagram  illustrates  the  general  op- 

A   line  of  artesian   wells  suj)plying  a   tower  tank   with  crating   conditions   of   the   system,    from    which    we   had 

water   through    the    medium  of  a   triplex    plunger    pump  carefully  calculated  that  tlie  pump  would  operate  for  a 

yields  a  maximum  of  '^68  gal.  per  min.      Due  to  the  in-  jieriod  of  41/2  min.  approximately  five  times  an  hour,  and 

stallation    of    additional    manufacturing    equipment,    a  since  the  demand  was  not  so  great  at  night  as  during 

maximum  of  G75  gal.  per  min.  was  required.     Test  wells  the  day,  it  would  operate  for  a  total  of  six  hours  out  of 

proved    that    no    move    water    was    available    from    that  every  tw^enty-four. 

source;  city  water  was  considered,  but  its  high  cost  elimi-  As  a  result  of  the  conferences  with  the  several  pump 

nated  the  possibility  of  its  use.     A  near-by  river,  however,  salesmen,  notes  were  made  of  characteristics  to  consider 

was   available,   and   while   it   alone   could   liave   supplied  and  proposals  were   requested,  submitted   and  tabulated 

the    requirements,    for   certain    manufacturing    processes  as  follows: 

the  well   water  was  preferable.     Therefore,  it  was   pro-  particulars  of  direct-connected  voltte   centrifugal 
posed  that  the  river  supplv  merely  the  deficiency.  pump 

Automatic    means    requiring    niinimimi    attention   for  Make  of  Pump  a         b         c         d  Remarks 

.  ^  ^  .  .  ,  ,  stage Single     Single     Single     Single 

maintaining  a  sufficient  quantity  ot   water   m  the  tank  suction  lift s'-o"    s'-o"     s'-o"    s'-o" 

F,         „  ,,  ,,■  ,T-,      ,  xt         1        ^  Length  of  discharge  pipe    .    610'        610'        GIO'        010'      Fnction  equal  to  15'- 

was  essential.     Hence  the  problem  :    \\  hat  was  the  best  o"  head 

,1       1       p    ,  ,.         •  ,1   •  1         i_       4.1        4-  .»,!_     „,w^i..Tj^in..-  Head  in  it.  at  whirh  raaxi- 

method  of  translerring  tins  water  to  the  tank,  operating         mum  eS.  i.i  required  so'        su'       so'       xo- 

automatically  and  utilizing   the   existing   power   for  the  '^'^\^^:,\ ,,,,:,   's""      '^      'f'"       ™ 

lowest  initial  maintenance  and  operation  costs  in  relation  size  of  discharge ........  ^c^'^     ^6^^     ^6^^     ^6^ 

to  the  highest  efficiency  obtainable  ?  Casing  (type) split     split     split      »p'it 

After  consulting  a  number  of  catalogs  and  interview-  Brake  hp 2174    20.48   21.09    .9  (>3  b.hp. — 33^000  xeff.~ 

ing  several  ijump   salesmen,  a  volute  centrifugal  pump  Maximum    power    under 

T       .  ■,     T  ■  j_i-x  ilj.Ji.l+  ,iny  con.lition  b.hp 23  21  22  21 

was  decided  upon.  Since  this  type  seemed  best  adapted  to  Pump  efficiency 65        69        67        72 

handling  large  quantities  of  water  under  the  conditions  tZvLZ'"''^"  rV....  iL      iL      f^x      flfx. 

stated.    Having  determined  this,  the  known  factors  were:  TClal  "olf  Including  eiecl  T     T     T     T 

1.     Type   of   pump— volute    centrifugal.  f  rb'^TfacToo- ■:.::;:: ^**5^»'°    yes      %\      fes 

•?.     Head  at  which  pump  was  to  operate  at  maximum  Delivery 30days    45        45        eo 

rr-    ■  oA   ii-  Other  points  considered  in  the  selection  were, 

eraciency OU    it.  1  — Avail.-ibiUty  of  stuffing  box. 

3.  Length    ot    dlSCliarge    pipe       biU    tt.  ^ — wearing  parts  renewable  without  renewing  expensive  parts. 

4.  Capacity 700    gal.    per    min.  '  4.— Protection  against  corrosion. 

5.  Power  available — alternating  current  at  550  volts.  Maintenance  and  depreciation  charges  were  considered 

60  cvcles,  three-phase.  etpial  in  each  make  of  pump  and  the  choice  depended  on 

The  capacity'  determined  on  could  sup])ly  a  trifle  more  operating  charges,  which  was  decided  on  a  basis  of  effi- 

than  the  maximum  requirements;  this  was  to  insure  un-  ciency,  the  cost  of  a  kilowatt-hour  being  2I/4C.     As  a  re- 
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Kult  of  liiose  tal)ulatioiis,  pump  A  was  oliminatcd  at  the 
bcfiinniiig,  due  to  its  high  initial  cost  and  lower  oth- 
cicncy.  This  left  the  choice  between  pumps  B,  C  and  1 ). 
Coiiipaiini;-   pumps   B   and    ('   and    converting  the  brake 
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AliHAXGEMENT    OF    PUMPS     AND    PiPING 

horsep(l\^x'r  into  l<ihjwatt-li()urs  for  tlie  six  hours  per  day: 
ff.r  ])nmp  B 

liiloicdit-hoKrs  = ; — -— =  91. bb 

1000 

and  91. (i(;  X  <».()2•^5  =  $-^.()t)2  =  cost  of  power  for  one 
day's  o])eration  of  ]>ump  B. 
For  pump  C 

, .,       ,,  ,  21.09  X  :4t;  X  6     ^^^  „„ 

li-iloirafi-hotd-K  =  —— =  94.38 

and  94.38  X  O.O^^rj  =  ^2.Vi:\  =  cost  of  power  for  one 
day's  o]5eration  of  pump  C.  Then,  $2,133  —  $2,062  = 
$'1,061  =  Saving  in  cost  of  power  per  day  of  pump  B 
over  pump  C. 

Cost  of   i)ump  B  =  $.576 
Cost  of  ])ump   C   ^     524 

Excess  cost  of  pump  B  ^  $  52 
Then,  $.52  -=-  $0,061  =  852  days  pump  B  would  have  to 
operate  to  pay  the  excess  cost  over  pump  C. 

Thus  it  would  require  nearly  three  years  of  300  work- 
ing days  each  for  pump  B  to  pay  for  its  increased  cost 
over  pump  C,  not  considering  the  interest  on  the  addi- 
tional investment.  Therefore,  pump  B  was  eliminated, 
leaving  pumps  C  and  D  for  final  choice.  Following  the 
same  method  for  pump  D, 

/  -7        n  1  19-'53  X  T46  X  6       „^  „,, 

Icihiwal /-hours  = =  87. 86 

and  $87.8(i  X  0.0225  =  $1,976  =  cost  of  power  for  one 
day's  operaticm  of  pump  1).  Then,  $2,123  —  $1,976  = 
$0,147  saving  in  cost  of  power  ])er  day  of  pump  U  over 
pump  C. 

Cost  of   pump   D  ^  $5 1 3 
Cost  of  pump  C  =     524 

Excess  cost  of   pump  D  =  $  49 


$49  -f-  $0,147  =  333  days  pump  1)  would  have  to  op- 
erate to  pay  the  excess  cost  over  pump  C. 

in  this  instance  it  was  shown  that  pump  D  would  pay 
the  excess  cost  over  pump  C  in  a  little  over  one  year  of 
300  working  days,  and  would  accomplish  a  saving  every 
year  thereafter  of  $44.10.  Should  the  pump  operate  more 
than  six  hours  per  day,  which  was  not  at  all  unlikely, 
the  saving  would  be  correspondingly  increased.  The 
clioice  of  the  pump  was,  therefore,  conceded  to  pump  ]). 

In  the  selection  of  the  electrical  apparatus  no  attempt 
was  made  to  compare  different  makes.  The  reason  for 
this  was  that  since  the  pump  was  to  operate  automatical- 
ly, reliability  was  the  important  factor,  and  it  had  been 
decided  to  specify  apparatus  manufactured  by  a  reliable 
concern  that  had  given  us  satisfaction  in  previous  in- 
stallations. 

A  lesson  to  learn  from  the  foregoing  is,  that  it  is  not 
always  the  lowest-priced  apparatus  which  is  the  best 
to  purchase,  and  unless  it  is  investigated  thoroughly,  the 
engineer  is  likely  to  use  poor  judgment  in  the  selection 
of  the  apparatus  best  suited  for  his  particular  proposi- 
tion. 


The  ])rincipal  enemy  of  a  tliermostatic  valve  is  the 
amount  of  dirt  and  sediment  in  the  system ;  another  ob- 
.jectionable  feature  is  the  trouble,  due  to  the  collapse  or 
rupture  of  the  thermostatic  diaphragm. 

One  feature  of  the  Monash  thermostatic  valve,  illus- 
trated herewith,  is  that,  when  steam  comes  to  the  valve 
chamber,  the  valve  E  closes  without  any  steam  pressure 
coming  in  contact  with  the  thermostatic  member.  The 
diaphragm,  being  relieved  of  all  pressure  caused  by  steam 
remaining  in  the  valve  case,  cannot  rupture. 

Dirt  or  sediment  cannot  pass  through  the  valve  open'::g 
into  the  expansion  chamber,  because  there  is  an  ample 
dirt  pocket  in  advance  of  the  valve  seat,  with  a  deflector 
C  to  throw  this  dirt  and  sediment  to  the  bottom  of  the 
pocket  B,  from  where  it  can  be  removed  as  necessary  Ijy 
the  cleanout  A. 

A  pocket  is  provided  in  the  expansion  chamber  to  re- 
ceive the  diaphragm  F,  which  is  simply  drop])ed  in ;  no 
adjustment  of  any  kind  is  required.     Provision  has  been 


Section  through  Moxash  Therjiostatic  Valve 
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The  first  step  is  to  lay  oft'  the  under  surface  of  the 
arch,  or,  in  fact,  the  upjier,  if  such  is  accessible,  into  as 
many  parts  as  are  essential,  varying  with  the  size.  In 
the  present  case,  five  transverse  and  nine  longitudinal 
sections  were  made.  Measurements  are  then  taken  at  the 
intersections  of  the  tranverse  and  longitudinal  lines  and 
charted.  They  may  be  taken  as  the  arch  is  torn  down 
pre])aratory  to  building  a  new  one.  or,  if  the  arch  is  in 
condition  to  be  rejjaired.  fnnii  a  base  line  below  the  arch. 
The  objection  to  the  latter  inctliod  is  that  the  accuracy  is 
somewhat  doubtful  because  of  the  likelihood  of  deforma- 
tion (settling)  of  the  arch  in  service,  in  which  case  the 
original  measurements  cannot  be  considered  comparable 
with  those  taken  after  service. 

The  arches  jjlotted  in  the  accompanying  figures  were 
tvpical.  It  has  been  found  that  the  erosion  in  one  arch 
over  a  Roney  stoker  is  similar  to  that  found  in  other 
arches  over  the  same  stoker ;  this  is  also  true  of  the  arches 
over  the  Murphy  stokers,  whose 
typical  erosion  is  quite  unlike 
that  shown  in  those  over  the 
Eoney  stokers.  Arches  over 
chain-grate  stokers  show  mucli 
the  same  configuration  as  those 
over  the  Roney. 

For  brevity,  only  two  types 
of  erosion  are  shown,  with  the 
most  marked  differences  in  av- 
erage contour,  due  without 
doubt  to  the  dissimilar  design 
of  the  stokers.  The  Roney 
stoker  feeds  from  the  front  to- 


waid  tlif  rear  along  grates  inclined  at  about  lo  deg. 
froin  the  horizontal,  whereas  the  Murphy  feeds  from  the 
sides  along  inclined  grates  which  form  a  \'-sliaped  fuel 
bed.  Ill  the  (a>e  of  the  Ifoiiey  stoker,  the  fin;!  bed  is 
|irai  ticiilly  a  |ilaiii'  siirfaee.  The  same  fuel,  Hocking 
\  alley  slaik,  \\a>  used   under  all  the  arches  examined. 

Fig.  1.  showing  the  erosion  typical  in  arches  over 
ifoney  stokers,  indicates  a  remarkably  uniform  wearing 
away  of  the  lirebrick.  the  rate  gradually  accel(;raliiig  to- 
ward the  rear  of  the  arch  and 
i)eing  niaximum  at  the  center. 
This  maximum  erosion  em- 
braces two  full  longitudinal 
sections  (  1-.")  and  '>-€>)  and  a 
poll  ion  of  Olio  transverse  se<'- 
tion  (l)-E).  The  cau.«e  is  the 
concentration  of  heat  at  thi> 
portion  of  the  arch,  the  heat 
taking  a  converging  path  from 
front  to  rear.  This  arch  wa.s 
two  years  and  three  months  old 
when  measured. 

Different  conditions  are  en- 
countered ill  Fig.  2,  which  shows  the  erosion  tyi)ical 
in  Mur])hy  stoker  arches.  Here  there  is  a  zone  of 
comparative  freedom  from  erosion  along  the  center; 
in  fact,  end)racing  nearly  all  that  part  between  longi- 
tudinal-section lines  4  and  6  and  transverse  lines  A 
and  E.  This  is  most  clearly  shown  in  transver.se  sec- 
tion D,  in  which  the  action  of  the  gases  from  the 
grates  at  the  sides  is  plainly  indicated  between  longi- 
tudinal lines  3  and  4  and  (i  and  7.  In  the  last  trans?- 
verse  section  E,  this  peculiar  contour  is  eliminated,  due 
to  the  concentration  of  heat  and  tlie  increase  in  gas  veloc- 
ity. The  life  of  this  arcli  was  two  years  and  one  month. 
The  data  given  show  that  something  should  be  done 
in  the  design  and  construction  of  furnaces  to  secure  more 
uniform  erosion  in  service.  In  the  case  of  the  Roney 
stoker,  the  ])roblem  seems  fairly  easy,  there  being  two 
courses  open  or.  rather,  three:  Thickening  the  arch  at  the 
center  towai'd  the  back,  inclining  the  whole  arch  ujjward 
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towai'd  llie  rear  or,  at  least,  that  pDrtion  cnihraccd  hy 
section  lines  JJ  and  L\  or  eliminating-  the  areii  entirely. 
That  the  last  course  is  feasible  is  indicated  by  the  fact 
that  to  the  writer's  knowledge  two  Koney  stokers  are  lie- 
ino-  successfully  operated  with  no  ignition  arch  what- 
ever, the  so  called  stoker  arch  being  20  in.  in  length. 
The  boilers  arc  500  hp.  Stirlings,  operating  on  natural 
draft  with  Hocking  Valley  slack.  With  this  arrangement 
more  economical  steam  generation  was  secured  than  with 
the  regular  G-ft.  ignition  arch  formerly  emi)l()yed. 


Back-  E 


Back-  E,       2545       678       3 

Fro.  4.  MuKPHY  Stokkks 
Plax  Sketchks  oi'  AitcHKs  Shown-   ix   Figs.  1  and  2 


Fig.  3.  Roxey  Stokkk.s 


Figs.  3  and  4  are  plans  of  the  arches  shown  in   Figs. 

and  2,  giving  the  same  information  in  somewhat  dif- 
ferent form.  The  paths  of  the  gases  along  the  surface 
of  the  arches  are  shown,  and  the  thought  is  brought  out 
that  there  are  areas  which  ])robably  never  reach  the 
maximum  temperature  of  the  hottest  portions.  It  is  evi- 
dent, therefore,  that  the  arch  is  under  territific  strain  all 
the  time,  this  effect  probably  being  a  torsional  stress  to 
some  extent  and  accounting  for  the  grinding  away  of  the 
3nds  of  the  arch  brick  in  certain  portions. 

It  is  certain  that  arch  design  could  be  advantageously 
;lianged  so  that  the  paths  of  th.e  gases  would  be  nun-e 
iniform  over  the  arch  surface  and  that  the  heating  would, 
onsequently,  be  more  uniform. 

Effort  in  this  direction  is  now  being  made  with  some 
rches  of  new  design  under  the  writer's  supervision,  but 
t  is  too  early  in  their  life  to  state  the  resiilts  obtained.  It 
nay,  however,  be  stated  that,  so  far,  the  results  a])pear 
0  have  justified  the  redesigning  of  the  original  arches. 

It  is  likely  that  the  lines  of  contour  in  arches  over 
hese  same  stokers  but  using  a  different  coal,  say,  a  heavy 
oking  coal,  would  be  different  from  those  found  in  the 
iresent  investigation.  It  is  probable  that  in  such  a  case 
he  heating  of  the  arches  would  be  somewhat  more  uni- 
orm  and  the  lines  of  contour  less  sharply  marked. 


Tests   of  Si  Scimall  ID)n©s®fi  Eua^nim© 

In  a  paper  before  the  Institute  of  Naval  Arclulccts, 
'rofessor  Dalby  presented  the  results  of  some  tests  on  a 
nail  Diesel  engine  at  the  laboratory  of  the  City  and 
•uilds  College.  The  engine  was  a  6i/ijxl0%-in.  single- 
('■linder,  operating  on  the  four-stroke  cycle  and  nominal- 
'  rated  at  10  hp.  Governing  was  effected  by  controlling- 
lie  action  of  the  suction  valve  on  th(>  fuel  pump,  and  in 
meral  there  was  little  to  distinguish  the  engine  from 
:her  types  of  Diesels. 

The  figures  of  the  test  herein  shown  are  instructive, 
it  the  chief  interest  lies  in  the  indicator  diagrams  wliicli 
.ere  taken  photographically  by  an  optical  indicator.  In 
lis  indicator  no  spring  or  ])iston  is  used  and   the  ])r('s- 


sures  within  the  cylinder  are  meiisured  by  the  slight  de- 
flection of  a  diaphragm  connected  with  a  small  mirror, 
which  is  thus  caused  to  tilt.  A  second  mirror,  whose  axis 
is  at  right  angles  to  the  first,  receives  an  angular  motion 
proportional  to  the  piston  displacement.  .\  beam  of  light 
from  within  the  apparatus  falls  upon  each  mirror  in  suc- 
cession and  is  brought  to  a  focus  on  the  ground-glass 
screen  of  a  camera.  Wiiervdesired,  the  screen  is  replaced 
by  a  photogra|)hic  ])late. 

Interposed  between  tiii'  second  mirror  and  the  piston 
mechanism  is  an  arrangement 
called  a  "phase  changer,"  driv- 
en from  the  crankshaft  by 
means  of  sprocket  wheels  and  a 
chain.  The  ratio  between  this 
small  crank  and  the  connect- 
ing-rod is  the  same  as  that  be- 
tween the  actual  crank  and  the 
connecting-rod  of  the  engine. 
This  enables  the  events  on  the 
diagram  to  be  changed  through 
any  number  of  degrees.  When 
the  phase  is  changed  90  deg. 
the  "dead  point"  period  is  exhibited  on  a  time  base 
instead  of  a  piston-displacement  base,  so  that  the  varia- 
tion of  pressure  in  this  region  van  be  nun-e  closely  studied. 


Fig.  1.  XoRMAL  DiAGRAir  and  Oxi-:  Di.splaced  90 
Degkees 

Fig.  1  is  such  a  diagram,  the  right  hand  showing  the 
normal  diagram  and  the  left  hand  the  same  diagram  with 
the  events  displaced  90  deg.  The  compression  in  the 
altered  diagram  begins  at  .1  and  v-xtends  to  the  rio-ht  and 


Fig.  2. 


Superimposed  Diagrams  Takex  with  Opticai, 
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up  to  />'.  At  ('  llie  fuel  valve  was  opened,  and  the  ex- 
pansion curve  begins  at  D,  continuing  until  the  exhaust 
valve  o])ens  somewhere  near  E. 

In  Fig.  2  the  four  diagrams  taken  at  different  loads 
are  shown  sui)erimposed.  The  cutoff  was  the  same  in 
each  case,  being  fixed  by  the  cam.     It  will  be  noted  that 
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It  is  not  oflfii  tlial  in  statioiii.rv  steaiu-lioiler  installa- 
tion tlio  noc'd  arises  for  a  combination  of  automatic  coal 
firing  with  apparatus  for  burning  gas  in  the  boilcM-  fur- 
naces; tlierefore  a  brief  description  of  a  boiler  installa- 
tion recently  erected  at  the  works  of  the  South  Stafford- 
shire Mond  Gas  ("o.,  Dudley  Port.  Tipton.  England,  will 
be  of  interest. 

This  plant  consists  of  three  Lancashire  l)oilers,  each  0 
ft.  in  diameter  by  30  ft.  in  length,  with  extended  flues, 
the  l)oilers  working  at  \20  lb.  pressure,  fitted  with  super- 
heaters and  with  an  economizer  of  4000  sq.ft.  of  lieating 
surface.     The  grate  area  of  each  boiler  is  about  57  sq.ft. 

The  plant  also  includes  eight  producers  capable  of 
gasifying  20  tons  of  fuel  per  day  of  24  hr.  and  supply 
gas  engines  of  2000  hp.  capacity  The  gas  from  the  pro- 
ducers is  washed  and  cooled,  and  after  the  ammonia  has 
lieen  extracted,  it  is  sent  through  \he  scrubbers  and  meters 
to  the  compressors  and  transmitted  at  high  pressure 
through  a  system  of  gas-distributing  mains. 

The  boilers  illustrated  were  at  first  hand  fired,  but  in 
IHID  it  was  decided  to  substitute  mechanical  stokers  un- 
der a  guarantee  that  each  boiler  would  give  an  evapora- 
tion of  12,000  lb.  of  water  per  hour,  an  overload  evapora- 
tion for  short  periods  of  1.3,000  lb.,  and  an  overall  etii- 
cieiuy  of  72  per  cent.  On  test  the  guarantee  figures  were 
exceeded,  an  overload  evaporation  of  17,000  lb.  of  water 
being  obtained. 

In  the  operation  of  the  plant  it  was  necessary  to  keep 
steam  up  during  the  night,  and  also  from  the  noon  hour 
on  Saturday  until  the  start  of  regular  work  early  Monday 
morning,  and  obviously  it  was  advisable  to  reduce  the 
lalior  costs  as  much  as  possible  during  this  interval. 
Therefore,  gas  firing  was  adopted  for  night  and  week-end 
periods  as  an  auxiliary  to  the  mechanical  coal-firing  sys- 
tem. 

On  the  top  flange  of  the  stoker  front,  gas  ducts  are  led 
into  the  boiler  furnace  and  secured  by  a  gas-tight  joint. 
Ratfle-plates  are  so  arranged  that  a  passage  is  provided 
liaving  an  outlet  immediately  over  the  grate  for  the  gas 


a  pipe  lieliiiid  the  cfnil  hopper  to  the  gaH  Hiipply.  .\ir  i« 
conveyed  to  the  furnace  by  iiicanH  of  sepaiate  air  diiiU 
and  does  not  iiii.x  with  the  gas  until  it  in  n-ipiired  to  pro- 
mote ignition  inside  the  line  \  valve  with  an  adjiiKt- 
iible  cover  is  placed  mi  the  fiiiiDiic  I'luiil  lor  icgulaliiig 
the  >npply  of  air. 


KoiLKii  Fri!.\A(  i:s  Frn'KD  foh  Btii.M.vc  Coal  and  (J.\s 
Fri:i.s 

So  satisfactory  has  this  duplicate  method  of  firing 
ju'oved  in  pi'actice  in  the  two  years  this  instiillaiion  has 
been  used,  that  recently,  when  an  exten.sion  of  the  boiler 
plant  was  required,  tlie  same  system  was  adopted.  Care- 
ful check  was  kept  on  the  performance  of  the  plant  and 
during  the  running  test,  M'hich  extended  over  six  months, 
under  all  usual  conditions  and  variations  of  load,  in- 
cluding times  when  portions  of  the  plant  were  laid  off 
for  cleaning  and  inspection,  it  was  found  that  the  ther- 
mal efficiency  was  as  high  as  73  per  cent.  The  average 
amount  of  water  evaporated  per  hour  per  boiler  over  a 
month's  running  was  14,880  11).,  when  the  water  was 
previously  heated  in  the  economizer.  During  this  period 
the  boilers  were  fired  in  the  daytime  with  slack  coal  by 
the  automatic  stokers  and  by  gas  during  the  night  anfl 
week  ends. 


V  Demonstration  of  tlie  possibility  of  stfam  raising  by  the 
combustion  of  liquid  fuel  directly  in  contact  with  water  has 
been  made  in  Bremen.  Germany.  An  apparatus  consisting  of 
a  cylindrical  boiler,  provided  with  a  number  of  pockets 
isolated  and  drained  by  suitable  valves  and  drain-cocks,  was 
used.  Each  of  these  pockets  contains  an  oil  burner,  with  a 
pilot  burner,  by  means  of  which  the  main  burner  can  at  start- 
ing be  sufficiently  heated  to  effect  complete  combustion  of  the 
oil.  AVhen  the  main  burners  are  well  alight,  water  from  the 
boiler  is  permitted  to  flow  into  the  previously  drained  pockets, 
and  the  circulation  of  heated  water  commences,  the  products  of 
combustion  as  well  as  the  steam  generated  being  used  as  a 
source   of  power  in  a   steam   engine. — "Popular  Mechanics." 


A  951-Ft.  Transniission  !>>pan — The  British  Columbia  Elec- 
tric Ry.  Co.,  of  Vancouver  B.  C,  has  just  installed  a  new 
34,600-volt  transmission  span  over  the  Second  Narrows  of 
Burrard  Inlet,  to  supply  energy  to  North  Vancouver  and  ad- 
jactnt  districts.  The  span  measures  951  ft.  between  towers 
and  at  its  lowest  point  clears  the  water  by  a  height  of  161 
ft.  in  order  to  permit  large  vessels  to  reach  Industrial  plants 
at  the  head   of  the  inlet. 
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A  good  thing  to  have,  wlieii  tlic  right  kind,  is  amhition. 
What  docs  it  mean?  Well,  without  consulting  our  Web- 
ster, wc  should  say,  "Amhition  is  a  desire  to  succeed." 
With  that  as  the  definition,  it  is  very  apparent  that  the 
first  statement  cannot  be  challenged.  Certainly,  it  is 
commendable  to  have  a  desire  to  succeed  in  the  right 
kind  of  an  endeavor.  Further,  to  bring  the  application 
home,  it  is  laudable  for  an  engineer  to  aim  to  be  the 
L'st  engineer  he  can  possibly  be.  If  he  keeps  this  be- 
fore him  as  the  goal  he  wants  to  reach  and  does  not 
cease  trying  for  it,  he  is  pretty  apt  to  become  a  credit 
to  himself  and  his  profession. 

80  much  for  the  object.  Xow  what  is  necessary  that 
it  may  be  attained?  The  answer  is  "'Do  not  lose  your 
ambition."  To  the  young  man,  such  advice  is  seldom 
needed.  Youth  is  a  period  of  hope,  and  ambition  a  nat- 
ural characteristic  at  that  time.  The  man  who  has  no 
ambition  while  he  is  young  is  a  failure  before  he  starts. 
Time  spent  in  counseling  him  is  wasted.  We  are  sorry 
for  him,  but  we  cannot  help  him,  so  we  will  dismiss  this 
chap  with  our  pity  and  turn  our  attention  to  another 
class. 

Many,  numy  men,  sad  to  relate,  now  not  so  yoiuig  as 
they  once  were,  started  with  high  hopes  and  plenty  of 
ambition,  but  they  have  been  dropping  by  the  wayside. 
They  got  in  a  rut,  became  tired  and  discouraged,  and 
their  ambition  just  naturally  died  before  they  got  out  of 
the  realm  of  the  mediocre.  Now  they  are  just  plodders. 
They  too  are  to  be  pitied,  but  there  is  hope  for  all  of 
them  if  they  can  be  aroused  to  the  truth  that  ambition, 
like  muscle,  must  be  exercised,  or  it  becomes  weak.  Like 
physical  strength,  it  decreases  with  age  and  much  more 
rapidly  if  it  is  neglected. 

If  we  were  to  be  called  in  as  a  physician  to  prescribe 
for  this  mental  ailment — loss  of  ambition — we  should 
first  say  take  courage  as  a  tonic,  your  successful  friends, 
who  had  no  more  latent  ability  or  educational  advantages 
than  yourself,  as  examples,  and  practice  these  exercises : 

Begin  with  a  little  self-study.  Why  have  you  lost 
your  ambition?  Certainly  not  because  there  is  no  more 
that  you  can  accomplish.  You  are  not  satisfied.  At 
least,  it  is  to  be  hoped  that  you  are  not,  for  someone 
once  said  that  when  a  man  is  perfectly  satisfied  with 
himself,  it  is  time  for  him  to  die.  No,  you  want  to  get 
farther  along  in  your  work.  You  want  a  better  position, 
a  better  reputation,  a  larger  measure  of  the  world's  ap- 
proval. When  you  have  reached  this  determination, 
there  is  already  an  improvement  in  your  condition — your 
ambition  is  returning.  With  something  to  work  for,  you 
are  ready  to  go  ahead  again. 

Now  is  the  time  to  pause  to  consider  what  were  the 
influences  or  circumstances  that  first  dealt  your  ambi- 
tion such  a  body-blow  and  put  a  "crimp"  in  your  nerve. 
Perhaps  you  were  feazed  by  a  sense  of  your  lack  of 
knowledge.     The   remedy    for  that   is   study,   and   oppor- 


tunities lie  all  around  you.  Pitch  in — learn  a  little  at  a 
time.  "Every  little  bit  added  to  what  you've  got,  makes 
just  a  little  bit  more."  As  you  gain  knowledge,  apply 
it;  then  it  becomes  something  real  and  worth  while. 
The  photographic  plate  may  have  been  perfectly  exposed, 
but  it  does  not  amount  to  anything  until  it  is  developed. 

Hunt  around  your  plant  for  the  things  that  are  not 
up  to  modern  standards  and  do  what  you  can  to  improve 
them.  Even  if  you  cannot  make  them  better  unless  the 
management  will  spend  the  money  you  recognize  as  nec- 
essary, and  it  refuses  to  do  that,  you  still  have  the  gain 
of  knowing  why  they  are  not  right  and  what  right  is. 
You  can  use  this  knowledge  in  the  next  step  upward. 
Or,  if  your  suggestions  are  heeded  and  you  are  allowed 
to  make  the  improvements,  you  will  rise  a  lot  in  the 
estimation  of  your  employer. 

When  your  ability  has  outgrown  your  present  situa- 
tion, cast  about  for  a  better  one.  Don't  wait  for  it  to 
seek  you.  Never  settle  down  on  any  one  place  as  a  life 
job,  while  there  are  better  ones  for  which  you  are  fitted 
or  can  fit  yourself. 

Perhaps  you  will  interpose  the  plaint  that  you  have 
a  family  to  support  and  you  can  not  be  too  independent, 
etc.  That  is  the  very  thing  that  ought  to  stimulate 
one's  ambition,  but  all  too  often  is  what  kills  it.  If 
you  have  a  real  helpmate  at  home,  she  will  take  a  chance 
for  your  sake.  If  she  is  not  that  kind,  alas,  it  is  a 
serious  handicap,  but  it  is  the  greater  credit  to  you  if 
you  can  win  in  spite  of  a  drag.  Many  a  fellow  who 
got  there  owes  it  more  to  his  wife  than  himself. 

Finally,  do  not  be  easily  discouraged.  Be  patient  over 
your  failures  and  setbacks,  but  do  not  be  resigned. 
Keep  some  mark  in  sight,  and  as  each  one  is  reached 
set  a  new  one.     That  is  ambition  and  it  spells  success. 


Coal   Tes^lffa^ 

In  line  with  the  preceding  editorial,  one  thing  any 
engineer  can  do  to  make  himself  a  better  engineer  is  to 
test  his  coal.  On  page  657  is  described  a  simple,  home- 
made retort  for  heating  and  burning  coal  samples  to  make 
a  proximate  analysis. 

The  habit  of  testing  the  coal  as  delivered  is  a  mighty 
good  one.  Let  the  coal  dealer  know  you  have  this  habit 
and  he  will  be  more  particular  to  send  you  good  coal. 
Let  your  employer  know  you  have  it  and  tell  him  he 
can  save  money,  if  he  can,  by  getting  better  coal  and  he 
probably  will  have  more  respect  for  you  and  manifest 
it  in  agreeable  and  substantial  ways. 

You  will  need  scales  to  weigh  your  samples  before  and 
after  driving  off  the  volatile  matter  and  burning  out  the 
combustible.  It  is  not  necessary  to  have  an  expensive 
laboratory  balance.  Scales  come  in  cheap  enough  forms 
(good  ones  can  be  had  for  two  dollars)  for  you  to  af- 
ford them  out  of  your  own  pocket  if  necessary,  though 
it  probably  will  not  be  left  for  you  to  pay  for  them  when 
you  have  explained  what  you  want  them  for. 
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'rako  the  n.sli  tli'liTiiiiiialion,  for  iiisliiiicc,  ju.st  divido 
tlu>  liiiiil  \veij,'lit,  dc'duitiii^'  tlii'  vvi'i>,'lil  ol'  llic  (•nicil)lf, 
l»y  till'  lirnt  weight,  loss  tlic  iTiicililc  wi-iglit,  point  olF 
two  plaiTS  ill  till'  answer  and  you  liave  the  percentage 
oi'  ash.  If  it  is  over,  say  eleven  |)er  cent,  for  anthra- 
eite,  si.xtueii  per  cent,  for  liituniinoiis,  and  twenty-two 
per  eent.  fur  shu'k.  yon  in;iy  kimw  that  you  can  gel  l"'t- 
ter  eoul,  and  ])roltahly  .slumld.  However,  the  cost  of  tlie 
coal  is  always  to  he  taken  into  accounl.  Sunictiines  a  poor 
eoal  is  enough  cheaper  than  coal  a  little  better  to  he  inon' 
economical  in  the  long  run.  This  presupposes  tlint  the 
furnace  conditions  are  right  for  hurning  the  poorer  coal. 
In  any  event,  do  not  neglect  consideration  of  the  added 
lal)or  and  more  rapid  destruction  of  the  lining,  if  they 
prove  to  be  the  consequences  of  hurning  the  poor  coal. 

With  each  new  grade  of  coal  tried,  it  is  well  to  make 
a  complete  proxinuite  analysis.  .Vltei-  that  an  ash  deter- 
mination will  show  about  what  to  expect  and  whether 
subsequent  deliveries  are  up  to  the  tirst  one  that  got  your 
ilealer  his  order. 

By  the  way,  bear  in  mine  the  idea  that  is  being  taken 
up  so  rapidl)' — of  buying  coal  on  specification.  We  have 
printed  considerable  on  the  subject  lately.  There  are 
tremendous  possibilities  in  the  i)ractice.  It  is  not  nn- 
likely  that  you  may  find  it  of  advantage  in  your  plant. 

IBoaIes'='F'usff'irasice  Seifnes 

Closely  akin  to  the  subject  of  coal,  just  referred  to,  is 
the  matter  of  how  it  is  burned.  In  this  issue  is  printed 
the  first  of  a  series  of  articles  relating  to  the  construc- 
tion of  boiler  furnaces  by  Osborn  Monnett,  smoke  in- 
spector of  the  city  of  Chicago.  This  one  is  entitled 
"Gas  Passage  in  Return-Tubular  Boilers"  and,  as  ex- 
plained in  the  synopsis  at  the  head  of  the  article,  ap- 
plies to  the  use  of  Middle  West  bituminous  coals.  Many 
of  our  readers  are  dealing  with  just  the.-^e  kinds  of  coal 
and  will   find   helpful   information   in   this  discussion. 

Otiier  installments  to  follow  will  treat  of  the  arrange- 
ment of  baffles  and  dampers  and  the  design  of  uptakes 
and  flues,  etc.  Two  or  three  will  deal  particularly  with 
draft.  Number  seven  in  the  series  will  be  entitled  ""An- 
alyzing  an  Existing  Plant"  and  should  be  specially  in- 
teresting to  those  who  feel  that  their  equipment  could 
give  better  results,  but  do  not  know  just  where  the  faults 
lie.  Another  later  installment  will  be  of  value  to  every- 
body, as  the  title  alone  shows,  "Kules  for  Firing  without 
Smoke."  We  are  not  disposed  to  show  any  more  of  our 
hand  now,  but  we  will  say  this:  "We  have  a  fist  full 
of  trumps." 

Presenting  this  series  at  this  time  is  in  keeping  with 
our  plea  for  more  attention  to  the  boiler  room.  It  has 
not  been  getting  its  share  as  compared  with  the  parts 
of  the  plant  where  the  steam  is  used.  "Saving  at  the 
spigot  and  wasting  at  the  bung"  is  what  every  plant  is 
doing  that  strives  for  the  most  economical  steam  con- 
sumption without  regard  to  the  wastefulness  of  the  steam 
production.  In  the  total  efficiency  from  coal  to  power, 
by  far  the  greatest  loss  is  in  the  boilers  and  furnaces. 
A  little  saying  here  can  offset  a  big  lack  of  economy  in 
the  engines  or  turbines. 

We  sincerely  trust  that  these  articles  will  be  read 
with  profit  by  a  large  part  of  our  readers.  They  will  be 
■well  worth  thoughtful  perusal,  and  we  hope  that  they 
will  not  only  be  read  and  digested,  but  that  thev  mav 


be  the  ineaiiH  of  greatly  iin]»roved  condilioiiK  in  very  man 
plantH.     We  take  not  a   litth?  satiHliution   in   having  ^ 
cured  these  articles  from  ho  eminent  an  authority  as  Mr 
Monnett.     He  has  done  and   is  doing  splendid   W(H-k    in 
Chicago,  and  when  lu-  went  to  that  field  from  the  editorial 
stair  of    l'i)Wi:i{,   what   we   lost    was  Chicago's  gain. 

lIinytirodTuiciirt^  Will  QvuiizZp  Jr. 

Ceiitlenien,  shake  hands  with  Will  (^iii/.z,  .Jr.,  wlr 
makes  his  first  appearance  "in  our  midst"  on  page  (U?r 
lie  is  a  fellow  you  all  know  well.  A  human  interroga- 
tion point,  and  found  in  nearly  every  power  jjlaiit.  To 
some,  he  seems  a  pest,  but  he  really  is  a  benefit  because 
his  ob.serving  and  critical  disposition  keeps  the  chief  on 
tiie  alert.  And  so  it  is  with  his  bos.s,  Chief  Teller,  the 
other  principal  character  in  this  series  of  articles  that 
will  appear  in  Povvicu  as  often  and  for  as  long  a  period 
as  they  seem  to  be  welcome.  Incidentally,  Teller  is  the 
kind  of  a  chief  we  were  pleading  for  in  the  editorial, 
"Helping  the  Helper"  in  last  week's  issue. 

The  purpose  of  the  series  will  be  to  take  up  questions 
that  bother  the  younger  fellows  particularly,  who  are  just 
being  broken  into  the  power-plant  harness.  Obviously, 
therefore,  these  articles  need  not  be  expected  to  be  very 
profound,  but  we  do  hope  that  they  may  prove  a  pleas- 
ant, easily  assimilated  way  to  administer  a  little  informa- 
tion on  some  commonly  misunderstood  questions — sort 
of  sugar-coated,  as  it  were.  Treated  in  the  conversa- 
tional or  correspondence  manner,  it  is  the  object  to  add 
the  element  of  human  interest  and  so  make  an  ordinarily 
dry  description  a  little  easier  reading. 

In  this  way  some  questions  that  cannot  be  adequately 
covered  in  the  briefer  answers,  we  are  compelled  to  give 
on  the  "Inquiries  of  General  Interest"  page  may  be  taken 
up  by  "Will"  with  "the  Chief"  in  more  detail.  We  can 
not  promise  to  use  every  question  sent  in  for  this  treat- 
ment, but  as  the  purpose  of  this  series  is  to  help  the 
perplexed  readers,  we  invite  suggestions  as  to  subjects, 
or  contributed   installments. 

The  year's  test  at  the  Xew  York  City  Hall  of  Records 
ended  last  December.  Five  months  have  now  elapsed  and 
the  engineering  fraternity  is  still  anxiously  awaiting 
the  verdict. 

As  far  as  the  test  itself  is  concerned,  the  report  has 
been  completed  and  sul)mitted.  The  matter  is  now  in 
the  hands  of  the  advisory  committee,  which  will  deter- 
mine the  fixed  charges.  One  is  led  to  inquire,  and  with 
apparent  justification,  why  the  committee  has  taken  so 
long  to  arrive  at  the  fixed  charges.  "\Miat  were  they  do- 
ing while  the  test  was  in  progress?  Surely,  a  year  was 
ample  in  which  to  decide  these  charges,  so  that  thoy 
could  be  submitted  simultaneously  with  the  final  results 
of  the  tests  and  thus  expedite  the  complete  report. 

As  we  have  pointed  out  before,  the  affiliations  of  dif- 
ferent members  of  the  committee  would  indicate  a 
division  of  opinion  as  to  the  fixed  charges  and  we  should 
not  be  surprised  to  see  this  result  in  a  majority  and  a 
minority^  report.  Wliatever  the  outcome,  let  there  be  no 
more  needless  delay,  for,  in  the  eyes  of  the  public,  unex- 
plained delay  creates  suspicion,  even  though  it  be  un- 
founded. 
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An  cngineor  is  uiijnsl  lo  himscir,  to  Iiis  family  and  to 
otiier  engineers  if  he  does  not  see  tliat  he  gets  what  Jiis 
services  are  worth.  Do  not  attempt  to  put  coin  in  your 
pocket  at  the  unauthorized  expense  of  your  employer, 
draft  in  any  shape  on  goods  used  in  your  own  plant  is 
simply  sneak-thief  stealing.  If  you  pay  yourself  by  i-ob- 
bing  your  employer,  you  are  onlv  lowering  yourself,  and 
the  boss  who  will  underpay  his  employees  is  much  the 
saino.  It  is  a  good  plan  when  starting  on  a  new  job  to 
ask  your  employer  if  he  will  allow  you  a  percentage  of 
the  saving  you  can  make,  always  providing  that  you  give 
as  good  or  better  service  than  he  has  been  receiving. 

However,  it  is  your  duty  to  do  your  best  for  your  em- 
ployer whether  he  pays  you  extra  for  it  or  not.  He  is 
only  compelled  to  pay  you  what  he  promised,  but  when 
you  do  take  a  job  at  any  salary,  big  or  small,  give  your 
employer  the   best  you   have  to  give. 

Ja.me.s  'riioKN. 

Toronto,    Out.,    Canada. 


£  Dad  tlhe  Enagairaeeif  Q^stf* 

The  cry  that  W.  H.  Odell  puts  up,  in  the  issue  of 
Apr.  14,  is  the  same  one  many  another  man  has  adopted 
for  his  standard,  i.e.,  "Look  after  the  condition  of  your 
own  i)ocketbook !"' 

Let  me  say,  there  are  several  ways  of  looking  after 
your  pockctbook,  but  only  one  legitimate  way,  and  that  is 
to  give  your  employer  the  best  service  that  is  in  your 
power. 

If  Engineer  "Wise  could  save  $7030.40  per  year  for  the 
company,  it  was  his  duty  to  do  so.  When  an  engineer 
enters  the  service  of  a  company  he  shoidd  work  for  its 
interests  in  all  things.  If  Engineer  Wise  had  allowed  the 
conditions  in  the  plant  to  remain  as  they  were  under  the 
former  engineer,  do  you  think  he  would  have  been  giving 
value  received  for  his  salary?  It  is  all  very  well  for  us 
as  engineers  to  criticize  our  brother  workmen  and  our 
employers,  but  there  are  two  sides  to  every  question,  and 
one  of  them  is  our  employer's.  If  I  deliberately  let 
i$7030.40  (or  any  part  of  that  amount)  of  my  employer's 
money  go  to  waste,  I  am  not  entitled  to  the  name  of  en- 
s^ineer.  Such  men  are  a  big  asset  to  the  central-station 
[•ompany,  as  they  make  it  impossible  for  the  isolated 
plant  to  e.xist. 

Getting  down  to  the  "How  about  it?"  in  the  article: 
If  Engineer  Wise  had  gray  matter  enough  to  see  where 
the  leak  was,  and  had  the  moral  courage  to  stop  it,  he 
[.lemonstrated  that  he  knows  his  business.  As  soon  as 
TOU  caJi  do  that  for  any  employer  your  salary  is  not  a 
luestion  of  dollars  and  cents ;  you  are  an  asset  in  his 
)usiness,  and  the  salary  will  adjust  itself  according  to 
[our  ability.  That  is  all  the  "How  about  it?''  there  is 
io  it. 
i  0.  Xlwtox. 

Cleveland,  Ohio. 


The  question  brought  up  by  W.  II.  Odell,  in  the  issue 
tf  Apr.  4,  on  page  .■)28,  has  been  asked  in  other  cases.  The 
jinswers  usually  intimated  that  the  engineer  who  is  only 
ju  the  business  for  the  money  he  can  get  out  of  it  will 
k'vcr  make  a  high-class  engineer;  that  his  lieart  and 
inind  should  be  so  absorbed  studying  theoretical  and 
•radical  problems  that  expecting  to  get  or  even  thinking 
jbout  money  should  be  a  minor  consideration. 
i  Advice  is  handed  out  to  persevere  onward  and  upward 
jin  the  path  of  knowledge,  and  ultimately  your  worth  will 
I'e  noted,  Success  will  grab  you.  and  you  will  then  have 
;he  earth  at  your  feet,  placed  there  l)y  the  god  Success, 
or  you  to  kick  where  you  list.  You  know  better !  Study 
nd  experience  are  good,  the  best  in  the  world ;  get  all 
(lu  can,  as  you  cannot  get  too  much  of  either.  But 
hen  by  your  knowledge  you  succeed  in  saving  your  em- 
jiloyer's  money,  do  not  neglect  to  let  him  know  it.  Tell 
!ini  that  you  have  used  up  your  time,  money  and  energy 
!a  making  yourself  a  valuable  man,  and  that  you  expect 
ay  for  it. 

•"Power,"    Mar.    10,    p.    34fi;    Apr.    21,    p.    .'■>(U. 


AV.  H.  Odell  wants  to  know  what  I  got  for  looking 
after  my  employer's  coal  pile  as  well  as  my  own  interest. 
I  got  a  check  for  $100.  The  saving  on  coal  is  only  about 
half  of  the  total  savings  per  year.  There  is  the  saving 
on  packings,  oil,  etc.,  and  all  outside  shop  bills;  all 
overtime  and  Sunday  work  were  cut  out.  The  increased 
])roduction  is  due  to  the  many  clianges  I  have  made.  It 
is  impossible  for  me  to  get  the  exact  figures  of  the  out- 
put from  the  firm,  so  I  asked  the  foreman  of  the  mill 
room  how  the  output  now  compares  with  what  it  was 
when  I  took  hold  four  years  ago.  He  said  it  had  in- 
creased about  five  times,  judging  from  the  orders  got  out 
then,   and   now. 

I  know  that  we  are  doing  more  work,  becau,se  we  have 
quite  a  time  getting  orders  filled,  working  until  nine- 
o'clock  three  nights  a  week. 

Readers  may  want  to  know  why  1  do  not  quit.  Well, 
I  probably  would  if  I  could  get  a  position  which  would 
pay  me  more  than  I  am  getting  now.  AVe  hear  a  lot 
about  competent  men  being  at  a  premium.  I  must  be 
very  incompetent.  I  quote  a  few  of  my  experiences  in 
looking  for  a  better-paying  position.  I  tried  for  one  as 
chief  engineer  in  a  printing  plant.  The  manager  told 
me  that  the  engineer  they  hati  was  not  competent,  that 
they  paid  him  $35  a  week ;  that  there  were  ten  men  in 
the  department,  and  that  the  plant  was  in  bad  shape. 
Would  I  take  the  position  for  $25  a  week,  discharge  four 
nu>n  and  get  the  plant  in  shape?  Then  they  would  con- 
sider what  I  was  worth.  I  declined  the  offer.  Next  I 
put  in  an  application  for  a  3000-hp.  manufacturing  plant, 
and  was  asked  if  I  had  ever  had  charge  of  stationary 
plants  as  large  as  tliat.  T  had  not,  so  I  was  judged  not 
competent  to  fill  that  position.  My  next  endeavor  was 
in  Ihe  office-building  line.  Had  I  ever  been  in  charge 
of  an  office  building?  Xo,  again.  _  I  was  not  thought 
competent. 
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So  licic  I  Jim.  opi'M  lor  nnv  position  tliat  will  pav  im- 
llic  iiioMcv  I  wiiiil.  I'lilil  I  can  do  bcUiT,  liowcvcr,  I 
will  stav  wliiM'i'  I  am  iinlil  the  liaiik  uirount  ami  llic 
I'amilx'  lia\c  j,'in\\  ii  lai>^c  cmni^'li   lor  im-  to  <piil    I'or  j^ood. 

('.    II.    Wisi:. 

\.u     York,    N.    V. 


Operatis&lf  a  Po^vdered 
Burnin|(  Boiler 
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Allfr  rcadiii;,'  tlic  arliclc  hy  William  A.  I-'vaiis  mi 
"I'owdt'rcd  Coal  in  lioilcr  l''iii  iiaccs,"  readers  will  ])rol)- 
al)ly  like  to  hear  something  about  tlie  liotlinglon  boiler 
in  aetiial  service. 

It  is  iinforliiiiate  iliat.  liaxiiig  bioiiglit  the  Bettiiig- 
loii  boiler  to  its  present  state  <d'  ellicieney,  Mr.  Betting- 
ton  siiould  have  lost  his  life  while  making  an  aero|)lane 
flight  in  Kngland,  about  IS  montlis  ago,  and  left  still 
unsolved  so  many  problems  coniuvted  with  the  use  ol' 
piiwdcl'cd    furl. 

I''()r  about  two  yeai's  ibe  writer  had  two  Bettington 
boiK'i-s  under  bis  charge,  and  so  bad  ample  0])i)ortuMity 
to  study  tbis   type  uiidei'  working  conditions. 

Some  auxiliary  source  of  power  is  necessary  for  work- 
ing the  pulveiMzer  while  steam  is  being  raised.  This,  of 
course,  presents  no  diflicnlties  in  a  hirge  pLint,  hut  it 
might  embarrass  tlie  use  of  the  boiler  in  a  small  plant. 

Igniting  the  fuel  is  a  simple  nuitter.  A  specially  de- 
vised lighting  lorch  using  kerosene  is  placed  just  over 
the  outlet  of  the  fuel  pil)e,  and  the  pulverizer  started.  In 
a  few  minutes  the  fuel  ignites  and  the  torch  is  withdrawn. 
The  circulation  is  rapid  in  the  Bettington  boiler  and 
steam  is  quickly  raised.  The  writer  has  known  the  boiler 
to  be  "cut  in"  with  a  pressure  of  L-iO  lb.  gage  30  min. 
after  the  torch  was  applied,  the  temperature  of  the  water 
in  the  boiler  being  ai)ont  (55  deg.  F.  when  starting.  Owing 
to  the  rajiid  evaporation  and  the  limited  water  space,  the 
water  gage-glass  must  be  closely  watched.  If  the  feed 
water  is  cut  olf  the  water  disaj)i)ears  from  the  glass  in  a 
few  minutes. 

Damp  coal  must  be  avoided  or  the  screens  in  the  dust- 
separating  chamber  or  carburetor  will  choke  ujj  and  pre- 
vent any  feed  passing  to  the  furnace. 

The  pulverizer  also  acts  as  a  fan,  the  air  and  fuel  being 
intimately  mixed  in  the  dust  chamber.  The  fuel  and  the 
air  supply  can  be  regulated  independently.  Peepholes 
allow  the  state  of  the  flame  to  be  seen  at  any  time.  One 
jmint  that  must  be  carefully  watched  is  the  dished  plate 
which  forms  the  bottom  of  the  top  header.  By  referring 
to  Fig.  6,  page  472,  of  the  Apr.  7  issue,  the  reader  will 
see  that  this  plate  forms  the  top  of  the  combustion  cham- 
ber and  is  subjected  to  a  fierce  heat.  It  must  be  kept 
clean;  in  one  case  this  plate  was  burned  through,  prob- 
ably owing  to  dirt  collecting  there. 

Although  this  boiler  will  use  low-grade  fuel  success- 
fully, this  advantage  is  greatly  offset  by  high  cleaning 
and  maintenance  charges.  Firebrick  of  a  special  shape 
is  used  to  surround  the  inner  row  of  tubes  and  form  the 
combustion  chamber.  In  spite  of  the  cooling  effects  of 
the  tube,  these  bricks  are  quickly  burned  away  and  fre- 
quent renewals  are  necessary.  The  brickwork' should  be 
closely  inspected  at  every  opportunity  or  holes  Mill  be 
burned  through  and  the  gases  short-circuited  to  the  chim- 
ney. The  heaters  and  liners  of  the  pulverizer  are  sub- 
jected to  rapid  wear  and  tear,  and  call  for  frequent  re- 


pair ami  renewal.  Wliile  iimier  steam  the  boiler  is  eaHil' 
managed,  and  one  lirrman  cjin  look  afler  several  boiler 
witlioiit  any  trouble. 

The  Metlington  boiler  bas  ceriainly  gone  a  long  wa; 
in  solving  the  problem  of  using  powdered  fuel,  and  wi 
may  expect  to  .^^ee  big  (level()|Miutnts  in  this  flirection  diir 
ing  llie   iie\t    \'cw  years. 

lll\l;^    Iv    r.KKS.v.w. 

(Quartz,  Orit.,  ( 'anada. 

A-Tfrniinmoiraia   CoB::iideiniser  "Watt. 

foir  MoMflSe  P\uirposes  ■] 

Our  i(('  bills  for  the  last  few  seasons  w(,'re  so  iiigii  tha' 
il   became  necessary  to  install  a  lo-ton  plant.     After  thi 
plant  was  coni|)leted,  the  (piestion  arose  of  getting  \s 
I'or  the  condenser.      Crolon   lieing  loo  expensive,    I 


Double- pipe  ammonia condensei 
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gesled  tliat  we  bore  a  well  ;  ibis  was  done  without  delay. 

The  condensers  nnpiired  about  30  gal.  per  min.,  which 
we  had  to  let  go  into  the  sewer.  Formerly  we  used  C'ro- 
ton  water  mostly  for  flushing  purposes,  and  our  water 
bills  were  about  $1000  a  year. 

I  Mas  asked  by  the  management  to  devise  some  plan 
by  M-hich  M'e  could  use  our  well  water  for  flushing.  I 
first  thought  of  installing  a  tank  on  the  roof,  but  Mhile 
getting  the  estimates  I  tried  out  another  idea,  as  shown. 
This  plan  is  working  perfectly,  M'ith  but  little  expense  to 
install  and  at  any  pressure  desired. 

Geokge  Zuimer. 

XcM'  Yoik   ('it\'. 


3E^ffiip©ip^^aoEa 

The  smoke  department  of  a  city  in  the  Middle  "West 
got  after  a  plant  that  was  \  iolating  the  smoke  ordinance. 
So  persistent  M'as  the  department  that  the  owners  got 
tired  of  reading  letters,  and  on  the  advice  of  their  chief 
engineer  wrote  the  inspector  that  they  had  installed  the 
kind  of  a  stoker  he  had  recommended  M'hen  they  built 
the  i)lant ;  and  inasmuch  as  they  had  complied  M'ith  his 
recommendations  it  was  noM'  up  to  that  office,  but  if  he 
had  any  suggestions  to  make,  they  would  be  pleased  to 
consider  them.  Up  to  that  time  the  evaporation  had  been 
good,  being  from  8  to  9  lb.  from  and  at  212  deg.  F. 

Here  is  M-hat  the  smoke  department  suggested:  That 
they  build  two  piers  on  the  bridge-M-all  and  one  midway 
between  the  bridge-M-all  and  the  back  end  of  the  grates, 
each  pier  to  be  24x24  in.,  and  to  extend  up  to  the  bottom 
row  of  flues.     The  company  acte<l  on  the  suggestion,  and 
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iifter   the   piers   were   built   it  got   the   approval   of   the 
smoke  department. 

Then  the  boiler  was  put  iuto  service,  and  the  evap- 
oration dropped  about  3  lb.,  or  from  8  to  9  lb.  down 
to  5  to  6  lb.  The  object  of  the  piers  was  to  give  the 
gases  a  rolling  motion  and  retard  them  by  holding  them 
in  the  furnace  until  burned.  The  temperature  in  the 
dutch  oven  ran  above  3500  deg.  F.,  while  in  the  breech- 
ing it  was  only  480  deg.  F.,  with  a  draft  over  the  fire 
of  0.27  in.  and  of  0.48  in.  in  the  back  combustion  cham- 
i)er.  As  much  as  13  per  cent.  CO2  was  obtained  with  the 
autonuitic  damper  closed.  The  steam  pressure  carried 
was  125  lb.  After  all  these  readings  were  taken  several 
times  to  make  sure  that  they  wer(3  correct,  it  became  evi- 
dent that  there  was  something  radically  wrong.  A  sys- 
tematic investigation  was  made,  and  then  the  chief  came 
to  the  conclusion  that  the  piers  were  the  cause.  Unknown 
to  the  smoke  inspector,  the  engineer  removed  the  center 
ipier,  leaving  the  two  on  the  bridge-wall,  thereby  allowing 
Hie  hot  gases  a  freer  passage. 

The  result  is  the  evaporation  now  runs  7  and  8  lb.,  the 
Iraft  over  the  fire,  0.32  in.,  the  draft  in  the  back  com- 
)ustion  chamber,  0.54  in.,  the  temperature  in  the  dutch 
)ven  is  2800  to  3000  deg.  F.,  the  temperature  in  the 
)reeching  540  deg.  F.,  with  a  COo  reading  of  12.4,  and 
he  smoke  is  eliminated. 

0.  Newton. 

Lakewood,  Ohio. 
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Our  plant  serves  a  wood- working  establishment.  We 
lad  a  72-in.  by  18-ft.  horizontal  tubular  Ijoiler  to  be  set 
or  burning  wood,  and  while  it  is  always  customary  to 
ot  boilers  further  from  the  grates  for  wood  than  for  coal, 
11  this  case  we  set  the  boiler  as  shown. 

Fig.  1  represents  a  front  and  Fig.  2  a  side  elevation  of 
lie  setting.     It  will  be  seen  that  the  grates  were  set  3  ft. 

in.  at  the  back  end  from  the  boiler  shell,  with  a  4-in. 
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rop  toward' the  fire-door,  making  llicni  4  ft.  at  the  front 
1(1  from  the  boiler.  'J'he  bridge-wall  is  18  in.  from  the 
lell,  and  the  back  of  the  combustion  chamber  12  in. 
;0m  the  boiler.  The  aim  with  this  style  of  setting  was 
I  create  a  "scrubbing"  contact  on  the  shell.  Wing  walls 
-^re  built  at  the  back  end  of  the  boiler  to  baffle  or  retard 
0  flow  of  the  gases. 

;  There  was  much  criticism  of  this  furnace  by  the  local 
•  gineers,  but  a  few  weeks  after  it  was  started  we  found 
tat  the  wood  could  be  sold  to  advantage.  Then  we  1)6- 
}n  burning  coal.  Many  predicted  that  we  would  surely 
Ive  to  change  the  furnace,  but  we  continued  using  coal 


with  better  results  than  are  obtai<iied  witli  boilers  having 
lower  settings. 

We  did  not  determine  the  percentage  of  CO^  in  the 
gases,  but  I  feel  confident  that  it  was  high.  The  test 
showed  an  evaporation  of  8%  lb.  of  water  per  pound  of 
coal. 


yt.  Tiouis,  Mo. 


II.    R.    ROCKWKLL. 


A  piece  of  apparatus  which  often  does  not  receive  the 
proper  attention  is  the  electric  crane.  Some  persons  are 
under  the  impression  that  almost  anyone  can  operate  and 
take  care  of  an  electric  crane,  which,  however,  is  not  true. 
It  pays  in  the  long  run  to  have  an  experienced  man  in 
charge.  An  inexperienced  or  careless  operator  may  ruin 
the  motors,  the  bearings  and  the  other  apparatus  on  a 
crane  in  a  short  time.  In  large  manufacturing  plants, 
where  there  are  a  number  of  cranes  in  use,  it  is  good 
practice  to  place  all  the  crane  operators  under  the  charge 
of  one  man,  who  may  be  the  chief  engineer. 

In  many  plants  the  crane  runway  is  not  kept  in  line, 
the  flanges  on  the  bridge  wheels  ai-e  worn  off  and  much 
power  is  unnecessarily  wasted,  besides  the  wear  and  tear 
on  the  crane. 

AMiere  crane  motors  have  run  for  a  number  of  years, 
the  bearings  should  be  examined  to  see  if  they  are  worn. 
Allowing  the  armature  to  rub  against  the  field  coils,  if 
not  noticed  and  repaired  in  time,  may  ruin  the  armature 
as  well  as  the  field  coils.  Worn  bearings  on  a  motor  will 
cause  other  troubles  as  the  armature  and  commutator 
will  not  run  true  and  the  brushes  will  not  make  good  con- 
tact at  all  times,  resulting  in  sparking. 

The  motor  which  drives  the  bridge  on  one  of  our  cranes 
started  to  spark  one  day  and  at  times  it  would  not  carry 
the  load.  At  first  it  was  thought  that  thei-e  was  a  short- 
circuit  in  either  the  armature,  the  commutator  or  the 
field  coils.  When  these  were  examined  and  tested  they 
were  found  to  be  all  right,  and  it  was  later  discovered 
that  the  bearings  were  worn,  also  the  commutator  was 
worn  out  of  true.  Upon  renewing  the  bearings  and  turn- 
ing down  the  commutator,  the  trouble  ceased. 

Some  operators  have  a  habit  of  sandpapering  the 
commutator  by  holding  a  piece  of  sandpaper  on  with 
nothing  but  the  hand.  As  a  result  the  commutator  is 
apt  to  have  an  uneven  surface  and  there  will  be  more 
01-  less  sparking  at  the  brushes.  When  it  is  necessary  to 
sandpaper  the  commutator  the  sandpaper  should  be  held 
in  place  by  a  piece  of  wood  rounded  to  fit  the  commutator. 
If  the  commutator  is  very  rough  a  fine  sandstone  will 
give  better  results. 

Still  another  bad  i)raetice,  v.licn  sandpapering  the 
brushes,  is  to  remove  the  brushes  from  the  holders;  the 
proper  way  is  to  leave  them  in  the  holders  and  place  the 
sand]iaper  under  the  brushes,  then  pull  forward  and 
backward. 

Some  operators  are  careless  in  sandpapering  the  con- 
tact points  on  the  controllers.  They  do  this  work  by 
holding  the  sandpaper  in  the  hand  and  rubbing  forward 
and  back  over  the  contact  points.  In  a  short  tune  the 
contact  points  will  have  an  uneven  surface,  and  it  will 
be  impossible  to  prevent  the  fingers  from  sparking  when 
passing  from  one  contact  point  to  another.  I  have  seen 
controller  contact  points  sandpapered  in  such  a  careless 


(ISO 


I'o  w  !•:  i: 


\ul.  :t!l.  No.  19 


viiv  I  lint  I  he  lu'iuls  on  tlic  bniss  screws,  wliidi  hold  llic 
corilaci  points  in  pliuc  on  llu-  conl roller  pliitc,  were; 
noarly  worn  away  from  the  sand  pa  per.  It  is  hcttcr  to  lay 
till'  san<l|)ap('r  oti  a  picci'  of  wood  which  has  a  Ihit,  even 
eiirfaco,  tlii-n  there  is  not  the  danjfer  of  wearirij;  soiiic 
parts  of  tlio  contaet  points  more  than  others. 

With  cranes  in  places  where  there  is  iiiiuli  dust  Jind 
foreifjn  matter,  the  iiriniitiirc-licld  cdils  iind  the  ciui- 
troller  sliould  he  eieiined  out  l're{|ueiilly  with  nir  under 
pressure.  Wliile  most  crane  motors  are  of  the  closed 
type  more  or  less  dirt  usually  linds  its  way  inio  Iheni. 

On  sonu'  eleetrit'-erane  motors  the  tension  on  the 
brushes  is  maintained  hy  small  coiled  sprinj^s  placed  on 
the  hrush-hoider,  hut  which  are  not  adjustable.  At  times 
these  sprinjjs  become  weak  and  slight  jars  will  lift  them 
partly  from  the  commutator,  and  s])arking  results. 

The  bridfi'e  motor  on  a  crane  would  not  start.  It  was 
discovered  that  there  was  no  current  at  the  motor  with 
the  controller  lever  in  slarliiiii-  position.  After  examining 
every  part  .-iiid  following  u|)  the  wires  from  the  motor 
to  the  collector  shoes,  it  was  found  that  one  of  the  wires 
leading  from  the  collector  shoe  to  the  motor  was  broken 
off  at  the  shoe  terminals,  but  in  such  a  way  that  it  could 
not  be  easily  detected. 

In  another  case,  the  trolley-drive  motor  on  a  crane  lo- 
cated outdoors  would  not  start.  Nothing  was  wrong  with 
the  motor  and  conections,  but  there  was  no  current  at  the 
motor  with  the  controller  lever  in  running  position.  Then 
the  collector  shoes  at  the  trolley  wire  were  examined  more 
closely,  and  it  was  discovered  that  there  was  ice  between 
tlie  bottom   of   the   collector   shoe   and    the   trolley. 

H.  A.  Jaiinke. 

Milwaukee,  AVis. 

The  writer  recently  had  a  peculiar  experience  with  the 
installation  of  a  forced-draft  system  for  four  horizontal 
tubular  boilers  which  illustrated  the  importance  of  the 
proper  relation  between  fan  capacities  and  load  require- 
ments for  installations  of  this  kind. 

An  effort  was  made  to  use  an  old  fan  the  customer  had 
on  hand,  but  of  which  no  exact  capacity  data  could  be 
secured.  Provision  was  made,  however,  that  if  the  fan 
proved  unsuitable,  one  of  standard  design  and  of  known 
capacity  could  be  substituted. 

The  customer's  fan  was  of  tlie  high-speed,  multiple- 
blade  type,  directly  cormected  to  the  steam  turbine.  When 
the  system  was  installed  and  the  boilers  were  fired,  we 
found  that  we  were  unable  to  carry  the  ordinary  load, 
evidently  not  developing  the  capacity  of  the  boilers,  al- 
though we  had  a  very  hot  fire  on  the  grate.  After  much 
experimenting  by  changing  the  fan  speed,  reducing  the 
speed  of  this  type  decreased  the  pressure  more  rapidly 
than  it  reduced  the  capacity,  and  by  the  time  we  had 
tlie  i^roper  quantity  of  air  it  was  furnished  at  such  low 
pressure  that  the  fires  would  deaden. 

We  then  foolishly  tried  speeding  the  fan  to  get  a 
pressure  of  about  1  in.  of  water,  and  attempted  to  re- 
strict the  quantity  by  throttling  the  intake  of  the  fan; 
this  was  our  only  recourse  without  suspending  opera- 
tions to  do  some  work.  Xaturally  this  produced  no  re- 
sult except  that  it  increased  the  speed  of  the  air  in  the 
suction  intake. 

After  working  through  the  dav  with  considerable  diffi- 
culty to  carry  the  load  with  a  CO^  percentage  running 


from  four  to  eiglit.  we  ha<l  the  bri(  k  duct  from  the  tan 
to  the  boiler  opened  (hiring  the  night  and  a  sliding  open- 
ing  nuiile,  so  that  we  could  run  the  fan  at  the  reason- 
ai)le  pressure  and  waste  u  j)art  of  tiir-  air. 

The  next  morning  we  took  a  CO,  amilysis  with  llu- 
slide  closed  and  secured  )  p(!r  cent.  Immediately  uft(T- 
ward,  hy  opening  th(!  slide,  Wu-  percentage  of  (JO.,  jumj)e<l 

toll.' 

In  a  short  lime  we  were  able  !o  cut  out  one  boiler  and 
carry  the  loud  with  three.  We  operated  the  fun  in  thiii 
way  for  about  a  week,  or  until  we  eoulrl  secure  a  fan 
of  the  pro])er  size.  This  plant  is  now  running  with  a 
saving  of  about  one-third  less  fuel  than  was  used  with 
the  practice  ])rior  to  the  nuiking  of  this  forced-draft, 
hand-fired  installation  and  th(,'  removal  of  the  stokers. 

.1.    II.    DlliTZ. 

Cleveland,   Ohio. 


On  several  occasions  I  have  had  the  circuit-breaker  go 
out  and  leave  the  plant  in  darkness,  so  I  concluded  to  rig 
up  an  emergency  lighting  circuit  wliicli  would  automatic- 
ally come  into  use  when  the  circuit-breaker  tripped  or  the 
voltage  dropped  an  appreciable  amount.  For  this  pur- 
pose a  2()-volt,  lo-ampere  storage  battery,  ordinarily  used 
for  our  bell  circuits,  was  employed  and  a  switch  devised 
as  shown  in  the  sketch. 

The  switch  consists  of  two  solenoids  in  series  and  in 
circuit  with  five  lamjis  across  the   120-volt  line.     These 


/PO-V  Lamps 


20-V  dcrffer/es 
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lamps  take  21,4  amperes  collectively,  which  current  ii? 
necessary  to  operate  the  solenoid.  Attached  to  the  yoke 
of  the  solenoid  are  two  brass  screws,  connected  by  a 
jumper  and  thoroughly  insulated  from  the  yoke. 

When  the  circuit-breaker  goes  out  or  the  voltage  drops 
below  a  certain  value,  the  solenoid  drops  and  the  two 
screws  complete  the  battery  circuit  through  mercury  con- 
tacts. Thus  a  number  of  five-watt,  20-volt  lamps  are 
lighted  at  convenient  places  in  the  engine  room.  There 
is  a  bell  in  parallel  with  the  lamps  and  when  the  switch 
is  closed  and  the  solenoid  operates,  the  bell  will  ring  also. 

WiLLi.iji  Patterson. 

Xew  York  City. 
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GnHOllne  Engine  KeleaMo  Pressure — What  is  the  pressure 
at   release   in   a   gasoline    engine? 

W.    T.    O. 

It  depends  largely  upon  the  timing  of  the  exhaust  valve 
and  the  explosion  pressure,  which,  in  turn,  depends  upon  the 
mixture  and  upon  the  compression  pressure  and  upon  the  load. 
With  full  load  the  pressure  at  release  may  be  as  high  as  40 
tc  50  lb.  per  sq.in.  At  lighter  loads  it  will  be  much  less,  the 
amount  depending  upon  the  factors  mentioned. 


Air  Chamber  on  Suction  Line — What  is  the  purpose  of 
placing  an  air  chamber  on  the  suction  side  of  a  pump? 

J.  R. 

AVhere  a  pump  suction  is  supplied  under  pressure  and 
especially  when  a  single-cylinder  pump  is  used,  an  air  cham- 
ber in  the  suction  line  near  the  pump  is  useful  in  affording 
a  cushion  for  absorbing  the  shock  of  water  hammer  which 
results  from  suddenly  arresting  the  velocity  of  water  in  the 
suction  line  at  the  end  of  each  stroke  of  the  pump. 


Flow  o£  Steam  through  Noieasle — How  much  steam  at  120-lb. 
boiler  pressure  would  be  discharged  per  hour  into  the  atmos- 
phere through  a  nozzle  having  an  aperture   Vi   in.  in  diameter? 

C.  J. 
Napier's  approximate  rule  for  discharge  of  steam  is:  Flow 
in  pounds  per  second  —  absolute  pressure  X  area  of  aperture 
in  square  inches  -^  70.  As  the  pressure  would  be  120  +  14.7 
lb.  per  sq.in  absolute,  and  the  area  of  %  in.  diameter  is  0.19635 
sq.in.,  then  the  discharge  would  be 
134.7    X    0.19635 

X    60    =    22.67   lb.   per  min. 
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Automatic  vs.  Mechanically  Operated  Valves — What  are 
the  relative  advantages  of  automatic  and  mechanically  oper- 
ated valves  in  a  gas  or  gasoline  engine? 

R.    G. 

Automatic  valves  cannot  be  timed,  are  more  likely  to  stick, 
and  in  fast  running  engines  must  be  made  light  and,  con- 
sequently, weak.  They  are  cheaper  than  mechanically  oper- 
ated valves,  and  where  lightness  of  weight  is  desirable,  as  in 
aeroplane  engines,  automatic  valves  may  be  employed  to  ad- 
vantage as  they  require  neither  push  rods  nor  camshaft 
gearing. 


Concrete  Blowoff  Sump — Can  a  suitable  blowoff  tank  be 
constructed  of  concrete? 

L.   A.    B. 

Concrete  would  be  suitable  for  constructing  the  bottom 
and  side  walls  of  an  open  sump  or  basin  for  holding  and 
cooling  blowoff  water  before  discharging  it  to  a  sewer  or 
other  point  of  drainage.  Such  a  sump  should  be  fenced  and 
placed  outside  of  buildings  and  at  a  safe  distance  from 
foundations  that  would  be  injured  by  seepage  from  the  sump 
which  would  be  likely  to  result  from  cracks  in  the  concrete 
due  to  unequal  expansion  when  heated  by  the  blowoff  water. 


Using   Exhaust   for   Heating    More   Than    Feed   Water — Can 

I    more  than  one  closed  exhaust  steam  heater  be  connected  with 

the    exhaust    of   a    noncondensing    engine,    and    obtain    heated 

I    water   in   excess  of  boiler-feed   water   required   for  generation 

01     steam     used     by     the     engine     and     ordinary     power-plant 

auxiliaries? 

T.   D.   T. 
i  Yes;    by    using   a    feed-water    heater    containing   a    propor- 

I    tlonate  amount  of  heating  surface  or  connecting  several  feed- 
'    water  heaters  of  sufficient  size,  it  is  practicable  in  most  plants 
to   utilize    the    exhaust    in    heating   to    the    same    temperature, 
four   or   five   times  the   quantity   of   water   required   for   boiler 
1   feeding. 


Fxpres.>9iun  lor  Inductance — How  is  the  term  2  ir  f  in  the 
expression  for  inductance,  2  tt  f  L,  related  to  the  flux  cut  per 
second?  ^ 

F.   G.   K. 

The  electromotive  force  of  self-induction  depends  upon 
the   rate    at    which   the    magnetic   lines    of    force    change,    and 


hence  upon  the  rate  at  which  the  current  changes.  The  max- 
imum rate  of  change  per  cycle  is  2  tt  times  the  maximum  cur- 
rent, and  if  the  current  passes  through  f  cycles  per  second 
the  rate  of  change  of  current  in  amperes  per  second  will  be 
2  IT  f  times  the  maximum  value  of  the  current.  If  only  one 
ampere  is  considered,  the  rate  of  change  would  be  2  tt  f.  This 
multiplied  by  L,  the  coefficient  of  self-induction,  gives  the 
induction  of  the  circuit. 


Too  Much  I'lpe  Friction — Why  does  a  pump  which  will 
raise  water  with  a  vertical  suction  lift  of  25  ft.,  fail  to  oper- 
ate when  connected  to  the  top  of  the  vertical  suction  pipe  by 
a  tight  suction  line  extended  horizontally  a  distance  of  about 
300  ft.? 

C.   W.    R. 

Lifting  by  suction  is  accomplished  by  the  pressure  of  the 
atmosphere  which  at  sea  level  would  balance  a  column  of 
water  about  33  ft.  high;  but  in  the  operation  of  a  pump  with 
suction  lift,  in  addition  to  the  actual  head  overcome,  the  at- 
mospheric pressure  is  employed  in  overcoming  frictional  re- 
sistances to  the  entrance  of  the  water  into  the  suction  pipe, 
in  overcoming  air  leaks,  in  creating  velocity  of  flow,  in  over- 
coming pipe  friction  and  friction  of  pump  passages  and  in 
overcoming  the  pressure  of  air  or  vapor  in  the  pump  cylin- 
der. Under  the  conditions  stated,  by  extending  the  suction 
pipe  300  ft.  additional  resistance  of  pipe  friction  is  introduced 
and  a  suction  supply  to  the  pump  cylinder  cannot  be  main- 
tained because  the  sum  of  the  resistances  to  flow  have  be- 
come too  great  to  be  overcome  by  the  pressure  of  the  atmos- 
phere. 


Efficiency  of  Hydro-Electric  Plant — A  hydro-electric  plant 
has  a  direct-connected  generator  connected  to  the  shaft  of 
a  horizontal  water  turbine.  As  shown  by  the  sketch,  the 
head  water  has  an  elevation  of  190  ft.  above  the  level  of  the 
tail  water  when  the  plant  uses  50  cu.ft.  of  water  per  second. 


\UvelofHead  Wafer 


Level  of  Tail  Wafer 


flail  race  14  'long  xl2-S  y<idt 
depfhof  wafer  &' 
depfh  overflow  12" 


Horizonfal  furbine 
^  ,.■  and  direcf  connected 

Sf_  '--y-^  generator 


Discharge 


and  develops  480  kw.     What  is  the  water  horsepower  and   the 
overall  efficiency  of  the  plant? 

B.   J.    L. 
One  kilowatt  equals  737.3  ft. -lb.   per  sec,   and  the   net   out- 
put would  be 

480    X    737.3    =    353,904    ft.-lb,    per   sec. 
As    a    cubic    foot    of    water    weighs    62.36    lb.,    the    water    used 
would   be 

62.36    X    50    =    3118  lb.   per  sec, 
and  as  the  total  head   is  190  ft.,   there  would  be 

190    X    3118    =    592,420   ft.-lb.   per  sec 
developed   by   the  water. 
33,000 
As   1   hp.    =   — —   or   550    ft.-lb.    per   sec,    there   would    be 


developed: 


60 
592.420 


550 


=    1077.1   water  hp. 


The  output  of  the  plant  being  equivalent  to  353,904  ft.-lb. 
per  sec,  and  the  work  of  the  water  being  592,420  ft.-lb.  per 
sec,  the  overall  efficiency  of  the  plant  operating  under  the 
conditions   stated   is: 

353,904 

or  59.73  per  cent. 

592,420 
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Elementary^  Mecfiiianics— VIII 

L\sT  IjI:ss()\'s    \\s\\ii;v 

•U.  KiiT.  vl>  sliows  tlic  iMJi^inlihlc  nnil  lorMiiun  cjI  nil 
till"  vertical  IdiuIs  and  reactions  acliiii:  mi  llic  ciniikslial'l. 
wlu'ii  tlio  piston  of  tilt'  engine  is  on  the  top  dead  eeiiler. 

w»:  15000  It?. 

6S" 


P-45000 lb 


W| -9000  lb. 


■20 


22' 
34' 


53' 


.-:! 


Wj-|2000lb. 
J  I 

^v 


*\ 


■87- 


107 


In  this  limire  tlie  forces  are  located  botli  from  the  reac- 
tion A'l  antl  the  reaction  A\,.  The  purpose  of  this  is  to 
facilitate  the  taking  of  moments  about  either  point,  by 
clearly  showing  tlie  moment  arm  of  eaeh   force. 

Fig.  30  shows  llie  location  of  all  the  forces  acting  on 
the  cranksliaft  when  the  piston  is  on  the  bottom  dead 
center.  In  this  case  the  direction  of  the  force  1'  is  the 
reverse  of  what  it  was  on  the  downstroke,  and  lience  tlie 
reaction  R^  is  downward  instead  of  upward  as  before. 

'it.     Take  moments  about  the  point  A\  (see  Fig.  29). 

Thus. 
—  Sr  X  A',  +  -^"'1/2  X  15,U0U  +  34  X  "-iOOO  + 
22  X  9000  —  20  X  4r),000  =  0 
or  8:  X  A%  =  948,500  —  900,000  =  48,500 

and  '  i?,  =  5.58 

To  determine   /'j,  take  moments  about   the  ])oint  B.^'^ 


WjMSOOOIb. 
■67- 


-A 
-A 

-A 

-1 


W2=?000Ib.  I 

■■34-"—>\        ,,  I 
45^-H 


P-45000  lb. 


- m 

Fig.  30. 


thus, 

—  41Vo  X  15,000  —  53  X  2000  —  65  X  !'*)(>0  + 

87  X  -Ki  —  107  X  45,000  =  0 
or  87   X  i?i  =  6,128,500 

and  /?!  =  70.442 

33.     Upstroke.      Take   moments   about    the    ])oint    R^ 
(Fig.  30). 

Thus, 

—  411/^,  X  15,000  —  53  X  2000  —  05  X  9000  — 

87  X  ^1  +  45,000  X  107  =  0 
or  87  X  R^  =  4,815,000  —  1,313,500  =  3,56l,.500 

and  /?!  =  40,247 

To  determine  R.^,  take  moments  about  the  jioint  7?,  ; 
thus. 
20  X  45,000  +  22  X   9000  +  34  X   2000  +  451/,  y 


)tl^dly  (Course 


iihI 


lliiis 


33  ciiii   I 


].-,.0()0  —  87  X  K  —  O 
87    X  A',  =   1.818.500 
R.,  =  21.217 
iccniacy  of  the  rcHnlts  found  in  |»roblemfi  32 
clicckcd   by  apf)lying  tlie  law      -F  =  0; 


A  liody  nuiv 
small  particles. 


.1  1  |.-..i)(i(i  4^  !i()()U  -)-  -^000  4-  15,000  — 

10,1  1'^  —  558  =  0 
or  1'  V  =  71,000  —  71,000  =  0 

This  proves  that  tlie  values  of  A',  and  A\,  as  determined 
in    problem  32  are  correct. 

For  the  upstroke,  problem  33.      I'V  =  0;  thus, 
2'!'   =    10.247    +  9000   -|-   2000   +    15,000  — 
45,000  —  21,247  =  0 
or  2  T  =  f;(i.247  —  (10.247  =  0 

ilciicc  the  \ allies  of  A'j  and  /.\,  arc  also  correct. 

35.  The  luessure  of  the  steam  on  tlu;  ])iston,  trans- 
mitted through  the  piston  rod  and  the  eonnecting-rod 
to  the  crank,  does  not  produce  any  turning  moment  since 
tliere  is  no  component  of  the  connecting-rod  thrust  acting 
in  the  direction  of  motion  of  the  pin. 

('KNTI:H    of    (iliAVITV 

be  considered  as  made  iij)  of  a  series  of 
The  weights  of  all  these  particles  form  a 
system  of  vertical 
parallel  forces,  and 
the  resultant  of  this 
system  must  evident- 
ly equal  the  sum  of 
these  forces  or  the 
total  weight  of  the 
body.  The  point  at 
which  this  resultant 
force  or  weight  acts 
is  called  the  center 
of  gravity  of  the 
body.  As  commonly 
defined  the  center  of 
gravity  of  a  body  Is 
the  point  through 
which  the  line  of  ac- 
tion of  the  weight  of 
the  body  always 
passef!. 
In  the  following  discussion  the  term  center  of  gravity 
will  be  abbreviated  to  the  symbol  e.g.  If  a  bar  of  uni- 
form cross-section  is  suspended  by  a  rope  attached  at 
one  end  of  the  bar  it  is  evident  that  the  bar  will  hang 
in  a  vertical,  and  not  in  a  horizontal  position :  or  if  the 
rope  is  attached  to  the  center,  the  bar  will  proljably  as- 
sume a  horizontal  position.  Hence  a  vertical  line  drawn 
through  the  point  of  suspension  of  a  body  must  always 
pass  through  the  e.g.  of  the  body. 

The  e.g.  of  bodies  which  are  symmetrical  with  respect 
to  a  given  point,  and  are  of  uniform  density,  will  be  at 
the  given   point.     Thus   the   e.g.   of  a   sphere   is   at  its 
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geometrical  center  and  the  i-jj.  ot  a  circle  is  at  its  center. 
The  student  can  readil}'  thinlv  of  many  more  examples. 
Therefore,  in  many  cases  the  determination  of  the  e.g. 


5"  A' 


Fig.  32. 


is  simply  a  matter  of  inspection.  In  the  case  of  unsym- 
metrical  figures  the  e.g.  may  be  found  experimentally  by 
making  a  template  of  cardboard  to  i-epresent  the  body 
to  a  given  scale.  Next  suspend  the  template,  first  from 
one  point  and  then  from  another,  and  in  each  case  draw 
a  vertical  line  through  the  point  of  suspension.  The  in- 
tersection of  these  two  vertical  lines  will  locate  the  e.g. 
of  the  template,  from  which  the  e.g.  of  the  body  can 
readily  be  found.  Take,  for  example,  the  counterweight 
attached  to  the  crank  of  certain  forms  of  steam  engines. 
Li  I  the  weight  be  of  uniform  thickness  and  its  cross- 
Mi  lion  be  of  the  form  shown  in  Fig.  31,  which  is  a  tem- 
|ilate  of  the  given  weight.  Tf  the  template  be  supported 
lii>ai  the  point  0  and  the  vertical  line  CD  be  drawn 
through  the  point  of  suspension,  then  the  e.g.  of  the  body 
will  lie  somewhere  on  this  line.  Likewise,  if  the  template 
lie  suspended  from  the  point  B  the  e.g.  will  lie  on  the 
lini'  AB.  Therefore,  the  e.g.  of  the  body  will  be  found 
a  I  the  point  E  of  intersection  of  the  two  lines  CD  and 
-!/>'.  This  method  is  frequently  used  in  the  drafting 
[I  I  111,  as  no  computations  are  necessary. 

1 1  a  body  can  l)e  divided  into  regular  geometrical  fig- 
mis,  such  as  triangles,  squares  and  rectangles,  the  e.g. 
18  host  obtained  by  applying  the  law  that  the  moment 
of  the  resultant  (which  is  the  total  weight  of  the  body) 
is  cijual  to  the  sum  of  the  moments  of  the  other  forces 
(tlie  weights  of  e.ach  of  the  separate  figures.) 

l^robleni  :  At  what  point  would  a  rope  be  attached  to 
III  ISO  the  piston  and  piston  rod  in  Fig.  32  so  that 
till-  rod  will  remain  in  a  horizontal  position? 

Solution  :  The  rope  must  be  attached  at  the  center  of 
gravity  of  the  piston  and  rod  considered  as  a  single  body. 
■This  point  is  found  as  follows:  The  weight  of  the  pis- 
mi  rod  may  be  assumed  as  concentrated  at  i+s  e.g.,  which 
^  evidently  at  the  center  of  the  rod,  as  at  B.  Likewise 
iii'  weight  of  the  piston  is  concentrated  at  its  center  C 
11  the  same  reason.  Let  the  unknown  point  be  located 
it  //,  which  is  X  in.  from  the  point  A,  or  end  of  the  rod. 
Pake  moments  about  this  point  .4. 

Thus, 

24  X  67  +  .-)0i/.  X  IfiO  =  227  X  x 
'1-  227  X  =  9688 

nd  a;  ^  42.7  in. 

I'roblem  :  Fig.  33  shows  the  cross-section  of  a  riveter 
mine.     Locate  the  e.g.  of  this  section. 

Sdliitioii :  This  figure  is  symmetrical  about  its  vertical 
\i,-.  and  hence  its  e.g.  lies  somewhere  on  the  line  AB, 
IV.  at  the  point  H,  x  in.  from  the  line  CD.     Divide  the 

(tion  into  the  three  rectangles  I,  II  and  TIL  By  in- 
pection  it  is  clear  that  the  e.g.  of  each  rectangle  is  at 
le  point  of  intersection  of  the  diagonals  and  also  that 
le  weight  of  each  pai-t  is  proporlional  to  the  area  of  the 


part.  The  moment  of  the  weight  of  each  section  about 
any  given  point  will  then  be  jiroportional  to  the  moment 
of  the  area.  In  dealing  with  problems  of  this  kind  the 
moments  of  the  areas  are  usually  taken  in  order  to  de- 
termine the  e.g. 

The  e.g.  of  part  III  is  located  9%  in.  from  the  line 
CD,  of  part  II  514  in.  from  CD,  and  of  part  I  %  in. 
from  CD.  The  area  of  part  I  equals  51/2  X  'IV2  ==  814 
sq.in.,  the  area  of  part  II  equals  71/2  X  Va  ==  3%  sq.in., 
and  the  area  of  part  III  equals  2X1  =  2  sq.in. 

Now  take  moments  of  the  areas  I,  II  and  III  about  the 
line  CD.    The  sum  of  these  moments  must  equal  the  mo- 


3sultant    (total  area). 


ment  of  the 

Thus, 

%  X  8I/4  +  3%  X  51/4  +  9y.  X  2  =  14  X  a; 
or  14  X  =  44.87 

and  X  =  3.2  in. 

Study  Questions 

3().     Locate  the  center  of  gravity  of  a  triangle. 

37.  Does  the  center  of  gravity  of  a  body  always  lie 
within  the  body?     Illustrate  by  an  example. 

38.  A  hole  4  in.  in  diameter  is  punched  in  a  plate 
which  is  15  in.  squai'e  and  of  uniform  thickness.  The 
center  of  the  hole  is  located  6  in.  from  either  side.  Find 
the  e.g.  of  the  punched  plate. 

39.  An  iron  ball  (\  in.  in  diameter  is  attached  to  a  rod 
2  in.  in  diameter.  If  the  length  of  the  rod  from  the  end 
to  the  jioint  of  contact  with  the  ball  is  18  in.,  find  the 
e.g.  of  the  ball  and  rod  considered  as  a  single  body. 

40.  The  frustum  of  a  right  cone  is  4  in.  high;  the 
diameter  of  the  top  is  4  in. ;  the  diameter  of  the  base  is 
8  in.     Find  the  e.g.  of  the  frustum. 
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OVER  THE  SPHILIvWAY 

J  rsT  ji:sT.s.  J  A  IKS.  JOSH  ks  a  n  d  j  r  m  ii  lks 


Wal.  1  Mwati!  Whulrlm  lliliik  c.r  a  puMH.l  i.f  r.ilkH  iiH  kIvi'm 
an  tilltiir  an  Invlti-  tii  their  powiT  mIkiw,  an"  then  up  an' 
blacks  hli)  oyc?  'Swliat  thoy  did  to  our  Warron  HoKtTM,  ovit 
U.  lluHlun  village  lately.  Some  doln'Ml  Va-«M.  b'^uin,  they 
fetched  little  Wnrren  over  to  the  op'ry-houHo  an'  hed  him 
alookln'  Into  a  tellyHcoiie.  Some  darn  eUHH^had  smeared  tho 
eye-holo  with  lamplilaek — an"  blacked  Warren's  eye!  I'eH- 
terln'.  b'Kosh!  Warren  cal'latea  'twas  Jus.  Ulllbryan  Myrlcit 
as  pulled  olT  the  Josh,  an'  he'll  Kit  Jus.  If  he  has  to  set  up 
till  half-seven  every  nlKht  for  a  week.  Looks  like  the  Myrick 
place  would  be  shy  u  farnihund  come  next  Tuesday  forlnl't. 

:^: 

The  centralization  of  power  supply  has  an  eloquent  udvo- 
cnto  In  Samuel  Insull.  of  the  Commonwealth  Kdlson  Co.  His 
company  sold  S40  million  kilowatt-hours  In  1913.  In  the 
meantime,  chief,  we'd  better  keep  on  pluKKlntj;  Sammy  won't 
be  able   to  centralize   us  all    for   the   ne.\t   two  or   three   years. 

How  the  men  in  tho  moon,  the  Martians,  built  their 
canals  Is  told  by  an  astronomer  who  thinks  he  knows.  In- 
stead of  excavating,  as  did  poor  deluded  Goethals,  they  leveled 
everythinK  in  si^ht  and  erected  walls  on  the  sides  of  the 
canal.  Wish  a  Martian  would  drop  down  this  evening  on 
the  Wasliintiton  folks  and  tell  how  the  moon  men  disposed 
of   the    toll    (luestion. 

In  a  certain  monster  oltice  buildine:  the  apparatus  was  the 
very  latest  word  in  automatic  rosulation:  the  management 
boasted  of  it,  the  village  populace  flocked  to  see  it — and 
mebbe  children  cried  for  it.  However,  now  and  once  in  a 
while,  there  was  a  hitch,  and  things  wouldn't  automat  worth 
a  dum.  One  day  the  assistant  chief,  who  was  usually  about 
as  funny  as  a  steam  table,  remarked:  "There's  only  one 
regular  way  to  get  perfect  automatic  regulation.  Some  reg- 
ular feller  must  Invent  a  regulator  to  regulate  the  automatic 
regulator." 

IP. 

Looking  backward  25  years,  we  find   that  "Power"   said: 

That  $100,000  will  be  awarded  the  inventor  who  finds  a 
practical   way  of  utilizing  the  water  power   of  Niagara   Falls. 

That  the  new  Edison  electric  lighting  station  in  Phila- 
delphia has  hit  upon  a  novel  plan.  Eighteen  200-hp.  engines 
are  to  be  placed  in  the  basement;  over  them,  36  dynamos; 
then  the  ash  floor,  and  above,  the  boilers;  the  fourth  floor 
will   contain    the   coal. 

That  "One  of  our  contemporaries  announces  'The  motor  of 
the  future.     A  condensable  vapor  to  take  the  place  of  steam.'  " 

When  it  comes  to  war,  the  man  behind  the  camera  is  the 
little  red  badge  of  courage.  He  goes  into  peril  and  hard- 
ship unflinching  and  unfaltering — and,  perhaps  because  he  is 
a  non-combatant,  he  is  lost  sight  of  in  our  enthusiasm  for  the 
boys    behind    the    guns. 

Your  Uncle  Billy  waxed  eloquent  to  The  Skipper,  our  fel- 
low editor,  anent  the  hardships  of  the  war  photographers. 
Skipper  said  it  was  no  cinch  to  get  pictures  in  a  power  plant, 
either.  On  a  recent  skirmish  into  Pennsylvania,  he  (200 
pounds  in  the  shade)  had  to  scale  a  five-story  building,  had  a 
new  dollar  derby  sniped  by  a  hidden  pipe,  his  glasses  were 
shot  from  off  his  face,  and  a  hole  burned  in  his  panties.  All 
of  which  sesms  to  prove  that  Peace  hath  her  damages  no  less 
destructive   than  War. 

A  mighty  good  little  shop  kink  is  the  four-page  monthly 
paper  of  Stevenson  No.  44,  of  New  York  City.  It  Is  appro- 
priately called  "The  44  Booster."  Its  contents  form  a  local 
message  of  optimism,  announcements  of  coming  events, 
joshes,  etc.  It  can't  be  costly,  and  it's  a  live  wire  in  keep- 
ing the  members  interested.  The  "Booster"  could  be  imitated 
to  advantage  by  many  other  locals.  We  get  you,  Stevenson, 
and  more  power  to  your  journalistic  elbow! 

m 

As  to  that  "spill"  of  last  week  anent  the  Archibald  boy 
who  "invented  the  pressure,"  we  thank  127  of  our  alert 
readers  for  sending  us  additional  clippings  this  week.  But 
the  brass  ring  has  been  given  to  a  Chicago  child  who  is 
entitled  to  another  ride,  free,  on  the  green  zebra  of  our 
m©r.rj"-'?o-''0'J"d. 


Isolated    Plant  Bests  Central 
StatLion 

Bv    l'':(i;i)   .S.   'I'lSKiiAM 

,'\l)()iit  two  y<'arH  ii^ro  lIu'  iii;iiiii;.'ciiiciit,  of  (lie  Y.  M.  (,'. 
A.  in  ('iiMil)ri<lff(',  Miihh.,  proposed  to  iiiakc!  iidditioiiH  to 
itH  l)iiil(liiif{  lliiit  would  appro-xiiiiutc^ly  doiildo  ilH  hIzc. 
Alon^'  witli  tliiH  clian^o  caiiK;  propowilioiiK  for  tlu;  cii^i- 
nt'cr  wlio  had  l)uon  with  them  for  Mevoral  yourH.  Ab  usual, 
tliu  af,'('iit  of  the  cciitral  station  'va«  active.  Jle,  of  course, 
inainlaiiied  lliat  \]h:  liif^li  eHiciency  of  generating  curreiil 
at  Iheir  j)hint  enaljk.'d  tliem  to  sell  current  for  iiiudi  lei-- 
than  it  could  be  produced  by  a  private  i)lant.  He  al.--" 
contended  that  if  current  was  bought  outside,  a  clieapi  i 
class  of  lielp  could  I)C  enij)loyed  lor  lieating,  etc.,  whci' 
if  a  private  plant  was  operated,  licensed  men  would  In 
needed  and  at  a  Iiiglier  wage. 

The  question  was  argued  at  longtli,  and  the  central- 
station  agent  tried  to  show  that  his  price  of  oe.  per 
kw.-lir.  was  better  than  could  be  obtained  in  tlic  plant. 
His  statements  might  liave  been  convincing  Jiad  not  rec- 
ords been  kept  of  the  old  plant  for  several  years  previous. 
These  records  were  looked  up  and  carefully  gone  over  and 
with  the  records  of  tlie  previous  year  were  placed  in  the 
hands  of  a  consulting  engineer  for  criticism. 

It  was  foujid  that  the  current  cost  them  less  than 
4^c.  per  kw.-hr.,  allowing  the  plant  a  credit  for  heating 
the  building  and  paying  overhead  charges  only  on  that 
part  of  the  plant  not  necessary  for  heating.  With  the 
output  doubled,  the  cost  of  production  would  be  cheaper, 
so  it  M'as  decided  to  install  the  extra  equipment  needed. 

The  present  plant  consists  of  two  Ames  center-crank, 
high-speed  engines,  one  a  10xl2-in.  connected  to  a  Gen- 
eral Electric  machine  and  the  other  a  12xl3-in.  connected 
to  a  Crocker-Wheeler  generator ;  three  y4-in.  horizontal 
return-tubular  boilers,  one  12x5x3G-in.  deep-well  pump 
with  a  capacity  of  40  gal.  per  min.  from  a  well  400  ft. 
deep,  two  National  heaters,  one  large  cylindrical-tank 
heater  10x5  ft.  with  a  trombone  coil  which  heats  water 
for  the  building  and  shower  baths,  one  iy2-hp.  motor 
used  to  circulate  the  water  in  the  swimming  pool,  boiler- 
feed  pumps  and  a  pump  used  when  cleaning  the  bottom 
of  the  swimming  pool. 

The  building  is  five  stories  high,  120  ft.  front,  149  ft. 
deep  and  contains  11,866  sq.ft.  of  radiating  surface, 
which  is  supplied  with  exhaust  steam  from  the  engines 
and  pumps.  When  this  is  not  sufficient,  live  steam  is 
supplied  through  a  reducing  valve.  During  the  coldest 
days  hut  3  lb.  pressure  is  needed  and  the  average  for  the 
season  is  about  1  Ih.  A  Paul  single-pipe  system  is  in- 
stalled. 

The  building  has  a  swimming  pool  60  ft.  long  and  20 
ft.  wide  with  a  varying  depth  of  4  to  7  ft.  It  holds  55,- 
000  gal.  and  is  supplied  by  the  deep-well  pump.  The 
water  is  heated  by  one  of  the  National  heaters  and  a 
constant  temperature  of  76  deg.  is  maintained  throughout 
the  day  and  a  part  of  the  night.  Each  morning  an  ad- 
ditional amount  of  water  is  supplied  to  compensate  for 
loss  over  the  spit  rail  and  from  cleaning  the  bottom  of  the 
tank.  This  additional  water  is  sutficient  to  lower  the  tem- 
perature of  the  water  from  76  to  72  deg.,  making  a  heat 
loss  of  4  deg.  on  55,000  gal.  of  Avater  to  make  up  daily 
except  Sundays.  During  the  year  the  water  in  the  tank 
was  changed  23  times,  so  that  it  was  necessary  to  raise 
22  deg.  the  temperature  of  23  X  55,000  gal.  of  water. 
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For  the  year  the  wattmeters  showed  tliat  94,762  kw.-lir. 
were  generated.  At  the  central  station's  figure  of  5c. 
per  kw.-hr.  the  cost  for  current  alone  would  be  $4738.10. 
The  expenses  of  the  entire  plant  for  the  year  ending  Mar. 
31,  1913,  were  as  follows: 

Fuel     $4305.00 

Labor     2723.00 

Oil     77.03 

Waste     22. 8i 

Packing    28.77 

Water    53.71 

Other    expenses 579.67 

Total     $7789.99 

xVs  this  is  the  total  operating  expense  of  the  plant  a 
division  must  be  made  to  determine  the  cost  of  producing 
current.  From  the  labor  charge  of  $2723,  but  $1161.81 
is  chargeable  to  power.  From  the  $4305  for  fuel  a  cer- 
tain proportion  should  be  subtracted  for  heating  the 
building  and  heating  water  for  building  use  and  that  of 
the  swimming  pool. 

The  heating  of  the  building,  located  as  it  is  and  ex- 
posed on  all  sides,  with  considerable  glass,  is  calculated 
on  a  basis  of  22c.  per  sq.ft.  of  radiation  per  season,  or  a 
cost  of  $2610.52. 

The  total  water  used  in  tlie  swimming  ])ool  during  the 
year  is 

55,000  X  23  X  8.33  =  10,541,666  lb. 
This  must  be  raised  in  temperature  22  deg.     On  a  basis 
of  1  B.t.u.  per  degree  per  pound  of  water,  231,916,652 
B.t.u.  would  be  required. 

Then  making  up  the  4-deg.   drop  in  temperature  on 
55,000  gal.   daily  except   Sundays  would   require 
4  X   313   x"  55,000   X   8^  =  573,833,333  B.t.u. 
573,833,333  +  231,916,652  =  805,749,985  B.t.u. 
Using  a  coal  with  14,000  B.t.u.  per  lb.  and  60  per  cent, 
boiler  efficiency 

805,749,985  -^  8450  =  95,923  lb.  =  47.9  tons  of  coal 
At  $4.50   per   ton   the   charge   against   the   account   for 
heating  the  water  in  the  swimming  pool  would  be  $215.55. 


Then  this  water  has  to  be  pumped  from  a  well  215  ft. 
deep  against  an  average  head  of  30  llj.  Xot  less  than 
10,000,000  lb.  of  water  are  raised  285  ft.  during  the  year, 
an  equivalent  of  2,850,000,000  ft.-lb.  Allowing  15,000,- 
000  ft.-lb.  per  100  lb.  of  coal  and  a  pump  efficiency  of  50 
per  cent.,  38,000  lb.,  or  19  tons  of  coal,  would  be  re- 
quired. At  $4.50  per  ton  the  pumpage  would  amount  to 
$85.50.     Then 

$2610.52   +  $215.55  +  $85.-50  =  $2911.57 
Deducting  this  from  the  total  fuel  cost  of  $4305  leaves 
$1393.43  as  the  cost  of  coal  chargeable  to  power. 

The  cost  of  the  plant  was  $7000,  but  $4500  of  this 
was  paid  for  the  old  equipment  and  80  per  cent,  has  been 
already  charged  off  for  depreciation.  'J'his  leaves  $900 
as  the  depreciated  value  and  adding  $2500  for  the  new 
equipment  gives  $3400  as  the  present  value  of  the  plant. 
.Allowing  13  per  cent,  for  fixed  charges  gives  $442.  Then 
the  operating  charges  are  as  follows : 

Labor     $1161.81 

Fuel      1393.43 

Fi.Ked    charges 442.00 

Miscellaneous   supplies    (  Vi    of   total) 381.00 

Total   operating   expense    $3378.24 

The  cost  per  kilowatt-hour  would  be 

$3378.24   -I-  94,762   =  $0.0356 
The  central-station  charge  was 

$0.05  X  94,762  =  $4738.10 
so  that  under  present  conditions   the  station  saved   per 
year  $4738.10  —  $3378.24  =  $1359.86 

N'o  charge  is  made   for  several  small  uses  of  steam  of 
which  it  is  impossible  to  even  estimate  the  quantity. 

m 

Errata — In  the  table  accompanying  the  article  on 
Working  Up  a  Boiler  Test,  on  page  593,  of  the  i.ssue  of 
Apr.  28,  Item  33  should  read,  "Item  20  -^  Item  16,  or 
Item  24  -4-  Item  22  =  8.23." 

Item  38  is  the  efficiency  of  the  boiler  ard  furnace  and 
Item  39  that  of  the  boiler,  furnace  and  grate. 


The  Fourth  National  Textile  Exhiljition  under  the  auspices 
of  the  Textile  Exhibitors'  Association  and  the  Second  National 
Power  Show  by  the  New  England  Association  of  Commercial 
Engineers  was  held  in  the  Mechanics'  Building,  Boston,  Mass., 
Apr.   27   to   May  2,   inclusive. 

During  the  two  days'  business  session  of  the  National 
Association  of  Manufacturers  the  textile  industry  was  thor- 
oughly discussed  in  relation  to  foreign  trade  prospects,  which 
are  considered  bright,  and  the  effects  of  labor  problems  and 
the  tariff,  which  are  thought  bad  for  the  cotton  mills  as  a 
whole. 

The  business  session  was  held  in  Paul  Revere  Hall.  Presi- 
dent Edwin  F.  Greene  called  the  convention  to  order  at  11 
o'clock  Wednesday  morning  During  the  session  Arthur  Tis- 
dale  Bradlee,  of  Chestnut  Hill,  was  presented  the  1914  medal 
in  recognition  of  his  contribution  to  the  cause  of  the  industry, 
a  paper  of  high  merit  on  "Investigations  upon  the  Effect  of 
Moisture  in  Testing  Cotton  Yarns  and  Fabrics" 

Governor  Walsh  was  present  to  extend  the  Common- 
wealth's welcome  to  the  cotton  manufacturers,  and  he  made 
a  short  adress  referring  to  legislation   and   transportation. 

.\mong    the    speakers    at    the    afternoon    session    were    ex- 

\  or  Fitzgerald  and  Ralph  M.  Odell,  of  Washington.     Papers 

i  '•  offered  at  the  second,  third  and  fourth  sessions. 

At  the  close  of  the  annual  meeting  Thursday  afternoon, 
.\\ir.  30,  the  following  officers  were  elected:  President,  Albert 
';  Duncan;  vice-presidents,  William  M.  Butler  and  Grosvenor 
i;iy.  and  five  directors.  Nineteen  active  and  six  associate 
numbers  were  elected. 


Of  the  papers  presented  at  the  convention  of  interest  to 
engineers  was  "Electric  Power  Contracts,"  by  WiUiam  D. 
Puffer.  "Mill  Steam  Plants"  was  not  read  by  the  autho.-,  .\.  G. 
Hosmer,  as  he  was  unable  to  be  present. 

ELECTRIC-POWER    CONTRACTS 

In  taking  up  the  question  of  power  contracts,  Mr.  Puffer 
was  of  the  opinion  that,  whenever  it  appeared  desirable  for 
a  manufacturer  to  compare  the  probable  cost  of  producing 
his  own  power  as  against  the  purchase  of  it  from  a  service 
corporation,  there  is  difficulty  on  the  part  of  the  purchaser 
in  understanding  the  terms  used  by  the  seller,  because  the 
contract  agent  begins  to  talk  in  what  is  substantially  a  for- 
eign  language. 

It  was  pointed  out  that,  generally  speaking,  there  is  no 
great  difficulty  in  arriving  at  some  idea  of  how  many  horse- 
power will  be  required  to  operate  a  mill  and  in  estimating 
the  probable  amount  of  time  in  the  year  that  the  assumed 
horsepower  will  be  used,  which  result  is  expressed  in  horse- 
power, and  may  or  may  not  include  a  proper  allowance  for 
overtime,    night   work,   short   hours  and   partial  time. 

The  horsepower  year  is  an  expression  often  used  to  give 
definiteness  to  a  statement  of  the  requirement  of  a  mill,  but 
the  author  gave  several  definitions  which  could  be  applied. 
A    horsepower    year    might   be: 

Definition  1.  Exactly  1  hp.  steadily  day  and  night  through- 
out the  year,  or  1  hp.  X  365  days  X  24  hours  equals  8760 
hours'    use    of   exactly   1    hp. 

Definition  2.     Exactly  1  hp.  steadily  day  and  night  through- 
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uiil  (lu<  yi'iki'  <<xtM-|>t  SiiiuliiVM  1111(1,  nny,  three  hnllilaVH.  ni  I  tip 
X    310  (liiya   X    24  Iiouih  <m|iiiiIm  744U  houi'H'  UMi<  of  cxiictly   1   lip. 

Mvlliilllon  8.  Kxiic-tly  I  lip.  atciidlly  for  a  lO-huur  day  fur 
cvi'iy  iliiy  In  the  year,  or  1  hp.  X  866  days  X  10  houra  e(|UuU 
SlifiO    hDiim'    use   of   exiictly    I    hp. 

DetliiKloii  1.  lOxiietly  1  hp.  Hteudlly  for  a  lU-hour  day 
fxcepl  SundayH  and,  May.  three  holldayH,  or  1  hp.  X  310  days 
X    10  hours  fiiiialH  3100   hiiuiM'   uMe  i)f  exaelly   1   hp. 

l>elliitluii  n.  i;.\a>lly  1  hp.  oleadlly  for  an  elKhl-huur  day 
excepting:  Svinilay.M  and.  »ay  threi'  holldayH.  or  I  hp.  X  310 
daya   X    H  huura  equals  24(iO  huuri*'  UHe  of  exactly   1   hp. 

The  paper  points  out  that  If.  Instead  of  a  heavy  load,  it 
Ihu-tuated  for  a  short  time  by.  say  10  per  cent.,  above  and 
below  the  exact  1  hp.,  and  that  If  the  drlvliiK  powi-r  were 
limited  to  exactly  1  hp..  the  iiveraRe  horsepower  could  not 
be  operated,  and  it  would  be  necessary  to  have  an  uvullablc 
capacity   of   1.1    hp. 

If  the  load  never  exceeds  1  hp.,  but  because  of  the  stop- 
paKu  of  some  machine  the  full  horsepower  Is  not  required  all 
of  the  time,  the  condition  would  be  more  nearly  the  averaKe 
man's  Idea  of  a  horsepower  year;  this  is  iiidetliiite  because 
ol   tlu-  unknown  amount  and  time  tlie  \o,u\  lall.s  nlT. 

hk.m.vN'd   ,\.\ii   i,ii.\i>    iwctou 

I>rinaiul  UTul  load  factor  nui.^l  lu-  con.sldi-ri-il  in  mill-power 
propositions.  Demand  is  the  greatest  use  of  power  at  any 
time;  the  load  factor  is  the  percentage  which  the  actual 
horsepower-hours  are  to  what  they  would  have  been  if  the 
■demand  had  not  been  used  continuously;  or.  the  load  factor  is 
tile    percentage    the    average    load    is    of    the    maximum. 

Unfortunately,  "load  factor"  has  been  used  in  connection 
with  the  day  of  eiKht,  ten  or  twenty-four  hours,  a  month  or 
a  year  of  different  number  of  hours,  consequently  the  term 
Is  dangerous  in  a  contract  unless  carefully  defined.  This  is 
so  because  no  engineer  has  the  means  of  measuring  the 
actual  number  of  horsepower  hours  his  engine  has  developed. 
The  best  he  can  do  is  to  take  indicator  diagrams  at  times 
assumed  to  represent  the  average  load,  and  then  try  to  esti- 
mate or  guess  the  number  of  hours  the  load  will  be  or  has 
been  used;  even  then  he  has  no  idea  of  the  underload  runs 
and  the  runs  at  odd  times.  The  electrical  engineer,  however, 
has  many  simple  and  accurate  methods  and  instruments 
which  clearly  show  by  charts,  dials  or  pointers,  any  or  all 
of  the  desired  results. 

The  electrical  terms  "kilowatt"  and  "kilowatt  hour"  are 
now  generally  used  in  place  of  horsepower  and  horsepower 
hour,  the  electrical  unit  being  almost  exactly  one-third 
larger. 

Nearly  all  power  prices  are  made  up  of  the  demand  and 
the  load  factor  charges,  in  a  contract  or  rate  sheet  they  are 
indicated  by  such  expressions  as  "meter,"  "demand."  "ser- 
vice." "readiness  to  serve."  "primary."  "first  twenty-four 
hours'  use  of  the  demand"  and  special  prices  for  the  first 
given    block   of    power,    etc. 

When  power  is  transmitted  by  alternating  currents,  it  is 
nearly  always  found  that  with  the  usual  types  of  motors, 
lines  and  appliances,  that  there  are  times  when  the  current 
actually  flowing  through  the  conducting  system  is  not  at  all 
proportional  to  or  commensurate  with  the  transmitted  energy. 
Under  the  changing  conditions  of  the  usual  commercial  ser- 
vice, this  idle  or  false  current  varies  from  a  negligible  to  an 
extremely   serious   amount. 

The  author  said  that  the  name  given  to  the  cause  of  this 
condition  is  "power  factor."  The  power  factor  is  the  per- 
centage ratio  between  the  true  energy  and  the  apparent 
energy,  and  the  true  energy  is  always  less  than  It  would 
seem  to  be  If  judged  by  the  current  actually  flowing.  The 
more  nearly  100  per  cent,  the  power  factor  Is,  the  better; 
it  averages  between  SO  and  95  per  cent,  under  good  con- 
ditions, and  under  bad  conditions  it  may  fall  to  50  per  cent; 
■when  at  71  per  cent.,  the  current  is  twice  what  it  would  be 
at  100  per  cent,  power  factor,  and  the  capacity  of  lines,  trans- 
formers and  the  like  is  taxed  as  heavily  as  it  would  be  with 
two  consumers  having  100  per  cent.,  yet  the  purchased  l<ilo- 
watt-hours   are    but   those    of    one. 

Every  purchaser  of  power  in  any  moderately  large  quan- 
tity should  protect  himself  by  the  use  of  a  continuously  oper- 
ating curve-drawing  instrument,  making  a  written  record  of 
seme  factor  in  connection  with  the  supply  of  electricity  which 
will  be  the  most  service  in  checl\ing  up  his  power  conditions. 
These  instruments  are  available  for  the  recording  of  mo- 
mentary conditions  of  any  electrical  quantity  and,  if  properly 
installed,  they  produce  a  record  that  cannot  well  be  dis- 
puted. For  example,  a  curve-drawing  demand  meter  would 
give  a  record  of  the  power  required,  the  time  of  starting, 
short  hours,  times  of  shutdowns  and  the  falling  off  of  the 
output    toward   the    end    of   work    hours. 


There    Ih   a    tendi<ncy    lo    offi-r   lhi>    alternative    of    meterli. 
^ill   eniTgv    "on    hiKh-tenNlon   service"   at   u   seemliiKly   ullrin 
live    low   rate.      Much    rules   must    be   studied    carefully    to   din- 
cover    the    effect    of    transformer    losses,    losses    In    wires    nii'l 
other   apparatus   which    nniy   of   ni-cesslty   be   In    use   for   nmri 
hours.       Usually,    huuiII    transformeis    can    be    subHlltutid 
place    of    the     regular    service    oik-b    during    Sunday    and     iK 
fourteen    hours    of    hIkIiI    use. 

All  claUHcH  which  are  wordid  so  as  lo  shift  the  reapon: 
blllly  for  uceldentH  or  llri'S  from  Ihi-  supply  company  lo  ii 
purchaser  should  be  examined  critically  and.  If  possIM 
Hlruck  out;  It  surely  must  be  u  l)arl  of  the  power  compan' 
responsibility  to  ho  arrange  Its  devlceM  that  no  dangeri^. 
condilloiiH  should  be  brought  about  on  the  purchaser's  wlr 
or  premiseH,  and  It  Is  a  part  of  the  pu. chaser's  rusponslbllr 
lo  see  that  everything  on  his  side  of  the  coniiiany's  transfon 
era  is  proner  and  M.-ife  and  that  .ill  safety  devlcis  re<|ulred  i 
Insurance   or   other  authorities   aie    installed   and   operative, 

ONE-SIUEU  CONTRACT 

Common  sense  and  Justice  should  bi-  evident  In  power  coil' 
tracts,  and  no  attempt  made  to  handicap  either  parly  to  thi 
contract.  At  times,  it  happens  that  queer  provisions  an 
iiinught  about  by  a  combination  of  clauses  which  are  In 
till  niselves   not   intended   to   Injure. 

The    authoi-    mentioned    a    contract    which    he    condemned 
because,    if    taken    literally,    the    mill    could    never    grow,    as 
the    company    was    to    buy    power    up    to    a   definite    and    final 
limit  and  was  forbidden  to  build  a  plant  of  Its  own,  make  lis 
own    light    or   get    It   elsewhere,   and    all    the   electric    llghtliiK 
was   expressly  cut  out   of   the   contract.      The    power   compan-. 
did    not    have   lo   give    notice   of   refusal   to   continue    the   cir 
tract   until   the   day   before   it  expired.     There   were   no  offs. 
for  poor  service,  loss  of  power,  low  voltage  or  low  frequent 
These    things    were    not    evident    to    the    ordinary    reader    and 
probably    were    not    purposely    designed,    and    yet    they    were 
very  definitely  and  carefully  stated,  partly  In  the  body  of  the 
contract  and   partly   in  the  fine  print   "conditions."     As  finally 
signed,    all    these    matters    were    settled    and    arranged    on    an 
equitable  basis. 

I*o\ver   Sboiv 

In  connection  with  the  textile  exhibition  was  the  "Power 
Show,"  the  exhibits  being  displayed  in  the  lower  floor  of  the 
building.  This  department  received  Its  full  share  of  inter- 
ested visitors.  Thursday,  being  Engineers  Day.  many  engi- 
neers visited  the  exhibits,  which  were  attractive,  and  in  sev- 
eral Instances  showed  new  devices  of  Interest  lo  power-plant 
men.  The  booths  were  tastefully  arranged  and  the  attend- 
ance of  visitors  kept  up  well  until  tlie  close  of  the  show.  The 
following   firms   exhibited    at    the    power    show: 

LIST   OF   EXHIBITORS 
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Albany  LubricatiriK  Co. 

American  Oil  Company 

American  Power  Company 

Ames.  Bradford  L. 

Am.  Steam  Gauge  &  Vaive  Mfg.  Co 

Anderson  Company,  V.  D. 

Anderson.  George  P. 

Ashton  Vaive  Company 

.\twood  &  Morrill 

Autoforcc  Ventilating  Sy.stem 


Keystone  Lubricating  Co. 

Lagontla  Mfg.  Company 

Lead  Lined  Iron  Pipe  Co. 

Licbirknecht  &  Co.,  F.  W. 

Litchfield,  J.  M. 

Locke  Regulator  Co. 

Lunkenheimer  Company. 

Mason  Regulator  Company 

Mas.sachusett.s  Fan  Company 
Autogenous  w4'lding''&  Eq'iipment  Co.     ^{'^f'^'^;'*!?''''^  Company 
Austin  &Doten  McLcod&  Henry  Company 

Badger  &  Sons  Co.,  E.  B. 
Hctson  Plastic  Fire  Brick  Co. 
Blanchard,  J.  Henry 
Buckeye  Engine  Company 
Burgmann  Asbestos  &  Packing  Mill; 
Byers  Company,  A.  M. 


Miller's  Sons,  \Vm.  P. 

Monarch  Steam  Blower  Co. 

Nashua  Machine  Company, 

"National  Engineer" 

National  Tube  Company 

N.  E.  .\ssoclation  of  Commercial  Eng. 

Nightingale  &  Childs  Co. 


Norristown  Magnesia  &  .\sbest03  Co. 
Open  Coil  Heater  &  Purifier  Co. 


Cave  Welding  Company 
Chapman  Valve  Mfg.  Co. 
Chesterton  Co.,  A.  W. 

Climax  Smoke  Preventer  Co.  Patterson  Lubricating  Co. 

Coppus  Engineering  &  Equipment  Co.  Perfection  Grate  Company 

Dearborn  Chemical  Company  Philadelphia  Grease  Mfg.  Co. 

Diamond  Power  Specialty  Co.  -r,  """'l   .-.   j     ^  i 

Dixon  Crucible  Co..  Joseph  P^tt  &  Cady  Company,  Inc. 

Durabla  Manufacturing  Co.  Reynolds  Oil  and  Supply  Co. 

Eagle  Oil  &  Supply  Co.  Robinson  &  Son  Co.,  Wm.  C. 

Economy  Lubricating  Co.  Rose.  P.  R. 

Edward 'Manufacturing  Co.  Roto  Company,  The 

Electric  .Smelting  &  Aluminum  Co.  S",S«'''^  ''<>•■    H.    A.        ^,,     ^ 

Evans  Mill  Supply  Co.  Schaeffcr  &  Budenburg  Mfg.  Co. 

T^  11    /-■       Ti,  Schumaker-,Santr>'  Co. 

™kCo..The  Shaw  Propeller  Co. 

Foster  &  Sons  Co.,  F.  W.  Simplex  Tester  Co. 

S.  K.  F.  Ball  Bearing  Co. 


Gardner  Grate  Company 
Garlock  Packing  Company 
Griscom  Russell  Co.,  The 
Haines  &  Co..  Wm.  S. 
"_Iarrington  Mfg.  Co. 
Harrison  Safety  Boiler  Works 
Harvey  Comjjany,  Arthur  C. 
Hyland  Mfg.  Company,  W.  J. 


"Southern  Engineer" 

Stone,  Herbert  E. 

Strong,  Carlisle  <t  Hammond  Co. 

Texas  Company.  The 

Thermograde  Valve  Co. 

Under- Feed  Stoker  Co.  of  Am  .  The 
United  States  Graphite  Co..  The 


International  Engineering  Works,  Ltd.  Vasil  Fuel  &  Steam  Systems  Co. 

Jefferson  Union  Company  Walworth  Mfg.  Company 

Jenkins  Bros.  Watts  Regulator  Companv 

Kelly  &  Company.  Inc  .  T  P.  Webster  &   Company.  Warrer. 
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The  following  is  a  list  of  the  coming  national  and  state 
conventions  as  fully  as  can  be  ascertained  up  to  the  present 
time: 

NATIONAL  CONVENTIONS 

National  Association  of  Stationary  Engineers,  Milwaukee,  Wis Sept.  7-12 

American    Order    of    Steam    Engineers,    Baltimore,    Md June  1-6 

Universal  Craftsmen,  Council  of  Engineers,  Cleveland,  Ohio Aug.  4-8 

Canadian  A.ssociation  of  Stationary  Engineers,  Ottawa,  Ont July  28-30 

STATE  ASSOCIATION   CONVENTIONS  OF  THE  N.  A.  S.  E. 

Illinois,  Peorip May  20-22 

New  Jersey,  „ersey  City May  28-30 

Iowa,  Des  Moines June  3-5 

Kansas,  Atchison June  3-5 

Kentucky,  Louisville June  3-5 

In<liana,  Indianapolis June  10-12 

New  York,  Rochester June  11-12 

Ohio,  Akron June  17-19 

Pennsylvania,  Philadelphia June  19-20 

Connecticut,  Bridgeport .       June  2G,  27 

New  England  States,  Providence July  9-1 1 

Michigan,  Muskegon July  1.5-17 

Missouri,  St.  Jo.seph July  29-.'n 

Minnesota,  Minneapolis Aug.  12-14 

Wisconsin,  Milwaukee Sept.  4 

Texas,  Fort  Worth 

West  Virginia,  Clarksburg 

California. 

Colorado 
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Aeronautics  was  the  topic  for  discussion  at  the  quarterly 
meeting  of  the  New  Haven  Section,  A.  S.  M.  E.,  held  at  the 
Mason  Laboratory,  Yale  University,  on  May  1.  E.  S.  Cooley, 
chairman  of  the  section,  presided,  and  the  afternoon  session 
was  given  up  to  three  papers:  "A  Review  of  Aeronautical 
Progress"  (illustrated),  by  J.  J.  Long,  of  Brown  University; 
"Fuels  for  Internal  Combustion  Engines,"  by  D.  B.  Pangburn, 
of  Sheffield  Scientific  School;  and  "Aeroplane  Motors,"  by  Prof. 
D.  L.  Gallup,  of  Worcester  Polytechnic  Institute.  Also,  J.  A. 
Steinmetz  discussed  aeroplanes  from   the   military  standpoint. 

At  the  evening  session,  Prof.  Breckenridge  presided. 
President  Hartness,  of  the  society,  gave  an  informal  address, 
and  two  regular  papers  were  presented:  "The  Evolution  and 
Status  of  Aeronautics,"  by  Henry  Woodhouse,  editor  of  "Fly- 
iim."  and  "Representative  American  Aeronautical  Motors,"  by 
Howard    Huntington. 


Hs^tlaoima^fl  Grs^s  Eim^aim©  ,^ss(n>(£as^=' 
ftaosa  tl®  M©©tl  aim  JJtiaim© 

The   tentative  program   of   the   seventh   annual    meeting   of 

the   National   Gas   Engine   Association,    to   be   held    in   Chicago 

I  on    June    24,    25    and    26,    has    been    given    out.      This    includes, 

I  besides    the    president's    address,    by    R.    A.    Oglesby,    and    the 

j  reports    of    the    various    committees,    the    following    papers: 

"Horsepower    Rating    and    .Standard    Brake,"    by    Prof.    P.    S. 

Rose;    "Catalogs,"   by   Prof.   G.   W.   Munro;    "Cooperating   with 

;inrl   Assisting  the  Dealer,"   by  G.   M.   Matsan,  and   "Heavy   Oil 

ines   in   Small   Units,"    the   author   to   be   announced    later. 

ddition    there   will    be    the    usual    entertainment    features. 

I'lie   committee   invites   suggestions   from   members   for   the 

improvement   of  the   program. 


lnl®'w   VaUIs^    Fsiadl  i^ow  ®.  MotLoiP 

The  agent  for  the  Westinghouse  Electric  &  Manufacturing 
Co.,  at  El  Paso,  Texas,  sent  a  draft  to  the  Pittsburgh  office 
recently  with  a  letter  explaining  the  sale.  General  Villa,  the 
Mexican  Constitutionalist  leader,  bought  a  motor  to  be  used 
in  pumping  water  for  a  camp.  Villa  offered  rebel  scrip  in 
payment  and  was  informed  that  this  was  valueless  in  Amer- 
iica.  Villa  then  dispatched  a  squad  to  a  nearby  town,  raided 
a  gambling  house,  and  returned  with  several  bags  of  Ameri- 
can gold.     With  this  he  paid  for  the  motor. 


The  scientific  and  engineering  men  of  Pliiladelphia  are 
oreparing  for  a  big  mass  meeting  on  the  evening  of  May 
15  in  the  Continental  Hotel  roof  garden.  During  an  in- 
ormal     smoker,     prominent     engineers     will     give     short     ad- 


dresses, and  there  will  also  be  music  and  a  general  enter- 
tainment. 

Some  twenty  national  and  local  societies  having  fully 
4500  members  in  and  near  the  city  will  be  represented.  Thi.s 
i.s  to  he  the  first  of  a  regular  series  of  general  meetings.  No 
long  program  will  be  attempted,  but  rather  a  "get-together" 
meeting    to    inaugurate    an    engineering    congress    each    year. 

Among  the  speakers  will  be  Dr.  C.  P.  Steinmetz,  the  Gen- 
eral Electric  Co.;  V/alton  Clark,  the  United  Gas  Improve- 
ment Co.,  and  president  of  Franklin  Institute;  Dr.  Humphreys, 
president  of  Stevens  Institute  of  Technology,  and  James 
Mapes  Dodge  will  act  as  toastmaster. 

Members  of  the  national  engineering  and  scientific  so- 
cieties of  other  cities  are  cordially  invited.  The  tickets  are 
$2  each  and  are  to  be  obtained  from  C.  C.  Tutwiler,  1630  Real 
Estate  Trust  Building;  Dr.  R.  B.  Owens,  of  Franklin  Insti- 
tute,  or   from   the   Engineers   Club   of  Philadelphia. 


ILoffirag^sSj,  HMop  F®w©iF  Fllairat 

Lomax,  111.,  recently  signed  a  contract  for  the  first  unit  cT 
a  power  system.  This  system  is  to  furnish  light,  heat  and 
power  for  the  entire  new  preplanned  city  of  Lomax.  Their 
buildings  and  plant  are  so  constructed  that  the  new  units 
may  be  added  without  interfering  in  the  least  with  the  daily 
business  of  those  already  installed.  While  they  will  furnish 
steam  heat  to  the  factory  district  and  to  the  Free  Vocational 
University  that  is  to  be  built,  in  any  different  district  the 
poiver  furnished  will  be  largely  electric.  This  first  unit  con- 
s/its of  two  fire-tube  boilers,  450  hp.,  and  a  Hamilton-Corliss 
engine,  a  generator,  pumps,  heaters,  tanks,  Are  pumps  for  pro- 
tection for  the  factory  district,  etc. 

The  contract  was  let  to  the  Gale  Installation  Co.,  Chicago. 
The  buildings  will  be  erected  by  local  contractors,  the  work 
for  the  foundations  being  well  under  way.  The  plant  is  being 
erected  from  private  plans. 


Mtmagmime© 

Notice  has  been  served  on  the  railroads  entering  Pitts- 
burgh by  city  council  calling  upon  them  to  observe  the  smoke- 
prevention  ordinance.  The  chief  smoke  inspector,  J.  W.  Hen- 
derson, was  instructed  by  the  councilmanic  committee  on 
health  to  notify  the  railroads  that  within  three  months  they 
must  comply  with  the  smoke  ordinance,  otherwise  the  ordin- 
ance to  compel  them  to  use  smokeless  fuel  on  locomotives 
would   be   passed.     This   ordinance   temporarily   was   laid   over. 

The  Pennsylvania  R.R.  had  sent  a  communication  to  the 
health  committee  giving  reasons  why,  in  the  opinion  of  its 
engineers,  it  would  be  impossible,  unless  at  great  expense,  to 
comply  with  the  proposed  ordinance  requiring  the  use  of 
smokeless  fuel.  There  also  was  a  letter  from  Smoke  Inspector 
Henderson  showing  that  in  other  cities  smokeless  fuel  is  in 
use  on  locomotives,  and  that  in  Pittsburgh  the  Pittsburgh  & 
Junction   operates  its  shifting  engines   with   smokeless   fuel. 


V©Ia(taIls^.fta5m^  Ena^asrieeiPS  liim<= 
m-pm^t  M©^yF   T]h©sitt©2=' 

After  the  transaction  of  the  business  of  the  regular  meet- 
ing in  April  and  enjoying  a  banquet,  the  Massachusetts 
Chapter  of  the  American  Society  of  Heating  and  Ventilating 
Engineers  adjourned  to  make  an  inspection  of  the  heating 
and  ventilating  plant  of  the  new  Scollay  Square  Olympia 
theater  which  is  the  largest  popular-priced  vaudeville  and 
moving  picture  theater  in  New  England,  seating  3200  people. 
This  ventilating  system  is  the  most  modern  and  complete 
system  of  any  yet  inspected  in  this  vicinity.  The  owners 
have  gone  to  much  expense  to  make  it  a  recognized  public 
benefit. 

The  system  was  designed  and  supervised  by  the  Richard 
D.  Kimball  Co.  and  consists  of  a  fresh  air  supply  for  the 
theater  proper  and  all  public  rooms,  and  a  separate  exhaust 
system  for  the  main  house,  gallery,  balcony,  public  rooms  and 
dressing  rooms.  Outdoor  air  first  passes  through  the  primary 
Vento  heaters  in  the  heater  room,  which  is  under  the  main 
auditorium  floor,  through  the  Carrier  air  washers,  then 
through  the  secondary  heaters  to  a  fresh  air  American  blower 
discharging  part  of  the  air  into  the  plenum  space  between  the 
auditorium  floor  and  the  basement  ceiling,  also  to  the  public 
rooms,  the  remainder  being  discharged  into  the   plenum  space 
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uiiili'i  till'  Imlconv.  Tlw  iilr  Ihi'ii  piimhom  IiiIk  rln-  Ihnitcr  niul 
In  illHtrlliiili'il  thriiUKli  iiiuhIiicioiiih  lorati'il  iimli'i'  tlii<  nuiitH 
i>r  Iho  iiiiilltiirliini  iiiiil  till'  liiih'iin.v  Mooih.  ho  Ihiit  pnictlciilly 
«V)<i'y  |u<i'H(>ii  In  till'  luiilloiico  tiiiH  nn  Imllvldunl  froHh  iilr 
Hiipply. 

The  nir  wfi«lior  iind  fun  HyBtems  nre  oHpoclally  to  In- 
notiMl  booiuiHC  thoy  mo  c<|ul|>po<)  with  nil  tho  nocoHBnry  aii- 
pnrntuB  for  kooplnR  the  iilr  nuppllod  to  the  theater  nt  the 
proper  tomperiiture  and  humidity.  Tho  nIr  Ib  oxhnuHted  from 
the  theater  liy  ineniiB  of  throe  4S-ln<'h  propeller  fiuiH:  one 
under  the  lialeony.  another  under  the  KiiHeiy  and  the  third 
In  a  penthoUBe  on  the  roof;  laiKO  KilHeH  In  the  boIIU.m  of  the 
hnlrony.  nailery  and  main  eellliiK  are  eonnected  to  the  fans 
by   nieanH   of  ample   Kalvanl/.ed    Iron    ducta. 

lOvory  effort  was  made  to  have  the  air  of  the  public  rooms 
and  dreaslTiK  room.s  Just  as  fresh  as  that  of  any  other  part  of 
the  theater.  The  air  In  all  public  rooms  Is  changed  at  least 
\2  limes  per  hour  by  a  propeller  fan.  Large  vent  RrlUos  are 
in  the  oelllns;  of  the  dresaliiK  rooms  and  connected  to  a 
l>owerful  i)ropeller  fan  under  the  staBC  and  discharKCd  out- 
doors 

The  hoatlnij  .xystom  is  of  the  vacuum  type.  Two  hori- 
zontal tubular  fi«-inch  boilers  with  16-foot  tubes,  e(iuii)ped 
with  smoke  consumers  and  Smith  settlnRS,  supply  the  steam 
reqxilred  for  this  theater,  and  also  for  the  large  office  building 
connected  therewith  and  another  adjoining  theater.  All  di- 
rect radiators  are  concealed  behind  neat  grilles  and  under 
Johnson   service   thermostatic  control. 


THE  FT'ELS  I'.SKn  IN  TKXAS  Bv  William  H.  Phillips  and  S. 
H  Worrell.  Published  by  the  University  of  Texas.  No.  35 
of  tho  ScienlUic  Service   of  the  University's   Bulletin. 

Messrs.  Phillips  and  Worrell  frankly  state  that  while 
Texas  has  enormous  supplies  of  good  and  cheap  fuels,  it  is 
not  being  utilized  to  the  best  advantage.  Of  the  original 
supply  of  eight  billion  tons  of  coal,  the  production  since  1895 
has  been  thirteen  million  tons,  merely  scratching  the  surface, 
so  to  speak.  Texas  has  a  workable  lignite  area  of  50,000 
square  miles,  and  yet  in  the  last  19  years  but  eight  million 
tons  have  been  produced  from  an  original  supply  of  about 
30    billion    tons. 

As  compared  with  some  other  coals,  say  the  authors,  the 
Texas  coals,  while  not  of  the  best  quality,  have  been  used 
with  excellent  results,  the  greater  part  by  the  railroads.  The 
lignite  industry  has  rapidly  increased,  and  the  authors  believe 
that  on  the  establishment  of  large  power  plants,  lignite  will 
be  used  to  good  advantage. 

Of  the  16  chapters  composing  this  pamphlet  of  287  pages, 
chapters  2  to  5  treat  of  the  location  and  the  production  of 
the  Texas  fields,  coal  composition,  its  analysis,  the  dry  dis- 
tillation, production  and  value  of  coal  gas  and  of  oil  and 
water  gas.  Chapters  6  to  12  are  devoted  to  lignite,  its  com- 
position and  preparation,  its  use  under  stationary  boilers,  the 
heating  value  of  briquettes,  and  the  recovery  of  byproducts  in 
distillation.  Chapter  14  gives  the  comparative  efHciency  of 
coal,  lignite  and  petroleum  products  in  Texas. 
^. 

Illinois'  Coal  Production — TUinois  is  producing  62.000.000 
tons  of  coal  per  year,  more  than  one-eighth  of  all  the  bi- 
tuminous coal  mined  in  the  United  States.  The  safety  of  the 
miners  and  the  efficiency  of  the  mining  methods  employed 
are  therefore  matters  of  national  concern.  The  department 
of  mining  engineering  of  the  University  of  Illinois,  the  State 
Geological  Survey,  and  the  United  States  Bureau  of  Mines 
have  cooperated  during  the  past  three  years  to  study  Illi- 
nois mining  conditions.  The  information  collected  at  100 
mines  is  published  in  district  reports.  In  Bulletin  No.  2, 
"Coal  Mining  Practice  in  District  VIIT  (Danville),"  by  S.  O. 
Andros,  are  discussed  causes  of  accidents  to  miners  in  Ver- 
milion and  Edgar  counties,  loss  of  natural  resources  by 
wasteful  methods  of  blasting  and  mining,  use  of  steel  and 
concrete  as  substitutes  for  timber  in  the  mines  and  other 
phases  of  underground  mining.  The  bulletin  also  contains 
a  description  of  the  methods  of  removing  the  gverburden 
from  a  coal  bed  by  steam  shovel,  a  system  of  mining  which 
has  been  highly  developed  in  this  district.  Copies  of  the 
bulletin  may  be  obtained  by  addressing  State  Coal  Mining 
Investigations,    Urbana,    111. 

In  Valves  and  PnmpH  where  water  under  high  pressure 
attains  a  high  velocity  it  has  been  a  general  experience  that 
gray  iron  and  steel  are  subjected  to  peculiar  cutting  action 
more  marked  when   two  dissimilar  metals  are  in  contact. 


ENGINEERING  AFFAIRS 


,\t    the    lloHton    IvriKlniM-rM'   Club,    on    May    13,   Capl.   <'harb  m 
M.     MannltiK    and    other    well     known    ciiKtnoerM    will    be     i> 
HprakiTH.     The   topic   will   be   "lloller-Hoom    Practice." 

Inatead  of  the  UHual  annual  cxcurMlon,  an  outing  and  (!• 
day  will  be  held  on  Sunday,  May  31,  by  thi^  Combined  ^ 
HOclationH  of  lOnglncerH  In  the  Borough  of  Brooklyn.  '1 
Combined  AssoclatlonH  Include  Local  AHMOclatlonH  Nob. 
27.  41,  57.  Melville  Council  No.  'J  and  the  Modern  Sclei. 
Club. 

An    Illustrated    lecture    on    "Boller-noom    Practice,"    cov' 
Ing  all  the  esHentlal  details  of  modern  methods,  will  be  kI\' 
at   the   Modern   .Science   Club,    125   .South    Elliott    Place,    Bro<, 
lyn,  N.  Y.,  on  Tuesday  evening.  May   19,  at  S:30.     The  Biieal 
will    be   Charles   II     Bromley.      The   club    invltCH   and    welcom 
all    engineers   and    others   Interested    In    power-plant    cconorji  . 
and  operation  to  avail   themselves  of  the  opportunity  to  he.u 
this   interesting   and    instinctive   licture. 

On  the  evening  of  April  20  a  delegation  from  the  Brother- 
hood of  Power  Workers,  Sprlnglleld,  Mass.,  visited  Middle- 
town,  Conn.,  and  organized  a  local  of  the  Brotherhood.  It 
begins  with  25  members,  and  has  already  planned  an  educa- 
tional campaign  in  the  shape  of  Illustrated  lectures.  The  new 
officers  are.  President.  W.  M  Stock  well:  vice-president,  H. 
S.  Willows;  treasurer.  E.  .S.  Lewis;  financial  secretary,  W. 
Rasche;  corresponding  secretary,  R.  A.  McKeon;  recordlnfif 
secretary,  F.  E.  Davis;  conductor,  H.  E.  Ackerley;  doorkeeper, 
E.  J.  Johnson;  trustees,  R.  A.  McKeon.  C.  A.  Chatman.  W. 
Rasche;  grievance  committee,  E.  S.  Lewis,  T.  E.  McAlpine,  L. 
O.    Taylor. 

The  Detroit  Engineering  Society  held  its  twentieth  annual 
meeting  and  election  of  officers  Apr.  17.  Many  of  the  part 
presidents  of  the  society  addressed  the  meeting.  The  follow- 
ing officers  were  elected  for  the  ensuing  year:  I'resident,  H. 
H.  Esselstyn;  first  vice-president,  O.  W.  Albee;  second  vice- 
president,  W.  S.  Blauvelt;  secretary  and  treasurer,  F.  H. 
Mason.  The  society  has  a  membership  of  504,  action  on  47 
applications  for  membership  pending.  A  meeting  was  held 
May  1.  L.  A.  Hawkins,  research  engineer  of  the  General 
Electric  Co.,  presented  a  paper  on  "Industrial  Research." 

The  Mechanical  Engineering  Society  of  the  Massachusetts 
Institute  of  Technology,  Boston,  Mass.,  held  its  dinner  on  the 
evening  of  Apr.  29  at  the  American  House.  The  members 
had  the  opportunity  of  hearing  several  speakers  of  national 
reputation  in  mechanical  circles,  including  Prof.  William 
Kent,  Charles  T.  Main,  Prof.  E.  F.  Miller,  Prof.  G.  B.  Haven 
and  Prof.  G.  E.  Russel. 


HARRY    R.    GILBERT 
Harry    Rush   Gilbert,   aged    68.    manager    of   the    Continental 
Works    of    the    National    Tube    Works    Co.    Pittsburgh,    Penn., 
died    on    Apr.    26    at    his    home    in    Beechwood    Boulevard,    that 
city. 


R.  C.  Cole  has  joined  the  staff  of  the  pneumatic  tool  de- 
partment of  the  Ingersoll-Rand  Co.,  and  has  been  stationed  at 
the   Chicago    office. 

A.  P.  Singer,  formerly  engineer  at  the  Spy  Run  power  sta- 
tion of  the  Fort  Wayne  &  Northern  Indiana  Traction  Co., 
has  resigned  to  accept  a  position  with  the  Tennessee  Power 
Co. 

E.  S.  Cooley,  for  several  years  mechanical  engineer  with 
the  New  York,  New  Haven  &  Hartford  R.R..  will  leave  to  take 
up  the  position  of  commercial  engineer  with  the  B.  F.  Sturte- 
vant  Co.,  at  its  New  York  office. 

E.  F.  "Walker,  formerly  sales  manager  of  the  hydraulic 
department  of  the  International  Steam  Pump  Co.,  will  repre- 
sent the  Eynon-Evans  Manufacturing  Co.  in  New  York  and 
Vicinity,   with  an   office  at  170   Broadway. 
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Ever  save  any  money?  Ever  start  down  to  the  Home 
Savings  Bank  and,  thrusting  your  bankbook  through  the 
paying  teller  s  window,  say:  'Here  we  are  again,  Caleb"? 


You  never  did  this  thing?  Well,  you've  plenty  of 
company.  But  you  always  meant  to?  Sure,  until 
the  time  came  to  do  it.  You  banked  on  "futures." 
That  was  all  you  really  did  bank,  was  it  not? 

Right  this  minute,  perhaps,  you  are  tucking  away  a 
twenty  because  your  last  spring's-suit  is  plenty  good 
enough — until  next  spring  gets  here.  Then  you  buy 
a  new  one  with  your  contemplated  savings. 

And  you  see  where  you  can  save  twenty-five  more 
this  summer  by  sticking  around  home  on  this  year's 
vacation,  and  just  taking  day-trips.  It's  a  tight  little 
sum  you're  piling  up  already — in  your  mind. 


the  face?  Aren't  the  birds  lingering  longer  than  they 
usually  linger?  And  then,  when  winter  does  come, 
don't  you  usually  buy  more  coal  than  last  year? 

Save?  Oh,  well,  you  may  say  you've  lots  of  time 
to  do  that.  Your  job  at  the  plant  is  good,  anyway, 
for  the  next  thirty  years.  In  that  case  there  is  plenty 
of  time — unless  the  boss  intends  to  scrap  the  old 
"recips"  and  install  turbines.  Of  course,  he'll  then 
say:  "If  you  can  run  them,  we'd  like  you  to  stay  with 
us.     If  not — "    . 

If  not,  you  must  look  elsewhere.  A  few  dollars  in 
the  savings  bank  will  make  this  looking  easier.  If 
not — 


Then  there's  Mrs.  Engineer.  It  ought  to  be  easy, 
any  time,  for  her  to  pry  off  thirty  more  by  a  little  ex- 
tra household  economy  (of  course,  she's  never  tried 
this  before!)  You  can  almost  see  the  whole  family 
lighting  out  for  the  savings  bank  with  money  you  are 
yet  to  earn. 

There's  that  early  fall  coal  stunt,  too.  You  re- 
member how  you  always  "saved"  a  nice  wad  on  the 
winter's  coal ;  the  coming  winter  is  always  a  mild  one 
before  it  gets  here.  This  is  positive  this  time. 
Haven't  the  squirrels  been  ashamed  to  look  a  nut  in 


It's  great  to  be  an  optimist,  it's  good  to  mean  to  do 
things,  it's  fine  to  be  a  forehanded  provider,  but — 

Are  you? 

Better  give  over  planning  the  larger  things  and  do 
a  little  one  now\  Persuade  yourself  that  the  crisp  new 
five-spot  you  put  in  the  bank  today  is  a  big  sight  more 
money  on  your  book  than  the  hundred  you  plan  to 
put  in  out  of  next  year's  earnings. 

Let  this  sink  in  deep.  Do  a  little  now,  and  get  into 
the  habit;  then  you'll  keep  on  doing  and  getting. 
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^oim  of  tllhie  Bflacfc 


l>^    W  Miifi.N    < ).    K'ni;i;ii> 


»S'1'A7>/'>7N--.I  liirhiiir  plaiil  in  irlilili  Ihrrr  nrr  fuitr 
main  itnils.  with  llir  cDiiilriisiiKj  n/i/inraliis  iiishillrd  in 
the  ba.fniiriil.  lirnilriiii/  .•«rcnis  <irr  iisnl  til  llir  inlnkr 
of  the  ruiitlnisrr  litniicl,  irliirh  jiii  k-  iiji  (uiij  /IdiiIIiii/  ilrlnix 
and  ilistli(iri/r  it  into  a  InuKjIi  from  irliirh  it  is  ifuslinl 
lo  one  sitlr.  A  (Ituihi/  cnine  of  the  hilrst  titsiiin.  nijinlilr 
of  dixrlniniiiKj  to  llir  i/aril  or  lioilrr-lioiisr  hiniki-r  loii- 
veijor.  hiuitUi's  llw  coal  from  han/rs.  Tliv  slnlion  is  liril 
in  with  llircc  ollwr  sirnm  and  lii/dro-rlrclrir  phinls,  ami 
is  the  main  dislribniin;/  slutioii. 

'I'lic  Souili  iiiil)iiu'  power  slalioii  of  tlic  IJlackstoiic 
A'allfv  (Ins  \-  Isl.Tli-ic  Co.'s  pi. ml.  I'aw  tiukcl,  U.  I.,  i^ 
(ieil    in   wilh   aiiollicr   Uiit    snialliT  steam    station,   a   small 


llM\liee|  pump.  .\  \2  and  )>\  \>\  ls-in.  steam-driven  nir 
pump  is  plaeeil  at  the  liaek  of  die  roiindiilion  o(  Hi" 
turliine   it   serves 

The  second  vertical  turliine  is  coiiiieeted  to  a  liaronielric 
(ondenser.  F']<s.  1.  which  is  installed  next  lo  tlie  wall  wep- 
aralin^r  ih,.  nnliine  and  boiler  rofuns.  ('ond(Misin<i  water 
is  sii|)plier|  In  a  HxlO-in.  vertical  engine-driven  1  l-iii. 
\()lute  jiump.  .\  10  and  20  by  IS-in.  drv-vacnnin  ])innp 
is  used  for  removing''  the  ail'  and  uiicoiideiised  vapor  J'roni 
the  s\strm.  As  the  eoiideii.ser  i>  in  the  turbine  room,  a 
short  connection  is  made  lo  the  turbine.  Tlie  tail  jiipe 
of  tlio  condenser  terminates  in  a  concrete-lined  brick  liot- 
\\ell  in  the  basement.  .\  vacuum  ol'  2.S  in.  anrl  over  i- 
c-arried  on  these  units. 


Fig.  1.  Two  Vertical  1500-K\v.  Tur- 
bines AND  Jet  Condexsei! 


Fig. 


Tavo  Horizontal  Tirbixe  Units  of  4500-  and 
Vi.SoO-Kv.-A.  Capacity,  Respectively 


hydro-electric  plant  and  a  combined  steam  and  hydro- 
electric plant.  The  distribution  of  current  is  from  the 
South  station. 

When  the  new  station  was  built,  in  1!)0T,  it  consisted 
of  one  vertical  turbine.  A  second  unit  of  the  same  size 
was  later  installed.  These  main  units  are  on  hexagonal 
concrete  foundations,  which  are  nearly  level  -with  the 
floor  of  the  turbine  room.  A  metal  grating  around  and 
between  the  unit  makes  it  convenient  for  the  operators. 
This  arrangement  affords  ample  basement  room  for  all 
condensing  apparatus,  most  of  which  is  visible  from  the 
main  floor  on  the  switchboard  side. 

The  Xos.  1  and  2  turbine  units,  Fig.  1,  are  each  of 
1500  kw.  capacity  and  generate  2300-volt,  three-jjhase, 
60-cycle  current  at  900  r.p.ni.  with  175  lb.  of  steam.  Xo. 
1  turbine  exhausts  into  a  jet  condenser.  The  condensing 
water  runs  into  the  low-head  jet  condenser  under  the  in- 
fluence of  the  vacuum  and  is  removed  bv  a  double-acting. 


The  third  unit,  installed  about  four  years  ago,  of  4500- 
kw.  capacity,  is  of  the  horizontal  type  and  generates  2300- 
volt,  three-phase,  fiO-cycle  current  at  1800  r.p.m.  It  is 
shown  in  tlie  foreground  of  Fig.  2,  on  a  level  with  the 
vertical  units,  and  is  surrounded  by  a  concrete  floor  with 
a  railing  of  pi])e  on  the  side  next  to  the  condenser  base- 
ment. 

This  turbine  is  operated  in  connection  with  a  "Typ'' 
C"  jet  condenser  which  is  so  designed  that  a  vacuum  can 
be  formed  or  recovered  with  a  full  load  on  the  turbine 
without  shutting  off  the  steam  going  to  the  condenser  au'l 
without  the  use  of  a  stop  valve  in  the  main  exhaust  line. 

All  of  the  condensing  apparatus  is  placed  below  the 
turbine;  the  exhaust  opening  is  at  the  top  and  is  con- 
nected to  the  expansion  joint  between  the  condenser  au'' 
the  turbine.  "With  this  arrangement,  the  steam  travel- 
about  3  ft.  from  the  exliaust  nozzle  of  the  turbine  before 
coming  in  contact  with  the  cond'Mising  water. 
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In  connection  with  the  condenser  there  arc  two  cen- 
trifugal jnnnps  of  different  capacities  mounted  on  the 
same  shaft  and  driven  by  a  single  turbine.  The  larger 
pump,  of  the  tri-rotor  type,  removes  the  water  from  the 
condenser,  discharging  it  into  the  discharge  tunnel.  The 
smaller  pump  with  a  single  impeller  takes  its  suction 
from  the  common  intake  tunnel  and  discharges  through 
two  air-ejector  nozzles   into   the   discharge   tunnel.   This 
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action  removes  the  air  from  the  air  and  water-separating 
chamber  of  the  condenser,  discharging  it  with  the  water. 
The  discharge  from  this  pump  can  bo  shunted  into  the 
condenser,  forming  a  forced  injection  for  priming  the 
condenser  should  the  turbine  for  any  reason  be  running 
noncondensing  and  it  is  desired  to  operate  condensing. 
The  injection  water  enters  the  condenser  at  one  end, 
at  the  bottom  of  the  head,  the  amount  of  water  being 
controlled  by  a  main  injection  valve.  The  water  flows 
through  several  troughs  with  notched  sides  which  run 
lengthwise  of  the  condenser  at  a  jioint  above  the  center 
line.  The  notches  permit  the  water  to  overflow  in  a 
series  of  thin  streams,  and  as  the  end  of  the  trough  fur- 
thest from  the  inlet  is  at  a  lower  level  than  the  other  end. 
the  most  water  is  delivered  where  the  steam  enters  the 
condenser.  The  thin  streams  flowing  over  the  sides  of 
the  troughs  mingle  with  the  entering  steam  and  cause 
the  water  to  break  into  a  fine  spray. 


The  air  in  the  water,  upon  liberation,  passes  to  an  air 
chamber  from  which  it  is  i-emoved  through  the  suctionj 
line  to  the  air  ejector.  Such  parts  of  the  trough  under 
the  e.xhaust-steam  nozzle  are  protected  by  baffle-plates.  Tlu> 
spray,  formed  by  the  combination  of  water  and  condensed 
steam,  falls  through  the  steam,  which  has  passed  around 
the  ends  of  the  trough  to  the  lower  section  of  the  con- 
denser, into  the  water  which  is  retained  in  the  bottom 
of  the  condenser  shell.  The  depth  is  regulated  by  the 
height  to  which  the  discharge  pipe  is  carried  up  into  the 
condenser.  Air  entering  the  condenser  with  the  exhaust 
steam  passes  up  between  the  troughs  and  through  the 
water  flowing  over  their  sides  into  the  air-collecting 
chamber  and  mingles  with  the  air  which  came  in  with  the 
injection  water. 

This  condenser,  in  addition  to  the  air-jet  nozzle,  is 
connected  to  a  12  and  30  by  18-in.  dry-air  pump  in  front 
of  the  concrete  turbine  foundation. 

The  fourth  unit  which  has  just  been  installed  is  of 
12,850  kv.-a.  and  generates  2300-volt,  three-phase,  60- 
cycle  current,  at  1800  r.p.m.  This  unit,  showm  at  the 
far  end  of  Fig.  2,  exhausts  into  a  Leblanc  condenser  un- 
der the  turbine  and  between  the  concrete-foundation  col- 
umns. The  turbine-driven  injection  and  air  pumps  are 
mounted  on  the  same  shaft. 

CoxDEXsixG  Water 

Condensing  water  was  formerly  taken  from  an  intake 
tunnel  which,  owing  to  the  tide  variation,  frequently 
caused  trouble  by  an  insufficient  water  supply.  To  over- 
come it,  a  new  intake  tunnel  has  been  constructed  91  in. 
in  diameter,  and  built  so  low  that  at  low  tide  there  is  a 
depth  of  8  ft.  of  water.  The  intake  is  protected  against 
the  entrance  of  leaves,  grass  and  floating  debris  by  sta- 
tionary racks  and  by  two  revolving  screens.  Fig.  3.     They 
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Fig.  5.  Main  Switch  boa kd  on  Main 
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nve  operated  Itv  diaiiis  aiul  t^protket  wheels  from  a  sliaft 
which  is  iliivi'ii  liv  a  worm  gear  and  a  10-hp.  motor,  in- 
stalled in  the  shed,  at  the  right  of  Fig.  3.  The  shaft 
driving  the  screens  has  a  clutch  so  that  one  screen  can  be 
lut  out  of  service  for  repairs,  etc.  Fig.  4  is  a  detail 
drawing  of  the  phosphor-bronze  screens.  Each  is  6  ft. 
wide  and  is  fitted  with  bronze  wire  baskets  spaced  7   It. 


Fig.  6.  Ai!I!Axgejii;nt  ok  Higii-Tkxision  Busbars  on 

TlIlIU)    (iALI.KKV 

apart,  each  10  ft.  10  in.  wide  at  the  top  and  ')  ft.  6  in. 
long.  The  screens  are  of  %-in.  mesh  wire.  The  screen 
sections  are  made  of  angle  iron  to  which  the  wire  mesh 
is  secured,  each  attached  to  an  endless  chain  at  each  end, 
composed  of  alternate  long  and  short  links,  which  run  on 
large  sprocket  wheels.  At  the  rear  is  a  set  of  idler 
f^jirockets   for   ailjiisting   tlie   tension  of   tlie   links.      Tlie 
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Fig.  7.  General  View  of  the  Galleries  from  the     Fig.  8.  View  of  the  Oil  Switches  on  the  SECOin>| 
Turbine  Side  of  the  Plant  Gallery 
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siici'il  iit  wliicli  the  screen  travels  is  1  ft.  per  min.,  with 
the  iiuitor  ninning  at  720  r.p.m.  As  the  screen  revolves 
any  foreign  matter  that  has  passed  through  the  racks  is 
picked  up  by  the  buckets,  carried  over  the  top  of  the 
sprocket  and  discharged  into  a  trough  at  the  rear  of  the 
s"rcens. 

In  case  the  leaves  and  grass  stick,  provision  has  been 
made  to  wash  tliem  from  off  the  screens  by  jets  of  water 
ilischarged  through  perforations  in  a  lVi>-iii-  pipc  on  the 
inside  of  the  rear  of  the  screens.  This  water  is  supplied 
liv  a  3-in.,  10-hp.,  motor-driven  centrifugal  pump.  All 
I  nbbish,  after  being  deposited  in  the  receiving  trough,  is 
I  lushed  out  of  the  way  as  the  accumulation  requires.  Dur- 
ing the  cold  weather,  jets  of  steam  instead  of  water  are 
discharged  througli  the  perforated  pipes,  which  prevents 
the  formation  of  ice.     The  screens  are  housed  at  tlie  rear 


tain  a  400-Ib.  pressure  on  the  step  bearings  of  the  two 
vertical  turbine  units.  There  is  also  an  emergency  motor- 
driven,  triple-plunger,  step-bearing  pump.  The  three 
boiler-feed  pumps  are  duplex,  outside  packed,  with  cylin- 
ders 12  and  71/^  by  15-in.  Artificial  lighting  is  used 
because  of  the  location  of  the  pump  room. 

The  switchboard,  shown  in  Fig.  5,  is  on  a  level  with 
the  turbine  floor  but  is  separated  from  it  by  the  condenser 
basement.  At  the  far  end  are  the  mercury-arc  rectifieni 
and  arc-plug  switchboards.  On  the  gallery  above  th(! 
switchboard  are  the  remote-control  oil  switches  for  the 
generators  and  feeder  lines.  On  the  gallery  above  these 
switches  is  another  battery  of  remote-control  oil  switches 
and  the  high-tension  busbars  for  the  transformers  and 
outgoing  lines  to  the  Woonsocket  power  house.  A  general 
view  of  the  three  galleries  is  shown  in  Fig.  7;  the  oil 
switches  are  shown  in  Fig.  8  and  the  arrangement  of  the 
high-tension  busbars  in  Fig.  6. 


Boiler  Room 

At  the  rear  end  of  the  turbine  room  is  a  passageway 
into  the  boiler  room,  which  is  at  right  angles  to  it.  Hero 


Fig.  9. 


View  in  Boiler  Rooji,  Looking  Toward 
THE  Turbine  Room 


and  top,  as  shown  in  Fig.  3,  and  arc  supported  on  the 
n]K'n  side  by  the  beams  which  carry  the  sprocket  wheels. 
Exciter  Units 
There  are  four  exciter  sets  for  the  four  generating 
units.  One  is  of  35-kw.  capacity,  and  is  driven  by  a 
•'!")-kw.  turbine  at  3^00  r.p.m.,  generating  125-volt  cur- 
ii'iit;  another  is  a  40-hp.,  motor-driven,  125-volt,  at  900 
r.p.m.;  the  third,  a  75-kw.  turbine-driven  set,  at  3300 
r.p.m. ;  the  75-kw.  generator  delivering  current  at  125 
vdlts  at  3300  r.p.m.;  the  fourth  is  a  turbine-motor-driven 
sit,  the  turbine  being  rated  at  150  lip.  On  the  opposite 
end  of  the  generator  shaft  from  the  turbine  is  a  150-hp. 
induction  motor.  With  this  arrangement,  the  generator 
can  be  either  turbine  or  motor  driven. 

Pumps 
The  pump  room  is  off  the  condenser  basement  under 
the  boiler  room,  and  contains  two  G  and  21/4  by  10-in. 
duplex,  outside-packed,  step-bearing  pumps  which  main- 


FiG.    10.   Gantry   Crane  for  Unloading   Coal   from 
Barges  to  the  Yard  or  to  a  Belt  Conveyor 

are  installed  ten  520-hp.,  water-tube  boilers.  Eight  are 
equipped  with  one  make  of  superheater  and  two  have 
another.  Each  boiler  furnace  has  a  mechanical  stoker, 
engine  driven.  Although  there  are  four  stoker  engines, 
only  two  are  used  at  a  time,  one  for  each  battery  of  boil- 
ers, which  are  set  in  two  rows  with  a  firing  aisle  between. 
Fig.  9  is  a  view  looking  toward  the  turbine  room.  The 
boilers  are  served  by  two  self-supported  steel  chimneys, 
one  12  and  the  other  16  ft.  in  diameter,  and  both  240 
ft.  high. 

An  electric  truck  used  for  removing  the  ashes  runs 
directly  under  the  ash  hoppers  for  filling  and  then  takes 
the  ashes  away  for  dumping. 

Above  the  boilers  is  a  coal  bunker  of  750  tons  capacity. 
Over  each  stoker  in  the  bottom  of  the  bunker  is  a  chain- 
operated  coal  valve  discharging  into  four  weighing  hop- 
pers with  spouts,  two  for  each  side  of  the  boiler  room, 
traveling  on  light,  overhead  rails  and  propelled  by  a  hand 
chain  and  sprocket. 
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('()\i,-ll  vsimim;  AnMiivTi's 
All  coal  is  sliii)it('(l  In  tlir  plani  in  l)iir;,'i's  and  uiildadril 
bv  a  piiiitrv  crane  iiavinj^  two  sources  ol  (lisiliar;fe.  i!e- 
forrinj;  to  V'\^.  10,  tlie  crane,  which  runs  on  lu'iivv  rails, 
is  e(Hii|)|)c(!  wilh  (wo  sets  of  crusliin;;  rolls.  Coal  is 
hoistetl  from  the  i)ar>je  and  can  lie  disehar','ed  into  tlw 
hopjier  aliovi'  the  ri<j;lit-liaiid  rolls;  alter  passing  througii 
theiM  it  goes  to  a  short  licit  conveyor  and  is  stored  in  the 
yard.  II'  the  I'liel  is  I'or  iniinediale  use  it  is  conveyed  to 
the  Ici't-hand  hopper  and  rolls  and  is  discharged  onto  a 
bolt  conveyor,  which  runs  hoside  the  crane  track  next  to 
the  i)ower  house.  The  coal  then  goes  to  a  bucket  con- 
veyor and  is  conveyed  to  the  storage  bin  in  tlie  boiler 
house. 

When  coal  is  to  be  taken  from  the  storage  i)ile  in  the 
yard  it  is  picked  up  by  a  clam-shell  bucket  and  trans- 
ferred  to  tlie   long  belt  conveyor.     As   the  cnuie  lias  a 


'The  chief  engineer's  oHicc  is  at  one  end  of  (he  svNil(li- 
board  gallery,  where  there  is  uIho  a  wailing  and  Miiall 
store  room,  waHhrooin  and  toilet. 

This  phiiit  was  built  \)\  the  Stone  \'  Webster  I'jigiiicir- 
in^r  Corporation. 

FrodluflcCnoim  of  (Csisoline 
Hv  .1.  .1.  r.i.Mit 

In  the  oil  fields  the  crude  oil  cither  flows  to  the  Kurfacc 
through  the  drilleil  wells  or  is  j)umj)ed  up.  In  either 
case,  the  wells  have  been  driven  to  penetrate  the  stral.i 
which  furnish  the  supply.  This  source  is  not  an  undi  r- 
ground  lake  or  pool,  nor  even  a  stream,  but  a  very  jioron 
stone.  In  Pennsylvania  it  is  .sand,  in  Ohio  it  is  lime- 
stone, in  Kansas,  sand,  in  Te.xas,  limestone,  and  in  tin 
Western  fields  it   i'-  shale. 
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PRINCII'.VL  EQriPMKNT  OF  THU  SOITH  POWER  .ST.\TIO.\  OF  THK  ni..\CKSTONK  VALLEY  OA.S  4  ELECTRIC  CO. 

No.    Equipment                   Kind                           Size  Use                                                Operating  Conditions                                                    Maker 

2  Turbines Vertical l-")00  kw .Main  units 17.')  lb.  steam,  000  r.p.m.,  23(M)  v.,  3-pha8o,  60- 

eyrle General  Electric  Co. 

1  Turbine   Horiiontal 4500  kw Main  unit 17.5  lb.  steam,  1800  r.p.m.,  2300  v.,  :i-pliase,  60- 

cycle Allis-Chalmers  Co. 

1  Turbine   .    ...    Horiiontal 12,S'>0  kv.a         Main  unit 175  lb.  steam,  1800  r.p.m.,  2300  v.,  3-phasc,  60- 

cycle Wcstinghousc  Co'a. 

Jet.  reciprocating   .    18x34xlS-in.        No.  I  turbine Steam  driven,  28-29-in.  vac Dcanc  .Steam  Pump  Co. 

.\ir,  reciprocating. .   12x24xl8-in.       Jet  condenser Steam  driven,  17.5  lb.  steam Deanc  Steam  Pump  Co. 

Vertical .    9xl0-in Driving  volute  pump Steam  driven,  17.5  lb.  8t<'am Henry  R.  Woitljington 

Volute.. 14-in Condensing  water Engine  driven,  175  lb.  steam Henry  R.  Wortliinglon 

..\ir 10x20xlS-in ...    On  barometric  condenser  .    17.5  lb.  steam Henry  R.  Wortliington 

Barometric Vertical  turbine  No.  2.         28-29-in.  vacuum Henry  R.  Wortliington 

Jet With  turbine  No.  3 28-29-in.  vacuum Allis  Chalmers  Co 

I^bianc 23 With  turbine  No.  4 28-29-in.  vacuum Wosiinghouse  Machine  Co. 

Terry Condensate  pump 175  lb.  steam Terry  Turbine  Co. 

~  •   ■  12-in Condensate Turbine  driven Allis-Chalmcrs  Co. 

12x30xl8-in. . .   Dry  air,  on  jet  condenser. .    175  lb.  steam Wheeler  Condenser  &  Eng.  Co. 

j-in.  mesh 

Condenser  intake Continuous,  motor  driven Exeter  Machine  Co. 

1   Motor Direct  current 10  hp Revolving  screens 720  r.p.m General  Electric  Co. 

1   Motor Direct  current. .      .    10  hp Centrifugal  pump 1700  r.p.m General  Electric  Co. 

1    Pump Centrifugal 3-in Screen  water 1700  r.p.m 

1  Turbine Curtis 35  kw Exciter  set 3000  r.p.m.,  175  lb.  steam General  Electric  Co. 

1  Gcmiator Direct  current 35  kw Exciter .3000  r.p.m.,  125  volts General  Electric  Co. 

1   Motor Induction 40  hp Exciter  set 900  r.p.m.,  2080  volts.  3-phasc,  60-cycle General  Electric  Co. 

1   (iinorator Direct  current 35  kw Exciter 900  r.p.m.,  125  volts General  Electric  Co. 

1   Turbine  Curtis 75  kw Exciter  set 3300  r.p.m.,  175  lb.  steam General  Electric  Co. 

1   Clcncrator.  Direct  current 75  kw Exciter 3300  r.p.m General  Electric  Co. 

1  Turbine Terry 150  hp Driving  exciter 1175  r.p.m.,  175  lb.  steam Tern,-  Turbine  Co. 

1   Motor Induction 150  hp Driving  exciter 1175  r.p.m,  2300  volts,  .3-phaae.  60-eycle General  Electric  Co. 

1  Generator Direct  current Exciter 1175  r.p.m General  Electric  Co. 

1  Turbine Curtis Leblanc  condenser 2.500  r.p.m.,  175  lb.  steam General  Electric  Co. 

2  Pumps Duplex 6x2Jxl6-in. . .      Step  bearing 800-lb.  pressure Henr>'  R.  Worthington 

3  Pumps Duplex 12x7Jxl5-in. . .    Boiler  feed 17.5-lb.  pressure Henr>'  R.  Worthington 

10  Boilers   Water  tube 520  hp Main  generators 175-lb.  pressure,  stoker  fired Babcock  &  Wilcox 

8  Superheaters  .    Foster On  eight  boilers 150  deg.  superheat Power  .Specialty  Co. 

2  Superheaters   .    Babcock  &  Wilcox On  two  boilers 150  deg.  superheat Babcock  &  Wilcox 

10  Stokers  Murphy Boiler  furnaces Engine  driven Wcstinghousc  MachineCo. 

1   Crane Gantry Handling  coal Motor  operated,  intermittent Robbins  Conveyor  Co. 

1  Conveyor Belt. . " Handling  coal Motor  operated,  intermittent Robbins  Conveyor  Co. 

1  Conveyor Bucket Handling  coal Motor  operated,  intermittent. . Robbins  Conveyor  Co. 


I 
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long  travel,  a  large  coal-storage  area  is  available, 
operations  and  crane  movements  are  by  motor. 

MiSClCLLAXEOUS 


All  Hie  oil  in  each  instance  is  piped  to  a  refinery  where 
it  is  separated  into  several  products.  At  each  refinery 
there  are  a  number  of  circular  steel  tanks  holding  from 
50,000  to  7.5,000  l)bl.  of  oil,  and  into  these  tanks  the  oil 

The  pipe  lines   are   not   designated   by   the   so   called  is  pumped  and  held  until  needed.     From  these  storage 

color  system;  the  coverings  are  painted  black,  and  the  tanks  the  oil  is  pumped  as  required  direct  to  the  stills, 

use  to  which  the  pipe  line  is  put  is  painted  on  the  cover-  The  stills  are  iron  boilers  usually  about  12x30  ft.  and 

ing  in  white  letters,  as  shown  in  Fig.  2.    For  instance,  all  are  built  in  brickwork  all  in  a  row,  resembling  a  battery 

piping  used  for  high-pressure  steam  is  so  marked,  with  of  steam  boilers.     In  the  front  end  of  each  boiler  there 

an  arrow  pointing  in  the  direction  of  the  flow.     Exhaust  is  a  regular  firebox,  manhole,  set  of  pet-cocks,  and  a  ther- 

pipes  are  marked  "Exhaust  Steam" ;  water,  oil  and  other  mometer.     Those  stills  are  fired  by  natural  gas  and  are 

pipes   are   marked   according  to  the  purpose  for  which  attended  by  unskilled  labor. 

thev  are  used.  The  process  of  refining  begins  with  the  charging  of 

All  transformers  are  in  compartments  under  the  main  the  stills.     The  fire  is  turned  up  and   distillation  soon 

switchboard  gallery  on  a  level  with  the  condenser  base-  begins.     From  the  vapor  chamber  on  top  of  the  boiler  a 

ment.     At  one  end  of  the  engine  room  under  the  first  pipe  conveys  the  products  of  distillation  to  a  condenser, 

gallery  are  two  systems  of  air  washing.     One  is  a  wet,  the  consisting  of  a  set  of  pipes  from  a  freezing  plant,  run 

other  a  dry  process.     In  the  first,  the  air  for  cooling  the  back  and  forth  through  a  rectangular  reservoir  of  water, 

turbine   is   passed   through   thin   sheets   of   water  before  From   this   condenser  numerous   pipes   run   to   different 

reaching  the  turbine ;  in  the  other,  the  air  passes  through  parts  of  the  refinery ;  some  to  storage  tanks  and  others  to 

cloth  bags  of  special  texture  and  design.  departments   where  the  product  of  the  still  is  further 
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treated.  Paraffin  is  made  in  one  department,  axle  grease 
in  another,  soap,  and  a  score  of  different  kinds  and  grades 
of  lubricating  oils,  lighter  oils  and  gasoline,  in  other  de- 
partments. 

Depending  on  the  principle  of  fractional  distillation, 
the  stills  give  off  the  different  products  as  the  tempera- 
ture of  the  oil  increases.  The  portion  that  first  distills 
over  contains  a  large  percentage  of  pentane,  commercial- 
ly known  as  rhigolene.  The  next  portion  consists  of 
hexane-gasoline  which  represents  only  about  14  per  cent. 
of  the  crude  oil  treated.  The  next  fraction  consists  of 
heptane,  which  is  collected  until  the  temperature  rises 
to  about  110  deg.  C.  and  is  commonly  known  as  naphtha. 
The  next  succeeding  fraction  is  collected  below  150  deg. 
C.  and  is  known  as  benzine  (not  to  be  confounded  with 
benzene,   of  coal-tar  origin). 

Coal  oil,  or  the  kerosene  of  commerce,  is  the  next  por- 


tion; it  distills  over  between  l.^O  and  300  deg  C.  This 
product  is  refined  by  agitating  it  with  1  or  2  per  cent,  of 
sulphuric  acid;  later  on  in  the  process,  lubricating  oils 
are  obtained.  The  tarry  residue  is  treated  for  vaseline 
and  paraffin  and  the  resulting  asphaltum  is  often  burned 
beneath  the  stills. 

Unless  the  production  of  the  crude  oil  had  increased 
in  proportion  to  the  demand  for  gasoline  within  the  past 
few  years,  this  source  of  gasoline  was  destined  to  fail. 
Chemists,  however,  got  busy,  and  were  able  to  increase 
materially  the  production  of  gasoline  from  crude  oil. 
Still  another  method  of  meeting  the  increased  demand 
was  discovered  in  the  production  of  gasoline  from  natural 
gas,  and  as  a  result  a  number  of  jilants  are  now  in  opera- 
tion for  this  purpose.  Instead  of  distilling  off  the  gaso- 
line, it  is  obtained  by  compressing  and  freezing  the  gas 
into  the  resulting  gasoline. 


SYNOPSIS— Will  found  a  little  difficulty  with  the  En- 
gineer's Study  Course  in  understanding  how  tJir  sum  of 
the  components  of  a  force  can  be  greater  tlian  the  force 
itself.  Chief  Teller  explains  that  he  has  confused  force 
and  work. 

My  dear  Chief:  While  you  have  been  away  I  have 
been  trying  to  follow  the  Course  on  Elementary  Me- 
chanics in  PoAVER  and  got  in  trouble  on  the  very  first  les- 
son in  the  issue  of  Mar.  24.  It  was  stated  that  where 
a  force  of  200  lb.  acts  at  an  angle  of  30  deg.  to  the  hori- 
zontal, there  is  173  lb.  acting  horizontally  and  100  lb. 
vertically.  Now,  how  can  there  be  100  11).  of  wasted  en- 
ergy and  173  lb.  of  useful  energv  when  the  force  applied 
is  only  200  lb.  ? 

The  cosine  of  the  angle  is  0.8G(j,  which  shows  that  86 
+  per  cent,  of  the  force  applied  is  going  to  useful 
purposes.     Therefore, 

1.000  —  0.866  =  0.134  =  13.4  per  cent 

appears  to  me  to  be  the  energy  wasted  which  would  be 

200   X  0.134  =  27  Ih.,  about 

If  we  design  a  brace  for  a  boiler  it  is  worked  out  in 
this  way.  As,  for  instance,  suppose  we  desire  to  stay  a 
head  and  the  brace  is  1  sq.in.  in  cross-sectional  area  and 
is  capable  of  standing  a  straight  pull  of  6000  lb.  and  be 
safe.  If  we  place  it  at  an  angle  of  20  deg.  to  the  shell 
and  still  wish  it  to  be  capable  of  standing  6000  lb.,  we 
must  use  a  stay  enough  larger  to  stand 

6000  X  sec.  a  =  6000  X  1.0642  =  6385.2  lb. 
and  385  lb.  appears  to  me  to  be  the  wasted  energy  in  this 
case.    According  to  the  mechanics  lesson,  it  would  be 
6385  X  sin  a  =  6385  X  0.342  =  2184  lb. 

I  wish  you  would  set  me  straight  on  this  when  you  have 
time  to  write  me. 

All  the  boys  send  regards. 

Yours  respectfully. 

Will  Quizz,  Jr. 


Dear  Will:  Your  letter  received,  and  in  answer  I 
think  I  can  quickly  explain  away  your  difficidty  if  you 
will  just  stop  confusing  in  your  mind  energy  and  force. 

Energy  is  the  capacity  of  a  body  for  doing  work,  and 


ivorh  is  the  overcoming  of  a  resistance  through  a  definite 
distance.  Forces  which  hold  a  body  in  a  state  of  rest  do 
no  work  on  the  bod}-  and,  therefore,  no  energy  is  gen- 
erated or  expended. 

The  problem  in  Lesson  I  means  that  if  a  force  of  200 
lb.  were  acting  on  a  body  at  an  angle  of  30  deg.  with 
the  horizontal,  there  would  be  an  effective  force  of  173 
lb.  tending  to  move  the  body  in  a  horizontal  direction, 
and  a  force  of  100  lb.  tending  to  move  it  in  a  vertical 
direction.  Thus,  assume  a  heavy  casting  resting  on  the 
floor  of  a  shop.  Fastened  to  the  weight  is  a  rope  which 
makes  an  angle  of  30  deg.  with  the  horizontal.  Now,  if 
there  is  a  pull  on  the  rope  of  200  lb.,  it  simply  means 
that  the  effective  force  tending  to  move  the  body  along 
the  floor  is  173  lb.,  and  the  force  tending  to  raise  the  cast- 
ing from  the  floor  is  100  lb. 

Your  statement  relative  to  the  design  of  the  boiler 
stay  is  correct  as  far  as  the  force  of  6385  lb.  is  concerned. 
Here  the  horizontal  force  or  component  is  6000  lb.  and 
the  force  or  pull  in  the  stay  is 

6000   X   sec  20'  deg.  =  6385   lb. 
It  is  also  true  that  the  vertical  force  or  component  due 
to  the  pull  in  the  stay  is 

6385  X  sin  20  deg.  =  6385   X  0.342  =  2184  lb. 
which  force  tends  to  shear  off  the  rivets  holding  the  stay 
in  place,  and  there  is  no  "wasted  energy"  as  the  stay 
does  not  move. 

Further,  your  statement  that  86  per  cent,  of  the  force 
applied  is  going  to  "useful  purposes"  is  correct,  provided 
you  mean  "useful  purpose"  in  a  horizontal  direction;  but 
it  is  also  true  that  34  per  cent,  of  the  force  is  going  to 
"useful  purpose"  in  a  vertical  direction.  The  lesson  on 
"Resultants  of  Force,"  in  the  succeeding  issue,  Mar.  31. 
should  help  to  clear  away  your  difficulty. 

Don't  get  discouraged,  Will.  Mechanics  is  a  little  hard 
at  first,  but  once  you  get  into  it  you  will  enjoy  it  and  find 
it  one  of  the  most  profitable  studies  an  engineer  can 
take    up. 

Remember  me  to  the  rest  of  the  fellows,  and  see  if 
you  can't  get  them  interested  in  this  mechanics'  course, 
too,  for  it  would  do  them  all  good. 

Yours  as  ever. 

Teller. 
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S)'.\()rSlS  />iir(  lions  far  ilrtrnn iiiiini  hi/  niraiis  (if 
I  III'  li'dils  irlirllirr  ii  ilinrl-iiinriil  iiiolnr  Is  shiiiil,  scries 
or  (omjioiDut  iroiinil.  hi  rrri/  siixill  inofors  llir  Innls  lumj 
be  tnicrd  bij  the  aid  of  a  Icsl  driuil  mid  linii/i. 

"Wliiit  kind  1)1'  ;i  niiuliinc  am  I  wciikiii;,'  willi?"  is  ii 
(|ii('s(i(m  tliiit  ol'liU  cunlrniils  lli''  clcitriciiiii  or  ('n;.;iMci'r. 
In  the  iiu'diuiii-  mid  lar^H'-si/.i*  miu-hincs  ('i  lip.  and  u|i) 
this  can  usually  !»'  di'tcrniined  by  ins|H'ction  nf  I  lie  ainia- 
luro  and  field  leads. 

First,  see  if  holli  tiic  ainiature  leads  iio  lo  llie  evternal 
terminals,  how  numv  leads  eonie  lioiii  I  he  Held  coils, 
whether  thoy  fl<>  to  the  external  terminals;  also,  if  theri; 
are  small  auxiliary  |uiles  ( inti'rpoles )  hi'tween  the  main 
poles. 

Assumt!  a  condition  as  in  Fig.  1,  where  two  loads  como 
from  the  armature  ami  two  i'rom  the  Hold  coils  wliich 
connect  to  four  external  terminals.  If  this  machine  is 
series  wound,  tlie  armature  and  field  leads  will  both  bo 
the  same  size,  and  of  largo  cross-section.  Sonietimos, 
especially  in  small  macliines,  one  lead  of  the  field  is  con- 
nected to  one  load  of  tho  armature  and  only  two  terminals 
are  brouglit  out  of  tho  motor,  as  in  Fig.  2.  Tiiis  does 
not  alter  the  conditions,  liowevcr. 

If  tho  machine  is  shunt  wound,  only  the  armature 
leads  will  bo  of  largo  cross-section,  while  those  of  the 
field  will  be  small,  as  indicated  in  Fig.  3.  Also,  the  field 
terminals  (lugs  or  connectors)  will  bo  small,  while  those 
of  the  armature  teru\inals  are  large.  On  the  series  motor 
the  field  and  armature  terminals  wore  large  and  of  the 
same  size.  In  some  shunt  motors  a  field  and  an  armature 
lead  are  connected  inside  the  machine  and  brought  to 
the  one  terminal,  as  in  Fig.  4.  Again,  in  some  very 
small  machines  the  field  coils  are  connected  in  multiple 
with  the  armature  and  only  two  terminals  are  brought 
out. 

If  tlio  motor  is  compound  wimnd,  it  will  have  two  sets 
of  fields.  The  series  and  the  shunt  coils  are  usually 
made  up  separately  and  placed  on  the  polepieces,  al- 
though in  some  cases  the  two  coils  are  taped  together 
before  they  are  placed  on  the  polepieces  and  look  much 
like  one  coil,  but  they  will  always  have  four  leads,  two 
large  and  two  small.  These,  together  with  the  two  arma- 
ture leads,  make  six,  which  may  be  brought  out  to  six 
terminals,  as  in  Fig.  5 ;  or  one  shunt  and  one  series  field 
may  be  connected  to  the  same  terminal,  as  in  Fig.  G. 
Again,  one  of  the  series-field  leads  may  be  connected  di- 
rectly to  the  armature  (brush),  as  in  Fig.  7,  making  only 
four  external  tenninals.  As  far  as  the  number  of  ter- 
minals required  to  connect  the  motor  to  the  ordinary 
starting  box  is  concerned,  the  other  series-field  lead  and 
one  of  the  shunt-field  leads  may  be  connected  together, 
making  only  three  external  terminals,  as  in  Fig.  8.  In 
general  practice,  however,  compound  motors  have  five  or 
six  terminals,  as  in  Figs.  5  and  6. 

The  large  terminals  are  those  of  the  series  field  and 
the  small  ones  those  of  the  shunt  field.  This  is  very 
marked  in  the  larger  machines,  the  series  field  often  be- 
ing made  of  copper  bar.  The  series  field  usually  occiipies 
from  one-qiiarter  to  one-third  the  space  on  the  polepieces 


occupied  liv  the  slnint-Cield  cuils,  and  may  he  placed 
either  on  ilir  end  of  ilic  polepieces  near  the  iirinat\ire  or 
back  against   the  Ifanii'. 

IF  the  machine  is  of  ihc  inic  ipolc  type  thai  is,  with 
auxiliary  poles  between  the  main  poles  tiie  interpoh- 
winding  will  always  he  in  series  with  the  arrniilnrc.  liik' 
the  series-Held  winding,  il  is  i>\  large  cross-Hection  as 
represented  hv  llir  lusivy  lines  in  Figs.  !»,  10  and  II. 
Iteferring  to  these  illustrations,  il  will  be;  seen  that  an 
interpole  winding  does  not  necessitate  any '  additional 
terminals  on  the  outside  of  the  machine  as  one  lead  of  tln' 
interpole  is  connected  to  (me  armature  lead,  leaving  but 
one  armature!  and  one  interpole  lead  to  be  bi'ought  lo  th<' 
outside  terminals. 

In  the  dilVerent  classes  of  machines  considered,  tin 
armature  windings  are  the  same,  each  machine  derivin;^ 
its  name  from  the  field  winding  an<l  its  connections. 

One  thing  that  can  be  kept  in  mind  is  that  a  series 
motor  is  seldom  used  except  in  railway,  electric-vehicle 
and  crane  service.  In  some  cases,  however,  they  are  used 
to  drive  small  pumps  and  blowers,  but  these  are  usuallv 
limited  to  sizes  of  2  hp.  and  less.  It  is  on  the  sniall-si/e 
motors  that  it  is  the  most  diflicuit  to  distinguish  the  dif- 
ferent types;  for  instance,  by  referring  to  F^igs.  1  and 
3,  both  motors  have  four  terminals  brought  to  the  out- 
side and  in  sizes  below  2  hp.  the  loads  from  Ijoth  the 
armature  and  field  coils  are  the  same  size,  so  it  becomes 
necessary  to  make  some  kind  of  a  test  to  determine 
whether  tho  machine  is  shunt  or  series  wound.  This 
can  be  done  by  testing  with  a  lamp. 

First,  place  one  terminal  of  the  test  circuit  on  the 
brushes,  and  with  the  other  terminal  connect  to  the  vari- 
ous motor  terminals  until  the  lamp  is  lighted,  as  will 
be  tho  case  when  connected  as  in  Fig.  12.  This  will 
indicate  an  armature  terminal.  If  one  side  of  the  test 
circuit  is  connected  to  terminals  F  or  F^  while  the  other 
side  is  connected  to  the  brushes,  the  lamp  will  not  light, 
as  those  are  the  field  terminals,  hut  when  the  test  is  made 
to  terminal  A,  the  lamp  will  again  light.  1'his  will  in- 
dicate the  other  armature  terminal  of  the  machine. 

After  the  armature  terminals  have  been  located,  con- 
nect the  test  circuit  to  terminals  F  and  F.^,  as  shown  by 
the  dotted  lines.  If  the  lamp  lights  dimly  the  machine 
is  shunt  wound,  and  if  brightly,  the  machine  is  series 
wound ;  also,  if  it  is  shunt  wound  a  severe  spark  will  oc- 
cur at  the  field  terminal  when  the  test  circuit  is  broken. 
This  will  not  be  the  case  if  the  motor  is  series  wound. 

There  is  another  way  that  the  machine  can  be  tested 
to  find  if  it  is  shunt  or  series  wound,  in  case  a  test  lamp 
is  not  available.  First,  connect  the  field  and  armature 
in  series,  as  shown  in  Fig.  2,  and  the  remaining  terminals 
to  the  line.  If  the  motor  is  series  wound  it  will  start 
up  with  a  strong  effort  and  will  soon  reach  a  very  high 
speed  if  not  loaded.  On  the  other  hand,  if  it  is  shunt 
wound,  if  it  starts  at  all,  it  will  be  with  a  weak  effort 
and  at  a  very  slow  speed.  In  most  cases,  it  will  not  start 
at  all,  but  if  the  armature  is  turned  by  hand  it  will  be 
found  to  have  a  tendency  to  turn  in  one  direction,  and 
when  the  line  switch  is  open,  there  will  be  a  severe  arc. 

In  case  the  machine  is  compound  wound  and  connected 
as  in  Fig.  7,  there  would  be  four  terminals  appearing  on 
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llic  oulsitlr.  a.x  in  Vifi^.  I  iiinl  '■'<.  so  iiloii;;  witli  imikiiij,' 
(III-  lest  as  ili'srrilii'd  aliovc  it  will  lie  iicccHsarv  Ut  we  lliat 
uiif  of  (he  ariiiatiiiv  UTiiiiiuils  does  not  conni'ct  din'tt 
to  till'  lii'ld  loiU.  'I'lu'  ti'iininals  n(  a  ronipoiind  motor 
with  it«  li'ad.s  iiroii^'iit  out,  as  in  Ki^'.  ">,  may  Ix-  localfd 
as  follows: 

First,  test  lor  tlic  armatinv  t«M-minjils  as  dc.><(iilicd  in 
loniu'ilion  with  Kij;.  1'^;  llu-n  lonntrt  one  sido  of  the  lest 
t'irciiil  to  onr  of  tlic  lour  n-maiiiinfj  terminals,  siicii  as 
/•'  in  Kif,'.  i;{.  ami  llicii  with  tlic  otlu-r  test  tfrminal  make 
ronni'ctiiiMs  first  on  one  and  llicn  on  anotiicr  of  tin' 
tlirir  terminals,  sui  li  as  /•',.  unlil  llic  lanij)  li;,'lits.  The 
test  lamp  is  eoniiedcd  to  llic  Held  winding'  shown  m  line 
lini's  whieh  iiidieates  it  is  llie  slinnt.  and  in  thai  ease  the 
laniii  will  linrn  dind\,  dne  lo  the  lii^h  resistance  ol'  the' 
Held  tolls,  and  when  llie  eiienil'is  lii-oken,  a  severe  are 
will  oeeur  as  deserihed  lor  the  sliunl  motor.  This  leaves 
two  remaining-  terminals  lo  he  tested.  When  the  lamp 
is  eonneeted  to  them  it  will  liiirn  liiiiiiitly  for  the  series 
liekl  alwavs  has  a  low  resisiaiiee.  This  is  also  true  of 
the  armature. 

When  one  side  of  the  armature  and  one  sliunt- 
lield  lead  are  eomiectod  to  the  same  terminal,  as  in  Fig. 
4.  and  it  cannot  be  seen  just  what  terminals  the  leads 
run  to,  a  test  can  he  made  as  follows:      First,  disconnect 


one  armature  lead  al  the  hrushcs  oi-  laisc  the  hnishes" 
from  the  eoniinutator.  In  l-'i)^.  I  I,  one  arrmitnre  lead  iH 
showti  disconnected  from  the  i)ruHlics.  (.'oiniect  one  Hide 
of  IIk'  lest  circuit  (o  (liiH  armature  lead.  With  the  oilier 
side  of  (he  test  eircuil,  lest  the  oulHiih;  terniinalH  unlil 
the  lamp  lights.  It  will  hurn  hriglitly  if  eonneeti-d  lo 
leiminal  //,  whereas,  if  the  tesi  circuit  is  connected 
to  lerriiinal  /''  instead  of  h,  it  will  hurn  dindy.  for 
Mow  till'  field  is  in  eireiiit.  When  the  lump  hurim 
hriglitl\.  il  iiidi(ales  that  the  armature  lead  goes  (lin*ct 
to  leiiiiiiial  L  and  when  dimly  that  the  field  is  eoMlun'led 
lo  /.  ami  /■'.  If  one  side  of  the  test  circuit  is  connected 
1(1  the  liiiishes  and  ihe  olher  to  terminal  .1,  it  will  tigiiin 
liiirn  l)ii;;lilly,  Iml  if  one  test  wire  is  allowed  to  renniin  on 
the  hriislies  and  ihe  oilier  is  placed  on  /•'  or  //,  the  lamp 
will  not  Imiiii;  tins  will  mdieale  that  ll*  armature  load 
alone  eonnects  to  terminal  .1. 

In  a  great  many  eases  the  manufacturers  mark  the 
terminals,  and  in  most  eases  these  marks  can  he  relied 
upon  as  heing  correct  when  the  machine  comes  from  the 
factory,  but  if  the  machine  is  repaired  it  is  not  always 
in  reliable  and  careful  hands,  and  in  .some  cases  these 
markings  are  nii.xed  up,  conse(|uently,  the  safest  and 
surest  method  is  to  test  the  niadiine  before  it  is  con- 
nected up. 
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While  there  has  been  considerable  activity  during  the 
past  few  years  in  the  T'nited  States  as  to  the  construction 
of  steam  boilers,  il  is  interesting  to  note  that  a  similar 
condition  has  existed  in  Canada,  and  already  four 
provinces  are  enforcing  rigid  regulations  governing  such 
construction.  In  Alberta,  Saskatchewan  and  Ontario  the 
wording  of  the  regulations  is  nearly  identical.  As  to  their 
application,  some  comparisons  are  here  made  with  the 
rules  of  the  state  of  Massachusetts  and  the  different 
methods  in  treating  details  noted. 

Approval  and  1?igistration-  of  Designs 

The  rules  of  the  Canadian  provinces  named  state  that 
before  beginning  the  construction  of  any  boiler,  three 
blueprints  of  the  complete  shop-working  drawings,  with 
specifications  in  duplicate,  must  be  submitted  to  the  De- 
partment of  Steam  Boiler  Inspection  by  the  manufac- 
turer for  approval  of  the  pressure  and  design,  which  must 
comply  in  all  cases  with  the  regulations.  This  applies 
as  well  to  such  fittings  as  stop  valves,  water  gages  and 
gage  cocks,  pressure  gages  and  blowoff  valves,  etc.  Ap- 
proval will  be  given  or  corrections  pointed  out  in  the 
order  the  applications  are  received  l)y  the  department, 
and  the  manufacturers  are  advised  accordingly. 

When  finally  approved,  each  particular  design  is  given 
a  registration  number  for  each  province  and  any  num- 
ber of  boilers  may  be  built  according  to  the  dra^vings  of 
the  design.  In  addition,  each  boiler  shipped  into  the 
province  must  be  accompanied  by  a  copy  of  the  approved 
specifications  and  an  affidavit  of  the  boiler-shop  foreman, 
stating  that  the  specifications  have  been  carried  out. 

While  the  Massachusetts  rules  refer  to  some  special 
cases  which  can  be  taken  to  the  Board  of  Boiler  Eules  for 
approval,  the  inspection  department  does  not  make  a 
practice  of  approving  detail  drawings,  leaving  it  to  the 


manufacturer  to  interpret  llie  rules.  While  some  delay 
may  be  caused  awaiting  the  ap])r()val  of  new  designs,  ac- 
cording to  the  Canadian  custom,  it  has,  however,  many 
advantages  as  it  brings  the  inspector  and  the  manufac- 
turer in  closer  touch  on  questions  of  design  and  avoids 
any  possibility  of  misinterpretation  of  the  requirements, 
a  condition  which  will  invariably  exist  even  with  the 
most  carefully  worded  regulations.  Again,  once  a  de- 
sign has  been  approved,  the  numufacturer  is  assured  that 
his  boiler  will  be  accepted  if  he  follows  his  drawings  and 
the  workmanship  is  up  to  standard.  Furthermore,  as  a 
fee  of  from  $5  to  $10  is  recpiired  for  ajjproving  and 
registering  each  design,  it  also  has  a  tendency  toward' 
standardizing,  using  as  few  designs  as  possible. 

Stamping  and  Identification 

In  Massachusetts  each  boiler  must  be  stamped  "^I.\SS , 
STD"  with  the  name  of  the  manufacturer,  in  full  or  ah-, 
breviated..  and  the  firm's  serial  number.  In  CanadaJ 
in  addition  to  the  above  details,  the  stamping  must  in-j 
elude  the  provincial  letter  and  registration  number  ol 
design,  tlie  lowest  tensile  strength  of  any  shell  plate  ii 
the  boiler,  with  "S"  for  steel  and  "I"  for  iron ;  the  namd 
of  the  plate  manufacturer  and  the  date  of  constructior 
tlie  latter  giving  the  day  of  the  month,  numerical  ordei 
of  the  month  and  last  t-^vo  figures  of  the  year.  The  lo 
cation  of  the  stamp  is  practically  the  same  in  both  case 
A  sample  stamping  would  be  as  follows : 

In  Massachusetts  In  Alberta,  Canada 


MASS  STD 

International  Enginpering  Worlcs.    Ltd.  78 

976 

A-563 
57000-S 

IE  W 

Lulcens  Iron  and  Steel  Co. 

16.     3.      14. 

May  nt,  1!)U 
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In  addition,  in  Canada  all  new  heating  lioilers  iiiiisl  l>e 
stamped  "For  Heating  Purposes  Only"  in  some  eon- 
spieiious  place.    . 

Factor  ok  Safhty 

In  Canada,  the  value  used  lor  the  factor  of  safety 
varies  over  a  wide  range  to  suit  dilVerent  conditions  and 
metliods  of  construction.  A  base  value  of  4.5  may  be 
used  when  the  following  conditions  are  complied  with: 
The  cylindrical  shells  of  boilers  must  be  made  of  the 
best  material  (either  iron  or  steel),  with  all  holes  drilled 
in  place  from  the  solid  plate,  the  plates  afterward  taken 
apart  and  the  burrs  removed.  The  longitudinal  seams 
must  be  fitted  with  double-butt  straps  each  at  least  five- 
eighths  the  thickness  of  the  plate  they  cover,  the  seams 
being  double  riveted  with  at  least  two  rows  in  double 
shear  and  having  an  allowance  of  not  more  than  T5  per 
cent,  over  that  of  single  shear. 

The  circumferential  seams  must  be  so  constrticted  that 
the  efficiency  is  at  least  one-half  that  of  the  longitudinal 
seams.  The  boiler  must  also  lie  ins])ected  during  the 
whole  period  of  construction  by  an  authorized  inspector. 

When  the  foregoing  conditions  are  not  complied  with, 
an  addition  must  be  nuide  to  the  base  value  (4.5),  ac- 
cording to  the  conditions  in  the  following  scale: 

(a)  Add  0.10  when  the  holes  in  the  longitudinal  seams  are 
fair  and  good,  but  drilled  from  the  solid  out  of  place  after 
bending  edges  of  plate. 

(b)  Add  0.20  when  the  holes  in  the  longitudinal  seams  are 
fair  and  good,  but  drilled  from  the  solid  out  of  place  before 
bending  edges  of  plate. 

(c)  Add  0.20  when  the  holes  in  longitudinal  seams  are 
fair  and  good,  but  punched  after  bending  edges  of  plate  and 
reamed  after  assembling. 

(d)  Add  0.30  when  the  holes  in  longitudinal  seams  are 
fair  and  good,  but  punched  before  bending  edges  of  plate 
and  reamed  after  assembling. 

(e)  Add  0.07  when  the  holes  in  the  circumferential  seams 
are  fair  and  good,  but  drilled  from  the  solid  out  of  place  after 
rolling  plates. 

(f)  Add  0.10  when  the  holes  in  the  circumferential  seams 
are  fair  and  good,  b\it  drilled  from  the  solid  out  of  place  be- 
fore  rolling   plate. 

(g)  Add  0.10  when  the  holes  in  the  circumferential  seams 
are  fair  and  good,  but  punched  after  rolling  plate  and  reamed 
after   assembling. 

(h)  Add  0.15  when  the  holes  in  the  circumferential  seams 
are  fair  and  good,  but  punched  before  rolling  plate  and 
reamed  after  assembling. 

(i)  Add  0.70  when  the  longitudinal  seams  are  not  fitted 
with   butt   straps,   but   are   lapped   and   double   riveted. 

(j)  Add  0.50  when  the  longitudinal  seams  are  not  fitted 
with  butt  straps,  but  are  lapped  and   triple  riveted. 

(k)  Add  0.60  when  the  longitudinal  seams  have  only 
single   butt   straps  and  are   double   riveted. 

(1)  Add  1.00  when  in  the  longitudinal  seams  any  descrip- 
tion of  joint  is  used  which  is  only  single  riveted  or  wheie 
double  butt  straps  are  used  and  only  row  of  rivets  is  in  double 
shear. 

(m)  *Add  0.50  when  the  holes  or  rivets  in  longitudinal 
seams  are  not  fair  and  good.  " 

(n)  *Add  0.20  when  the  holes  or  rivets  in  circumferential 
seams  are  not  fair   and  good. 

(o)  Add  0.40  when  the  holes  in  any  seams  are  not  prop- 
erly  spaced    in    crossing. 

(p)  *Add  0.40  when  the  material  is  doubtful  and  not 
properly   stamped   in   accordance   with   the   regulations. 

(q)  Add  0.50  when  the  joints  are  not  close  fitting  and  the 
plates  are  open  when  the  boiler  is  finished  and  the  workman- 
nhip   unsatisfactory. 

(r)  Add  0.50  if  the  boiler  has  not  been  Inspected  by  an 
authorized  inspector  during  the  whole  period  of  construction 
in   accordance    with    the    regulations. 

(s)  When  any  boiler  has  been  subjected  to  overheating, 
strains  by  forcing,  crystallized  by  age  or  otherwise  impaired, 
the  factor  of  safety  shall  be  increased  according  to  the  dis- 
cretion of  the   inspector. 

When  marked  ''*,"  the  inspector  may,  according  to 
circumstances,  increase  the  factor  given  and  in  the  event 


of  satisfactory  information  not  being  obtainable,  tlic  in- 
spector shall  use  a  basic  factor  of  safety  of  five  with  such 
additions  as  his  judgment  may  dictate. 

In  the  foregoing  (a),  (b),  (c),  (d),  (e),  (f),  (g), 
(h)  must  be  used  separately  but  may  be  added,  when 
justified,  to  eilher  (i),  (j),  (k.)  (1),  (m)  or  (n)  sep- 
arately and  to  (o),  (|)),  ((|),  ()■)  separately  or  to  the 
four  latter  when  calculating  the  efficiency  of  a  joint. 

To  those  who  are  accustomed  to  the  Massachusetts  or 
similar  rules,  such  a  variable  value  for  the  factor  of 
safety  will  appear  complicated,  and  instead  of  providing 
for  such  ii  number  of  conditions  under  which  a  boiler 
may  be  constructed,  it  will  appeal  to  many  engineers 
and  inspectors  that  it  is  better  to  demand  a  standard 
form  of  construction  in  the  details  referred  to  and  use  a 
fixed  factor  of  safety  for  new  construction.  The  Massa- 
chusetts rules  fi.Y  this  value  as  five,  but  give  specific  re- 
quirements as  to  the  drilling  or  reaming  of  rivet  holes, 
limitations  of  lap  seams,  properties  of  material,  etc.  Poor 
workmanship  is,  of  course,  a  feature  which  the  most  rigid 
rules  cannot  wholly  overcome,  and,  although  section  (q) 
in  the  Canadian  rules  is  provided  for  that  purpose,  it 
becomes  a  question  of  the  judgment  of  each  inspector, 
and  as  different  men  will  have  different  ideas,  the  rulings 
made  will  be  likely  to  vary  more  or  less. 

EivETED  Joints 

The  Canadian  rules  cover  the  design  of  riveted  joints 
in  much  greater  detail  than  the  rules  of  Massachusetts, 
which  refer  to  methods  only  for  calculating  the  effi- 
ciency, leaving  the  design  to  the  manufacturer. 

The  pitch  of  the  rivets  is  limited  by  the  formula 

Pm=  iC  XT)   +  l%m. 
where 

Fm  =  Maximum  pitch  in  inches  of  the  rivets  immedi- 
ately inside  the  calking  edge ; 
T  =  Thickness  of  the  plate  in  inches ; 
C  =  Constant,  applicable  from  Table  1. 


TABLE    1 

No.  of  Rivets  in 
One  Pitch  Inside 
the  Calking  Edge 

Constant  for 
Lap  Joint 

Constant 
for  Douiile 
Butt  Joint 

1 
2 
3 
4 
5 

1.31 
2.62 
3.47 
4.14 

1.75 
3.50 
4.63 
5.52 
6.00 

For  example,  in  a  triple-butt  joint,  using  i._.-in.  plate, 
the  maximum  pitch  of  rivets  inside  the  calking  edge 
would  be 

Pm  =  (.3.50  X  V2  "'•)  +  1-625  in.  =  3.,375  or  ?,%  in. 
In  addition  to  limiting  the  pitch,  formulas  are  also  given 
for  determining  the  minimum  distance  between  the  rows 
of  rivets — that  is,  the  transverse  spacing.  Such  limita- 
tions all  tend  toward  similarity  of  design  among  dif- 
ferent manufacturers  and  discourage  the  use  of  freak 
designs.  Chain-riveted  joints  are  prohibited  by  the 
Canadian  regulations,  which  allow  for  staggered  types 
only.  The  number  of  rows  of  eft'ective  rivets  is  limited  to 
three,  whether  in  lap-  or  butt-strap  construction ;  conse- 
quently the  ordinary  form  of  quadruple  butt  joint  now 
in  such  general  use  in  American  practice  is  not  allowed. 
For  calculating  the  efficiency  of  joints,  the  method  of 
procedure  is  somewhat  diff'erent,  although  the  formulas 
are  all  similarly  derived.  In  Massachusetts,  the  joint  lias 
to  be  calculated  to  find  the  actual  pull  required  to  rupture 
a  repeating  section  by  all  possible  methods  of  failure. 


700 


vo  w  !•;  i: 


Vol.  ;t:).  No.  20 


Id  iiiJikiiij,'  tlit'Hi'  calciilalions  a  lixcd  value  of  1*^,000  II). 
per  .>>(|.in.  is  j;iv»>M  for  single  Klieariiij;  of  steel  rivets  and 
'S.OOO  II).  |)er  s(|.iii.  for  doiiMe  slieariiig.  Kor  the  ten- 
sile strength  of  the  plate,  that  stamped  on  the  plate  is  to 
he  taken,  a  value  vvhiih  nuiy  vary  from  .">'J,()()()  to  ()<i,()0() 
II).  and  still  he  within  the  limits  of  the  riMpiired  pliysieal 
properties.  There  does  not  appear  to  he  any  reason  why 
the  shearing  strength  of  the  rivets  should  not  vary  within 
lertain  limits  just  as  well  as  the  tensile  strength  ol"  the 
phite;  i'onse(|Uently  it  does  not  seem  eonsistent  thiit  one 
\iilue  should  he  li\ed  and  the  other  he  variahle.  In  llif 
Canadian  rules,  instead  of  using  actual  values  hn-  ten- 
sile and  shearing  streiiglli.  a  ratio  is  given  hetwecti  I  he 
two,  the  value  of  wliieli  (le])ends  on  the  niateiiiil  used. 
For  example,   when    using  steel   plates  and    ri\rls 

sinale  s/ieariiia  sfrciir/f/i  of  rivets  .      .       ,,  „ 

— '-!—, ,; — -^ — 77-"— — T-i—^ —  =  "  constant  =  0.7 

re  IIS  lie  streiKjtIi  of  jilale 

for  steel  jijates  and  I'lvets.  This  ap])ears  to  he  a  more 
c-onsisti'ul  uu'thod,  and  has,  in  addition,  a  iurther  ad- 
vantage oT  simplifying  the  formulas  in  their  ap])lieation. 
The  douhle  shearing  of  rivets  is  taken  as  1.T5  times  the 
value  of  single  sliearing;  consequently  rivets  in  double 
sliear  are  always  expressed  in  terms  of  rivets  in  single 
sliear.  The  crusliing  strength  of  material  in  plate  and 
rivets  given  as  95,000  lb.  per  sq.in.  of  projected  area 
in  the  ^lassachusetts  rides  is  not  referred  to  in  the 
Canadian  regulations. 

Stayi:d  Surfaces 

In  the  Canadian  rules,  the  maximum  stress  allowal)le 
on  Hat  surfaces  shall  he  determined  by  the  following  for- 
mula :  All  stayed  surfaces  formed  to  be  a  curve  the 
radius  of  which  is  over  *^1  in.  are  to  be  considered  as  flat 
surfaces : 


C  X  ^^ 

wor/ii'iiii  pressure  = ; — 


where 


i  =  Tliickness   of    plate   in   sixteenths   of   an   inch. 

Where  doubling  plates  are  used,  for  t  take  75 

])er  cent,  of  the  combined  thickness  of  both 

plates ; 

p  =  Pitch  of  stays  in  inches   when  equally  spaced 

in  both  directions; 
C  =  Constant  varying  from   112  to  200,  depending 
on   conditions   which   take   into   account   the 
style   of   staying   used — that   is,    screw   stays 
riveted  over ;  screw  stays  with  nuts ;  through 
stays  with  nuts  inside  and  outside  of  plates; 
through  stays  using  nuts  or  doubling  plates, 
the  latter  having  a  thickness  at  least  equal 
to  that  of  the  plate ;  through  stays  for  plates 
stiffened  with  angle  or  tee  bars. 
For  screw  stays,  the  Massachusetts  rules  use  the  follow- 
ing formula : 

worliiiuj  pressure  =  — ^,.-,        „  - 

Avhere 

C  =  A  constant  =  6G  ; 
t  =  Thickness  of  plates  in  sixteenths  of  an  inch ; 

S  =  Pitch  of  stays  in  inches. 
For  screw  stays  the  Canadian  formula  will  not  give  as 
great  a  pressure  on  thin  plates,  but  will  allow  a  greater 
pressure  on  thick  plates.     For  example,  i\--in.  plate,  with 
stay-bolts  pitched  5  in.  on  centers,  is  allowed  a  working 


pressure  of  W>  lh.  in  Camida  and  125  Ih.  in  MaKsa- 
ehusetts,  while  '/i;-'"-  plate  with  stay-holtH  7  in.  fin  een- 
ters  is  allowed  a  working  prcHsure  of  15()  lb.  in  Canadi 
and  121  lh.  in  Massachusetts.  .\o  special  provision  i- 
made  in  the  Massachusetts  rules  for  stays  with  nuts  and 
washers  or  for  the  use  of  doubling  plates.  The  latter  i 
a  convenient  nu'thod  of  stilfeiiing  irregidar  Hat  surl'ai' 
and  in  many  cases  can  he  used  to  great  advantage,  pai- 
tieularly  on  the  Scotch  typo  of  boilers. 

The  Canadiiui  rules  also  nuike  special  provision  i'nr 
unequal  pil(  lies,  thus  where  /  ^^^  the  pitch  of  stays  in 
iiiehes  ill  uiie  row  aiul  w  =^  the  distance  in  inches  between 

two  rows,  then is  to  be  taken  instead  of  /r. 

Also,  in  eases  of  irregular  staying,  such  as  shown  in  the 

illustration 


X. 


.«? 


Tnui;nrL.\u  Stays 

— ^ —  — ^—    is  to  be  taken  instead  of  p-. 
o 

For  the  maximum  working  stress  on  stays,  tt 
Canadian  rules  allow  5000  lb.  per  sq.in.  for  welded-iron 
stays  and  7000  lb.  i)er  sq.in.  for  iron  stays  without  welds. 
For  steel  stays  less  than  IV2  sq.in.  of  net  sectional  area, 
8000  lb.  per  sq.in.  is  allowed,  and  for  ly^  sq.in.  or  over 
of  net  area,  9000  lb.  per  sq.in.  Steel  stays  must  not  be 
welded  in  any  way. 

The  Massachusetts  rules  allow  working  stresses  as 
given  in  Table  2. 

TABLE   2 

Maximum  AUowable 
Stress  per  Sq.in. 
Up  to 
and  Incl.  Over 

1.227  Sq.in.    1.227  Sq.in. 
of  Net  of  Net 

Type  of  Stay  Material  Area,  Lb.        Area,  Lb. 

Head    to     head     or 

through    Weldless  mild  steel 8000  9000 

Head    to     head     or 

through Weldless  wrought  iron      7000  7500 

Diag.       or       crow- 
foot   Weldless  mild  steel. .  .  .      7500  8000 

Diag.       or       crow- 
foot   Weldless  wrought  iron      6500  7000 

Head        to        head 
through  diag.  or 

crowfoot   ■^'elded  steel 6000  6000 

Screw    staybolts. .  .Mild   steel   or   wrought 

Iron 6500  7000 

For  any  diagonal  stay,  the  Massachusetts  rules  do  not 
directly  take  into  account  the  angle  which  it  makes  with 
the  supported  surface,  but  instead  reduces  the  allowable 
working  stress  from  that  allo\vable  on  direct  stays,  as 
noted  in  the  table.  For  such  stays,  the  Canadian  rules 
allow  only  a  stress  equivalent  to  the  allowable  direct 
stress  multiplied  by  the  cosine  of  the  angle  made  with 
the  shell,  this  angle  not  to  exceed  30  deg.  Butt  welding 
of  the  crowfeet  or  palms  ends  to  the  stavs  is  prohibited. 
Another  important  point  not  covered  in  the  Massa- 
chusetts rules  is  that  the  rivet  area  for  attaching  stays 
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of  all  kinds  lo  a  licad  shall  ao'fri'cirato  20  por  c-cnt.  greater 
than  the  stay  area;  also,  when  through  stays  are  attaehed 
to  angle  or  tee  bars  by  a  bolt  or  pin  in  double  sliear, 
such  holt  or  pin  need  only  have  an  area  ol'  75  per  cent, 
that  of  the  stay. 

In  staying  the  segments  of  the  head  above  the  tubes 
in  horizontal  return-tubular  boilers  or  any  similar  de- 
sign, the  Massaehu.setts  rules  assume  tliat  the  outside  of 
the  head  is  self-supporting  for  a  distance  of  3  in.  in  from 
the  edge,  il  is  also  sup})orted  by  the  tubes  for  a  distance 
of  2  in.  from  its  edge.  This  is  irrespective  of  the  thick- 
ness of  the  plate,  the  radius  of  curvature  of  the  flange, 
or  the  working  pressure. 

in  the  Canadian  rules  the  distance  in  from  the  edge 
of  the  flange,  which  is  cohsidered  self-supporting,  is  taken 
as 


1      1112X^2 


or  the  radius  of  curvature  of  the  head  flange,  whichever 
is  the  greatest.  For  the  support  given  by  the  tubes  the 
distance  from  the  edge,  considered  self-supporting,  is 
taken  as 

1      |ll->  X  f'      f^i' 

In  these  formulas 

t  =  Thickness  of  the  head  in  sixteenths  of  an  inch; 
/)' ^  ^Vorking  pressure; 
dr  =  Diameter  of  the  tube  hole. 

t-YLIXDKICAL    SHELLS 

For  calculating  the  pressure  allowable  on  cylindrical 
shells  the  formulas,  while  in  slightly  different  form,  both 
give  the  same  result. 

For  dished  heads,  concave  to  pressure,  the   Canadian 
rules  state  that  when  they  are  true  portions  of  spheres 
and  dished  to  a  radius  equal  to  or  less  than  the  diam- 
eter of  the  shell,  they  do  not  require  staying  if  the  thick- 
ness is  j^^  in.  more  than  the  shell,  but  when  dished  to  a 
radius  greater  than  the  diameter,  the  working  pressure 
allowable  may  be  calculated  by  the  formula 
(^  -  0  X  T.8. 
Ji  X  5ti 
where 

B  =  Working  pressure ; 

t  =  Thickness  of  plate  in  sixteenths  of  an  inch ; 
T.S.  =  Tensile  strength  of  plate ; 

R  =  Eadius  to  which  the  head  is  bumped. 
In  the  Massachusetts  rules  the  working  pressure  on  a 
head  concave  to  pressure  is  given  by  the  formula 

P  =  ^  X  ^•'^'- 

F..'^.  X  H 
where 

P  =  Working  pressure  ; 
T.S.  =  Tensile  strength  ; 
F.S.  =  Factor  of  safety  =  5 ; 

il  =  One-half  the  radius  to  which  the  head  is  dished ; 
t  =  Thickness  of  plate  in  inches. 
The  Massachusetts  rules  allow  a  greater  pressure  for 
the  same  head.  For  example,  a  head  48  in.  diameter, 
^V  in.  thick,  dished  to  a  radius  of  48  in.  and  having  a 
tensilp  strength  of  60,000  lb.  per  sq.in.,  would  be  allow?  d 
218  lb.  working  pressure  in  Massachusetts.  By  t}ie 
iCanadian  ndcs  such  a  head  M'ould  not  be  used  with  a 


shell  over  %  in.  in  thickness.  A  shell  of  this  thickness 
which,  when  fitted  with  the  most  eflicient  joint  allowed, 
and  witli  the  lowest  factor  of  safety,  would  not  give  over 
180  lb.  working  pressure. 

For  heads  convex  to  pressur:',  both  rules  allow  only 
60  per  cent,  of  the  pressure  allowed  on  heads  concave  to 
pressure. 

For  externally  flred  boilers,  the  Canadian  rules  limit 
the  diameter  to  72  in.,  and  all  horizontal  return-tubular 
boilers  48  in.  in  diameter  and  over  must  have  a  manhole 
in  the  front  head  below  the  tubes.  Massachusetts  does 
not  limit  the  size  of  such  boilers  and  a  manhole  in  the 
front  head  below  the  tubes  is  not  required  in  boilers  under 
60  in.  in  diameter.  The  Canadian  rules  also  take  up  the 
construction  of  manholes,  handholes  and  yokes  with  refer- 
ence to  material  and  design  in  much  greater  detail.  They 
also  give  formulas  for  calculating  the  working  pressure 
on  the  Adamson  and  corrugated  types  of  furnaces.  Trun- 
cated cones  and  many  other  special  details  not  covered 
in  the  Massachusetts  rules. 

The  specifications  for  material  are  practically  the  same 
in  both  cases,  although  shells  may  be  made  of  flange 
steel  in  Canada  while  Massachusetts  requires  the  fire- 
box. 

There  are  many  other  minor  details  which  could  be 
mentioned,  but  those  given  cover  the  most  important. 
Doubtless,  opinions  will  vary  widely  as  to  the  merits  of 
the  respective  rules,  but  in  any  case  both  have  proved 
that  they  tend  toward  the  production  of  high-class  boil- 
ers. 


HiBhest  ami  L.ar>;e.st  Chimney — A  chimney  506  ft.  high,  the 
tallest  in  the  world,  has  been  built  for  the  Boston  and  Mon- 
tana smelters  at  Great  Falls,  Mont.  Its  nearest  rival  is  40 
ft.  shorter  and  the  next  highest  in  Amorica  is  140  ft.  shorter. 
The  main  barrel  of  the  chimney  has  an  inside  diameter  of 
50  ft.  at  the  top  and  about  65  ft.  at  the  base;  its  discharge 
capacity  is  4,000.000  cu.ft.  of  gas  per  minute.  There  are  17,- 
000  tons  of  brickwork  in  the  entire  structure,  and  the  founda- 
tion, which  is  103  ft.  across  at  the  bottom  and  22  ft.  6  in. 
high,  contains  4300  cu.yd.  of  concrete.  An  octagonal  base,  78 
ft.  6  in.  across  the  bottom  and  46  ft.  high,  separates  the  main 
barrel  from  the  foundation.  A  dust  chamber,  478  ft.  long. 
176  ft.  wide,  and  21  ft.  high,  closely  hung  with  small  wires, 
strains  the  smoke  before  it  enters  the  chimney.  The  flue 
which  leads  from  the  dust  chamber  to  the  chimney  is  40  ft. 
wide  and  1238  ft.  long.  The  whole  chimney  has  an  acid- 
proof  lining. — "Popular  Mechanics." 


TraveLs  of  a  Flywheel — A  recent  issue  of  "Popular  Me- 
chanics" mentioned  an  engine  that  has  been  running  in  New 
York  City  for  about  fourteen  years,  and  that  a  mark  on  its 
flywheel  during  that  time  would  have  traveled  a  distance 
equal  to  nearly  200  times  around  the  earth. 

The  Corliss  engine  built  by  the  Crane  Co.,  in  1880,  and 
which  ran  one  of  the  company's  Chicago  plants  continuously 
for  30  years,  had  a  record  of  travel  that  compares  favorably 
with  that  of  the  New  York  engine,  taking  into  consideration 
size  of  flywheel,  revolutions  per  minute,  running  hours  and 
actual  working  days.  The  New  York  engine  has  a  smaller 
flywheel,  but  it  runs  22  hours  a  day,  365  days  a  year,  and 
makes  three  times  as  many  revolutions  a  minute.  The  Crane 
Co.'s  stanch  old  Corliss  ran  for  30  years,  10  hours  of  every 
working  day,  and  during  that  time  had  a  fly  sat  on  one  spot 
of  the  flywheel  rim  it  would  have  traveled  2,500,000  miles, 
or  about   100   times  around   the   world. 


The  Foiiuilatioii  of  Kduratioii — "Technical  school  is  not  the 
education  of  an  engineer — it  is  merely  the  foundation  upon 
which  the  complete  .structure  of  education  is  built  by  work, 
experience  and  further  study."  So  Charles  T.  Main,  '76,  ex- 
pressed his  ideas  of  the  engineer  and  his  training  before  the 
banquet  of  the  Mechanical  Engineering  Society  at  Boston 
recently. — "The   Tech." 
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lli(i.'iSfMini^^  Water^TujiIbe  Boilers* 

SYNOPSIS      Ihllcnnt   l;ii>is  (if  Ixif/lr  (nr  (lilfcrnil  hull-  sidricd.      'I'licrc  arc   two  wnvK   in   wliidi   tlic  opi-riiuKH   in 

rrs  (iiiil  llir  liisl  Iriii/lli  of  i/an  /hiss  Id  use  in  riirli  casr.  the  Imlllinjr  miiv  Itr  cxprcHKcd  ;  one  in   pi-icrnlajjc  of  lulic 

X  li'ii;.'lli    ,inil    llic   oilier    in    pcrccnta^jo   of   conm^cttfrl   ^rulu 

'I'lic   raiio   111"   liraluii:   to  ;,'rali'  siirlacc   may   lir    liiLilifi-  siiilaic.      As    llic    f^ratc   Hurfacc    will    vary    acconlinj^    to 

llian   in  rcdirn-liilmlar  ixiilcrs,  fspt'i'iall\    where   mei  liaiii-  (lie    ideas   of   (liil'ereiil    dcHif^MierH,    it    in   better    to   claHKil 

eal  .stokers  are  used.      Uatios   from    in   In  nn  In    I    are  al-  tlie   f^as    pusses    in    pereenbif^e   of    tiiiie    lenj^tli.      Tliis 

lowaMe.      .\t    tlu-   liii;lier   ratios,   liowevei-,    it    niiisl    he    ic-  standard    in   different   makes  of  boiler  and   is  a  Jixc^d   il 

nieniliered    tliat    the   fnrnaee   will    he   loade(l    to    its   niaxi-  inension    wliieli  eaiinol    well   he  elianf^ed   by   the  engine, 

nnun  capacity  before  the  ea|)acity  of  the  hoilei'  to  absorb  in  layinj,'  out  the  j)lant. 


Vertical  Baffle 


Sewal!    Borffling 


Single  Pass   Baffle  Horizontal  Baffles 


Stirling 


FIG. 5 

Approximate  Mean  Length  of  l&+BanV 
of  "Stirling'Tubes 

CLASS  LENGTH 

A      14-2" 

B- -— 11^6" 

BfZo>r; I0-4-" 

E \2^s,'' 

F 15^9" 

e |&i9" 

I 15^5" 

1-5 ,4i9'' 

K—  - -  17-^5" 

L 17-6" 

M 20-2" 

N 20^0" 

0 -  19-I0" 

p isLj,; 

Q— 16-0,, 

R- 17-0" 

S 15^7" 


PIG. 5 


Fig.  1.     Si'.\ciNG  of  A'kktical  Baffles  ox  Horizontal  Watkr-Tube  Boilers.     Fig.  2.    B.  &  W.  Sewall 
Baffling.     Fig.  3.     Single-Pass  Horizontal  Baffles.     Fig.  4.     Heine  Type  Baffling. 

Fig.  5.     Stirling  Baffles 


heat  is  reached,  so  that  the  chances  of  making  smoke 
on  high  capacities  are  increased.  All  things  considered, 
a  general  average  of  50  to  1  is  a  good  ratio  in  the  or- 
dinary water-tube  boiler  plant  using  Middle  Western 
oituminous  coals.  This  ratio  jirovides  for  a  good  over- 
load capacity  on  the  boiler  without  actually  taxing  the 
furnace  to  attain  it. 

Baffling 

A  careful  study  of  the  areas  tlirougli  water-tube  boil- 
ers using  different  types  of  Ijaffle  has  revealed  some  in- 
teresting points.  In  the  following  discussion  it  should  be 
remembered  that  types  rather  than  actual  makes  are  con- 


♦Copyright,    1914,    by    Osborn    Monnett. 
tSmoke    inspector,    city    of   Chicago. 


Vertical  BaffliiKj — With  any  water-tube  boiler  that  can 
be  baffled,  as  in  Fig.  1,  the  following  percentages  ex- 
pressing the  relation  between  length  of  gas  pass  and  tubes 
have  given  good  results :  First  pass,  42  per  cent. ;  second, 
33  per  cent. ;  third,  25  per  cent. 

B.  &  W.  Setvall  Baffling — The  average  proportions, 
worked  out  from  many  successful  installations,  are  given 
in  Fig.  2.  With  a  superheater,  the  second  gas  pass  should 
be  increased  to  37  per  cent,  of  the  tube  length.  It  is  not 
advisable,  however,  to  use  this  batfle  on  boilers  less  than 
12  tubes  high. 

Single-Pass  Horizontal  Bafflinrj — Fig.  3  .shows  a  good 
arrangement  for  water- tube  boilers,  such  as  the  Atlas, 
Aultman-Taylor,  Babcock  &  Wilcox,  Bass  horizontal, 
Erie  City,  Cahall  horizontal,  Edge  Moor.  Flanners.  Free- 
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mail,  Oil  City  (Geary),  Kings  lord,  Kcolcr,  Wickcs  hori- 
zontal, etc.  As  indicated,  the  first  pass  is  30  per  cent, 
and  the  second  20  per  cent,  of  the  tube  length. 

Heine  Baffles — Under  this  heading  arc  included  all 
boilers  having  tube  spacing  similar  to  the  Heine  and 
other  boilers  not  suitable  for  vertical  baffles,  such  as  the 
Casey-Hedges,  Kroeschell,  Franklin,  Ooss,  Parker,  etc. 
The  gas  passes  for  this  type  of  baffle  have  given  best  re- 
sults when  proportioned,  as  shown  in  Fig.  4. 

Stirling  Boiler — From  the  standjjoint  of  smoke  sup- 
pression, the  openings  in  the  Stirling  baffles,  as  ordinarily 
installed,  are  small  and  cause  loss  of  draft  through  the 
setting.  This  tends  to  prevent  smokeless  operation  at 
high  capacities.  The  ordinary  furnace,  either  stoker-  or 
hand-fired,  designed  for  smokeless  operation,  recjuires 
more  brickwork  than  the  standard  types  and  naturally 
there  is  a  tendency  toward  restriction  of  the  gas  passes. 
Carrying  this   too   far  has   a   detrimental  effect   on   the 


brickwork  and  results  in  an  unsatisfactory  installation. 
The  baffle  openings  recommended  for  this  type  of  boiler, 
as  shown  in  Fig.  5,  are:  First  pass,  28  per  cent,  of  the 
mean  length  of  the  first  l)ank  of  tubes;  second  pass,  20 
per  cent.,  and  third  pass,  15  per  cent. 

Many  experiments  have  been  made  with  the  baffling 
in  water-tube  boilers  to  increase  efficiency,  and  it  has 
been  found  that,  up  to  a  certain  point,  restricting  the  gas 
passes  has  resulted  in  higher  efficiency.  This  is  probal)ly 
due  to  the  higher  velocity  of  the  gases  and  to  the  conse- 
(|uent  increased  heat  absorption.  Restriction  of  the  gas 
passes,  however,  can  be  carried  to  excess  in  natural-draft 
installations,  as  the  draft  available  is  generally  too  low 
to  overcome  much  additional  resistance.  The  gas-pass 
dimensions  given  herewith  represent  commercial  propor- 
tions that  have  been  found  satisfactory  from  the  stand- 
]X)int  of  smokeless  operation,  steaming  capacity  and  effi- 
ciencv. 
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.IbsoFpttnomi 


By  Willia.m  S.  I.l'ckionbach 


SYNOPSIS — What  to  use  to  test  water  for  ice  makiiuj 
to  determine  the  presence  of  objectionable  impurities. 
Where  to  look  for  leaks  and  how  to  stop  them.  Hon:  to 
clean  the  perforated  weak-liquor  pipe  in  the  absorber 
without  shut  ting  down  the  system. 
[*] 

Simple  Tests  kok  PuiJity  of  Water 

The  water  from  which  ice  is  made  should  be  occasion- 
ally tested  for  its  purity.  If  lime  is  present,  carbonate 
of  soda  produces  a  white  cloud ;  should  the  water  contain 
iron,  yellow  prussiate  of  potash  will  turn  water  blue;  if 
copper  is  present,  the  same  chemical  will  turn  water 
brown.  Acetate  of  lead  added  to  water  containing  sul- 
phur impurities  will  cause  it  to  turn  black.  For  test- 
ing the  presence  of  ammonia  in  water,  there  is  nothing 
better  than  a  few  drops  of  Xessler  solution*  in  a  glass 
of  the  water  or  brine. 

Leaks  ix  the  ExciiAxciicit 

Suppose  the  hydrometer  test  shows  the  density  of  the 
rich  liquor  in  an  absorption  machine  to  be  26  deg.  Baunic, 
and  tlie  poor  licjuor  18  deg.,  equaling  a  distillation  of  14 
per  cent.  Now  assume  that  the  next  test  would  show  the 
weak  liquor,  say,  20  deg.,  or  a  distillation  of  only  about 
12  per  cent.,  what  is  the  cause  and  what  is  the  remedy  ? 
There  is  only  one  cause,  viz.,  not  enough  heat  to  liberate 
the  gas,  due  to  the  generator  coils  or  tubes  not  being 
clean  or  the  steam  of  a  lower  temperature.  This  must 
be  rectified  at  once  in  order  to  maintain  capacity  by 
either  cleaning  the  coils  or  by  increasing  the  steam  tem- 
perature, or  by  using  a  larger  volume  at  the  same  tem- 
perature. 

Again,   sujjpose  the  rich  liquor  decreased  to   24   deg. 

and  the  poor  liquor  increased  to  20.5;  it  is  plain  that 

there  has  been  an  exchange  of  ammonia,  and  as  this  can 

only  occur  in  the  exchanger,  it  must  be  cut  out  iiniiicdi- 

ately  by  running  a  bypass  temporarily  and  replacing  the 

*See  "Power,"  Mar.   31,   p.   450. 


old  coils  or  tubes  with  new  as  soon  as  possible.  If  this 
\ery  important  part  of  the  system  is  thoroughly  examined 
under  a  pressure  of  500  lb.  during  the  slack  season,  this 
trouble  will  l)e  avoided,  as  well  as  the  loss  of  several  tons 
of  ice  when   it   is  l)a(lly  needed. 

Leaks  in  tpie  Absohber 

AViicn  making  the  usual  daily  test  of  the  water  for  am- 
monia leaks,  should  ammonia  be  found  in  the  water  flow- 
ing from  the  absorber,  apply  the  same  method  to  locate 
the  coil  or  tube  as  described  for  the  generator  in  a  former 


SioiM'ixG  AiiAioNiA  Leak  at  Couplixu 

article.!  Should  the  perforations  in  the  weak-liquor  pipe 
extending  into  the  absorber  become  partially  closed,  thus 
decreasing  the  supply  necessary  to  absorb  the  return  gas, 
the  first  move  is  to  close  the  weak-liquor  valve  and  get  a 
vacuum  on  the  absorber  by  keeping  the  anmionia  pump 
running;  then,  by  suddenly  opening  wide  the  poor-liquor 
valve,  the  excessive  pressure  may  force  the  substance  out 
and  open  the  holes.  Should  this  fail,  be  prepared  to  act 
(juickly  by  again  getting  a  vacuum,  then  disconnect  the 
perforated  pipe,  pull  it  out,  close  the  opening  and  clean 
and  replace  the  pipe  as  soon  as  possible. 

An  automatic-regulating  valve,  to  control  the  flow  of 
the  poor  liquor,  should  be  installed  in  every  absorption 
plant.  It  is  guaranteed  to  control  the  poor  liquor  just 
the  same  as  a  governor  controls  the  varying  steam  pres- 
sure or  load  on  an  engine.     Hence,  when  once  properly^ 

f'Power,"  May  5,  p.  S34. 
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juljiistcd,  it  w  ill  ^'i\i'  llif  i'ii;,'iii('ci-  iiiii|il('  tiiiii'  lo  ciircriilly  (he  llirciiils  ol'  a  coiiiiliii;,'  or  ri'tiirii  liciid  a  f-plit,  colliir  rc- 

"()   oviT    tilt"    phiiil    and    iidlr    lln'    iiiiiirovcincnls    lie   liiii  rcsHcd  Inr  Iwo  <iinii((T-iii(li  nddnT  iiiif,'H  uiid  tlicn  lK)l(f(l 

iiuikc   thai    will    i]iii(kly    ri'turn    llu'    invcsliiniil    Inr   llu;  l<»f,'i-tlicr,  as  kIiowm  in  cmsH-w.'ction  ut  A,  will  clVcclurdly 

iiiiprovt'iiiciit.      Till'    reason    lor   advocaliii;,'   lliis   adjunct  Hlop  the  leak   without   piiltiti;,'  any  Hlrain  on  tlu;  IhicadH 

is  that   the  ordinary   |io()r-li(|uor  valve   nccdw   fairly  close  or  pipe, 
attention,  as   any   chanjj;*'   in    the   pressure  of   either   the  The  same  split  collar  can  he  used  on  the  return  liends 


j,'enerator  or  the  ahsorher  will,  of  course,  atVect  the  llow 
of  the  lii|nor. 

l<i.\Ks  IN   A  rM()si'iii:i!iu  Condi  nsimi  oi;  I'ooi.inm  Coii.s 

If,  in  lotini:  the  cooling  water,  ammonia  should  Ix' 
present,  it  is  im|)ortant  to  stop  the  leak  at  once.  It  can 
I'suallv  hi'  traced  hy  white  spots  on  the  pipe  or  at 
tiireaded  cou|>Iinjjs  and  iclurn  hcnds,  for  in  a  it'w  days 
the  leakajie  will  show  a  while  incrustation.     .\n  ordinary 


hy  makiii;(  a  pattern  to  suit  the  return  hend,  uh  shown  al 
('.  'I'liis  collai'  is  ?uaile  of  cast  ii'on,  with  no  nuiclnrn' 
work  except  drilling  the  two  bolt  lioles  sliown  in  doltcil 
liru'S  at    //. 

The   |)Mttcrn   has  a   thin  core   jirint   nearly  cuttin;,'   lli' 
collar  in  Iwo,  ami  in  order  to  split  it  after  the  holt  hoi' 
aie  (hilled,  simply  drive  a  wedfi(^  oi-  chisel   in   the  coi' 
slot.      Thise  collais  are  useful    for   other  enun'fjeney    n- 
pairs,  and  it  is  well  to  have  at  least  two  each  of  the  vai  i- 


hand  clamp  hent  to  conl\)rm  lo  ihe  |)ipe  and  slieet  of  rub-      ous  sizes   on   hand   as  ammonia    leaks  are  far  more  ox- 
her  will   remedy   the  trouhlc,  hui    in  case  the  U'ak  is  ia     pensive  than  a  lew  cast-iron  coUjts. 


■cneimcy 


l>v  H.\yli:tt  ()"Xi:ii,i, 


SYNOPSIS — Showituj  the  infiucmc  of  tlir  ash,  minsture 
and  hydroijen  conleiit  of  a  rual  upon  its  value  as  a  slcam 
producer. 

•*: 

Many  large  consi'.mers  of  coal  buy  their  fuel  on  the 
B.t.u.  basis.  In  some,  instances,  to  form  a  correct  esti-. 
mate  of  the  efficiency  of  coal  as  a  steam  producer,  the 
ordinary  method  of  estimating  the  value  directly  from 
the  heat  measurements  made  with  a  calorimeter  should 
be  modified. 

Influence  of  Ash 

There  is  little  doubt  that  furnace  efficiency  is  greater 
with  low-ash  than  with  high-asli  luel.     This  is  jwirtly  ex- 
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Percentage  of  Fixed  Carbon  in  Ash 

Fig.  1.     Loss  Due  to  Combustiule  Falling  through 
Grate 

plained  in  that  the  combustible  loss  in  the  refuse  drop- 
ping to  the  ashpit  is  proportionately  greater  with  the 
higher  percentages  of  ash  in  the  coal.  In  every  furnace 
the  ideal  is  to  burn  out  all  of  the  combustible,  but  with 
coal  in  the  usual  form  this  is  never  attained  in  com- 
mercial practice.  ^Mien  most  of  the  combustiblfe  is  con- 
smned,  the  remainder  is  so  inclosed  or  so  intimately  com- 
bined with  the  slag  that  it  is  difficult  for  the  air  to  unite 
with  it  for  combustion.  Therefore,  complete  burning 
would  necessitate  keeping  dead  fuel  on  the  grates  for  an 


abnoruudly  long  time.  (Jrates  so  occupied  would  produce 
little  or  no  steam,  M-hile  the  air  drawn  through  the  fuel 
bed  would  do  little  but  cool  off  the  furnace,  thus  reduc- 
ing the  steaming  capacity  and  the  efficiency.  Conse- 
quently, the  fires  must  be  cleaned  in  such  manner  that 
even  under  the  most  careful  operation  some  combustible 
will  be  rejected  to  the  ashpit. 

In  general,  the  completeness  with  which  the  combusti- 
ble may  be  burned  economically  depends  upon  the  design 
of  the  furnace  and  the  grate  as  well  as  the  nature  of  the 
coal.  Records  of  ash  analyses  for  well  operated  plants 
and  covering  long  periods  of  time  generally  show  that  the 
standard  of  proper  carbon  content  in  the  ash  discharged 
from  a  certain  type  of  fui-nace  and  grate  is  well  defined. 
Accordingly,  the  greater  the  percentage  of  ash,  the  greater 
the  amount  of  combustible  rejected  to  the  ashpit. 

Fig.  1  shows  the  losses  due  to  combustible  discharged 
to  the  ashpit.  For  every  pound  of  dry  coal  fired,  the 
fraction  of  a  pound  of  carbon  lost  to  the  ashpit  equals 

A A_  C  X  A 

lOU  —  C       100  ~  100  (100  —  C) 

where 

A  =  Percentage  of  ash  in  the  dry  coal ; 
C  =  Percentage  of  carbon  in  the  ashes 
The  number  of  B.t.u.  lost  per  pound  of  dry  coal  equals 

100  (100  —  C) 

For  example,  assume  20  per  cent,  as  the  standard  for 
carbon  in  the  ash.  AVith  a  coal  containing  G  per  cent. 
of  ash  and  having  a  heat  value  of  14.600  B.t.u.  per  lb., 
the  heat  lost  per  pound  of  dry  coal  fired  equals 

14,600  X  20  X  6  _  219  p  /  ,, 
100  (100  —  -20)    -  ^^^  ^•^•"' 

and  the  percentage  loss  equals 

219  X  100       ^   _  , 

-— ^- —  =1.5  per  cent. 

14,000  ^ 

With  12  per  cent,  ash,  the  loss  equals  438  B.t.u.  and 
the  percentage  is  3. 
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Besides  fixed  carbon,  tlie  refuse  iisually  contains  a 
small  amount  of  volatile  matter  which  can  be  neglected 
in  ordinary  calculations.  The  loss  due  to  sensible  heat 
in  the  red-liot  ashes  is  almost  negligible,  being  less  than 
0.5  per  cent,  with  coals  of  less  than  15  per  cent.  ash. 

Moisture  in  the  Coal 

Water  in  coal  must  be  evaporated  and  superheated  to 
the  flue  temperature  at  atmos])heric  pressure.  Thus,  heat 
must  be  rejected  to  the  chimney,  and  hence  moisture  in 

1000 
900 


3  400 
£  500 

■-  200 
o   100 


J50       400        4E.0  500        5&0         600        650        TOO 

Flue  Tempera+ure,  Deg.  Fahr. 
Pow&R.  Room  Tempera+ure  80°  F. 

Fig.  2.     Loss  Due  to  Moisture  in   Coal 

coal,   in  addition  to  being  a   dead   weight,   is  an  active 
heat  waster. 

The  B.t.U.  lost  \wv  pound  of  di-y  coal  equals 
M  X  jR  —  t  +  33) 
100  —  i¥ 
where 

M  =  Percentage   of   moistui-e    in    the   coal    as   fired 
multiplied  by  100  and  divided  by  the  differ- 
ence   between    100    and    the    percentage    of 
moisture; 
//  =  Total   heat   in    1   lb.    of   steam    at   atmospheric 
pressure    and    the    temperature    of    the    flue 
gases ; 
t  =  Room  temperature. 
For  illustration,  assume  a  coal  of  14,000  B.t.u.    (dry 
basis),  4  per  cent,  moisture,  80  deg.  room  temperature 
and  500  deg.  stack  temperature.     The  heat  loss  would  be 
4.2  (1285  -  80  +  32)  _  ,  ,    „  ,  ,,^ 

100  -  4.2 -  ^^  ''■^■"- 

Fig.  3  shows  llie  loss  due  to  moisture.  The  percent- 
age of  loss  is  usually  insignificant,  being  for  the  case 
given 

54  X  100 
14,000" 

Influence  oe  Hydi.'ocen  in  Coal 
A  pound  of  hydrogen  burned  in  an  inclosed  calorimeter 
will  produce  62,000  B.t.u.  Therefore,  other  things  being 
equal,  the  richer  the  coal  is  in  hydrogen,  the  higher  its 
heat  value.  In  a  bomb  calorimeter,  the  water  which  re- 
sults from  the  burning  of  the  hydrogen  with  oxygen  is 
condensed  and  its  latent  heat  thus  given  up  is  credited 
ito  the  coal;  but  in  an  open  furnace,  this  heat,  together 
W'ith  that  requii'ed  for  su]ierlieating  from  the  tempera- 
[ture  due  to  atmospheric  pressure  to  the  flue  temperature, 
s  wasted.  Therefore,  to  estimate  the  true  available  lieat 
>f  the  coal,  a  deduction,  depending  upon  the  percentage 
i)f  hydrogen,  should  bo  made  from  the  calorimeter  value. 


=  38.5  ])pr  cf'iif. 


When  a  pound  of  hydrogen  burns,  9  lb.  of  water  is 
formed.  Therefore,  when  a  pound  of  hydrogen  burns, 
the  heat  necessary  to  evaporate  superheat,  9  lb.  of  water 
is  lost  to  the  stack.  This  loss  in  B.t.u.  per  pound  of  dry 
coal  equals 

9  X  HiJ  XjH  ~t  +  32) 
100 

where  II y  =  Percentage  of  hydrogen  in  the  dry  coal ; 
H  and  t  =  Same  as  before. 

For  illustration,  assume  a  coal  of  14,000  B.t.u.,  con- 
taining 5  per  cent,  hydrogen,  a  room  temperature  of  80 
deg.  and  a  stack  temperature  of  500  deg.  The  loss  per 
pound  of  dry  coal  equals 

9  X5X  (1285-48)^^^^^^^^^ 

and  the  percentage  of  loss  equals 
557  X  100       , 
14,000      =-^^^^^^»^- 

It  will  appear  from  the  foregoing  that  a  comparison 
on  a  straight  B.t.u.  basis  of  calorimeter  values  between 
an  anthracite  containing  2  per  cent,  of  hydrogen  and  a 


1500 
1200 
§1100 
>1000 
^900 
fe_800 
d'lOO 
■OgOO 

;;;5oo 

. 

- 

u 

M 

lit 

k7^nih^<^^'°Y 

1 



^ 

1- 

■— 

— 

— " 

— 

lOPerCen 

, 



. — 

— 

— 

— 

— 

" 

— 

8  ^er  Cent. 

^ 



— 1 

— 

— 

6  Per  Cent. 





_\ 

— t— 

_ 

__ 

_ 

__ 

_ 

_ 

_ 

.3400 
JOO 

?on 

^^ 

~ 

~4 

Per  Cent— 

— 

— 

— 

— 

— 

— 

_J 

__ 

—- 

Z  Per  Cent 

m r — 1 ' 

— 

— 

— 

— 

— 

— 

— 

450        500        550        600        660 
Flue  Tempera+ure,  Deg,  Fahr. 
Room  Tempera+ure  80°F. 


700 


750       BOO 


Fig.  3.     Loss  Due  to  Hydrogen  in  Coal 

bituminous  coal   containing   5   per  cent,   of  hydrogen  is 
erroneous. 

Fig.  3  shows  the  loss  due  to  hydrogen  in  different  per- 
centages. It  is,  moreover,  entirely  possible  for  several 
coals  to  show  the  same  value  in  the  calorimeter  and  yet 
differ  as  much  as  3  or  4  per  cent,  in  actual  commercial 
value  as  steam  ])r()ducers. 

W. 

A  General-l'tility  Machine,  says  "Popular  Mechanics"  for 
office  buildings,  apartment  iiouses,  and  small  shops  is  now  on 
the  market,  which  is  so  adapted  that  its  uses  are  manifold. 
Seventy-seven  tools,  so  the  manufacturers  say,  may  be  oper- 
ated by  this  one  handy  contrivance.  A  friction-drive  handle 
with  flexible  shaft  attached  to  %-  or  %-hp.  motor,  give* 
f>  Rpeed  of  from  1650  to  2700  r.p.m. 


Chalk  Ilriquettes  as  Fuel  in  Kn^lanil — The  Leeds  briquette 
works  at  Hunslet  has  recently  been  making- experiments  to  de- 
termine the  possibility  of  the  use  of  chalk  briquettes  for  fuel. 
It  is  said  that  the  company  is  able  to  obtain  its  chalk  in  the 
south  of  England  at  a  cost  of  from  14  to  25e.  per  ton,  and 
that  it  is  proposed  to  sell  it  in  briquette  form  at  from  $3.75 
to  $5  per  ton.  The  briquettes  are  5  in.  long.  4  in.  wide  and  2% 
in.  thick.  It  is  claimed  that  they  burn  with  little  or  no 
smudge,  with  an  exceedingly  small  amount  of  ash,  and  that 
they  give  off  from  40  to  50  per  cent,  less  smoke  than  coal.  If 
the  idea  should  prove  as  successful  as  seems  posible  from  the 
foregoing  it  will  be  a  large  step  toward  the  solution  of  the 
smok(!    problem. 


706 


I'O  W  K  l{ 


Vol.  :tl),  No.  20 


.ef^E  Bonfleir  Ta 


AI.I.OWAHLK  LOADS  ON  STANM)Altl)  WItOt  (iH  r  lUON   HiM.ls  III  III)  WITH   NIJiHJ-OK  NAItlOlH  HAI'K  STUIOSSKH 
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ALLOWABLE  LOAD.S  ON  .STAYBOLT.s.   12  THREADS  PEH   INCH.  FOR  VARIOU.S   .SAFE    STRESSES    I'EH    SCilAUE    INCH 


Top 
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0  0057 
0  (10S2 
0  7307 
0  7',)32 

0  s-,r,7 

0.0182 

0  9807 

1  0432 
1    1057 


Area 
at  Hoot 
0  288 
0  351 
0  410 
0.494 
0.575 


0000 
1729 
20  U) 
2514 
2904 
3454 
3972 
4530 
5130 
5760 
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Use 


l).-)00 
1872 
2282 
2724 
3211 
3738 
4303 
4908 
5558 
0240 
I'se  7000 


7000 
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2457 
2933 
34.58 
4025 
4035 
.5285 
,")985 
0720 
lb.  Mas 


7.">l)ll 
2100 
2G32 
3142 
3705 
4313 
4905 
5003 
0413 
7200 
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Top 
It 

It 
1ft 
IJ 

1? 

!iii(l  Ohi 


Diameter 
Root 
1 . 1082 
1 .  2307 
1  2932 
1. 3.5.57 
1.4182 
1.4807 
1 .  .5432 
1 . 0057 
1 . 0082 


Area 
at  Root 
1.072 
1.190 
1.313 
1.444 
1 .  579 
1.721 
1 .  870 
2.024 


0,000 
0,432 
7,140 
7,878 
8,004 
0,474 
10,:>2fl 
1 1 ,220 
12,144 


0,,500 
0,908 
7,735 
8,.535 
0..380 
10,203 
11,180 
12,1.55 
13,1.50 


7,(XX) 
7,.V)4 
8.330 
0,191 
10.108 
11,053 
12.047 
13.090 
14.108 


0.(i62 

0.755 

0  855 

0.900  5760  0240  0720  7200  IJJ  1.0082  2.185 

0000  lb.  U.S.G.  Indiana  and  ChicaRo. 
7500  lb.  for  Philadclpliia,  Pa. 

ALLOWABLE  PRESSURES  PER  SQUARE  INCH  FOR  STAYHOLTED  FLAT  PLATES  OF  VARYING  PITCH  AND  THICKNESS 
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Use  0.500  lb.  Massachusetts  and  Ohio  under  IJ  in. 
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Table  calculated  from  Massachusetts  formula,  P   = 
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222  208  195  184 
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n  Pitch  in  Inches 
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148   140   134   127  121    116   111    106   102 

187   178   109   101    1,54    147   141    135   129   124  119  114  110  100 

220  209   199   190  182   174    100  1.59   1.53  147  141  130  131    120  122   117  113 

220  210  201    193   185  178  171  104  1.58   1.53   147   142   137 


— — ,  in  wliicli    I'  =  lb.  per  sq.in.  S   =  max.  pitch,   t    =    thickness  in  lOth.s.  60  =   constant. 

EFFICIENCIES  OF  DOUBLE  RIVETED  LAP  JOINTS 
Tensile  Strength    =  55.000  Lb.  per  Sq.In.   Shearing  Strength    of    Rivets   =  42,000  Lb.  per  .Sq.In. 
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45.7 
38.4 


ft 
60.0 
02.5 
05.0 
07.5 
70.0 
72.5 
61.9 
64.3 
66.7 
69.1 
71.5 
69.2 
63.7 
65.8 
68.2 
70.5 
72.7 
66.1 
65.2 
67.4 
69.5 
71.7 


70.3 
72.2 


53.4 
44.8 


} 
60.0 
62.5 
65.0 
67.5 
70.0 
72.5 
61.9 
64.3 
66.7 
69.1 
71.5 
73.9 
63.7 
65.8 
68.2 
70.5 
72.7 
75.0 
65.2 
67.4 
69.5 
71.7 
73.9 
76.1 


I 


70.3 
72.2 
74.1 
75.1 
64.0 
53.7 


Plate  Failures 


71.5 
68.9 
60.0 
51.7 
44.1 
37  0 


71.5 
73.3 
70.0 
60.4 


71.5 
73.3 
75.0 
72.5 


70  a 
72.2 
74.1 
76.1 
77.7 
67.2 


71.5 
73.3 
75.0 
76.8 
77  1 
64.8 


Courtesy  of  the  Boiler  Inspection  Department  of  the  Fidelity  d-  Casualty  Company  of  New  York 
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By    CllAULIO.S    L.    HlBBAHl) 


The  first  step  in  the  consideration  of  any  system  oi' 
wanning,  whatever  its  type,  is  to  determine  the  heat  loss 
from  each  room  in  B.t.u.  per  hour.  This  depends  upon 
the  character  and  extent  of  the  exposed  surface,  the  dif- 
ference between  the  inside  and  outside  temperatures,  and 
the  points  of  the  compass. 

Tlie  buildings  considered  in  tlie  present  article  may  be 
included  in  four  general  classes,  according  to  their  con- 
struction and  heat  requirements.  Class  1  includes  office 
and  municipal  buildings,  hotels,  hospitals,  theaters, 
schools,  loft  buildings,  etc.,  where  the  walls  are  con- 
structed of  brick  or  stone  with  an  inside  furring  of  lath 
and  plaster,  and  in  which  a  normal  temperature  of  TO 
deg.  is  desired. 

Class  2  includes  shops  and  factories  of  Ijrick  or  con- 
crete, without  furring,  usually  several  stories  in  height, 
and  also  requiring  a  temperature  of  70  deg. 

Class  3  includes  shops  of  modern  design  having  walls 
of  brick  or  concrete  and  thin  roofs  of  different  construc- 
tion.   Buildings  of  this  type  are  usually  heated  to  GO  deg. 

Class  4  includes  foundries,  boiler  and  forge  shops,  etc., 
covered  entirely,  or  in  part,  with  corrugated  iron,  and 
heated  to  50  deg. 

These  different  classes  of  buildings  will  now  be  taken 
up  in  order,  with  tables  and  data  tor  computing  the  heat 
loss  from  each  within  the  usual  range  of  conditions. 

Class  1.  For  buildings  in  this  class,  the  following  data 
may  be  used: 

TABLE    1.     (WALL   SURFACE).     HEAT    LOSS    IN    B.T.U.    PER   SQ.FT. 
OF  SURFACE  PER  HR.  FOR  A  TEMPERATURE  DIFFERENCE  OF 
70  DEGREES 


Solid  Brick  Wall  with  Lath  and  Plaster 

Furrinp  and  Air  Space 

Heat  L 

xss  in  B.t.u 

8-in.  brick 

18 

12-in.  brick 

16.5 

IG-in.  brick 

15 

20-in.  brick 

12.5 

24-in.  brick 

11 

28-in.  brick 

10 

For  brick  walls  with  sandstone  face,  4  to  8  in.  in 
thickness,  j)lastered  inside,  but  without  furring  or  air 
space,  multiply  the  factors  in  Table  1  by  1.3.  For  stone 
walls  instead  of  brick,  multiply  the  factors  in  the  table 
by  1.3. 

TABLE  2.     (GLASS  SURJ-ACE).     HEAT  LOSS  IN  B.T.U.  PER  SQ.FT.  OF 
SURFACE   PER   HR.    FOR   A   TEMPERATURE    DIFFERENCE   OF 
70  DEGREES 
Character  of  Surface  Heat  Loss  in  B.t.u. 

Sincrle  sash 84 

Double  sash 42 

SinKle  skvliKht 91 

Double  skylight 46 

For  other  temperature  differences  than  70  deg.,  multi- 
]»lv  the  factors  in  Tables  1  and  2  by  the  following:  For  50 
i1.-.  multiply  by  0.71;  60,  0.86:  70,  1;  80,  1.14;  90. 
l.:;(). 

In  addition  to  the  heat  loss  by  transmission  there  is 
also  a  certain  amount  due  to  leakage,  depending  upon  the 
tightness  of  the  building  construction,  especially  around 
doors  and  windows.  This  may  be  provided  for  in  the 
nvoiage  well  built  structure  by  multiplying  the  transmis- 
sion loss  by  1.8.  For  public  rooms,  where  there  is  a  good 
deal  of  passing  in  and  out,  it  will  be  necessary  to  use  a 
larger  factor,  depending  upon  local  conditions.     Tn  main 


lobl)ies  and  similar  rooms,  a  factor  of  1.5  to  2  is  often 
required. 

Corrections  for  different  points  of  the  compass  should 
be  made  as  follows:  For  north  exposure,  multiply  by 
1.3;  east,  1.1;  south,  1  ;  west,  1.2. 

In  rooms  of  considerable  height,  the  lieat  loss  is  in- 
creased on  account  of  the  higher  mean  temperature  and 
the  more  rapid  circulation  of  the  air  over  the  cool  sur- 
faces. This  amounts  to  about  2  per  cent,  for  each  addi- 
tional foot  ahnxQ  12  ft.  in  height. 

Althougli  in  office  buildings  the  walls  are  reduced  in 
thickness  on  the  upper  floors,  it  is  not  usually  necessary 
to  enlarge  the  radiators  on  this  account,  because  the  warm 
air,  rising,  is  generally  sufficient  to  offset  any  increase 
in  heat  transmission  due  to  this  cause.  For  very  tall 
buildings,  however,  where  the  upper  floors  are  more  ex- 
posed to  the  wind,  it  may  be  necessary  to  allow  for  the 
thinning  of  the  walls  and  also  increase  the  factor  for 
leakage. 

When  there  is  a  low  attic  or  roof  space  in  which  steam 
pipes  are  carried,  no  additional  radiation  is  required  to 
offset  a  cold  ceiling  on  the  upper  story.  In  case  of  a  roof 
space  without  steam  pipes,  increase  the  radiation  about 
15  per  ceht.  When  there  is  a  solid  roof,  without  air 
space,  use  the  factor  from  Tables  4  or  6,  which  corre- 
sponds most  nearly  to  the  actual  conditions. 

Example  :  A  room  in  an  office  building  has  a  wall 
ex])osure  of  450  sq.ft.  and  a  glass  exposure  of  100  sq.ft. 
The  walls  consist  of  8  in.  of  brick,  with  sandstone  facing, 
plastered  on  the  inside.  The  windows  have  single  sashes, 
and  the  exposure  is  east.  What  will  be  the  total  heat 
loss  per  hour  for  a  temperature  difference  of  70  deg.? 

Factor  for  wall,  18  X  1  3    =    23.4 
Factor  for  window  =    84 

Factor  for  leakage  =      1.2 

Factor  for  exposure  =1.1 

from  which  the  total  heat  loss  is  found  to  I)e 

[(450  X  23.4)  +  (100  X  84)1  X  1-2  X  1-1  = 

24,987  B.t.v. 

Class  2.     Buildings  of  this  type  are  usually  of  solid 

brick  or  of  concrete,  without  insulating  finish  of  any  kind 

upon  the  inside  walls,  except  in  special  rooms,  such  as 

ofTices,  drafting  rooms,  etc. 

TABLE  3.     (WALL  SURFACE).     HEAT  LOSS  IN  B.T.U.  PER  SQ.FT.  OF 
SURFACE  PER  HR.  FOR  A  TEMPERATURE  DIFFERENCE  OF  70  DEG. 

Heat  Loss  in  B.t.u, 

Solid  walls,    8-in.  hrick 31 

12-in.  brick 22 

10-in.  brick 18 

20-in.  brick 15 

24-in.  brick 14 

For  reinforced  concrete,  multiply  the  factors  in  Table 
3  liy  1.3.  For  ordinary  wooden  construction,  with  paper 
and  clapboards  on  the  outside  and  lath  and  plaster  on  the 
inside,  use  a  factor  of  21  for  a  temperature  difference 
of  70  deg.  For  roof  construction  of  different  kinds,  use 
Table  4. 

TABLE  4.       (ROOF  SURFACE).     HEAT  LOSS  IN  B.T.U.  PER  SQ.FT.  OF 

SURFACE  PEirHR.  FOR  A  TEMPERATURE  DIFFERENCE  OF  70  DEG. 

Roof  Construction  Heat  Loss  in  B.t.u. 

Slate  on  matched  boards 21 

Iron  on  matched  boards 12 

8-in.  hollow  tile,  1-in.  concrete,  tar  and  gravel 28 

G-in,  concrete,  cinder  fill,  tar  and  gravel 38 
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V'dl.  ;i!»,  No.  v'(» 


For  window   siiifiui',  hcc  ThI)!!'  '.'. 

Willi  wooden  mislics  llic  I'luinr  I'nr  lcid\a;,'c  iiiii\  lie 
(iikiMi  as  l.',\,  wliilr  lor  iron  Siislics.  wliuli  ;iic  mutli 
lif,'lilcr.  it  imiy  iu'  reduced  lo  i.H'. 

1m  sliops  and  I'aeloi'ies  where  tlie  lloors  are  undivided 
l)V  parlilions.  and  llie  walls  exposed  lo  all  I'onr  points  of 
tlie  compass,  a  factor  of  I. Id  niav  l)e  used  when  enrreel- 
inj;  Tor  exposure. 

For  oilier  leniperatiire  dilVereiuis  liian  ^d  lie;,'..  use 
the  factors  jriven  under  Class   1. 

Class  ;i.  The  eoiidilioiis  here  :'ic  iiiuch  the  same  as  in 
Class  V*,  except  that  tin'  entire  liiiildin^  is  treated  as  a 
sinjzli'  roi'in  and  a  Inwi'i-  inside  Icniperaturc  is  inaiii- 
lained. 

TAni.i; :.     iwai.i,  .si'ukaci:)     ni,\  r  i.o.ss  in  h.t.u.  i»ku  sq  kt.  ok 
srnFACK  i'i:n  hk.  von  a  ■ri;Mi'i:n  \  rruK  dikkkuknck  ov  vm  dicc; 

Hent  Lous  in  B.t.u. 

Solid  w:ill»,     -J-iii.  brick  40 

8-in.  brick  20 

e.'-in    brick  19 

Ill-ill    brick  1<> 

l-'or   |-einf(ireed  concrete,   iiiulliply    tiic   Factors   in   Taljle 

T)  hv  1.:?. 

TABLE  6.     (KOOF  SURFACE).     HEAT  LOSS  IN  JITU.  PER  SQ.FT.  OF 

SURFACE  PER  HR.  FOR  A  TEMPERATURE  DIFFERENCE  OF  00  DEO 

Roof  Construction  Heat  Loss  in  B.t.u. 

Patent  roof  (tar  and  gravel) 18 

ti-in.  hollow  tile.  2-in.  concrete,  tar  and  uravel 22 

4-in.  concrete,  cinder  fill,  tar  and  itravcj 36 

Unlined  mcliil  '° 

For  tile  and  ooncrete  floors  on  earth,  use  a  transmission 
factor  of  ti   lor  ordinary  conditions. 


I''<ir  Hiiif^de  wiiidowH,  and  n  teinporatiire  diirerencc  nf 
•  111  dej;.,  use  a  IranHinisKion  factor  of  1^. 

Ijcaka;,'!'  may  ht?  treated  the  same  as  in  ('lass  v,  iisin;.' 
the  faclors  !.:{  and  1.1  for  wooden  and  iron  hiibIi,  rcHpec- 
livcly. 

The  factor  for  exposure  may  !»•  taken  as  l.Hi.  considcr- 
iiifi;  the  whole  hiiildiiifj  as  a  Hin^flc  room. 

Class  J).  Miiildiiif^s  of  this  type  ar(>  conlined  chiefly  to 
foundries,  holler  shops,  forfjc  shops,  etc.,  where  the  nor- 
mal inside  temperature  may  he  comparatively  low.  Tests 
siinw  that  tlie  t  ransniissiDii  losses  throngli  iinlin(!(l  cor- 
iii^'aled  metal  ai-e  nearly  the  same  as  for  a  sinjrle  window, 
and  lui-  all  practical  purposes  no  distinction  need  hfi  made 
lietwceii  the  walls,  wimlows  or  roof  in  hiiildinj^s  of  this 
kind. 

Takinj,'  the  t  lansmission  factor  as  (if)  for  a  temperature 
difference  of  -"id   dcfi;.,  and    multiplyinff  hy   1.1?  and    1.1' 
for  leaka^'e  and  exposure,  respect ivelv,  </wiiS  a  total  h. 
of 

r>r,  X  1-'5  X  l.in  =  !»«.n2  B.l.u.  | 

per  s(|iiare  foot  of  <jross  area  ])er  hour.  To  this  should  he 
added  a  transmission  of  ahout  '>  H.t.u.  jx-r  scpiare  foot 
of  floor  area. 

Tn  o;eneral,  a  heat  loss  of  1<i()  IJ.t.ii.  |)er  s(piare  foot 
of  <rross  wall  and  roof  area  will  .safely  cover  all  ordinary 
conditions  where  the  outside  temperature  does  not  drop 
much  below  zero. 


Odldl  AiffiMmoin\m=C©inidleinis©3r  TfomlM© 
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By  a.  (i.  SoLo.Mox 


While  overliauling  an  ice  jjlant,  it  was  found  necessary 
to  do  some  work  on  the  hoiler-feed  pumps  and  heaters. 
While  this  was  being  done,  the  boilers  were  supplied  with 
cold  water  direct  from  the  pumps  that  were  used  to  cir- 
culate water  through  tlie  doul)le-i)ii)e  ammonia  con- 
densers. 

The  pipe  arrangement  is  shown  in  the  illustration.  The 
boiler-feed  pumps  discharged  into  a  manifold  from  which 
a  feed  line  extended  to  each  boiler,  and  the  feed  valves 
were  so  placed  as  to  be  easily  reached.  To  make  a  neat 
job  the  cold-water  line  was  connected  into  the  manifold 
and  extended  upward  as  did  the  feed  lines  to  the  boilers. 
The  other  end  of  this  line  was  connected  close  to  the  pipe 
that  supplied  water  to  the  ammonia  condenser.  A  valve 
was  placed  at  each  end  of  this  temporary  feed  line,  that  at 
the  manifold  being  located  in  the  sajne  relative  position 
as  was  the  regular  boiler-feed  valves. 

During  the  time  this  temporary  line  was  in  use,  the 
ice  machines  were  not  needed,  so  the  line  answered  the 
purpose,  as  the  condenser  pumps  were  designed  for  high- 
pressure  service  and  they  easily  pumped  into  the  boilers. 
^^^len  we  were  ready  to  use  the  regular  feed  pumps  and 
heater  again,  we  shut  the  valves  .1  and  B,  and  fed  through 
the  other  feed  lines. 

One  day  the  condenser  pressure  began  to  rise  in  jumps. 
One  ice  machine  was  immediately  shut  doAvn,  but  still 
the  pressure  increased.  The  other  machine  was  stopped, 
but  the  pressure  remained  much  above  where  it  should 
be;  in  fact,  it  kept  slowlv  going  still  higher.  To  relieve 
the  condenser,  the  expansion  valves  on  the  ice  tanks  were 


o])ened    wide   and    the   ammonia   allowed   to  go   into   ihe 
coils. 

What  had  caused  the  sudden  raise  of  pressure  puzzled 
all.  On  going  outside  to  the  condenser  it  was  found  that 
the  coils  were  hot.  Then  the  fireman  located  the  trouble. 
He  had  opened  the  valve  on  the  cold-water  line  at  the 
manifold  by  mistake  and  we  found  that  the  valve  on  the 
other  end  of  this  line  had  become  open  a  few  turns  by 
the  jar  set  up  by  the  pumps.  After  closing  both  val\'  - 
tight  we  started  one  of  the  ice  machines.     During  the 


4i_|- 

-^     *'From  Feed  Pumps 
COXXECTION   BETWEEN-    FeED   AXD   AmMOXIA    CoXDEXSER 

Maixs 

time  that  the  condenser  pressure  was  high  and  the  ex- 
pansion valves  were  open,  much  liquid  got  into  the  coils 
in  the  ice  tanks.  It  took  over  an  hour  of  "pumping 
down,"  with  the  machine  running  slowly  to  get  rid  of  the 
liquid  and  allow  of  starting  the  other  machine.  The 
cold-water  feed  line  was  disconnected  at  a  union  and 
the  two  ends  left  open. 
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Consideriiif,^  tlic  anumiit  of  pipe  work,  ospc>cially  for 
steam,  tliat  has  been  done  since  liigh  pressures  become 
common,  one  wonders  at  tlie  large  number  of  accidents 
^till  occurring  yearly,  due  to  defective  work.  Enough 
has  been  said  in  the  engineering  press,  and  discussion 
iimong  engineers  lias  been  sufficiently  widespread,  to  in- 
sure that  all  interested  may  obtain  adequate  and  trust- 
worthy information  relative  to  the  proper  arrangement 
for  piping  for  varioiis  conditions.  With  all  the  recorded 
information  available,  however,  there  is  much  piping  so 
put  up  as  to  be  dangerous.  It  is  certain,  therefore,  that 
it  is  the  human  element  which  is  at  fault  in  this  as  in  so 
many  other  channels  of  effort. 

The  most  common  defect  is  improper  provision  for 
draining  the  lines  of  condensate.  It  is  fortunate  that  a 
poorly  designed  piping  layout  may  be  made  safe  usually 
if  one  will  take  the  trouhle  to  put  in  enough  drain  lines, 
place  them  where  they  belong,  and  provide  reliable  traps. 

Just  as  a  proper  conditiou  of  arteries  of  the  body  is 
essential  to  the  health  and  even  the  life  of  living  beings. 
so,  too,  must  the  power-plant  arteries  be  right  for  the 
sake  of  the  safety  of  the  equipment  and  those  who  care 
fur  it. 

Make  the  piping  right ;  it  pays. 


)tuinmaim^  S®1 


)Siil    WIl 


During  recent  years  there  has  been  a  great  deal  of  agi- 
iation  over  the  question  of  smoke  in  the  larger  cities  of 
the  country.  Ordinances  have  been  passed  and  enforced 
to  a  degree  permitted  by  the  slow  working  of  the  courts. 
Campaigns  of  education  have  been  started  and  in  most 
;ises  have  done  more  good  than  the  fines  imposed,  as 
iliose  violating  the  ordinances  were  shown  how  to  eradi- 
( ate  the  evil  and  to  use  firing  methods  conducive  to 
smokeless  operation.  Progress  has  necessarily  been  slow, 
as  each  installation  formed  an  individual  problem  which 
had  to  be  solved  under  the  conditions  existing. 

To  more  successfully  reduce  the  smoke  nuisance,  de- 
partures from  staiulard  furnaces  were  made.  The  results 
were  carefully  watched  and  improvements  effected  rmtil 
lew  designs  were  evolved,  which  may  appear  radical  to 
.he  conservative  observer.  For  different  kinds  of  fuel, 
varying  rates  of  combiistion  and  distinctive  types  of 
boiler,  the  modifications  are  many  and  have  necessitated 
much  original  work  and  close  observation  by  the  per- 
sonnel of  the  various  smoke  departments. 

Chicago  has  been  a  leader  in  this  new  work.  At  one 
time  it  produced  enormous  quantities  of  heavy,  black 
rmoke,  and  more  soot  to  the  square  foot  than  any  other 
city  in  the  country,  with  perhaps  one  or  two  exceptions. 
This  was  due  to  the  improper  burning  of  a  fuel  which, 
for  the  most  part.,  was  bituminous  coal  of  a  highly  volatile 
(haracter.      Due  to  the  large  number  of   railroads   and 


other  causes,  the  coiulitions  arc  not  yet  ideal,  but  they  are 
greatly  improved. 

During  the  past  seven  years  the  Chicago  Smoke  De- 
partment has  had  a  corps  of  mechanical  engineering  ex- 
perts engaged  in  the  practical  work  of  smoke  supjiression 
and  it  has  collected  an  enormous  amount  of  data.  Start- 
ing with  the  last  issue,  the  results  of  this  work  are  to  be 
given  in  Power  in  a  long  series  of  articles  written  by 
the  chief  smoke  inspector.  It  will  he  his  endeavor  to  pre- 
sent the  material  in  a  simple  manner,  showing  good  prac- 
tice in  funiace  design  and  in  methods  of  burning  from 
the  standpoint  of  actual  experience  in  the  field. 

While  the  average  consulting  engineer  may  have  de- 
tails of  a  half-do/en  boiler  plants  in  his  office  in  a 
year,  the  Chicago  Department  of  Smoke  Inspection  in 
the  same  period  passes  on  upward  of  five  hundred  dis- 
tinct plants,  aggregating  from  one  thousand  to  one 
thousand  two  hundred  separate  boilers.  These  installa- 
tions, when  completed,  operate  under  the  eyes  of  the  me- 
chanical engineers  in  the  department  and  valuable  experi- 
ence is  thereby  collected,  showing  what  a  steam  plant  will 
do  in  actual  service. 

The  series  starts  with  an  analysis  of  the  gas  passes, 
grate  surface,  damper  areas,  breeching  areas  and  stack 
height  and  section  in  relation  to  the  best  practice  from 
the  standpoint  of  smokeless  operation.  After  these  sub- 
jects have  been  covered,  the  actual  designs  of  furnace 
will  be  taken  up,  commencing  with  hand-fired  furnaces 
and  horizontal  return-tubular  boilers.  Hand-fired  fur- 
nace development  will  be  outlined  with  special  reference 
to  the  burning  of  Illinois  bituminous  coals,  and  the  rea- 
sons for  the  final  adoption  of  the  furnaces  now  in  vogue 
will  be  considered.  Iland-fired  furnaces  in  connection 
with  water-tube  boilers  for  burning  coal  or  mixed  fuels, 
such  as  wood  refuse  and  sawdust,  will  then  be  given 
attention. 

Stokers  for  different  types  of  boiler  will  be  discussed 
and  working  drawings  shown  of  actual  settings  known 
to  be  successful.  The  series  will  continue  with  the  con- 
sideration of  mechanical  stokers  alphabetically,  com- 
mencing with  the  chain  grate.  The  articles  will  deal  with 
all  kinds  of  boilers  on  the  American  market  and  show  how 
the  different  types  of  stoker  can  be  made  to  give  satis- 
factory results.  Most  of  tho  illustrations  will  be  worl:- 
ing  drawings,  indicating  how  each  setting  was  installed, 
and  the  selection  of  the  different  types  of  setting  will  be 
from  those  most  successful  under  the  observation  of  the 
author.  In  this  way  a  large  number  of  smokeless  set- 
tings will  be  shown,  so  that  the  series  should  be  of  great 
value  to  the  consulting  engineer,  the  operating  engineer 
and  the  fireman. 

A  large  part  of  the  smoke  inspector's  work  is  to  clean 
up  existing  settings  installed  under  adverse  conditions, 
such  as  low  headroom,  small  floor  space  and  the  limits  to 
excavation  due  to  floating  foundations  and  the  inadvis- 
ability  of  going  below  the  sewer  level.  A  special  series 
will  be  devoted  to  many  installations  made  successful  un- 
der these  adverse  conditions. 
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riic  man  in  tl;  •  plant  slioiiltl  kimw  Imw  to  Imni  his 
fuel  siiiiiki'lc-slv,  what  (vjic  of  liaml-lirctl  furnace  or 
.sidkrr  is  Ill's!  aila|)ti'il  to  his  work.  Iiow  tiu;  hoilcr  slioiild 
lie  liallK'd.  llu>  |iro])cr  ilral't  lor  (lilTcnMit  rates  of  enni- 
l)iisti(iM.  tlie  lu'st  type  of  (lani|>er  mihI  wIktc  to  locate  i1. 
anil  nian.v  other  tiiiMj,'s  which  will  cnalile  him  to  opeiate 
his  hoilers  to  the  hest.  advantap'  ami  without,  smoke. 
When  the  fnol  is  hitiiininous  coal  or  wood  refuse,  this 
series  will  {jive  this  information.  'I'lie  troatment  is  sim- 
ple and  direct  and  not  over  the  head  of  the  avora<re  lire- 
nujii.  Tiic  eonihined  work  of  a  pro<rrossivo  department 
eovorinj;  a  jioriod  of  seven  years  should  ho  worth  a  {rroat 
deal.  It  will  i)ay  to  follow  the  series  ('osely  and  give 
everv  article  the  attention  it  deserves. 


ioflEea' 


lioili  Canada  and  the  I'nitctl  States  are  giving  increas- 
ing attention  to  regulations  governing  the  construction  of 
steam  hoilers.  The  comparison  of  the  standards  put  for- 
ward hy  the  Canadian  jirovinces  and  hy  Massachusetts, 
the  latter  as  representing  the  hest  of  our  practice,  hegin- 
i.ing  on  page  (598,  of  this  issue,  will  he  found  especially 
interesting  and  instructive.  Analytical  study  to  deter- 
mine the  hest  of  the  existing  laws  as  models  for  future 
legislation  may  he  made  with  jirofit  hy  such  of  the  states 
as  have  yet  to  enact  stat\ites  for  safer  holier  operation. 

Some  important  dilTerences  in  the  requirements  im- 
])osed  hy  the  Canadian  ])rovinces  and  hv  Mas.sachusetts 
deserve  further  comment.  First,  with  regard  to  the  ap- 
proval of  designs,  nu)re  might  l)e  said  concerning  the  Ca- 
nadian ])ractice  of  approving  tlie  design  in  advance  of 
construction,  instead  of  leaving  the  manufacturers  to  in- 
terpret the  rules  at  their  own  risk.  When  a  Canadian 
manufacturer  has  ohtained  the  approval  and  registration 
of  a  design,  he  is  reasonahly  sure  that  his  completed  boiler 
will  ])ass  insjiection.  It  is  merely  incumbent  upon  him 
to  follow  faithfully  his  drawings  and  specifications  cov- 
ering both  the  design  and  the  workmanship.  On  the 
other  hand,  the  manufacturer  building  his  first  boiler  of 
any  given  type  for  use  in  Massachusetts,  must  wait  imtil 
its  completion  before  he  knows  that  it  is  acceptable.  It 
can  easily  be  seen  that  the  Canadian  procedure  is  likely 
to  save  loss  of  time  and  of  money  for  the  manufacturer. 

Mr.  Macdonald,  the  author  of  our  comparison,  makes 
the  ])oint  that  the  five-  or  ten-dollar  fee  charged  for  ap- 
jiroving  and  registering  a  design  in  Canada  conduces  to 
standardizing  practice  to  fewer  designs.  We  should  hard- 
ly credit  the  size  of  the  fee  as  enough  to  have  much  in- 
fluence in  this  direction,  hut  we  do  believe  that  the 
trouble  and  time  and  other  expenses  involved  in  securing 
a  registration  will  have  a  tendency  to  avoid  a  multiplicity 
of  designs.  At  the  same  time,  the  Mas.sachusetts  practice 
may  have  an  even  greater  effect  of  the  knul,  for  a  boiler 
Imilder,  having  gone  through  the  experiment  of  learning 
what  form  of  design  when  finished  will  pass,  is  likely  to 
depart  as  little  from  it  as  possible  in  his  subsequent  prod- 
uct and  other  manufacturers  are  likely  to  imitate  .his  suc- 
cessful design. 

In  the  methods  of  stamping  and  identifying  we  should 
regard  the  form  required  by  Alberta,  Canada,  better  than 
that  of  Massachusetts,  in  that  it  gives  more  particulars. 
Simplicity  is  desirable  and  the  Massachusetts  marking 
niav  cover  the  es.sentials.  but  one  can  readily  conceive  of 


instances.  Iiowi-ver  few,  that  might  juHtify  (he  little  added 
elVorl  rc(|uireil  to  supply  the  c.Nlra  infoiination  given  on 
the  ('anailian  stamp.  l''or  one  thing,  the  recording  of 
the  grade  and  the  make  of  the  \>\nU:  imj)rcHses  the  makers 
of  both  th((  boiler  iiiul  the  plate  with  tlu!  need  of  using 
])roper  material.  'I'hc  ])late  maker  in  ])artic\ilar  feels  his 
responsibility  when  the  plate  is  identilied  as  his. 

We  indorse  that  |)rovision  in  Canada  of  a  stamp  "For 
Heating  Purposes  Only"  on  all  heating  lioilers.  Like  tin 
label  "For  F.xternal  V>n)  Only."  on  ])ackages  eontainiiij 
liniments  or  poisonous  drugs,  it  makes  it  a  clear  case 
of  attempted  suicide  to  misapply  tli<!  article  marked. 

As  to  the  dilfercnt  ways  of  determining  the  factor  of 
safety,  the  Canadian  way  may  be  more  thorough,  but  it 
is  also  more  conqdicated.  A  striving  for  such  scientific 
exactness  in  the  pres(ri))tion  for  the  factor  of  safety  when 
so  many  variable  factors  are  to  enter  later,  such  as  un- 
known defects  in  material,  individual  workmen's  dillVr- 
ences  in  workmanshi|)  and  indivirlual  insjx'ctors'  dilfcr 
cnces  in  judgment,  would  seem  futile.  It  strikes  us  as 
about  as  justifiable  as  weighing  the  coal  and  water  for  a 
boiler  test  to  fractions  of  an  ounce  when  the  condition  of 
the  (ire  and  the  level  of  the  water  in  the  boiler  at  the  be- 
ginning and  end  of  the  test  are  judged  by  the  eye.  In 
working  up  the  results  of  a  test  where  countless  errors 
can  enter  in,  the  (inal  figures  are  apt  to  he  as  accurate 
when  a  slide  rule  is  used  as  when  the  calculations  are 
all  carried  out  to  the  sixth  decimal  place. 

The  factor  of  safety,  or  "factor  of  ignorance,"  as  it  is 
sometimes  called,  is  a  guess  anyhow,  and  we  venture  that 
a  Yankee  can  guess  according  to  the  Massachusetts 
method  with  equal  closeness. 

Some  advantages  may  attend  the  u.se  of  rules  covering 
the  design  of  riveted  joints  to  the  greater  detail  followed 
in  Canada  than  in  Massachusetts.  It  tends  to  uniformity 
in  tlie  practice  of  different  manufacturers  and,  as  Mr. 
Macdonald  says,  "discourages  freak  joints."  We  are  not 
prejiared  to  admit,  however,  that  it  is  advisable  not  to  al- 
low the  manufacturer  enough  latitude  to  enjoy  the  fruit 
of  his  experience  by  employing  such  joints  as  he  has 
found  best  for  given  purposes.  Manufacturers  of  limited 
competence  will  be  protected  against  their  own  shortcom- 
ings by  the  Canadian  rules,  but  who  can  say  that  the  mak- 
ers of  rules  are  always  better  qualified  than  the  builders 
of  Ijoilers  to  know  what  is  right?  If  rules  are  drawn  up, 
as  thev  should  be,  in  conference  with  the  best  talent  in 
the  boiler-making  business,  and  the  recommendations 
of  the  latter  are  embodied,  they  will  be  sufficiently  com- 
prehensive. The  same  applies  whether  they  are  for  joints, 
stayed  surfaces,  cylindrical  shells  or  for  heads. 

Our  principal  concern  is  not  with  the  minutin?  of  the 
rules  and  regulations  governing  boiler  construction  as 
now  in  force  in  certain  of  the  provinces  and  states;  they 
can  work  out  their  own  salvation.  What  we  earnestly 
ask  is  that  more  provinces  and  more  states  will  adopt 
rules  of  some  kind.  Anything  is  better  than  nothing, 
and  too  many  commonwealths  have  no  boiler  laws. 

The  "Useful  Boiler  Tal)lcs"  on  page  70fi  were  com- 
piled by  and  for  the  Boiler  Inspection  Department  of  the 
Fidelity  &  Casualty  Company  of  Xew  York  to  which  we 
are  indebted  for  the  privilege  of  presenting  them  in  our 
pages.  While  primarily  for  the  convenience  of  boiler  in- 
spectors, thev  are  obviously  handy  for  any  one  having 
to  do  with  boilers. 
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QeMaiffi^    IPL©]p©  (lo    Top  ©f   S^s^cM 

In  \hv  Feb.  10  issue  a  letter  told  how  to  get  a  rope  over 
the  top  of  a  chimney".  It  reminds  nie  oT  a  simihir  job 
done  on  an  8()-ft.  steel  staek  preparatory  to  painting  it. 
There  was  no  pulley  on  top.  and  as  it  was  in  service  it 
was  impossible  for  the  painter  to  oet  up  tlirouoli  th<'  in- 
side. 

The  guy  ropes  wliich  held  the  stack  were  fastened  12 
ft.  below  the  top.  To  get  a  rope  to  the  top  of  the  stack 
the  following  means  were  adopted.  A  steel  cable  with  a 
shackle  at  one  end  was  put  completely  around  the  outside 
of  the  guy  ropes,  forming  a  circle.  The  loose  end  was 
passed  through  the  shackle  as  a  rope  passes  through  an 
eye.  To  the  shackle  a  pulley  block  having  a  long  rope 
attached  to  a  bosn's  chair  was  hooked.  By  pulling  on 
the  loose  end  of  the  shackle  rope,  that  rope  and  the  pulley 
were  pulled  up  over  the  guy  ropes  until  they  reached  the 
point  13  ft.  from  the  top  of  the  stack.  Then  the  loose 
end  was  made  fast  to  prevent  the  shackle  rope  from  slip- 
ping down  over  the  guys.  The  bosn's  chair  was  then 
hoisted,  the  painter  sitting  in  it  and  having  a  15-ft.  pole 
to  which  was  hooked  a  roped  pulley  block  having  a  hook 
which  the  painter  slipped  over  the  top  of  the  stack  with 
the  aid  of  the  pole.  The  bosn's  chair  was  then  made  fast 
to  the  second  rope  and  the  painting  of  the  stack  begun. 

W.  A.  CooiL. 

Ladvsmith,  B.  C,  Can. 


The  horizontal  return-tubuhir  boiler  is  the  most  widely 
used  in  the  United  States,  and  the  setting  usually  jjro- 
vided  is  about  the  same  in  general  design  in  all  sections 
of  the  country.  There  are  two  main  faults  generally  to 
be  found  with  the  setting  used  for  such  boilers,  the  first 
being  that  they  are  almost  always  set  too  low.  The  cause 
of  this  error  probably  originated  and  was  perpetuated 
owing  to  a  misconception  of  the  true  principles  involved 
in  efficient  furnace  performance  and  because  of  the  extra 
cost  involved  in  setting  such  boilers  high.  After  all  that 
has  been  said  about  the  theoi-etical  and  the  practical  re- 
quirements for  economical  furnace  perfornuince.  there 
are  few  uptodate  engineers  who  will  contend  that  the 
added  cost  to  the  boiler  setting,  and  possibly  the  boiler 
house,  required  to  set  boilers  a  sufficient  distance  above 
the  grate  to  procure  good  combustion,  is  not  warianted. 

Another  feature  which  is  usually  wrong  with  su(h 
boiler  settings  is  that  the  walls  are  nearly  always  built 
with  air  spaces  in  them.  Probably  no  water-tube  boiler 
today  has  its  setting  arranged  with  air  spaces  left  in 
the  walls,  because  their  settings  are  relatively  high,  and 
if  the  attempt  were  made  to  leave  air  spaces  in  such 
walls,  when  built  of  the  usual  thickness,  they  would 
probably  fail  in  use. 

Ko  one  lias  ever  advanced  a  reasonable  theory  for  the 
use  of  an  air  space  in  setting  walls,  but  there  are  manv 


good  reasons  why  they  should  not  be  iisc(l.  In  the  first 
place,  as  pointed  out,  they  weaken  I  lie  walls.  Another 
thing,  of  much  importance,  is  that  the  aii-  space  permits 
the  leakage  of  outside  air  to  the  furnace  and  the  com- 
bustion chamber.  Xo  engineer  would  think  of  covering 
a  steam  pipe  with  a  sheet-metal  tube  larger  than  the 
pipe  and  passing  air  through  the  annular  space  between 
the  two  to  prevent  radiation  losses.  Yet  this  is  prac- 
tically what  is  done  in  tlie  case  of  the  hoi-izontal  return- 
tubular  boiler  setting. 

The  "pull"  of  the  stack  produces  a  lowci-  nii-  pressure 
on  all  the  inner  surfaces  of  the  setting  than  tluit  exerted 
on  the  outer  surfaces.  This  causes  a  constant  leakage  of 
air  through  all  cracks  and  crevices,  and  even  through 
the  pores  of  the  brick,  and  an  air  space  in  the  wall  neces- 
sarily promotes  such  leakage. 

Some  builders  have  gone  so  far  as  to  leave  openings 
in  the  outer  walls  of  the  setting  and  at  the  top  of  the 
walls  to  provide  ready  means  for  tlie  air  to  reach  this 
space,  which  seems  ridiculous. 

High  settings  built  with  solid  walls.  ])i'nperly  ])rotected 
by  means  of  plastic  asbestos  cement  or  otherwise  to  pre- 
vent air  leakage,  will  prove  a  good  investment  for  any 
plant.  With  the  ever  increasing  vigilance  of  the  smoke 
inspector,  the  high  setting  with  tight  walls  will  be  re- 
quired of  the  boiler  user  and  in  a  manner  similar  to 
others  of  the  past,  economical  conditions  will  be  forced  on 
him  by  outsiders  who  hav(>  no  interest  in  the  economical 
operation  of  his  plant. 

J.  E.  Tkhmax. 
Hartford,  Conn. 

In  his  letter  in  the  'Slav.  :]\  issue,  jjage  4.54,  H.  H. 
Burley  states  that  two  water-tube  l)oilers  under  his  care 
have  been  run  !!»  years  without  having  the  pressure  re- 
duced l)y  the  police  ov  the  insurance  authorities.  This 
is  a  good  record.  Mr.  Burley  also  says  that  each  boiler 
is  used  for  one  month  and  then  cut  out  of  service  for 
cleaning;  a  pressure  of   100  lb.   is  carried. 

T  ])elieve  my  two  water-lube  boilers  have  a  record  that 
beats  :\rr.  Burley 's.  They  were  built  in  1882,  are  of  75 
I: p.  each,  and  carry  a  pressure  of  80  lb.,  which  has  never 
been  reduced.  We  run  six  days  a  week.  .51  weeks  a  year, 
one  week  being  set  aside  for  general  overhauling.  Unlike 
Mr.  I>ui-Iey,  we  use  a  compound.  I)ut  do  not  employ  a 
nieclianical  cleaner  in  the  tubes.  Condensate  or  "re- 
turns" is  iu)t  used,  it  being  allowed  to  go  to  the  sewer. 

The  boilers  were  originally  fitted  with  cast-iron  mud 
drums,  but  as  one  burst,  both  boilers  were  then  e(piipped 
with  steam  drums. 

I  have  had  considerable  marine  experience  and  have 
seen  boilers  on  shipboard  that  were  25  to  28  years  old. 

A.  England, 

New    ^'oi-k   (^ity. 


ri2 


I'o  w  |.;  i; 


\'ol.    ilt,  N't).  v'O 


Wlluile  tlhe  Clhief  "Was  Away 

111  llic  iiisc  cited  III  llic  li'llcr  niiilcr  tliis  title,  in  tlie 
Miir.  .'51  issue,  iniiiiv  iiiiproveiiieiity.  were  nuide  and  iniieli 
iiumev  was  saved  liv  eliaii^es  in  plant  operation  diirinj,' 
tile  aiiseiU'c  of  the  eliiel'  en','iiieer. 

I'ndoiilitedly,  there  are  iinderlving  lauses  of  wliicli  we 
have  no  information.  If  the  ehief  was  ahove  listening,' 
to  sufipestions  from  his  siiliordiiiates,  llieii  the  matter  is 
iinderstamhihle.  Init  if  he  \\:is  not.  \\li\  did  not  someone 
of  tlie  force  iirin^'  these  thing's  to  lii-^  iiolice?  It  is  iin- 
reasonahle  to  suppose  (liat  no  one  at  the  plant  was  aware 
of  existinjj  conditions,  and  it  would  Inve  heeii  hut  coiii- 
mon  honesty  and  loyalty,  lioth  to  the  eliief  and  the  cnm- 
pnny.  to  have  reported  them. 

The  statement  ahnul  the  danipeis  aiul  the  indicator 
in  the  onpine  room,  which  was  supjmsed  to  tell  when  the 
dampers  were  closed,  is  interesting.  Fancy  a  man  heing 
oI)liged  to  crawl  inside  the  flue  to  iind  out  what  the  damp- 
ers wer(>  doing  when  draft  gages  are  so  eheaj)  and  plenti- 
ful. When  boilers  are  ecpiiijped  with  draft  gages  there 
is  no  need  of  a  liome-made  telltale  in  the  engine  room. 

.\n  engineer  in  a  large  plant  has  little  lime  to  look 
after  boiler-room  matters.  The  better  way  is  to  have  a 
capable  man  in  I'harge  of  that  department. 

From  the  information  published,  it  would  seem  that 
things  were  not  uptodate  in  this  plant,  although  steps 
seem  to  have  been  taken  in  the  right  direction. 

1  wonder  why  the  master  mechanic  did  not  cooperate 
with  the  ehief  to  the  same  extent  that  lie  did  with  the 
assistant  chief  and  use  a  little  team  work. 

AViM.lA.M    Pl-AISTED. 

Tvedondo   Ueacli.   Calif. 

I  contend  it  is  necessary  for  the  efficient  operation  of 
any  power  plant  that  the  chief  engineer  treat  his  inen 
with  some  consideration  instead  as  mere  laborers.  To  be 
successful,  the  chief  must  have  the  cooperation  of  his 
men.  He  may  be  forced  to  discharge  a  few  at  first,  but 
if  he  will  consult  with  his  men  occasionally,  he  may  get 
ideas  that  will  make  his  position  easier. 

Take,  for  instance,  the  case  cited  by  Mr.  Olliver.  Had 
the  chief  been  the  kind  of  man  to  confide  in,  he  wwild 
have  learned  of  the  assistant's  idea  to  reduce  the  coal 
consumption,  and  could  have  accomplished  the  saving 
that  was  made  while  he  was  away.  A  chief  should  get 
all  of  the  information  out  of  his  men  that  he  can,  but 
he  should  not  act  on  their  suggestions  without  giving 
them  credit   for  the   idea;   that   would  be   unfair. 

Some  time  ago  I  read  a  description  of  the  plant  in  one 
of  the  largest  packing  houses  in  the  country  and  was  im- 
pressed with  the  manner  in  which  the  engineers  were 
made — "made"  is  the  proper  word — and  treated.  The 
chief  is  in  consultation  every  morning  with  his  assistants 
and  they  consult  with  the  men  in  their  departments  con- 
cerning the  work.  This  is  a  large  company,  and  the  men 
are  promoted  to  a  higher  position  whenever  there  is  a 
vacancy  or  a  new^  plant  is  started. 

The  men  are  required  to  study,  and  are  sent  to  the 
various  plants  that  they  may  become  familiar  with  the 
work  in  all  of  them,  so  that  in  an  emergency  case  they 
can  be  sent  to  any  plant  instead  of  hiring  new  men.  This 
encourages  them,  and  gives  them  an  incentive  to  do  their 
best. 

Some  engineers  hold  that  if  a  chief  became  familiar 


VNith  his  men  Ik;  would  have  truiibie  to  gel  them  to  obiy 
a  diHiigreeiible  order,  and  that  'here  would  be  no  <li 
cipline.  If  u  man  gels  the  id<-a  t.hat  heeaiiHe  In-  is  ti-eal<-.l 
with  resjieet  lie  does  not  have  to  obey  orders,  he  Hhoiild 
lie  discharged.  'J'lie  plan  as  worked  out  by  the  company 
iiieiitioned  signifies  that  it  is  Huccessfiil  from  llie  view- 
poiiil  of  both  sides. 

I'lvery  man  in  the  plant  should  be  entitled  to  eipial 
lonsideration.  no  matter  what  ins  position.  When  an;, 
cdinplaint  arises  where  the  actions  of  one  man  are  (pn  - 
lioiied  by  another,  have  both  sides  of  the  eontrovers 
pii'seiit,  and  gi\e  each  sid(!  a  chance  to  prove  his  casr 
This  w  ill  clieck  the  practice  of  tale  bearing  and  knocking, 
which  is  found  in  snine  plants. 

.1.  ('.   Hawkins. 

Ilvattsville,   Md. 


COl,  Recordlers  for  Stiamidlby 
Boilers 
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CJenerally,    wlieie    boilers    are    ()|)crated    below    rating, 
heavy  heat  losses  are  likely  to  result.     On  the  other  haiii 
if  boilers  are  crowded  or  operated  considerably  above  ra' 
ing  during  the  "off  ))eak"  periods,  the   remaining  jx-a 
boilers  must  be  kept  banked.     This,  as  everyone  knows, 
is  most  wasteful. 

If  CO2  recorders  are  installed  and  the  firemen  ar<! 
required  to  carry  more  than  8  or  10  per  cent.  C'Oj  dur- 
ing the  light-load  periods,  then  a  larger  number  of  boil- 
ers can  be  o])erated  at  a  greater  net  efficiency  than  is 
possible  by  crowding  a  few  and  using  coal  to  hold  ihe 
rest  in  reserve.  This  will  cause  the  firemen  to  regulate 
the  fires  as  to  thickness,  as  well  as  regulating  the 
checked  draft,  keeping  in  mind  that  when  the  damper  i^ 
closed  the  door  to  the  coal  pile  is  shut.  Without  tin- 
recorder  it  is  practically  impossible  to  operate  l)oiler.s 
under  rating  without  having  the  fires  full  of  holes.  There 
is  ahvays  some  chance  when  operating  with  checked  draft 
and  thick  fires  of  having  much  CO  present,  but  if  the 
CO.,  is  reasona1)ly  high,  one  does  not  need  to  bother  about 
the  CO  content. 

Joii.v  F.  TTiRST. 

Louisville,  Ky. 


Pass  M  Ona 

In  connection  with  your  editorial  on  trade  periodicals 
in  the  Mar.  24  issue,  perhaps  your  readers  would  be  in- 
terested in  our  system  for  "passing  on"  the  articles  ap- 
pearing in  the  trade  papers  which  would  be  of  interest 
to  our  organization. 

All  publications  received  are  carefully  looked  over  by 
two  members  of  the  publicity  department  and  the  items 
of  interest  marked.  These  items  are  t'.ien  clipped  and 
mounted  on  a  stiff  card.  After  moimting  they  are  finally 
passed  upon  by  the  writer,  and  such  as  do  not  appeal  to 
him  as  being  of  interest  are  so  marked  and  eliminated. 
The  balance  are  tabulated  on  the  "Week's  Xews"  sheet, 
as  in  the  form  herewith. 

Copies  of  this  sheet  are  distributed  to  everyone  in 
the  organization  and  are  returned  to  the  department  with 
a  check  mark  opposite  the  articles  which  are  wanted. 
The  card  carrying  the  article  wanted  is  checked  to  indi- 
cate to  w^hom  it  is  to  go  and  sent  from  one  to  the  other. 
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Finally  it  is  roturncKl  to  the  department  and  plaeeil  on 
file. 

The  articles  are  filed  under  such  <;-eneral  elasses  as 
Eivcters,  Air  Compressors,  Pneumatic  Drills,  Hoists, 
Foundries,  Machine  Shops,  etc. 

This  system  has  been  successi'iil  and  saves  a  great  deal 
of  time  for  the  busy  man. 

THE   AVKEK'S    NEWS 

To   Mr.   A.   B.    Smith  Date   Sept.    10,  1912 

<'lio<'k  Title   ami   .Suhjeot  Paper  Date 

Slides  in  the  Culebr.i  C'ut  at  Panama  Ent^incerinK  Record  8/31/12 

Seepage  in  sul)a<iueou.s  railroad  tunnels EngineerinR  Record  8/31/12 

Progress  of  tlie  Lexington  Ave.  subway Engineering  Record  8/31/12 

Water Engineering  Record  8/31/12 

Railroads Engineering  Record  8/31  /12 

New  pneumatic  hammer  at  Panama Industrial  World  8/20/12 

Shaft  sinking  reversed Mng.  &  Scientific  Press  8/17/12 

Metallurgy  at  Bendigo Mng.  &  Scientific  Press  8/17/12 

Electric  motors  for  mines Coal  Age  8/31/12 

Tiie  Colorado  River  siphon  at  Yuma,  Ariz Engineering  News  8/29/12 

Coefficients  of  flow  in  Manchusett  .\queduct. .  Engineering  News  8/29/12 
Improvements   in   Pittsburgh's   water   supply 

system Engineering  News  8/29/12 

Methods  of  ventilating  railroad  tunnels Engineering  News  8/29/12 

C'onstruction  and  operation  of  turbo-blowers 

and  compressors Engineering  Magazine  Sept. 

A  rope-driven  coal  cutter. Engineering  Magazine  Sept. 

Power  machinery  of  the  steel  industry Engineering  Magazine  Sept. 

Notes  on  sand  blast American  Machinist  8/29/12 

Drilling  charts  for  iron  and  steel American  Machinist  9/5/12 

An  exhaust-gas  turbine The  Engineer  8/23/12 

The  rotary  drill  in  the  oil  fields Mng.  &  Eng.  World  8/31/12 

Churn-drill  examination  of  placers Mines  &  Minerals  Sept. 

Goulds  new  triplex  punip.s Practical  Engineer  9/1/12 

New  centrifugal  pump Practical  Engineer  9/1/12 

Trouble  in  a  pumping  plant Practical  Engineer  9/1/12 

Setting  up  turbines Practical  Engineer  9/1/12 

Tests  for  packing Practical  Engineer  9/1  /12 

Missouri  River  power  station Power  9/3/12 

Water  works  of  the  Kansas  Cities Power  9/3/12 

Power  plant  of  the  Kansas  City  Star Power  9/'3/12 

A  National  Bi.^icuit  Co.  plant Power  9/3/12 

Inspecting  and  testing  electrical  apparatus.. . .    Power  9/3/12 

Nordberg  variable  capacity  power  pump Power  9/3/12 

Impulse  and  reaction  turbines Power  9/3/12 

Copper  range  drill  jack  and  post Eng.  &  Mng.  Journal  8/31/12 

Stope  filing  and  caving  for  waste Eng.  &  Mng.  Journal  8/31/12 

The  above  are  on  lile  in  the  I'lihlieity  Dept.  Information 
Bureau   and    ean   be    hail   for   a    limited    period    on    request. 

If  wanted,  plea.se  de.siKnate  by  eheekiui;:  opposite  article 
wanted    und    return    to    I'ublieity    Dept. 

Sig;ued    A.    B.    Smith. 

Charles  A.  Hirschberg, 

Ingersoll-Eand  Co. 
New  York  City. 

In  our  endeavor  to  eliminate  smoke,  we  decided  to  re- 
idustruct  the  furnaces  under  four  water-tube  boilers, 
wliich  are  arranged  in  batteries  of  two.  These  boilers 
;ii('  served  by  one  stack,  independent  of  the  rest  of 
I  lie  station,  and  offer  a  good  chance  for  observation.  The 
|>M  furnaces  are  flush  with  and  under  the  boilers,  with 
I  ront-feed,  inclined-grate  stokers  and  a  combustion  arch. 
One  would  think  these  furnaces  should  burn  the  vola- 
tile, but  when  we  are  required  to  force  the  fires,  coking 
takes  place  further  down  the  grate  and  much  gas  is  dis- 
tilled. Before  complete  combustion  takes  place  the  un- 
burned  gases  have  reached  the  comparatively  cool  boilers 
and  a  dense  smoke  is  emitted  from  the  stack. 

After  a  careful  study  of  conditions,  it  was  decided  to 
give  the  gases  a  longer  course  before  they  reached  the 
boiler.  We,  therefore,  built  an  extension  to  the  furnace 
which  brought  the  grate  3  ft.  forward.  An  arrange- 
ment of  the  arch  and  other  details  of  more  or  less  import- 
:iin(>  ha\e  l)rought  about  the  desired  results. 

While  we  have  not  as  yet  made  tests  to  determine  the 
ciruiency  of  the  new  over  the  old  furnaces,  we  have  every 
reason  In  believe  that  while  we  have  eliminated  smoke 
Me  have  also  increased  the  furnace  efficiency. 

AVe  have,  however,  effected  one  material  saving,  where 


in  the  old  furnaces  we  lost  considerable  iinburned  coal 
from  si  fling  through  the  grate  and  falling  into  the  ash 
hopper.  The  new  arrangement  allows  for  an  e.\tra  hop- 
per to  catch  this  fine  coal,  which  amounts  to  at  least  a 
ton  a  day  for  each  boiler.  This  saving  alone  will  pay 
for  the  improvement. 

It  was  while  making  these  improvements  that  we  dis- 
covered what  we  think  a  defect  in  the  old  furnaces.    The 
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front  and  side  supports  are  so  near  the  intense  heat  of 
the  furnace  that  they  failed  at  a  point  AB  in  the  sketch. 
We  repaired  the  supports  by  adding  stiffening  angles  to 
the  web  of  the  I-beam,  as  shown  in  Fig.  2.  This  makes  a 
substantial  repair  job,  and  with  proper  insulation  and 
adequate  air  ducts  it  will  ])e  a  lasting  joli. 

H.  U.  Blessing. 
Philadelphia,  Penn. 
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j\Ir.  Carpenter,  on  page  437  of  the  Mar.  31  issue,  uses 
arguments  against  electrically  driven  auxilaries  which 
are  inconsistent  with  the  rest  of  his  article.  Electric 
auxiliaries  and  bleeding  steam  from  the  main  units  to 
heat  the  feed  water  will  show  the  same  saving  that  more 
economical  steam  auxiliaries  do  if  the  main  unit,  non- 
condensing,  can  drive  them  with  less  steam  than  steam- 
driven  auxiliaries  would  take. 

Electric  auxiliaries  would  take  about  li/>  brake  horse- 
power on  the  turbine  shaft  for  each  horsepower  delivered 
to  the  auxiliary,  which  would  include  transmission  and 
motor  loss  and  that  would  make  the  water  rate  33  lb. 
per  horsepower-hour.  A  steam-driven  auxiliary  using 
35  lb.  of  steam  per  horsepower  gives  nearly  the  same 
economy,  and  other  features,  such  as  price  and  control, 
would  decide  whether  it  was  the  most  economical 

Mr.  Carpenter  also  says:  "Even  in  this  case,  if  steam 
at  boiler  pressure  can  be  used  in  the  heating  systems,  effi- 
cient utilization  of  steam  in  the  pumps,  etc.,  is  desirable 
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as  il  rinlliii  iiiiMimi/.fS  llu-  lic.il  cvtrnctrd  I'nr  iiuwci/" 
'I'liis  18  cli'iirlv  a  mislakc.  <lii('  hnisi'iKiwcr-liuiir  inraiis 
y.M.*)  n.t.ii.  i'\l  railed  I'm-  |ni\\(i'.  U'  a  |iiiiii|)  or  an  ciif^iiic 
iisi's  .'tit  11).  [HT  li(irsi'|i()\\ci-li(iiii,  '^'>\'<  U.I. II.  ai'c  lakcii 
froni  ;iO  lit.  of  slcaiii.  If  llic  fii^Miw  oi-  I  he  pniiip  uses  (ID 
11).  |)('i'  hc)isi'|)i)\MT-lii)iir.  llirii  iJ.")l.")  M.I. II,  lire  liil<rn  I'idiii 
till  II).  of  siciiin,  lull.  III  iiM\  casi',  ^.")|.')  U.l.ii.  Nd  innic. 
IK)  less. 

Kadialiiiii  Irmn  llic  .-Icmiii  r\liiiilrr  lakrs  ii  lilllr  iiinrc, 
l)iil  ladialioii  on  m  well  covered  duplex  ))Uiuj)  would  be 
as  lillle  as  on  a  umre  eeononiieal  niaehine.  KHieieiit  pumps 
and  euj;iiies  are  desirable,  as  during  a  large  part  of  llie 
vear  lliere  is  exhaust  to  throw  .iway,  hut  wlien  all  liie 
«'.\haust  ean  he  used  I'or  lu-ating  it  makes  no  dilVereuce 
how  niuih  sleaui  per  liorsepower-hour  is  used.  I  douhl 
if  he  means.  "Also  steum   al    holier  pressuri'." 

II.viiHY  1).  EvKiunr. 

l-'ort    Suelling.    Minu. 

.\  vaciiiiiii  gage  is  most  iiselul  in  eonueetion  with 
pumping  installations.  Imcii  the  suuiUost  plant  sliould 
have  a  gage  attaciud  to  the  suction  .])ipe  near  the  pump. 
Thoorotieally,  tlie  reading  multiplied  by  13.")  and  divided 
by  12  slioul'ii  give  the  siu'tion  lift  in  feet.  On  a  lU'W 
outfit  tiic  gage  should  be  ialil>rated  by  noting  the  verlieal 
distance  above  the  water  as  comiJared  to  the  calculation 
from  the  gage.  If  it  shows  a  greater  vacimm  than  it 
should,  the  ditl'erence  is  due  to  resistance  in  the  suction 
pijK'  or  .strainer.  I  have  seen  a  vacuum  of  28  in.  when 
the  water  was  26  ft.  vertically  from  the  pump. 

Leaks  in  the  suction  will  cause  a  variation.  After  once 
calibrating  tlie  gage  to  suit  the  conditions,  any  trouble, 
such  as  stoppage  of  strainers,  etc.,  can  be  readily  noted 
by  an  increased  vacuum  shown  upon  the  gage. 

Joiix  F.  Hurst. 

l.ouis\ilK'.  Ky. 

D)B2°ect°C'vuiir'2°eirat    IFs^sa    Mot^oirs   ©na 

Around  nuiuy  of  the  older  plants  will  be  found  a  variety 
of  discarded  direct-current  apparatus.  Usually  the  col- 
lection contains  a  fan  motor  or_  two  which  might  be  put 
to  good  use  when  the  wami  weather  comes.  Any  small, 
direct-current  motor  may  be  changed  to  run  on  alternat- 
ing current  with  a  fair  degree  of  efficiency  providing  its 
field  circuit  is  of  laminated  construction. 

A  direct-current,  shunt-wound  motor  will  run  when 
connected  to  an  alternating-current  circuit,  but  it  will 
heat  badly  and  the  current  will  be  excessive,  due  to  the 
phase  displacement  of  the  field  current  by  the  high  re- 
actance of  the  shunt  winding.  By  placing  the  shunt 
binding  in  series  with  the  armature  the  motor  can  he 
made  to  run  quite  satisfactorily. 

If  one  were  in  possession  of  data  concerning  the  field 
ampere-turns,  etc.,  the  number  of  turns  for  the  new  wind- 
ing could  be  figured  easily;  but  as  data  are  seldom  avail- 
able, it  is  necessary  to  use  cut-and-try  methods. 

The  writer  used  300  turns  of  No.  36  magnet  wire  for 
12-  and  14-in.  fan  motors  with  good  results.  If  the  speed 
is  too  high  or  the  motor  heats  unduly,  more  turns  should 
be  added,  and  if  the  speed  is  not  high  enough  a  few 
should  be  cut  out.    If  the  motor  is  provided  with  a  multi- 


jxiiul  -^wilch  a  number  of  laps  uniy  be  brouglil  mil  and 
HO  coiineeied  ihal  llie  swihli  shorl-circiiils  more  or  lest- 
of  the  winding  as  ils  posilion  is  eliaiiged.  TliiH  will  gi\r 
several  speeds  willioiil  llie  use  of  reHislaiicf.  I'or  ibcsc 
motors,  laps  were  brought  out  at  300,  3r)0  ami  loo  tiiiiis. 
'Pile  .'itto-liirii  lap  gave  full   lalcd  s|)eed  and  llie  ollii'r  (wo 

redllceil    spiM'ds. 

Till'  brushes  will  spark  a  Irille,  but  if  the  regular 
brushes  are  replaced  by  om-s  of  soft  gra|)liite  composition 
the  commiilator  will  ii-main  smooth  and  bright.  'I'Im 
motor  will  be  snmcwhal  noisy  unless  Ihe  bearing  shell- 
are   a    - 1    lit    on    Ihe   shafl. 

.)a.\ii.s  Si'lVlC.SS. 

AlblHplcnple.    \.    .M. 

ILocsiftBOia  of  Vac\iatiaiinii=.lSreaKiiaf^ 
Meclhaminsinms 

.lolm  1''.  Hurst's  coiuliision  as  lo  the  location  of  vac- 
uum-breaking mechanisms  on  condeiising-engine  units, 
in  I'owicu  for  Mar.  3,  suggests  a  description  of  a  jjatented 

vacuum  breaker  \im'i\  in  connection  with  steam  turbines 
and  similar  hi;:li-\aciuim   service 


Thk  ^'Acuuii  Brkaker  Applied  to  a  Jict  Coxdexsek 

A  series  of  tests  having  demonstrated  the  inadequacy 
of  the  usual  type  of  float-actuated  breaker  when  dealing 
with  the  enormous  vohmies  under  high  vacuum  in  tur- 
bine work,  a  type  was  developed  which  is  dependent  upon 
the  difference  in  absolute  pressure  on  the  inside  and  the 
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outside  of  the  condenser  chamber  for  its  operation.  The 
iloat  chamber,  which  is  on  the  side  of  the  condenser  at 
tlic  desired  high-water  level,  operates  a  pilot  valve,  ad- 
mitting air  to  and  exhausting  it  from  a  cylinder  fitted 
with  a  piston;  in  turn,  the  piston  actuates  the  vacuum- 
breaker  valve  proper. 

Atmosi)heric  pressure  is  depeufled  on  I'oi-  tlie  operation 
of  the  main  valve,  which,  therefore,  may  be  made  of  any 
desired  size  and  standard  ))atterns. 

The  metliod  of  application  of  this  breaker  may  be  made 
to  conform  to  Mr.  Hurst's  suggestion,  but  usually,  as 
the  consideration  of  primary  importance  is  the  protection 
of  the  prime  mover  from  possil)le  injury  l)y  flooding,  the 
breaker  is  placed  on  the  exhaust  line  as  closely  as  possible 
to  the  prime  mover.  Tn  some  cases,  the  admission  of  at- 
mospheric air  is  directly  into  the  low  pressure  or  exhaust 
chamber  of  the  turbine.  Air  being  admitted  at  this  point, 
it  is  obvious  that  any  water  which  may  have  flowed  back 
fi'oni  the  condenser  into  the  exhaust-steam  line  will  be 
ejected. 

From  the  natui'e  of  the  mechanism  it  Mould  be  en- 
tirely feasible  to  actuate  two  or  even  more  breaker  valves 
by  means  of  one  float.  This  would  permit  the  installa- 
tion of  a  breaker  on  the  exhaust  line  next  to  the  prime 
mover  and  one  on  the  injection  line  as  well. 

The  photograph  shows  the  device  as  applied  to  a  con- 
denser unit.  The  float  box  will  be  noticed  on  the  side 
of  the  condenser  and  the  vacuum  breaker  proper  on  top 
of  the  condenser  cap.  In  this  instance,  atmospheric  air 
is  admitted  at  this  point  to  insure  the  safety  of  the  ro- 
tative dry-vacuum  pump  as  well  as  the  turbine. 

It  may  be  said  in  connection  with  the  operation  of  one 
of  these  breakers  that  it  opens  with  a  sound  like  the  dis- 
charge of  a  shotgun. 

W.  M.  Fleming. 

Holyoke,  Mass. 

W. 

liefening  to  Mr.  Stark's  letter,  in  the  Apr.  7  issue,  on 
iiiidercutting  commutator  mica,  it  would  seem  that  if 
lie  had  examined  the  motor  he  would  have  discovered 
that  the  mica  was  high  at  first  and  would  have  avoided 
turning  it  down  three  times.  We  have  had  considerable 
experience  with  sparking  and  have  found  in  most  cases 
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Hack  Saw  Blade  ■■'^  power 

Tool  koi;  Slotting  Commutator 

iliat  it  was  caused  by  the  bnishes  being  off  neutral  and 
iidt  ground  to  fit  the  commutator  or  high  mica. 

^Ir.  Stark's  method  of  chitting  down  the  mica  is  good 
il'  the  lathe  will  swing  the  armature.  On  large  machines 
I  he  slotting  should  not  be  carried  too  deep  as  dust  will 
(ollect  between  the  bars,  causing  them  to  throw  fire  and 
))(Thaps  produce  short-circuits.  Also,  after  a  commutator 
has  been  slotted  it  is  not  good  to  sandpaper  it,  as  this 


also  allows  the  sand  to  collect  between  the  bars  with  tiie 
copper   dust   and   cause   flash-overs. 

On  large  machines,  Mr.  Stark's  idea  is  all  right,  but  it 
involves  baring  the  engine  around  for  every  slot  that  is 
cut.  A  much  easier  and  better  way  is  to  make  a  tool 
out  of  a  hacksaw  blade,  putting  some  tape  around  onr 
end  to  form  a  handle,  or  making  a  handle  out  of  wood, 
as  shown  in  the  sketch.  To  insure  a  good  job,  hold  a 
straight  piece  of  iron  on  the  commutator  for  a  guide. 
The  blade  can  be  set  to  whatever  depth  it  is  required  to 
slot. 

I{.  G.  CuERE-V^  Jr. 

Kittanning,  Penn. 

A  Ssimgilll  A.aif   C©3mip5P©©§oiP 

We  were  in  urgent  need  of  a  small  air  compressor. 
An  idle  steam  pump  and  nearly  all  the  fittings  were  at 
hand,  so  the  pump  was  connected  up  as  shown.  Every- 
one was  agreeably  surprised  at  the  results. 


^tJ        3"^ 


'■3-wa\/  Valve        2 

Pi'iii'  AND  Tanks  Connected 


POWEI^ 


Any  air-tight  receptacles,  such  as  oil  or  plumbers' 
tanks  may  be  used,  but  the  greater  the  capacity  of  Nos. 
1  and  2,  the  fewer  the  shifts  of  the  three-way  valves  for 
a  given  quantity  of  air.  The  capacity  of  the  compressor 
is  equal  to  its  displacement  in  gallons  or  cubic  feet. 

F.  W.  Hudson. 
Ager,  Calif. 

Inlo^iw  sj.  MuaimacSps^Il  S^sxfta©im  'WsiS 
Madl©   tt©  Fay 

I  was  interested  in  Joseph  A.  Jeckell's  ai'ticle  on  the 
above  subject  in  the  Mar.  24  issue,  page  412,  but  I  fail 
to  see  by  what  method  of  bookkeeping  the  plant  was  con- 
sidered as  paying  13  per  cent,  on  the  capital  invested. 

According  to  the  summary  of  results  given  by  him,  the 
capital  expended  amounted  to  $1,658,200.  This  money 
was  evidently  expended  in  new  plant  and  equipment,  and 
for  this  class  of  machinery  it  is  usual  to  charge  at  least 
12  per  cent,  per  annum  as  fixed  charges,  which,  for  this 
amount,  is  $198,984  per  year.  The  income  per  year  is 
given  as  $298,430,  from  which,  subtracting  the  above 
fixed  charges,  leaves  only  $99,446,  which  is  under  6  per 
cent,  on  the  amount  invested ;  so  the  plant  is  no  bonanza 
as  a  money-making  proposition,  but  is  earning  only  an 
ordinary  rate  of  interest. 

As  a  municipal  undertaking  it  is,  however,  very  com- 
mendable, for,  generally  speaking,  these  enterprises  are 
not  as  profitable  as  they  should  be,  owing  to  lack  of  effi- 
cient methods  in  the  organization. 

G.  P.  Pkauck. 
Moline,  111. 
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Oesnemitar:^  Medhxcixiniics— 

Last  Li;ss()\"s  Answi.ks 
:!(;.  Ill  the  Iriiin;;!.'  . I />/•;.!,  Vip;.  :{|,  ilniu  a  liiir  DIf 
I'roiii  tlic  |)c)iiil  I)  1(1  llic  (Ciller  //  of  the  side  Ah'.  Also 
(liiiw  .1/'  l'i-(.iii  .1  In  thr  (■.•liter  il'  DH.  Assume  the  Iri- 
iiiijrle  nimlc  uj)  "!'  a  series  of  slrijis  parallel  (o  the  liase 
DK  ami  of  tlie  t'onn  liC.  'Plie  rj/.  of  tliis  small  strij)  is 
at  its  center  N.  wliieli  liv  ((iiistriietidii  lies  on  the  line  .!/•'. 
lleiKc  the  ( .'/.  1)1'  the  IriaiiLile  innst    lie  smiiewhere  on  Iho 


Fig.  :U. 


liue.l/'.  A<iain.  divide  the  lrian<>ie  into  a  series  of  small 
strips  parallel  to  the  line  AE  ami  of  the  t'onn  ,1/A'.  The 
c.ff.  of  these  small  strips  will  i'all  along  the  line  DH. 
Therefore,  the  c.ff.  of  the  triangle  will  he  at  the  point  of 
intersection  G  of  the  two  lines  />//   and  .li^. 

The  c.ff.  might  also  he  found  b}'  assuming  equal  weights 
ir  suspended  from  the  vertices  .1,  D  and  E  of  the  tri- 
angle and  then  taking  the  moments  of  these  weights 
aljout  the  hase  of  the  triangle.  The  moment  arm  of  the 
weight  ir  at  the  point  .1  will  he  the  altitude  of  the  tri- 
angle. T.et  1'  equal  the  distance  from  the  hase  DE  to 
tlie  c.ff.  located  at  point  G  and  take  moments  about  the 
base  DE,  thus 

W  X  altitude  =  3  X  l^'  X  i' 
or  Y  =  ;^  the  altitude 


Fig.  35. 

Hence  the  center  of  ffravilij  of  anij  triangle  is  at  a  dis- 
tance of  one-third  the  attitude  from  any  and  all  hoses. 

37.  Jfot  always;  as  an  eiiample  see  Fig.  35,  which 
shows  the  strap  of  a  connecting-rod.  The  c.ff.  of  the 
strap  lies  near  the  point  G. 

38.  Before  the  plate  was  punched  the  c.ff.  was  at  the 
point  0  (see  Fig.  36)  or  at  the  center  of  the  diagonal 
AB.  The  punched  plate  is  symmetrical  with  respect  to 
the  line  AB.    Assume  the  e.g.  at  the  point  0  distance  X 


indies  from  the  point  (}.  It  can  readily  h'  shown  tiiai 
the  distance  from  the  point  O  to  the  center  of  the  hoh 
(■'  is  a.l'-i  in.  The  area  of  the  ]»iin(hcd  plate  i.s  22^)- 
]2.5T  =  2\2.\'A  H(].in.  The  moment  ahonl  the  point  O 
of  the  /inrt  cut  (iirai/  nnist  <'(/u(il  tlir  iiiniiient  of  ike  pari 
rnnaiiiinff.     Thus 

-V  X  '^12.13  =  2.12  X   12.57 
or  ,\'  =  %  ;■;/.   (npprox.) 

:!!).  The  weight  of  a  (J-in.  cast-iron  ball  is  about  3<) 
lb.  and  the  weight  of  a  2-in.  rod,  18  in.  long  is  l(i  lb.  'J'lie 
c.ff.  of  the  rod  is  I)  in.  from  the  end.  and  the  c.ff.  of  the 
ball  is  21  in.  from  the  en<l,  of  tJie  rod.     Let  A'  equal  the 


Fig.  36. 

distance  from  the  end  of  the  rod  to  the  desired  c.ff.  Tak^ 
moments  about  tlie  end  of  th"  rod,  thus 

9  X  16  +  21  X  30  =  46  X  X 
or  46  X  X  =  774 

and  X  =  l(i.S-(-  in. 

40.  The  c.ff.  will  lie  in  the  verti(-al  axis  CY  of  thi 
frustum,  Fig.  37.  The  c.ff.  of  the  cone  from  which  th^ 
frustum  was  formed  was  14  the  altitude  (2  in. 
from  the  base  EF  or  at  the  point  B.  The  c.ff.  of  the  pari 
of  the  cone  which  was  cut  awav,  was  1  in.  from  thg 
base  MX.  Let  the  c.ff.  of  the  frustum  MXFEM  be  Ic 
cated  at  the  point  G,  A'  inches  from  the  point  B.  Ti 
find  the  value  of  X  take  moments  about  the  point  B. 

Thus,  16.76   X  3  =  117.29  X  X 

or  X  =   0.43  in. 

Therefore,  the  c.ff.  of  the  frustum  MXFEM  is  on  thd 
line  CY  1.57  in.  from  the  base  EF.  (Xote — Volumfl 
rf  MCXM  =  16.76  cu.in. ;  volume  of  MNFEM  =  lit. 2% 
cu.in.) 

Centir  of  Gravity — Continued 

In  i)roblems  where  the  bodv  is  symmetrical  ^v\i\\  neitho 
the  vertical  nor  the  horizontal  axes  the  following  genera 
method  must  be  applied  to  find  the  c.ff.  Assume  a  giveii 
body  to  be  divided  into  a  large  number  of  very  smal 
parts,  and  the  weights  of  each  part  to  be  represented  hi 
the  points  w'l.  w,,  w^,  etc.,  as  shown  in  Fig.  38.  Locat 
each  of  these  weights  from  the  axes  OX  and  OY.  thi 
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M'l  is  i\  uuits  Iroiu  the  01'  axis,  and  //,  units  from  tiic 
OX  axis.  Tlu'  resultant  of  all  these  small  weights  will 
be  the  total  weight  11'  of  the  given  body.     Thus  W  =  w-^ 

+  '"-'a  +  "-'3  + I'tt'-     'l-'Jiis  weight  or  resultant 

will  aet  at  the  e.g.  of  the  body.     I^et  this  point  be  X  units 
from  the  OY  axis  and  V  units  from  the  OX  axis.     Then 
the  distance  Y  may  be  found  l)v  taking  moments  about 
the  axis  OX.     Thus 
tVi  Vi  +  ^2  «/2  +  tt'3  Z/3  +  •    •   •    •  =  {i'\  +  "■,  +  tt-3 


Fio.  37. 

In  like  nianuer  the  value  of  X  may  be  found  by  taking 
moments  about  tiie  01'  axis.  Thus, 

X  =  ''Irb  ±  "'■'-^^-  +  '^'s'^^  +  '^'^^-t  +    ■  ■•     (12) 

W^  +  Wg  +  Wg  +  tt'4  + .  .  .  . 
If  all  the  weights  cannot  he  located  in  the  plane  of  the 
OX  and  the  OY  axes,  a  third  reference  axis  may  be  used 
and  tlien. 


Z  =--1^1^ 


(13) 


«'l    +  10^+  W^  +  'W^-\-  .  .  .  . 

Stable  axd  Unstable  Equilibrium 
If  a  slight  horizontal  force  P  be  applied  to  the  cone 
shown  in  Fig.  39  so  as  to  raise  the  point  C,  and  then  if 
the  force  P  be  removed  it  is  evident  that  the  cone  will  re- 
turn to  its  original  position.  ^\  lien  the  force  P  is  re- 
moved the  weight  11'  forms  with  the  reaction  at  the  point 
B,  a  couple  wliicli  brings  the  com'  liai-k  to  its  fornu'r  po- 
sition. If,  howe\er,  the  force  P  liail  been  applied  until 
the  line  GW  fell  outside  of  the  ])oint  B,  then  the  cone 
would  have  overturned,  for  in  tliis  case  the  weight  \V 
would  form  with  the  reaction  at  the  point  B  a  couple 
which  would  rotate  the  cone  in  a  counter-clockwise  direc- 
tion which,  of  course,  would  overturn  the  coTie. 

Therefore,  a  body  is  said  to  he  !ii  f-:tahle  eiiuUibrliun 
ichen,  if  it  he  slightly  displaced  from  its  i)iitial  position, 
the  force.'?  acting  on  the  hody  tend  to  bring  it  baclc  to 
its  original  position:  or  fJie  hod  11  is  in  unstable  ec/ui- 
lihriuni  if,  after  being  sHgJitiy  displaced,  the  forces  acting 
tend  to  still  further  move  it  from  its  original  position. 


If,  after  the  body  is  .'ilightly  displaced,  the  forces  are 
in  equilibrium,  the  body  is  said  to  he  in  neutral  equi- 
lihrium.  Thus  in  Fig.  3!)  when  the  force  P  is  applied, 
the  e.g.  of  the  cone  rises  until  the  point  G  is  in  the  same 
vertical  line  as  the  point  B,  then  further  application  of 
the  force  P  causes  the  e.g.  to  be  lowered.  Assume  the 
cone  to  be  resting  on  its  slant  height  AB,  then  any  dis- 
phicemcni  of  the  body  will  neither  lower  nor  raise  its  e.g. 
Y 


Fig.  38. 

Hence  the  following  rule  may  be  applied  to  test  the  kind 
of  equilibrium:  //  a  slight  displacement  of  a  body  raises 
its  e.g.  the  body  is  in  stable  equilibrium,  if  the  displace- 
ment lowers  the  e.g.  the  body  is  in  tinstable  equilibrium, 
and  finally  if  a  slight  displacement  neither  raises  nor 
loivers  the  e.g.  then  the  body  is  in  neutral  equilibrium. 
Still  another  test  is  this,  if  a  vertical  line  drawn 
through  the  e.g.  of  the  body  falls  within  the  plane  of 
support  the  body  is  in  stable  equilibrium  and  if  it  falls 
outside  the  body  is  in  unstable  equilibrium. 


E.ramplc — A  Ijall  resting  on  the  ground  is  in  neutral 
equilibrium  foi'  its  e.g.  remains  at  a  fixed  distance  from 
the  ground.  An  engine  bed  resting  on  its  foundation  is 
in  stable  equilibrium,  for  if  its  e.g.  be  raised  the  bed  will 
return  to  its  position  when  the  force  is  removed. 

Sti-dy  Questioxs 
The  (Jiie  leg  of  a  standard  angle  is  6  in.  and  the 
eg  is  -t  in.     If  the  thickness  of  the  legs  is  %  in., 
the  e.g.  by  using  equations   (11)   and  (T-i). 
In  what  kind  of  equilibrium  is  a  horizontal  beam 
which  is  being  raised  by  a  rope  attached  at  its  center? 
13..   (iive  two  illustrations  of  neutral   (>quilibrium. 
44.     For  the  most  stable  equiibrium.   should   the  e.g. 
of  a  coal  truck  be  high  or  low? 

-15.  The  drum  head  of  a  R.  \-  W.  boiler  rests  on  its 
curved  surface.     In   whal    kind   of  equilibrium   is  it? 


41. 
other 
locat( 

42. 
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liilKlit     ainl 
to    "I'ovver."       \S 


Wo    tliiiiik     llnilluM-    .MiIOachnMi.    of    th 
•'\'nlvo    Worlil,"    for    his    kliuUy    icffreiuv  -     ._ 
ti>    to   l)o   iiioili'Mt   aiitl    liuinlili",    l)Ul    lii'lnn   only    huinmi,    w«   am 
pli-aHPil   l«y   llu>   kliiiUy   word   and    tlio  nlnrfio    piiilHi- 

P.    S.:      of   .•lUiiHn,    lhl»    will    not    pr  ' 


iMit    our     r<'lin 


I'lodely     written       t  wolvo-pani' 
"Power"    flics    to    tlio    feller    wh< 
MY    Pl>\Vi:i{!      PleaHe   i)rlnt    tlib 
Ket    tills,    feller'.' 


rtlele' 

..■nlMX 


.IlKeHteil        It. 
"Oil.    MOW    I    l.ovi 
reKiilnr   rutCH."      Ym 


M 


An  "ArbeltswIlllKe"  Im  a  man  win.  is  willlnn  lo  woi  k. 
••Coal  Ane"  tells  \is.  It  appears  to  lie  a  Teutonic-  tt.nlnj;  dowi 
of  those  obnoxious  epitliels  "scab"  and  "rat."  We  have 
no  quarrel  with  the  llrst  few  syllables  but  "swIIT'^thls  la 
nltoKether  too  KurbaKCous;  (There's  a  eopyrlsht 
word. — Kdltor. ) 


this 


When     there's     (l^;l\lin^; 
everybody    takes   a    biiiid    in 
to    the    stokehole.      'IMie    il: 
Smith's  bravery  anil   juclum 


>  our  navy  folks, 
quailer  deck  ilown 
full  of  Coalpa.sser 
inency. 


Because  the  power  was  olT  the  HiKlson  &  Manhattan  sys- 
tem recently  for  a  few  miiuites,  a  newspaper  wiseffink  said 
"an    oil-switch    jammed    the    turbine'       Awk!    and    two    arfs! 

X 
Here's  food  in  the  raw  for  optlmisrr.  The  good  old 
wheat  crop  has  reached  a  billion  bushels  this  year:  Of 
course,  rye  and  corn  have  done  quite  well,  but  we're  not 
particularly  interested  in  them:  that  is,  in  the  raw.  Take 
this   in   the   "spirit"    in   which   it   is   ^iven. 

Pure-Kooder  Wiley  has  advanced  the  best  reason  \  et  for 
the  eight-hour  law:  "It  K'ves  men  time  to  do  other  thin^'^ 
besides  work."  The  few  power-plant  engineers  who  have 
heard  rumors  of  the  existence  of  an  eight-hour  law  will 
please    raise   their    right   hands.      The    "noes"    have   it. 

"Bugs  May  Come  and  Hugs  May  Go.  but  Germs  Hold  On 
Forever,"  is  the  title  with  a  Tennysonian  touch  of  a  paper 
to  be  read  at  the  American  "Water  Works  convention.  Might 
try  a  half-Nelson  or  a  strangle-hold,  or  get  'cm  off  their  guard 
with  a  piece  of  cheese. 

Hope  you  read  that  "Candid  Chat"  in  this  issue  wherein  it 
is  contended  that  the  five-spot  you  bank  today  is  as  big 
as  the  hundred  you  MEAN  to  save  out  of  next  week's  earnings. 
Here's  a  good  argument  in  its  support.  In  the  savings  banks 
of  New  York  state  the  wage  earners  have  one  billion  seven 
hundred  and  fifty  million  dollars  saved  by  a  little  economy  and 
forehandedness. 

THE   OL.D   AVOODKX    BARROW 

(Tune:    "The   Old   Oaken    Bucket") 
By    Billy    SpillM 

How   near   to  our   hearts   are   the   scenes   of  young  manhood 

When  pained  recollection  presents  them  to  view. 
The  i-lant-yard,   the  coalpile,   the  wreck   of  a  barrow 

That  wheeled  in  the  coal.  Oh,  those  days  we  once  knew! 
*Twas   young   we    were,    strong    we    were,    eager    and    willing. 

But  gee!    that   old   barrow   did   worry   us   hard. 
If    pushed    straight    ahead,     the    old    barrow    went    sideways. 

It  tipped  up,  and  rared  up,   and  balked   in   the   yard. 

(Chorus) 

The    old    wooden    barrow,    that    busted    old    barrow. 
The   barrow   we   swore   we    would   pitch    in    the   well. 

'Twas  leaky,   and  squeaky,   had  one  leg  to  stand  on— 

No  man  could   remember  it   ever  had   two. 
It     man-shied,     and     coal-shied,     and     skidded     and     wabbled; 

It   hit  every   rock   that   presented   to  view; 
And  always,  'twixt  earth  and   the   blue  and  high  heaven 

It  stopped  on  the  plank — and  prepared  to  depart! 
But,  brothers,   the  days  of  the  bariow  are  over. 
So  let  us  join  hands  and  sing  out  from  the  heart: 

(Chorus) 

The  old  wooden  barrow,   our  lives  it  did  harrow. 
But — ^Here's  to  the  barrow   we'd  pitch   in  the  well! 


Value  of  Filtered  OO 

S)' XOt'StS  -Wlini  jiriiprrhj  filliTnl,  nil  ran  In'  usiul  rr- 
/irdlcilli/  anil  III!'  Irsl.s  kIkiw  llial  il  Innfs  tioiic  of  ils  liiliri- 
iiiliiHi  jtrojivrlics.  E.ifi'sxivi'  /illrriiif/  surface  is  nnncins- 
siirji  if  rfjii-inil  jircii/rilalion   is  iiroridnl  fur. 

y. 

'i'o  'leteiinlne  »lial  iletei  lorat  Ion  oil  HiifTered  fioin  use,  a 
series  of  comparative  teslH  of  iised  and  iiriuN<Ml  oils  was  mad« 
on  (llfferent  Hamples  of  oil  at  the  labor.-ilorles  of  Cornell 
rnlverslty.  From  those  tCMtH  It  may  be  concluderl  that  If  oil 
Is  iiiopeily  llllereil,  It  can  be  used  iepeate<ll.v  without  IohIpk 
an.v    of    Its    liibilcatlng    i|ualltleH. 

l>ata  secured  from  testH  of  oils  used  at  the  power  plant 
of  the  llotol  McAlpIn,  New  Y'ork  City,  iire  here  HClecteU  a» 
1  epruuuiitiiiK  severe   uperutiiiK   condltioiiH. 
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1.  'I'kmi'kh.xtiuks  of  Bkaking  above  Eoom 
Ti;m]'i:i;atii!i:s 


This  plant  is  equipped  with  an  oiling  and  filtering  system 
which  supplies  flooded  lubi  ication  to  four  Corliss  engine.s, 
three  air  compressors  and  one  crank-and-flywheel  pump  hav- 
ing a  total  of  134  points  of  lubrication.  The  plant  ojierates 
20  hours  i)er  ilay,  and  the  average  temperature  of  the  engine 
room  is  100  deg.  F.  On  account  of  the  great  variety  of 
machines  lubiicated,  the  high  load  factor  and  the  exceptional 
temperature  conditions,  the  work  is  probably  representative 
of  average  power-plant  conditions.  The  oil  was  a  good 
grade  of   mineral   engine   oil. 

Observations  showed  that  the  average  amount  of  oil 
handled  b.v  the  lubricating  system  was  ir)0  gal.  per  hour, 
or  3600  gal.  per  day.  which  is  equivalent  to  1800  barrels 
per  month.  Although  this  amount  of  oil  is  continuously  sup- 
plied to  the  bearings,  only  three  barrels  of  oil  per  month 
are  added  to  the  system.  Even  this  cannot  be  charged  to 
natuial  shrinkage  in  the  system,  as  large  quantities  of  oil 
are  drawn  off  from  the  filters  and  used  in  cans  for  hand- 
oiling  of  small  pump.s,  valve  gears  and  bearings  not  con- 
nected  to   the   oiling  system. 

To  determine  the  changes  undergone  by  the  oil.  a  sample 
of  the  new  oil  as  received  in  barrels  from  the  manufacturers 
was  secured  and  also  a  sample  of  the  oil  drawn  off  from  the 
clean  oil  compartment  of  the  filter.  These  samples  were 
sealed  and  shipped  to  the  testing  dei>artment  at  Cornell  Uni- 
veisity,  and  subjected  to  a  series  of  tests  under  the  supervi- 
sion of  Professors  Carpenter  and  Sawdon,  the  results  of 
which  tests  are  given  in  the  accompanying  tables  and  curves. 

A  series  of  friction  tests  were  made  on  a  Thurston  rail- 
road lubricant  tester,  having  a  hardened-steel  journal  and 
bronze  bearings  with  a  total  area  of  20  square  inches.  In 
all  tests  the  machine  was  run  at  a  constant  speed  of  about 
360  r.p.m.  and  the  load  applied  in  increments  of  1.500  poun.ls 
total  pressure  or  75  pounds  per  square  inch.  The  test  at  each 
load  was  continued  until  the  friction  and  temperature  of  the 
bearings    had    become    constant.      The    oil    was    fed    upon    the 

TABLE  1.     .SAMPLE  "A."  NEW  OIL 

Press,  on  bearing,  total  lb 1.500  SOOO  4500  6000  7.500 

Press,  on  bearing,  lb  per  sq.in..  75  150  225  .300  375 

Duration  of  test,  mill 120  50  60  60  50 

Temperaturcof  bearing,  max..  114.5  120.0  129.5  1.39  0  143.5 

Temporaturc  of  room,  aver. ..  .  68.2  70.7  71.5  72.5  73.0 

Diff.  in  temp,  bearing  and  room  46.3  40.3  58.0  66.5  70.5 
Rate  of  feed,   drops  per  min. 

aver 34. S  38.4  33.6  37  0  38.2 

Speed,  r.p.m 362  361  361  361  3.59 

Speed,  ft.  per  min 3.55  3.54  354  3.54  3.52 

Minimum  coeff.  of  friction 0.01166  0.00666  0.00533  0.00458  0.003/3 
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side  of  the  beaiiiig  thioueh  a.  siKht-feed  oiler  and  the  feed 
maintained  as  nearly  constant  as  possible  throughout  all  tho 
tests.  Readings  made  at  ten-minute  intervals  are  summar- 
ized  in   tables   1  and   2. 

The  coefficients  of  friction  shown  in  Tables  1  and  2  repre- 
sent the  lowest  value  found  t'oi-  each  load;  that  is,  as  soon  as 
a  given  load  is  applied  the  coefficient  at  first  high,  gradually 
falls  off  until  it  becomes  practically  constant.  This  latter 
coefficient  coiresponds  to  tliose  shown  in  the  tables  and  rej)  • 
resents  the  values  that  would  obtain  in  ordinary  i)ractice 
where  engines  operate  continuously  foi'  more  than  an  hour. 
The  temperature  readings  given  in  the  tal)les  are  the  highest 
reached  for  each  load,  that  is,  as  each  new  load  is  applied, 
the  bearing  gradually  heats  up  until  the  temperature  be- 
comes  practically  constant. 

The  differences  in  temperature  between  the  bearing  and 
the    loom    have    been    plotted    in    the    curves    shown    in    Pig.   1, 


Curves    showing    the    coefficients 
filtered   oil   are   shown   in   Fig.   2. 


)f    friction    of    tlie    new    an'l 


TABLE  2.      S.\MPT,E 

Press,  on  bearing,  total  !h,        .  1500  ;iO()0 

Press,  on  bearing,  lb.  per  .s(|  in.  75  1.50 

Duration  of  test,  min 150  (iO 

Temperature  of  bearing,  in.ix.  120  125. 

Temperature  of  room,  aver       .  74  74.8 

Diff.  in  temp,  liearing  and  rnom  46  ,50 , 7 
Rate  of  feed,   drops   per   inin. 

aver 38.9  40.3 

Speed,  r.p.m 363  363 

Speed,  ft.  per  min 356  356 

Minimum  coetT.  of  friction.  .  .  .  0.01265 


Ti,"    I'lLTEHED  OIL 


132.5 
75.3 

57.2 

37.4 
360 
3.53 


6000 

300 
80 

144.5 
77.0 
67.5 

40.5 
361 
3.54 


7.500 
375 
50 
147.2 
77.5 
69.7 

41.4 
358 
351 


0.00717     0.00522  0.00458  0.003(i7 
The    question    naturally    arise.s.    what    physical    changes    if 

any,    has    the    oil    undergone    during    this   extended    period? 
The   results   of   tests   made   to   detei-mine   this   are   given    in 

Tables   3   and    4 : 

T.A.BLE  3.     PHYSICAL  PROPIOHTIES,  S.\MPLE  "A,"  NEW  OIL 

Color;  medium  red,  translucent. 

Flash  point:  410°  (open  cup). 

Burning  point:  460°  F.  (open  oup) . 

Specific  gravity  at  60°  F.  water  as  1    =  0..S95. 

Viscosity  (with  Olsen  viscosimeter) . 

Water  as  1  at  60°  F.  Time  27.9  s<-cs.  for  100  cc. 

i'rmporature  F.  Time  100  cc.  Sees. 


70 
70 
71 
97 
94 
130 
132 
214 
215 


0.012 

g  oo'i 

"5  0.010 
£  0.009 
^  0.008 
°  0007 
£  0.006 
■^  0.005 
g  0.004 
^  Q003 
0.00Z 


96  2 
59.8 
61.8 
45.6 
43.8 
34.0 
.34  2 


Relative  Viscosity 
3.48 
3.46 
3.45 
2.14 
2.21 
1.63 
1.57 
1.22 
1.22") 
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BkAKIXG    I'liESSUKES 

TABLE  4.     PHYSICAL  PROPIOHTIES,  SAMPLE    "B,"    FILTERED    OIL 
Color:  very  dark  red,  opaque. 
Flash  point:  410°  F.  (open  cup). 
Burning  point:  440°  P.  (open  cup). 
Specific  gravity  at  60°  P.  water  as  1  =  0.903. 
Viscosity  (with  Olsen  viscosimeter) 
Water  as  1  at  60°  F.  time  27.9  sees,  for  100  i^c. 
Temperature  F.  Time  for  100  cc.  Sees. 

68.0  i:jx.o 

69.0  l.U  0 

70  0  130.2 

103.0  60.4 

114.0  .50.6 

1.30  0  45  2 

ISZ.O  39,0 

147.5  40.2 

218.0  33.2 

The   viscosity  readings  are   shown   plotted  in   Pig.   3. 
Prom   comparison  of  the   tables   it   would   appear   that   the 


Relative  Viscosity 
4.94 
4.80 
4.66 
2.16 
1.81 
1.62 
1.40 
l.tt 
1.19 


use  of  the  oil  increased  its  specific  gravity.  This  is  to  l)e 
expected  as  the  oil,  in  passing  through  the  bearings,  has 
had  some  of  its  more  volatile  constituents  driven  off;  also, 
because  a  small  quantity  of  cylindei-  oil  used  for  lubricating 
the  piston  rods  and  stuffing  boxes  finds  its  way  into  the  oiling 
system.  The  viscosity  curves  also  confirm  this  hypothesis  as 
the  tests  show  that  the  used  oil  has  a  higher  viscosity  than 
the  new,  demonstrating  that  as  oil  is  used  over  and  over  in 
an  oiling  system  it  actually  gains  in  body,  provided,  of  course, 
the  filter  thoroughly  removes  entrained   water. 

The    results    of   the   friction    tests   shown    in    Fig.    3   are   also 
consistent  with  these  physical  changes,  and   it  is  to   be   noted 
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that  the  new  oil  shows  a  slightly  lower  coefficient  of  fiiction 
on  low  bearing  pressures.  This  may  be  because  the  old  oil, 
having  more  body,  is  better  able  to  maintain  a  lubricating 
film  when  subjected  to  higher  pressures.  The  difference  be- 
tween these  two  curves  is  so  slight  that,  for  all  practical 
purpose.s,  it  may  be  concluded  that  under  average  operating 
conditions  properly  filtered  oil  is  quite  as  good  a  lubricant  as 
new    oil. 

The  curves  shown  in  Fig.  1,  are  probably  the  ones  that 
will  be  most  interesting  to  the  operating  engineer,  as  it 
is  usually  by  the  temperature  of  the  bearings  that  he  de- 
termines the  condition  of  lubrication.  It  may  be  noted  that 
these  curves  are  practically  superimposed  and  in  no  case  is 
the  variation  more  than  a  few  degrees,  indicating,  from  tem- 
perature rise,  that  properly  filtered  oil  should  be  as  good  as 
new  oil. 

The  above  data  was  ftirnished  b.v  the  engineeiing  depart- 
ment of  the  Richardson-Phenix  Co.,  lubrication  engineers  and 
manufacturers,  Milwaukee,  Wis. 


E3sp)I®§l®Ea  of  a  ""Ss^fetls^"'  Water- 


The  photographs  herein  reproduced  are  the  best  we  have 
been  able  to  secure  showing  the  wrecked  boiler  and  surround- 
ing buildings  at  the  Drummond  Collieries  at  Westville,  N.  S., 
biief   mention    of   which  appeared   May   5,    on   page    652. 

Pig.  1  is-  a  general  view  of  the  wrecked  boiler  house;  A 
shows  the  position  of  the  boiler  before  the  explosion;  B,  the 
relative  position  of  the  larger  part  of  the  boiler  after  the 
explosion,  and  C  the  building  through  which  the  front  hiad 
and  wat?r  leg  went.  Figs  2  and  3  are  views  of  the  same  part 
of  the  rear  portion  B  of  the  boiler  from  different  angles.  Pig. 
4   shows  one   of  the  remaining  boilers. 

Prom  the  reports  at  hand  it  appears  that  tlie  longitudinal 
seam  on  the  front  course  of  the  steam  drum  failed  through- 
out its  length.  This  sheet  straightened  out  almost  flat,  tear- 
ing entirely  away  from  the  front  head  and  water  leg,  and  also 
at  the  circumferential  seam  joining  it  to  the  second  course, 
leaving  the  boiler  proper  in  four  parts,  viz.,  the  rear  water  leg 
and  two  courses  of  plates  attached  (which  were  hurled  140 
ft.  from  its  setting);  the  front  sheet;  the  front  water  leg  and 
the  front  head  which  separated  and  were  thrown  about  100 
ft.   in  the  opposite  direction. 

The  shell  was  48  in.  In  diameter  by  19  ft.  5  in.  long,  and 
was  made  of  %-in.  plates.  There  were  116  four-inch  tubes. 
The  boiler  was  not  insured  nor  subject  to  other  inspection. 
The   coroner's   inquest   brought  out   the   following   statements: 

P.  G.  Murphy,  mining  engineer,  instructor  at  the  Technical 
College,  Halifax,  gave  the  result  of  his  test  of  the  plate,  as 
to   its  ductility.     The   maximum   load   was   65,970   lb.,  and  the 
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Fig.  1.     Gexeijal  View  of  SrRr.orxiuxGS 


Fig.  2.     1'i:ai!  Section 


Fig. 


Same  Section  as  Fig. 


Fig.   4.     Ad.ioixixg  P>nii.ER 


yield  point  was  57,!'30  lb.,  which  actt-d  more  like  a  high- 
carbon  steel  than  a  mild  boiler  steel,  the  yield  point  of  which 
.should  be  about  33,000  lb.  His  chemical  test  showed  carbon, 
0,15;    phosphorus,   0.055;   sulphur,   0.049;   manganese,    0.61. 

T.  W.  Hardy,  analytical  chemist,  Nova  Scotia  Steel  Co., 
said  his  test  showed  carbon,  0.16;  phosphorus,  0.05s ;  sulphur, 
0.047,  and  manganese,  0.64.  A  physical  test  gave  elastic  limit, 
44,220  lb.;  the  breaking  strain,  64,979  lb.;  elongation,  18.62 
per   cent.;   reduction,   45.51   per   cent. 

William  Macfarlane,  New  Glasgow,  foreman  boiler  maker 
for  I.  Matheson  &  Co.,  said  when  asked  as  to  the  cause  of  the 
explosion:  "I  found  that  the  boiler  gave  at  the  longitudinal 
seam.  So  far  as  I  could  see,  it  was  a  crack  in  the  making; 
that  the  plate  was  cracked  in  the  rolling,  just  the  skin  of  the 
plate;  there  would  be  no  way  of  seeing  it;  the  contraction  and 
expansion  would   make   it  worse." 

W.  G.  Matheson  said:  "I  would  not  use  it.  In  proper  sam- 
ples, the  carbon  runs  from  0.18  down  to  0.14,  so  you  see  0.16 
is  a  fair  average.  The  phosphorous  should  run  from  0.029 
to  0.010.  There  is  a  good  deal  of  difference  between  this  and 
0.047,  which  is  what  the  sample  from  the  exploded  boiler 
gives. 

"Sulphur  should  run  from  0.039  to  0.026.  We  want  the 
limit  to  be  0.035,  although  a  little  higher  does  not  do  much 
harm  provided  the  phosphorus   is  low. 


•'Manganese  should  run  from  0.43  at  the  highest  to  0.35; 
we  want  to  see  it  under  0.60.  Uoiler  plates  having  such  per- 
centages of  phosphorus,  sulphur  and  manganese  would  be  too 
high,  as  shown,  in  the  elastic  limit,  which  runs  up  to  44,220 
lb.,  according  to  our  test."  He  thought  that  the  crack  caused 
the  explosion,  and  that  the  cause  of  the  crack  was  the  brittle 
plate. 

Ga.soline-Electric  Locomotive  —  A  petrol-electric  locomo- 
tive crane  has  recently  been  constructed  in  Germany  at  the 
Aktiengesellschaft  Lauchhammer  at  Lauchhammer.  The  mo- 
tive power  is  furnished  by  a  40-hp.  petrol  engine  coupled  di- 
rect to  a  continuous-current  dynamo  having  a  capacity  of 
23  kw.  at  230  volts.  The  machine  runs  on  eight  standard- 
gage  wheels,  each  of  the  inner  axles  being  driven  by  a 
121/2 -hp.  electric  motor  through  bevel-reducing  gear.  The 
rotating  crane  has  a  capacity  of  two  tons  and  a  radius  of  ac- 
tion of  32  ft.,  the  cable  drum  being  operated  by  an  8-hp. 
motor. 

'^. 
Errata — In   the    article    on    "Refrigeration    Plant    Troubles 
and  Remedies"  in  the  May  5  issue,  line  14,  first  column,  page 
634.   should   read:  Thus   we   need   126    X    3.6    =    453   lb.   of  new 
aqua   ammonia  of  26  deg.   density. 
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stii  li  !is  llic  coal-  1111(1  asli-li(iii(lliii;,'  syHtciiiH,  steam  oiillctH 
at  llic  low  end  of  the  boilers  and  How  tiieterH  to  ineusiire 
the  steam  from  each  boiler,  siiperlieatiiif^  tubes  in  the  u|»- 
t:ikes,  sjiecial  lu'eeibiufi  arran^'emeiit,  and  siiif(lt'-stnj.'e. 
ii(iiicoii(ieiisiii;f  turbines.  'I'lie  |ilaiit  has  a  total  of  20:,  ■ 
111),    ill   boib'iN,   •^t^.''i(l    |<«.    ill    L'l'Mi'raliiiL'    units,    with    \<y>> 


l!<)  XOl'SlS — ,1  22'>l>-liir.  jihiiil  siiji/iliiiii;/  hnlli  nllrrn/il-       iwo  lor  llie  laller.      Tlii-re  arc  oilier  interest inf^  features, 
in;/  and  dimi  ciirri'iil  til  jive  ilijjrrviil  rdllfif/rs.      lis  sjic- 
rial  jrdluiTs  arc  ronl-   mul  (IsIi-IkiikIHii;/   viiuijiiiinil ,   llic 
bri'viliin;/   (irraiii/niii'iil   (iiiil    Ihv    iKiinoiulriisiii;/,   siiujh- 
sltKjr   liirhiiirs. 

I*: 

Till'  IJailwav  l'^\iiiaii,:,'e  liuildiii;;'.  of  Si.  lj(Hiis,  coiii- 
UKUiiv  referred  to  as  tiie  most  s])aeioiis  ollieo  ediliee  in 
the  world,  is  a  '^'^ -story  structure  measuriufj  :i"<i8.\'<!71  i'ect, 
and  .'U)S  feet  liijili.  The  lirst  .sereii  floors  are  occupied  liy 
the  Famous  &  Jiarr  department  store  and  the  remainder 
is  given  over  to  railway  and  i^cncial  dlliccs.  Tiie  total 
floor  space  aggregates  .■'>;>  arr<'s  as  idinparcii  lo  'i'>  acres 
lor  llic  llii<l,-;on  Terminal  Uiiililiiiiis  of  .New  York,  and 
the  coutciits  are  1 . '). .")()( i.(H in  iii.l'l.  a,uaiii>t  Ki.onil.OlMl  fnr 
tlu>  Wodlworth    Huildiiig. 

To  riirnish  this  ciKiriiKuis  luiilding  with  heat,  liglil, 
]ui\\('r  and  refrigeration,  arc  the  chief  functions  of  the 
latest  power  plant  of  the  Cupplcs  Station  Light,  Heat  & 
Power  Co.,  which  is  in  ihc  ba.sement  of  the  Kingston 
Building,  over  a  bkxk  away.  The  plant  also  supplies  a 
number  of  smaller  business  houses  with  heat,  light  and 
power.  During  the  slio})ping  hours  the  load  averages 
from  1200  to  1400  kw.,  divided  about  half  and  half  be- 
tween light  and  power.  A  peculiarity  of  the  service  is 
that  the  electrical  energy  is  l)otli  alternating  and  direct 
current,  at  three  different    voltages   for  the  fonner  and  Via.  2.     Two  of  tiii:  AV.\Ti:i!-'i'riiE  Boiler.'* 


Fig.  1.     The  Three  750-Kw.  Single-stage  Tlkbixe  Units 
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vision  lor  an  additional  THO-kw'.,  and  100  tons  of  refrig- 
eration. It  supplies  exhaust  steam  for  250,000  sq.ft.  of 
radiation  during  the  day;  live  steam  being  used  at  nights 
in  the  colder  weather.  Steam  under  lO-lb.  pressure  is 
sui)plicd  for  cooking  purposes. 

IJOILKIIS 

There  are  four  ."iKi-hp.  Heine  boilers,  Fig.  2,  each  con- 
taining 5i;U  sq.ft.  of  healing  surface  in  two  42-in.  drums, 
22  ft.  long  and  2!)ri  tubes,  :]y^  in.  in  diameter.     Green 


sure  and  the  entering  Hue  gases  at  600  (leg.  F.  In  opera- 
tion, only  32  deg.  of  superheat  has  been  obtained,  but 
this  is  probably  because  tlie  working  pressure  is  225  lb. 


steam  Nozzfe 

ToSoiler 


Fig.  3.     1'lan  View  of  Boileiis,  Showing  Bheechixg 

AliRAXGEMENT 

chain-grate  stokers  of  the  inclined  type  containing  llU 
sq.ft.  of  grate  area  serve  the  boilers,  giving  a  ratio  of 
grate  to  heating  surface  of  1  to  47.     In  each  uptake  is 

a  Foster  bare-tube 
superheater  contain- 
ing 1461  linear  feet 
of  2-in.  ])ipe,  in 
which  is  a  1-in.  core 
to  force  the  steam  to 
tiie  outer  wall  and 
])resent  a  thin  layer 
to  the  action  of  the 
gases.  The  super- 
heater was  designed 
to  give  50  deg.  of 
superheat  with  the 
steam  at  20()-lb.  pres- 
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Two  5l)-ToN  Ammonia  Compkessous  and 
Double-Pipe  Condenser 


Fig.  4.     Sectional  Elevation  through   Boili' 
Turbine  Room 


and  the  flue  gases  do  not  e.xceed  550  deg.  in  temperature 
when  the  boilers  are  forced  50  per  cent,  above  rati^ig. 

As  shown  in  Fig.  3,  the  breeching  has  been  made  with 
easy  curves  and  baffles  have  been  so  arranged  that  the 
gases  from  one  boiler  will  not  interfere  with  those  from 
the  boiler  back  of  it.  When  the  gases  unite,  they  are 
flowing  in  the  same  direction  and  the  area  of  the  breech- 
ing has  been  proportionally  increa.sed.  About  16  sq.ft. 
of  breeching  area  per  boiler  has  been  provided,  making 
a  total  of  64  sq.ft.  at  the  stack  which  is  !)  ft.  in  diam- 
eter and  has  an  area  approximating  that  of  the  breeching. 
The  stack  or  total  breeching  area  bears  a  ratio  to  the 
connected  grate  surface  of  1  to  7.  Ip  good  practice  a 
ratio  of  1  to  5  is  common,  so  that  in  the  present  case,  it 
is  evident  that  ample  provision  has  been  made  for  over- 
load capacity;  besides,  the  effective  area  of  each  grate 
is  in-obably  less  than  110  sq.ft.,  so  that  the  ratio  would 
be  reduced.  The  stack  rises  300  ft.  above  the  grates, 
and  at  the  uptake  of  the  farthest  boiler  a  draft  of  1% 
in.  of  water  is  available.  Over  the  fire  the  draft  inten- 
sity is  only  one-third  of  the  alK)ve  figure  due  to  the  re- 
sistance ofl'ered  to  the  flow  of  gases  by  the  superheater 
and  the  boiler  setting.  The  steel  stack  is  self  supporting, 
rests  on  an  I-beam  frame  work  at  the  base  and  is  pro- 
vided with  a  slip  guide  tied  into  the  steel  work  of  the 
building  at  the  roof.  In  front  the 
boilers  are  suspended  from  I-beams, 
and  at  the  rear  i-est  on  rollers  held  in 
place  by  a  chair  construction  supported 
on  brick  piers. 

A  steam  outlet  at  the  low  end  of  a 
Heine  boiler  is  unusual  and  special 
precautions  must  be  taken  to  obtain 
dry  steam.  In  the  present  case  a  6- 
in.  dry  pipe  suspended  from  the  shell 
is  carried  to  the  front  of  the  (li\nu. 
where  steam  is  admitted  through  loo 
one-inch  holes  bored  in  the  top  of  the 
pipe.  At  the  outlet  a  steam  pot  has 
I)een  provided  to  receive  any  moisture 
carried  along  with  the  steam,  and  this 
is  drained  through  a  l^^-in.  pipe  lead- 
ing   out    of    the    drum.     A    deflecting 
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phitc  i)\iT  llii-  I'nml  Wilier  li'^'  liiiiis  llic  .iniilalioii  !-•-  Coai.-II  xsKi.isd  l-',gi  ifMi:M 
WHIP  llu'  rear  iiinl  |in\ciits  iiiiy  wiilcr  in  Mi.-|)<'iiMi<in  I'lurii  c,,,,]  j^  ,|(.|i\,.n.(|  In  llic  |iliiiil  in  wagons  iiiiil  i|nrii|Mil 
rcacliiiii;  tin-  inlrl.  into  a  ■i')n-|()ii  liin  in  fronl  nt'  tin-  luiilcrs.  As  hIhiwm  in 
Onlinarily,  twn  lioilcrs  arc  n'((iiiic(l  hi  (.'irv  llf  ilny  \'\it,  |,  tin-  coal  falls  Croin  llic  liin  by  ;,M-avily  inl<i  an 
load  ant!  at  times  liiicc  arc  necessary,  leaviiif,'  the  rimilli  Al\e\  l'"ei;.Misuii  |>iv()tc(l-lnickct  cnal  ennvcyor  whitli  car- 
unit  as  a  spare  to  lie  lallcil  inlu  service  at  limes  df  re  ncs  llic  oial  to  IIk*  1<i|i  nl'  llie  lioiler  rnom  and  dninjis 
[lair  ur  ilcMiiini:.  A  rcaliiie  is  the  inslallatinn  in  llic  il  inlu  iiiilnidiiiil  screw  conveyors  -'clivcrin;^  to  seveii- 
>Icain  line  Troin  eacji  lioilcr  nf  (lencrai  l-llectric  indical  Ion  lioppcrs  in  rronl  of  cacji  hoilcr.  j-'rom  this  lein- 
iiiii  tlow  meters.  'I'hcse  iiislrnnn'iits  slmu  ujiiil  lliclioil-  porary  shn'afic  llic  ccnl  is  chilled  to  tin;  stokers.  Th' 
ir-  arc   doiim    al    aiiv    time  and    iiidiiaic    llic    proporlioii  JioppL-rs  are  monnled  on  scales  with  the  indicating  dial 
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Fig.  (i.      I'liMxc   lo  and  fkom  'rri;iiixKs 


of  the  load  cacli  is  carrying,  'i'lie  jilaiit  is  also  (Mpiippcd 
with  a  "^DOd-hp.  Cochrane  heater  with  a  \'-notch  and 
recording-  meter  to  measure  the  water  fed  to  the  boilers 
at  a  temperature  of  210  to  212  deg.  Centrifugal  feed 
pumps  are  used,  one  being  turbine  driven  and  the  other 
two  connected  to  motors.  The  turbine  unit  has  a  capa- 
city of  175  gaJ.  l)er  niin..  whi(  h  is  suflicicnt  for  the  Four 
boilers.  Each  of  the  motor-driven  ]nim]is  has  a  capacity 
of  100  gal.  per  min.  Ordinarily  they  are  held  as  re- 
serves, and  are  only  put  into  service  at  times  of  liglit 
load  wiien  the  demand  is  considerably  below  the  capa- 
city of  the  steam  unit.  Xnturnlly.  the  piping  is  so  ar- 
ranged that  any  ]nini])  can  siiiii)lv  anv  boiler. 


carried  dnwn  to  a  readable  po-ilioii.  .Vhout  134,000  lb., 
67  ton-;,  of  coal  are  burned  per  day.  The  fuel  used  at 
the  present  writing  is  2-in.  Illinois  .screenings  not  ex- 
ceeding ten  thousand  IJ.t.u.  i)er  lb.  Table  1,  a  con.soli- 
dated  report  of  the  coal  analyses  for  January  and  Feb- 
ruary, will  give  a  good  idea  of  the  character  of  the  coal. 
To  dispo.se  of  the  ashes  a  (ireen  pneumatic  system  was 
installed.  This  consists  fif  a  large  ash  tank  extending 
from  the  second  to  the  fifth  floor  of  the  building,  an  ex- 
hauster and  dust  collector  on  the  roof  and  the  necessary 
piping  connecting  the  tanks  to  the  furnace  a.shpits.  An 
18-in.  galvanized-iron  pi|ie  connects  the  dust  collector 
and   exhauster  witli   the  ash   tank.     When   the  fan   is  in 
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Total 

SaniDled  Moisture 

Grade  .it  Date  Per  Cent. 

Washed  screenings,  No.  3  12-28-l.S  39  .30 

No.  4  screenings 1-14-14  1.5  83 

2-in.  nut 1-14-14  II    24 

Vnwa^^lied  screenings.  1-^0-14  13  37 

\  nwashed  screenings.  2-7-14  12  40 

L  nwashed  screenings. 2-7-14  14  SO 

Unwashed  screenings 2-9-14  14  62 

Unwashed  screenings 2-10-14  12  .54 

Vnwashed  screenings 2-14-14  li;  60 

Unwashed  screenings 2-19-14  17  00 

I'nwashed  screenings 2-20-14  18.00 

Unwashed  screenings 2-25-14  15  00 

I  nwashed  screenings 2-27-14  15 .  40 

Unwashed  screenings. ,  2-28-14  14  00 


Moisture  in 

Volatile 

Fived 

B.t.u. 

Bt.u. 

Dried  Sample 

Matter 

Carbon 

Ash 

Sulphur 

as  Fired 

Dr\- 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent 

Percent. 

per  Lb. 

per  Lb 

2.20 

34  on 

4  5  70 

IS  00 

3  83 

6..56I 

10,7.57 

3  70 

37  90 

44  40 

14  00 

3  70 

10.062 

11,701 

fi  90 

37   10 

44  SO 

11   20 

3  50 

11.2.59 

12.685 

4  20 

31    60 

3S  00 

26  20 

6.51 

S.OOl 

9.047 

6  40 

31    30 

39   10 

23  20 

6  00 

S.937 

10.260 

•    4  90 

33  60 

in    10 

23  40 

4  80 

S,796 

10.318 

4  40 

34    10 

:)v   <n 

24   10 

7  00 

8..545 

10.008 

6  70 

.30   40 

3"   2'l 

25  70 

5  50 

8.123 

9,288 

7  60 

34    SO 

42  00 

15  fiO 

3  80 

9.409 

11.282 

4  90 

34  30 

39  .-0 

21.30 

7  36 

8..507 

10.248 

7  .50 

32  40 

3S  30 

21   80 

6.80 

8.095 

9.873 

0  20 

31    60 

.39  30 

23  90 

5  30 

7.6.50 

9.000 

9   10 

32 .  40 

42  20 

16  30 

5.40 

8.992 

10,629 

7  20 

32  SO 

42  90 

17  10 

5  00 

9.162 

10,6.54 
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(ipt'ialidii  ;i  |i;iilial  \ariniiii  is  (  ii'iilcil  in  llii'  syslcin  ami 
air  at  hif^li  velocity  is  drawn  Uiroii^ii  the  f\tia-lica\y  li- 
iii.  |iiiH'  leading  I'l'oni  tlic  ashpits  into  the  tup  (if  tlie  tani<. 
The  aslies  are  scraped  from  the  pits  into  ash  pans  Ihi'ough 
wliicii  tliey  are  introduced  into  the  pipe  and  are  carried 


driven    and    ihe   other   driven    hy   a    tliree-phasc    35fl-volt 
nidiiction  HUiliii'. 

'I'lie  tiirhincs  are  a  niodilicat i(Jii  n\'  liie  usual  two-stage 
ty])e  adapted  lo  o])erate  iKuicondensing.  The  causing  is 
retained    and    the   second    stage   removed.     With   nozzles 


along  with  the  current  of  air.     The  tank  has  a  capacity  proportioned  dill'erentiy  for  tiie  new  work,  results  much 

of  ;iO  tons,      in  a  system  of  this  kind,  the  wear  on  the  hetter  than  are  ordinarily  expected   of  a   nonconden.sing 

piping  at    the  turns   is  e\cessi\c.     The  original  installa-  turhine   have    been   obtained.      The    rate   guaranteed   for 

lion   had   been    pro\  ided    with   standard  elbows,  but  latt'r  ■^(H)    lb.    initial    pressure    and    ainiospiieric    exhaust    waf> 

tiiey  were  re))laced   wilb  elbows  of   long  radius  to  lessen  ;il.(J   lb.    per  kw.-hr     TTnder    full    load    at    the   ])lant,   the 

the  abrasive  action  of  tin'  ash.     A  Oirtanncr-Daviess  %-  turbines  haxc  bellei-ed  this  i-ate.     At  •idO  lb.  initial  pres- 


FiCx.  7.  .  Ei.kvkx-Panel  Switchboard 

in.  steam  nozzle  was  also  installed  at  the  turn  leading 
into  the  tank,  the  hitter  to  serve  in  the  same  capacity  as 
1  he  exhauster.  The  original  system  was  left  intact,  how- 
^;ver,  so  that  either  the  exhauster  or  the  nozzle  may  be 
used.  It  is  customary  to  jilace  the  nozzle  at  the  lower 
turn  in  the  pipe  line  so  that  ])art  of  the  action  is  in- 
duced and  ])art  is  i)()siti\'e.  In  the  present  rase  a  lift 
of  90  ft.  is  etfected  by  suction  with  equal  satisfaction. 
'I'he  horizontal  run  is  75  ft.  long,  and  the  a.shes  from  the 
farthest  boiler  travel  165  ft.  before  reaching  the  tank. 
As  the  steam  ])uts  out  the  fire  in  the  ashe.s  and   ])re- 


FlG.    8.       TrtANSFOIiMER    AND    ROTAIiY    CoxyRRTER 

sure,  1  lb.  back  ])ressure  and  •")()  deg.  of  superheat,  tluy 
have  developed  a  kilowatt-hour  on  ',]\.2  lb.  of  steam.  The 
consumption  was  measured  by  a  General  Electric  record- 
ing flow  meter  which  has  been  ])rovided  for  testing  pur- 
poses and  for  use  on  the  live-steam  line  to  the  Railway 
Exchange  Building. 

A  6-in.  lead  from  the  sui)erlieating  coils  of  each  boiler 
runs  8  ft.  horizontally  to  a  tee  reducing  on  the  run  to 
5  in.  to  supply  the  tuibine  and  discharging  u]iward 
thi'dugh  the  leg  of  the  tee  to  a  (i-in.  header  immediately 
alicive.     A    vahe    at   each    opening   of    the    tee    makes    il 


o© 
©o 


To  Lighting  Service 
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FIG  9 

Arrange  merit  of  Ducts 


FIG. 10 

Obtaining  125-Yolt  Lighting  Service  From  250-  FiG.ll-Di&tribution  of  A.C.LiqhtinqCircuit& 
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vents  clinkering,  there  is  no  trouble  in  removing  tlieni 
from  storage.  A  chut{>  leading  fi'oin  the  bottom  of  the 
tank  to  the  alley  discharges  the  ash  into  wagons. 

At  present,  the  plant  is  eqni])ped  with  three  750-kw. 
units  consisting  of  single-stage.  (leneral  Electric  hori- 
zontal turbines  driving  directly  at  .'IfiOO  r.p.m.  three- 
])hase  60-cyele  250-volt  generators.  Fig.  1.  'i'wo  units 
carry  the  load,  leaving  the  third  as  a  reserve.  I'ro- 
vision  ha.s  been  made  for  the  installation  of  a  fourth  of 
the  same  size  as  soon  as  the  load  makes  this  necessaiy. 
There   arc   two  25-kw.   exciter  units,   one   steam-turbiiu! 


|i(issib|e  f(ir  each  boiler  to  sujiply  a  turhine  directly  or 
through  the  header  either  of  the  other  turbines.  A  5-in. 
siip])ly  pipe  gives  0.026  sq.in.  per  kw.  of  rating  and  a  16- 
in.  exhau.st  opening  directly  into  a  '24-in.  main  common 
to  tlie  other  units  gives  0.37  in.  per  kw.  Fig.  6  shows 
the  piping  to  and  from  the  turbines. 

Tlve  exhaust  main  sujiplies  all  the  heating  and  is  so 
\alved  that  i)art  of  the  exhaust  of  the  main  units,  be- 
sides tlie  exhau.st  from  the  auxiliaries,  may  be  used  in 
the  feed-water  heater  or  a  hot-water  heater  for  house 
service.      Ikith   licaters  and    the  ])umps  are  on   a   gallery 
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hIiovc  till-  Imliimv.,  In  llic  K'niiwiiy  Ivxclimi^jc  Miiildm;,' 
a  WflistiT  Miiiiiiiii  .-\.-li'iii  is  iiistalli'd.  Direct  nulialioii 
is  finplovtMl  on  llif  IIcmus  iil>ovt>  tlio  Kovcntli  iiml  in  llit> 
<ii<|mrtMiont  Htorc  inilircci  radiation.  Tlu>  vMcunni  piinips, 
oni>  stoani-drivcn  nnd  llic  other  motor-driven,  me  in  the 
OMfjine  roonj.  'I'he  smaller  Imililini^s  ser\ed  liv  the  jilaiil 
Inive  gravity  .systems  whu  h  pnl  tinni  1  lo  1'^  lli.  Kai  k 
pressure  on  the  Inrhines.  in  addition.  Iliere  i.-  a  l-iii. 
live-steam  supply  to  liie  store  Tor  eookiiii:  ami  Lreneral 
restaurant  i>ur)>oses.  This  service  is  metered  liy  a  spe- 
cial (Jeneral  Klectric  indi(  iilinfj,  inlefjratinf^  and  record- 
inj;  insliument.  Al  niiziit  liii:li-pre<sure  steam  is  sup- 
|)lied  throuiiii  a  i-ediitin^  |i:c>snrc  \;ilvc  to  the  exhaust 
line  for  heatiiit,'  tiie  lnuldin,u-.  a>  nindi  as  :!ii.i((Mi  lb.  per 
hour  heing  required  in  tiie  coMci'  wcaihci-. 

Kel'riiieration   is  furnislied   to  the  stoie  hy  two  -^O-ton 
iiuemmeli-Dawley  compressors  connected   to  7")-hp.  mot- 
Alternating  Current 


Rotary 

Converter 

Y\v,.  Vl.     FROJt  Thkick-Phask  Alternatjng  to  Diimx  r 

t'i:i;i;K\T  AT  250  ami  125  Volts 

ors  hy  chain  drives.  The  niaihines  and  the  double-pipe 
ammonia  condon.ser  sliown  in  Fig.  5  are  in  the  plant, 
hut  the  balance  of  the  equipment  is  in  the  ha.'iement  of 
the  .store.  The  liquid  ammonia  from  the  condenser  and 
the  returning  vapor  are  therefore  transmitted  under- 
ground. The  store  is  equipped  with  the  brine  system  to 
tide  over  periods  of  lumoperation. 

Tn  the  Railway  Exchange  Building  there  are  a  total 
of  approximately  12,800  tungsten  lights  of  100  cp.  each, 
supplied  with  125-volt  alternating  current.  A  number 
of  three-phase  motors  require  three-phase  alternating  cur- 
rent at  250  volts  and  38  elevators  use  direct  current  at 
250  volts. 

From  the  generators  the  three-))hase  60-cycle,  250- 
volt  current  is  carried  to  the  switchi)oard,  75  ft.  distant 
through  six  2,000,000  circ.mils  lead-covered  cables,  two 
per  phase.  The  leads  have  been  placed  in  3i/^-in.  indi^ad- 
ual  fiber  ducts  spaced  on  4-in.  centers,  and  to  overcome 
the  induction  which  would  naturally  result  from  the  high- 
amperage  current,  the  phase  circuits  have  been  divided. 
The  grouping  of  the  ducts  is  shown  in  Fig.  9,  the  cor- 
responding numbers  indicating  the  two  leads  of  each 
phase. 

All  of  the  alternating-current  power  service  is  three- 
phase.  250-volt  and  is  used  direct.  The  lighting  service 
is  three-phase,  four-wire.  125-216  volts.     Fig.  10  shows 


how  tlii-c  \nllii;;c«  arc  ilerivi'd.  The  Mi|i|dy  is  brought 
to  a  ihi'ee-piiase  aulot ransromiei'  with  the  eoiJH  con- 
nected in  star.  Ta|is  are  brought  out  Ironi  each  coil  and 
between  each  of  the  taps  and  neutral,  the  voltage  is  125. 
.\cross  the  phases  on  the  service  end  tlie  voltage  is  21(i. 
The  latter  voltage  might   he  used   Cor  power  service.     To 

hal •(•    thi'    ln:iii    hclwccM    till'    pliaM-.    Hic    lighting   cir- 

ruils  III  ihr  h'ailway  I'Aihaiigc  i'.mjiliiig  lunc  been  taken 
iiir  :i>  >Ii(pu  m   ill    i-'ig.    1  I . 

Direct  ciincnt  al  25(l  \olts  is  leipiiied  I'or  the  elevatoi' 
motors  and  125-volt  current  for  lighting  outside  of  the 
I?ailway  Kxcha.ngc;  liuilding.  This  service  is  derived  from 
the  su])ply  through  autotransrorincrs  and  rotary  con- 
verters, three  :!(H)-kw.  units  being  iii-taljed.  ,\s  shown 
in  l''ig.  12,  taps  I'rniii  llic  1  raiisrniiiici-  ii»il>  lead  to  the 
rings  of  tile  rotary  and  ".'Mi-xolt  dircri  current  is  delivered 
from  llic  lillicr  end.  The  iieiiiial  of  each  trnisfonner 
is  brought  out  and  between  it  and  i-ither  of  the  direct- 
current  leads  there  is  a  difVerence  of  |)otenlial  of  125  volts. 

Tiic  plant  has  an  ciiiei-geiicy  service  connection  with 
tile  iiailcde  I'owcr  Co.,  wiiich  is  made  through  two 
lOOO-kw.  banks  of  transformers  with  star-connected  prim- 
aries and  .secondaries  arranged  in  delta.  The  voltage  is 
ste])ped  down  from  4150  to  250  volts.  This  .service  is 
also  used  during  the  summer  months,  as  the  current  is 
bought  as  cheaply  as  il  coiibl  be  produced  in  the  plant 
without   the  benefits  accruing  rroin   the  heating  load. 

I'lant   lii;(  (ii:i)s 

Daily  reports  are  kept  of  the  steam,  coal  and  water 
consumption  and  meters  on  the  various  services  record 
liie  electrical  output.     Tal)le  2,  a  report  for  the  month 

TABLE  2.  PLANT  RKCORDS  FOR  FEBRUARY 


Ivw.-lir.  generated  

Kw.-hr.  sold,  d.  e 

Kw.-hr.  sold,  a.  c 

Kn-.-hr.  sold,  total    

Ratio  kw.-hr.  sold  to  kw.-hr.  generated,  per  cent 

Kw.-hr.  to  rotary  convertei^,  a.  c 

R<3tary  and  transformer  loss,  kw.-hr 

Ratio  of  rotary  d.  c.  to  rotary  a.  c,  per  cent.  

Kw.-hr.  used  in  plant 

Kw.-hr.  unaccounted  for 

Live  steam  to  store  for  restaurant  service,  lb 

Coal,  lb 

Ashes  hauled,  lb 

Water,  cu.ft 

Coal  for  all  purposes  per  kw.-hr.  generated,  lb 

Coal  per  kw.-hr.  electrical  load,  estimated,  lb I 

B.t.u.  per  lb.  of  coal 6500  to  10,000 

Make-up  water,  per  kw.-hr.,  lb 


3(i.5,(iOO 
107,701 
140,01.5 
.317,.S76 
87 
190,070 
22.:509 

19, .540 

6,.'{75 

285,3,55 

4, .■543,470 

995,000 

15,100 

11.9 


2.7 


of  February,  will  give  some  indication  of  what  the  plant 
is  doing.  The  figure  of  11.!)  lli.  of  coal  per  kw.-hr.  does 
not  give  a  fair  indication  of  the  economy  of  the  plant,  as 
a  considerable  portion  of  the  steam  generated  by  the  coal 
was  used  for  heating  and  for  operating  boiler-feed  and 
vacuum  pumps  and  the  ash-handling  system.  Separat- 
ing these  items  from  the  total  by  means  of  detailed  re- 
ports obtained  in  the  plant  reduces  the  coal  per  kilo- 
watt-hour to  approximately  7  lb.  For  a  noncondensing 
plant  using  dirty  coal  of  scarcely  10,000  B.t.u.,  the  latter 
figure  is  not  bad.  The  coal  costs  about  OOe.  per  ton, 
and  at  a  rate  of  7  lb.,  this  would  give  a  fuel  cast  of  0.31c. 
per  kilowatt-hr.  It  will  be  noticed  that  the  ratio  of 
kilowatt-hours  sold  to  kilowatt-hours  generated  is  87  per 
cent.  This  difference  of  13  per  cent,  is  due  to  the  rotary 
and  transformer  losses  and  to  the  use  of  nearly  20,000 
kw.-hr.  in  the  plant.  There  are  only  6375  kw.-hr.  un- 
accounted for  in  the  month's  operation. 

Hugo  Wurdack  is  president  of  the  company,  E.  S.  Bill- 
ings is  superintendent,  and  H.  E.  Ma.son  is  chief  engi- 
neer of  the  plant.  To  Mr.  Billings,  we  are  indebted  for 
much  of  the  information  contained  in  this  article. 
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BYNOPi^TS — Tlotv  to  calculate  the  size  of  tubes  and 
the  layout.  Design  of  boiler  sliell.  and  bracing,  how  the 
boiler  is  to  be  installed  ami  how  to  drsignaJr  irhal  Iriin- 
mings  are  to  be  used. 

The  size  of  tul)e  to  be  used  to  best  advantage  is  hard 
to  determine  as  there  are  many  factors  to  be  considered. 
Generally  speaking,  the  longer  the  boiler  the  larger  the 
tube  that  can  be  economically  used.  Three,  31/^-  and 
4-in.  tubes  have  become  staaidard  for  horizontal-tubular 
boilers  in  this  country,  and  all  other  sizes  can  be  said  to 
be  exceptions.  Boilers  with  large  tubes  or  flues,  say  6- 
in.  or  more  in  diameter,  are  often  capable  of  greater 
evaporating  capacity  per  square  foot  of  heating  surface 
than  boilers  using  smaller  tubes,  but  this  gain  in  capacity 
is  usually  at  the  expense  ol  efficiency.  The  two-flue 
boiler  could  not  be  excelled  for  its  ability  to  carry  an 
overload,  but  it  was  hard  on  the  coal  pile. 

A  large  tube  is  advantageous  where  the  fuel  used  causes 
much  soot,  which  rapidly  fouls  the  heating  surfaces. 
Small  tubes  require  a  more  intense  draft  than  large  ones, 
and  this  is  a  point  to  be  considered  in  selecting  a  boiler 
for  a  plant  already  having  a  chimney. 

The  tube  sheets,  or  heads,  should  be  made  of  fire- 
box steel  with  a  tensile  strength  of  from  50,000  to  65,- 
000  lb.  per  sq.in.  and  the  tube  holes  should  be  punched 
not  less  than  14  i"-  i^maller  Than  the  finished  hole  and 
then  reamed  to  size,  or,  better  ttill,  drill  the  tube  holes 
in  the  solid  plate. 

Layout  of  Tubes 

The  tubes  should  not  be  too  closely  spaced  for  there 
is  likely  to  be  trouble  from  weakness  of  the  bridges  be- 
tween the  tube  holes,  the  boiler  will  not  steam  freely, 
and  there  will  also  be  difficulty  in  removing  scale  from 
between  the  tubes,  especially  next  to  the  heads.  The 
tubes  should  be  spaced  at  least  1  in.  apart,  and  should 
be  arranged  in  straight  vertical  lines  to  permit  clean- 
ing and  free  liberation  of  steam.  There  should  be  suf- 
:ficient  height  between  the  top  of  the  tubes  and  the  shell 
to  allow  of  easy  liberation  of  the  steam  so  that  it  can 
be  drawn  from  the  boiler  without  carrying  an  imdue 
ximount  of  moisture  with  it. 

As  a  large  boiler  liberates  more  steam  per  square  loot 
-of  liberating  surface,  it  requires  a  greater  height  above 
the  tubes  than  would  a  small  boiler.  A  boiler  of,  say, 
48-in.  in  diameter  should  have  a  space  of  at  least  18 
in.  between  the  top  of  the  tubes  and  the  shell ;  a  78- 
in.  boiler  should  have  about  27  to  30  in.  The  heights 
above  the  tubes  for  intermediate  sizes  should  be  in  pro- 
portion. 

To  make  a  free-steaming  boiler  and  one  readily 
cleaned,  there  should  be  plenty  of  room  between  the  tubes 
and  the  bottom  of  the  shell  ajid  also  at  the  side  between 
the  tubes  and  the  shell,  with  a  generous  vertical  aisle 
up  the  middle  of  the  boiler  between  the  tubes.  While 
this  aisle  is  generally  made  2  in.  wide,  3  in.  is  better. 
The  tubes  shoidd  not  be  placed  nearer  than  3  in.  to  the 
■shell  at   the  sid(>s,  and   since  the  tiibe  rows  arc  straight 


and  the  shell  curved,  the  average  space  will  be  consid- 
siderably  more  than  this. 

Ample  space  at  the  sides  affords  proper  facilities  for 
cleaning  as  well  as  for  circulation,  and  the  importance 
of  space  at  this  point  cannot  be  too  strongly  em])ha- 
sized.  The  tubes  should  bo  beaded  against  the  head  on 
i)otli  ends;  this  is  especially  im})ortant  on  the  rear  head. 

BiiAcr.xd 

The  bracing  of  horizon lal-tiibular  boih'rs  is  sim|)lc. 
'I'hat  to  be  placed  on  the  heads  above  the  tubes  is  prefer- 
ably of  the  solid,  crow-foot  type  and  made  weldless,  al- 
though good  welded  braces  are  safe  when  allowed  the  cus- 
tomary limit  of  7500  lb.  per  sq.in.  of  net  area  as  a  maxi- 
mum working  load. 

Gusset  bracing  is  strong,  but  it  is  likely  to  become 
fouled  with  mud,  which  lodges  between  the  gusset  plates 
and  makes  proper  inspection  of  the  head  impossible. 

Through  bracing  should  be  avoided  above  the  boiler 
tubes,  since  it  interferes  with  their  accessibility  and 
may  give  trouble  by  loosening,  particularly  if  the  braces 
are  of  relatively  small  diameter.  Below  the  tubes 
the  through  type  of  brace  should  be  used,  since  it  avoids 
the  necessity  of  attaching  brace  pads  to  the  shell  where 
they  are  liable  to  cause  trouble  by  overheating  the  shell 
plate  immediately  under  the  pads.  The  rear  ends  of 
through  braces,  below  the  tubes,  should  be  pinned  to 
crow-feet  or  pinned  between  angle  irons  riveted  to  the 
head. 

Where  angle  irons  are  used,  they  should  be  arranged 
with  a  pipe  washer  1  to  1^2,  in-  long;  placed  over  each 
rivet  and  between  the  angle  iron  and  the  head,  to  hold 
the  angle  iron  away  from  the  head,  thus  permitting  the 
free  circulation  of  water  back  of  the  angle  iron.  The 
front  ends  of  the  through  rods  should  pass  through  the 
front  head,  using  a  nut  on  each  side  of  the  head  and  a 
cupped  washer  between  the  outer  nut  and  the  head  of 
boiler  for  making  a  tight  joint. 

BoiLEK  Shell 

'J'he  shell  of  the  boiler  shoiild  be  made  of  material 
of  suitable  thickness  for  the  pressure  desired ;  the  mini- 
mum should  be  y'V  in.  up  to  54  in.  sheet  diameter  anil 
%  in.  thick  above  this  size.  The  maximum  thickness 
should  not  be  over  %  in.,  and  Va  i"-  or  -^^  in.  where  scale 
is  liable  to  become  troublesome. 

The  seams  should  be  of  the  butted  and  strapped  type 
and  either  triple  or  quadruple  riveted ;  for  small  boilers 
double  riveting  may  be  usecl.  The  rivet  holes  should  be 
punched  I/4  in.  less  thaai  the  finished  hole  and  reamed  to 
size  after  the  straps  and  sheets  are  bolted  in  place,  or  the 
rivet  holes  can  be  drilled  from  the  solid  plate. 

The  ends  of  the  plate  forming  the  longitudinal  se<nns 
should  be  pressed  to  the  true  circle  of  the  boiler  shell 
before  the  sheet  is  rolled.  This  is  a  feature  that  should 
always  be  specified.  The  butt  straps  should  be  formed 
to  the  true  contour  of  the  shell  before  the  rivet  holes 
are  reamed  or  drilled.  The  girth  seams  sliould  be  sin- 
gle riveted  and  the  different  courses  oT  the  Iniilcr  pro])- 
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iTly   lillfd   l<)<;i'tlii'r,  s(t  lluil    li;;lil    inlkiii;,'  is  r(M|iiin,'rl   in 
iiuikf  tlu'  si'iiins  tifjlit. 

Heavy  talking  on  tlic  scams  of  a  Ixiilrr  should  war- 
rant its  icjfttion,  lu'cimsf  il  is  a  cfrtaiii  inilicntion  thai 
Iho  parts  were  not  luniu'rly  lilted  tofjfether,  ainl  the  re- 
sult is  troiilile  and  n  short  life  if  the  hniler  is  i,i  lie  miU- 
jecled  to  hard  servire.  The  shell  shinild  \f  (unsiineled 
id'  lirehoN  sleel  with  n  tensile  streii;;lh  of  helween  "jO.diiii 
and  Aci.KHO  111.  |ier  sq.in.;  nniterial  cd'  a  iiij^lier  si  r(ii;:;ili 
is  liahle  to  he  less  dnclile  an<l  not  as  well  suited  lor 
hoiler  purposes. 

Ail  hraekets,  nozzles  or  liij;s  should  pi-el'eiahly  he  of 
pressed  steel  as  sluuihl  the  manhole  reinforeeineiil.  1 1 
should  he  required  that  these  ]>nrls  lu-  ])roperly  titled 
to  ihe  shell  hel'ore  heiii^  ineted  on.  'I'hero  should  he 
a  numliole  in  the  front  head  lielnw  I  hi'  tuhes  ( except. 
for  small  hoilers)  and  a  inMnliole  aluAc  [\]v  tiihcs.  That 
ahove  the  tuhes  is  preferalily  placed  in  ihc  lop  n{'  the 
shell,  hut  It  may  he  in  the  i-car  head  ah<i\c  the  tuhes  if 
the  surrounding  conditions  maisc  ihal  the  iiuist  suitahle 
phu'e. 

The  c'ourses  of  a  hoiler  sluuild  imt  he  much  over  iS  ft. 
lonii',  hut  they  should  always  he  so  arranged  that  a  girth 
seam  does  not  come  o\er  the  hiidgewall ;  in  fact,  a  girth 
seajii  that  is  nearer  than  IS  in.  of  either  side  of  the 
hrid.gewall  is  likely  to  give  trouhle,  due  to  overheating 
of  the  jilate. 

Supports 

The  usual  practice  is  to  support  a  horizontal-tubular 
l)oiler  on  side  lugs,  resting  on  the  brickwork,  'i'his  is 
the  cheapest  arrangenu'iit  yet  devised  for  tliat  purpose 
and  it  gives  fairly  satisfactory  results,  hut  if  boilers  are 
hung  from  I-beams,  which  are  supported  on  columns  in- 
dependently of  the  brickwork,  the  installation  is  much 
improved  and  the  life  of  the  setting  as  well  as  the  safety 
of  the  hoiler  are  enhanced. 

llan.ging  the  boiler  from  beams  which  are  supported 
on  ])iers  built  on  top  of  the  setting  walls  is  an  improve- 
ment over  the  lug-supported  hoiler.  Between  $18  and 
$25  usually  covers  the  additional  expense  for  hanging  a 
boiler  in  this  way,  instead  of  sup])orting  it  on  side  lugs. 

FliOXTs 

The  front  of  a  boiler  is  largely  used  to  present  a  good 
appearance  and  to  furnish  a  suitable  means  for  attach- 
ing fire  and  ashpit  door  frames,  which  could  not  be  at- 
tached to  the  brickwork  as  are  the  frames  of  the  clean- 
out  door. 

Since  the  front  usually  furnishes  a  finished  appear- 
ance to  the  setting,  it  should  be  designed  to  please  the 
eye.  The  sectional  plate-steel  front  is  superior  to  cast- 
iron  in  appearance  and  is  more  serviceable  in  every  way. 
Two  fire-door  openings  are  preferable  for  use  on  all  ex- 
cept small  boilers,  say,  under  48-in.  diameter,  but  no 
door  opening  should  be  less  than  16  to  18  in.  wide  ajid 
15  in.  high,  so  as  not  to  interfere  with  the  firing. 

If  a  boiler  is  set  with  the  overhanging  type  of  front, 
which  is  the  best  type  in  many  respects,  it  should  be 
so  designed  that  the  boiler  will  be  a  sufficient  height 
above  the  floor  level  to  prevent  the  smoke-box  extension 
from  interfering  with  the  fireman.  It  should  be  speci- 
fied whether  the  fire-door  arches  and  side  pieces  are  to 
be  furnished  with  the  boiler  and  a  description  of  the 
kind  should  be  supplied  by  the  bidder. 


The  (ire  and  ashpit  doors  ami  frames  should  he  of 
east  iron  and  MUidt;  of  siillicienl  dej)lh  and  weight  to  pre- 
vent warping.  A  warped  or  »T«ckcd  lire-door  is  not  only 
unsightly,  it  is  uiieeonomieid.  'J'lie  eleanoul  door  of  tin; 
eondiuslion  ehinnher  should  have  a  clear  opening  of  al 
least  iHxlH  in.,  and  should  he  well  (jlted  to  Ihe  fiamc 
lo  picM'iil   air  leakage. 

To  plane  or  mill  the  edgi  of  a  door  and  its  frame  costs 
nuuicy,  hut  unless  (hey  do  IK,  there  will  he  a  constant 
loss  III  ellii  iemy  during  the  operating  life  of  the  boiler. 
The  cleaiKUit  doors  and  frames,  like  tjie  fire-doorw,  should 
he  designed  with  pro|)er  de|)tli  ami  weight  to  |)revent 
warping.  Jiars  or  rods  should  he  sup|)lied  by  the  boiler 
manufacturer  lo  serve  as  lintels  to  hold  up  the  brick- 
work   over   the   cleaiiout    do(u-  openings. 

(;i!.\Ti:.s.  .\i!(  iiKs,  Ktc. 

The  ])rincipal  requirement  for  grates  is  to  have  the 
niiinufacturer  s])ecify  the  ana  to  he  furnished  and  the 
weight  ])er  sfpiare  foot  of  grate  surface.  The  amount  of 
grate  surface  should  he  such  that  there  is  1  sq.ft.  to 
each  10  (u-  !•')  s(|.ft.  of  hoiler  heating  surface.  About 
Hi  per  cent,  of  the  grate  surface  should  consist  of  air 
spaces  (grate  manufacturers  usually  claim  about  50  ])vy 
cent.),  but  nu-asurements  will  show  such  claims  to  he 
unwarranted,  because  it  is  not  practical  to  make  a  sub-  ■ 
stantial  or  serviceable  grate  with  that  nmch  air  space.        m 

The  covering  arches  for  the  rear  of  the  combustion 
chamber  should  he  designed  to  rest  against  the  boiler 
head  and  on  the  rear  wall.  Such  arches  are  more  dur- 
able. They  also  follow  the  movements  of  the  boiler  while 
expanding  and  contracting,  thus  aiding  in  keeping  a 
tight  connection  to  prevent  air  leakage  at  the  back  end 
of  the  boiler. 

Trimmings 

If  real  competition  is  desired  in  obtaining  bids  for 
boilers,  there  must  be  a  distinct  understanding  as  to  the 
kind  and  quality  of  the  trimmings  to  be  furni.shed.  The 
usual  trimmings  that  are  considered  to  be  a  part  of  the 
boiler  contract  are  the  steam  gage,  with  the  necessary 
connecting  pipe  and  shutofE  cock,  safety  valve,  water  col- 
umn, water-gage  glass  and  gage  cwks,  together  witji 
the  piping  between  the  water  column  aiid  the  boiler;  the 
blowdown  valve  for  the  water  column  and  the  valves,  if 
they  are  used,  between  the  water  column  and  the  boiler. 

Usually,  chain  pulls  are  provided  for  the  water-gage 
valves,  if  these  are  of  a  type  that  can  be  arranged  to 
operate  from  the  floor.  The  boiler  blowoff  valve  or  cock 
is  also  usually  furnished,  and  usually  the  piping  to  at- 
tach it  to  the  boiler. 

The  .steam  gage  should  he'  of  sufficient  size  to  permit 
its  indications  being  readily  observed  from  the  boiler- 
room  floor,  and  an  8-  or  10-in.  face  is  a  ]n-oper  size.  The 
maximum  graduation  of  the  gage  should  be  at  least  50 
per  cent,  above  the  intended  working  pressure  in  order 
to  secure  accuracy  and  long  life,  aiul  to  i)ermit  a  hydro- 
static test  of  the  standard  amount  being  recorded.  The 
pipe  connecting  the  steam  gage  to  the  boiler  should  be  of 
brass  and  not  less  than  l^  in.  in  size.  Iron  pipe  is 
likely  to  clog  with  rust  scale. 

The  pipe  connecting  the  steam  gage  to  the  boiler 
should  be  formed  into  a  goose-neck,  unless  the  location  of 
the  gage  is  such  that  water  will  always  be  on  the  gage 
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spriii^f  without  llie  introduction  of  sucli  a  tlevicc.  It 
steam  is  kept  in  contact  vvitli  tlio  gage  spring,  the  indica- 
tions are  inaccurate,  and  the  sj)ring  will  be  ruined.  Sini- 
iiarl}',  heat  transmitted  frcjin  outsich;  the  gage  is  detri- 
mental and  the  location  should  he  such  that  it  is  exposed 
only  lo  the  normal  room  tem'peratures.  The  front  of 
the  hreeching  or  upper  portion  of  the  boiler  fi'oiit  is  a 
pool'  location  for  the  gage,  unless  it  is  insulated  from  tlic^ 
heat  given  off  by  these  parts.  The  make  and  style  as 
M'cil  ;is  the  sizi!  of  a  gage  should    be  s|)ecilied. 

'I'lie  safely  valve  should  be  of  the  spring-loaded  type 
and  the  size  should  be  spct  ilicd  as  well  as  the  make 
and  style.  If  there  are  no  laws  to  govern  the  size  of 
the  safety  valve  lo  be  specilicd,  all  needs  for  safety  will 
be  (omplied  with  by  calling  for  1  sq.in.  of  safety-valve 
area  for  evei-y  2  sq.ft.  of  grate  area  or  each  100  sq.ft. 
of  healing  surface.  There  is  a  difference  in  price  in 
salV'ty  valves,  of  about  ■$2.')  on  a  125-hp.  boiler,  so  it  is 
important  that  ail  bidders  be  on  the  same  footing  in  this 
particular. 

The  water  column  is  often  made  by  the  boiler  manu- 
facturer. If  it  is  of  good  design,  it  can  be  accepted  with 
his  bid,  but  it  is  best  to  determine  lieforehand  the  kind 
of  gage-cocks  and  water  gages  to  l)e  used.  Then  specify 
them,  rather  than  try  to  differentiate  between  the  kinds 
that  will  be  offered  bv  the  manufacturers  in  submitting 
bids. 

The  piping  between  the  water  column  and  the  boiler 
should  not  be  less  than  fi/i  in.  in  size  and  crosses  or 
tees  should  be  specified  in  place  of  ells  at  points  which 
will  ])ermit  cleaning  these  connections  by  the  removal  of 
plugs  in  the  unused  outlets. 


'IMie  pipe  between  the  lower  end  of  tin;  water  column 
and  the  boiler  should  be  of  brass  a.s  an  aid  in  keeping 
the  connections  fi'ce. 

The  blowolf  \al\('  slioulil  be  specilicd  by  the  purchaser 
both  as  lo  size  and  style,  since  a  considei'abh.'  difference 
ill  price  can  be  made  i)y  its  use.  The  size  of  the  blowolf 
sliuiild  not  cNcccd  2Vi>  in.,  or  be  less  than  2  in.  for  the 
horizoiilai-tuliuhir  boiler.  It  is  |)ractically  impossible  to 
give  advice  as  lo  tln'  style  of  blowolf  valve  to  be  specified, 
because  tliei'c  arc  s(j  many  types  on  the  market  which 
possess  jjoints  of  merit.  It  is  best  for  the  purchaser  to 
choose  one  type  so  that  all  bidders  will  estimate  on  the 
one  kind. 

Sl'IX'lKICATIONS 

While  it  is  not  i)ractical  for  the  average  purchaser  to 
write  his  own  specifications,  he  can,  in  asking  bids  from 
manufacturers,  request  them  to  incorporate  in  their  s])eci- 
ffcations  the  various  features  desired  that  are  touched 
u])on  here,  and  the  specifications  which  he  will  receive 
with   the  bids  should   be  practically   uniform. 

If  the  purchaser  desires  to  secure  ma.ximum  efficiency 
in  purchasing  equipment,  and  is  insured  in  a  steam-hoi I- 
er-iusurance  company,  he  can  secure  the  desired  speci- 
fications from  it,  and  also  the  services  of  an  inspector  to 
watch  the  construction  of  his  boilers,  to  see  that  the  con- 
tract is  properly  carried  out.  These  services  are  usually 
furnished  free  by  the  insurance  companies. 

The  purchaser  should  bear  in  mind  that  in  buying 
boilers,  as  in  the  purchase  of  other  equipment,  it  is  al- 
ways best  to  deal  with  manufacturers  who  can  be  de- 
pended upon  to  stand  back  of  their  goods,  even  at  a 
reasonable  advance  in  price  over  the  other  fellow. 


By    O.SHOKX    MuNXETTf 
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SYNOPSIS — Some    radical     iiiipvovcincnlA    in     dai 
design  and  arrangement   which    Imrc  (tdili-d   lo   Hie 
ciency  of  ivater-tuhe  boilers. 
'^. 
'J'he    damper,   breeching   and    stack    for    a    water-tulie 
boiler  should  be  designed  to  offer  the  least  2)ossil)le  icsisl- 

♦Copyright,  1914,   by   O-sbnm   Monnett. 
tSmoke  Inspector,  City  of  Chicago. 
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Fig.  1.     St.vnd.vhu  Re-vk-Walt.  Damper 
Foil  Horizontal  Watek-Tuhe  Boilehs 


ance  to  the  gases.  A  damper  ratio  of  1  to  4,  expressed 
in  terms  of  grate  surface,  has  given  good  satisfaction.  As 
in  horizontal  return-tubular  practice,  this  ratio  is  better 
obtained  by  approximating  a  square  cross-section  rather 
than  by  making  the  damper  long  and  narrow.  It  is  im- 
portant that  the  damper  obstructs  the  uptake  as  little 
as  jiossiblc  when  standing  open. 
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Fig.  2.     I{i:ai;-A\'all  Damper  of  Later  and  Better 
Design 
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will    In-  (lisi'iisst'd.      TIkw   typfs    will    l.c    IowikI    t..   cuvfr  .use  mIkmiIiI  he  made  llic  lull  wid'lli  of  tlic  KcUiiig  uh  the 

llif  (.iiliiiiiry   makes  of  Iwiier  on   llie   market   ami  ran   lie  riniilatiii;,'   nipples   restrict    tlie  availalile  o|)eiiiiif,'  of  tlio 

modilied  to  suit  any  inslMllal  inn  uitji  little  nr  no  eliaii^rc  dnmprr. 


Ill  ^.'eiieral  desijLin. 


ii'i  \i;-\\  u  I,    I  >  \  M  I'll; 


In   tiu'   past    tliis  ilanipcr  lias  l.eeii   too  small    for  liij^li 
eapaeilii's.      Kij;.   1,  an  example  of  tlie  older  type,  sliows 


l)\MI'i:it    l\    'I'oi-    ( 'o\  \  IC'I'ION 

'I'iiis  i>  the  ideal  damper  eoiiiKMlioii  for  a  liori/onlal 
water-tulie  lioiler.  In  Fif{H.  ;{  and  i  working  drawings 
of  dam|)ers  of  tliis  type  arc  given  showing  how  thcty  may 

be    installed    with    a    miniiiiiiiii    n'si-ianee    to    the    (low    of 


Detail  of  Damper  in 
Uptal<;es 
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Fjg.  4.     Idkai,   Dami'Eij   AiinAXGEiiExx  FOK   Two   500- 
Hp.  Boilers 

a  damper  much  too  small.  This  damper  as  usually  in- 
stalled does  not  extend  the  full  width  of  the  setting.  Bet- 
ter results  are  obtained  with  the  damper  showTi  in  Fig. 
2,  which  extends  across  the  boiler  setting.  There  is  less 
restriction  to  the  gases  and  the  capacity  of  the  boiler  is 
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Fig.  6.     Location  of  Dajipers  for  Heine  Type 
Boilers 

gases.  In  this  type  of  damjier  care  must  be  taken  not 
to  miduly  restrict  the  space  between  the  side  walls  and 
the  drum.  To  avoid  this  the  side  walls  are  corbelled  out, 
as  shown  in  Fig.  3.  The  damper  may  be  installed  at  this 
point  or  in  the  uptake  above  the  boiler. 
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'I'lic  stylo  of  damper  shown  in  Fig.  '>  is  faulty,  as  at 
best  it  int('r]X)ses  an  obstruction  to  the  flow  of  gases. 
Even  with  the  damper  wide  open  there  is  a  neutral  point 
at  //  whieh  cuts  off  the  effective  area  of  the  opening. 
Again,  damper  connections  are  not  always  tight  and  any 
lost  motion  in  the  joints  or  at  the  adjusting  lever  will 
cause  the  damper  to  hang  out  of  center  and  restrict  the 
uptake.  'I'his  damper,  then,  should  be  avoided  and  the 
tyjK'  shown  in  Fig.  (!  substituted.  Fig.  7  is  a  working 
drawing  of  the  damper  for  a  iJoO-li)).  boiler.     The  dimen- 
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Da.mi'ki!  Detail  fok  ;550-Hp.  Boiler 


sions'  can  be  varied  to  suit  the  size  of  boiler,  using  the 
same  relative  proportions  and  making  the  free  opening 
one-fourth  of  the  connected  grate  surface.  The  layout 
shown  in  Fig.  6  can  be  applied  to  any  horizontal  water- 
tube  boiler.  It  permits  a  straiglit,  uninterrupted  flow 
of  the  gases  into  the  stack. 

Stiklixg  Dampers 

The  construction  of  this   damper   is  necessarily   long 
and  narrow,  and  the  space  allotted  to   it  is   sometimes 


The  damj)ei'  may  close  without  warning  just  after  a 
heavy  tire  has  been  thrown  into  the  furnace.  Under  these 
conditions  the  fire  will  smoulder  and  smoke  before  the 
fireman  luis  become  aware  that  the  demand  for  steam 
has  slackened. 

On  mechanically  stoked  plants  the  same  trouble  is 
likely  to  arise,  although  by  careful  attention  to  details, 
damper  regulators  have  been  installed  with  a  fair  de- 
gree of  success.  These  have  been  arranged  so  that  the 
stoker  engine  is  slowed  down  as  the  steam  goes  up,  be- 
fore the  damper  is  checked.  Conversely,  the  damper 
opens  before  the  stoker  engine  is  again  speeded  up.  No 
damper  regulator  sliould  be  installed  under  any  circum- 
stances with  mechanical  stokers,  unless  the  above  pro- 
visions are  carried  out. 


Sainmpll©   Me^lhodl  ©ff  ©eteiPfflmaEanEa^ 
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According  to  .statistics,  most  defects  in  steam  boilers 
are  due  to  scale  and  deposits,  thus  showing  the  impor- 
tance of  knowing  the  amount  of  scale-producing  salts  in 
feed  water.  To  detect  individual  impurities  in  water  is  a 
rather  troublesome  job  and  as  scale  is  caused  by  two  or 
tiiree  chief  impurities,  the  following  is  a  good  way  for 
an  engineer,  with  the  aid  of  inexpensive  apparatus,  to 
estimate  the  amount  of  these  scale-producing  substances. 
Some  scale  forms  when  hard  water  is  heated  and  is  due  to 
deposits  of  calcium  and  magnesium  carbonates  and  cal- 


FiG.  .s.  Toon  Fig.  9.  Good 

1{i:ai!-Wall  Coxxection  eor  Stirling  Boilers 

greatly  restricted.  The  Stirling  damper  sliould  be  nuule 
as  wide  as  possible.  There  are  two  types :  The  damper  in 
the  back  wall,  and  the  damper  with  top  connection.  One 
yood  and  one  bad  installation  of  each  type  are  shown  in 
Figs.  8  to  11,  with  the  third-pass  baffle  lowered  to  corre- 
s])ond  with  tlie  ideas  previously  expressed.  The  best 
type  of  Stirling  damper  is  that  which  provides  the  up- 
take on  top  with  the  wall  cm-bcllei!  out  to  give  a  maxi- 
mum free  opening. 

DaJII'EI!  1{egi  lators 

When  discussed  strictly  from  the  smoke  standpoint, 
with  high  volatile  Western  coals,  the  average  damper 
regulator  is  a  trouble  maker.  On  hand-fired  installations 
it  is  ])ractically  impossible  to  use  a  damper  regulator  in 
territories    where   strict   smoke   ordinances    are  enforced. 


m  mm  /mm/  / 

Fig.  10.  Poor  Fig.  11.  Goon 

Top  Connection  for   Stirling  Boilers 

cium  and  magnesium  suljjhates.  The  former  arise  from 
temporary  and  the  latter  from  permanent  hardness. 

In  the  first  case,  the  salts  are  in  solution  as  bicarbon- 
ates,  which  on  boiling,  lose  the  carbonic-acid  gas  and  are 
converted  into  normal  crystalline  carbonates  which  are 
precipitated,  the  particles  sticking  to  the  side,  forming 
scale.  In  the  latter  case,  the  salts  are  in  solution  as  sul- 
pluites.  These  are  not  affected  by  boiling  and  the  scale 
in  this  instance  is  formed  simply  by  evaporation. 

The  total  hardness  is  the  amount  due  to  both  the  tem- 
porary and  permanent. 

Both  temporary  and  permanent  hardness  may  be  tried 
for,  and  the  result  will  give  the  amount  of  impurities 
causing  scale.  A  standard  is  adopted  as  "degrees  of 
hardness"  and  is  expressed  as  grains  per  gallon  or  parts 
by  weight  in  100,000. 
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'I'lif  ii|i|>ai'iiliis  it(|iiiiril  cdiisisl-  ul':  I  Imicilc  ,  |imi  ,  n. 
•■m.  (c.c. )  rcadm^if  In  ti'iitlis  cc. ;  'i  ^jjlaMs-stoppcrcd  linillcs, 
*'.Ml  i'.»'.  rapmity;  I  llask,  AOO  i-.c.  capatKy ;  '2  |ii|ictt('H, 
10  v.v.  and  100  c.r.  Tit  I'sliiiiati-  tlic  inipiiritics,  M'ciirc 
Uh-  total  liaidiicss  as  folldW's :  tict  t'loiii  any  inannractiir- 
in^'  clii'inist  a  standard  Miap  snliitioii.  It  is  ul'  siuli 
jstirnirtli  that  I  cc.  will  ncnlralizc  I  iiilt.  nr  o.imi]  m;ini 
*ii'  laiiiiini  carlionatc  (ont'  snliilion  tiiat  can  lie  ii.<cd  is 
IT)  "grains  iii'  castilc  soap  dissolxcd  in  500  cc.  of  alcoliol 
and  r)00  cc  til'  pure  distilled  w.iicr).  'I'ldvc  a  .sample  ol 
the  water  and  put  in  cc  into  i:irli  IkiIIIc  Now  run  from 
tlie  hurette  containinjj;  soap  snlniKui  ,i  lew  culuc  cciiti- 
inotcrs  (sav  two  oi'  three  at  ii  lime)  into  (uie  uf  the  l)ot- 
tles,  sh;d\e  it  \  ii:iii-nii~ly  mid  l;iy  mi  iU  side.  IF  ;i  hillier 
does  not  appi'ar,  iidd  iimii'  smip  suliitidii  lillle  liy  lillle 
iKilil  a  sliuhl  laliuT  ;iii|h';ii>  uii  llie  Miiraee  (if  Ihc  water. 
.\l  lliis  sta.uc  the  s(.ap  suliilioii  siimild  he  added,  two  or 
lliree  drops  at  a  lime.  .MldU  the  hollle  to  lie  on  its 
side  i'oi-  four  minutes.  It'  the  hither  hi'eaks  hel'ore  the 
end  of  that  time,  add  a  iitth'  more  sulntion,  shaking-  tlu' 
contents  vigorously  alter  each  addition.  When  the  lather 
stands  or  lasts  for  four  minutes  the  test  is  done.  The  use 
of  two  bottles  is  to  save  time;  while  one  is  standinu:,  the 
other  can  he  in  use.  i.e..  the  soap  solution  may  he  added 
and  shaken. 

To  calculate:  1  cc  of  .soap  solution  equals  0.001  gram 
of  calcium  carbonate.  Assume  70  c.c.  of  the  sample  were 
tidven  and  say  it  required  8  c.c.  of  .solution  to  ])roduce 
the  lather.  Therefore,  there  are  8  grains  of  carbonates 
jier  gallon  of  water,  whieh  is  S  de,L;'.  of  total  hardness.     If 


ingim; 


I'M!  c.c  ^,{'  sample  waller  iiail  hi  en  taken  then  we  would 
have  had  O.OOS  gnim  jur  loo  grams  of  water  (  1  cc  uf 
water  weighs  I  gram)  or  S  parts  jier  100,000,  also  H  deg. 
The  total  hardness  cd'  water  expressed  in  flegrees  is  as 
IoIIowh:  I  to  T)  (leg.  is  s(d't  ;  10  to  \'2  i\vi>:.  is  hard;  15  1<. 
I'i  deg.  is  very  hard. 

To  deti-rmine  ihe  permanent  hardness  due  to  the  sul 
phates,  simply  boil  the  sanijde  for  half  an  hour  (this  will 
(testroy  the  tem|)orary  hardness)  ;  then  repeat  the  t«'st. 
taking  ?0  ce.  or   loo  cc  us  before. 

if  more  llnin  I  (i  c.c  of  solution  are  re<piire(l  to  jiro- 
(luet!  the  lather,  tlii'n  dilute  it  lo  half  its  strength  with 
I'ure  distilled  wnter.  jjiij  he  (•arefiij  to  double  th(!  result 
('I'laiued.  If  \eiy  laiuc  (piaiitilie<  id'  ealeiuin  or  inag- 
i.esium  sails  are  present,  this  method  is  not  strictly  eor- 
reel,  but  is  good   for  eimiparing  dilfei-ent   waters. 

To  get  Ihe  amount  of  supended  matter  causing  sedi- 
lei  nl,  simply  (liter  ",*>  ce.  of  sjimple  water  through  a  filter 
pajier  and  weigh  before  and  after;  Ihe  weight  in  milli- 
grams equals  grains  jier  gallon. 

To  find  if  the  water  is  acid,  hold  a  ]nece  of  red  and 
blue  litmus  ])aper  in  the  water  for  one-half  liour.  If 
acid  is  present,  the  blue  w'ill  tui'n  reil  and  the  red  remain 
led;  if  it  is  alkaline  the  red  will  Inrn  blue  and  the  blue 
remain  blue. 

Though  this  cannot  be  considered  strictly  an  analysis 
of  water,  it  is,  however,  a  practical  method  of  obtaining 
the  general  quality  for  boiler  ])urpo.«es.  For  com|)aring 
various  waters,  and  in  a  plant  where  a  water-softening 
process  is  used,  it  will  prove  very  u.seful. 
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By  V.  McNeill 


SYNOPSIS — A  study  in  British  thermal  units  of  cen- 
tral-slation  service  to  a  large  isolated  plant  which  has 
boilers  for  heating  of  more  than  sufficient  capacity  to 
generate  the  electrical  load.  A  generating  plant,  it  is 
estimated,  would  save  about  $40,000  per  year. 

I*; 

The  central-station  and  isolated-plant  argument  has 
reached  a  point  where  it  behooves  every  engineer  to  give 
it  unbiased  consideration.  If  the  central  station  can 
compete  with  the  isolated  plant  successfully,  the  operat- 
ing engineer  should  be  the  iirst  to  make  the  discovery, 
thereby  deriving  any  benefits  possible  of  the  inevitable 
result  of  such  a  discovery.  On  the  other  hand,  if  it  can 
be  shown  to  the  contrary,  then  such  findings  should  be 
given  all  the  publicity  possible  in  order  to  offset  some  of 
the  statements  or  misstatements,  as  would  then  be  the 
case,  that  are  now  freely  circulated  by  the  central-station 
interests. 

For  instance,  the  central-station  advocate  has  compara- 
tively easy  sailing  when  he  is  able  to  approach  a  jiros- 
pective  customer  with  the  following  statement,  which  is 
more  misleading  because  it  is  half  the  truth,  "We  have 
as  a  customer  one  of  the  largest  retail  department  stores 
in  the  city  of  Chicago  who  find  it  more  profitable  to  deal 
with  us  than  to  operate  their  own  plant."  It  is  a  fact 
that  that  there  is  such  a  store  in  Chicago  and  that  it 
does  buy  its  power  from  the  central  station,  but  by  what 
intricate  reasoning  the  management  of  that  store  arrives 
at  the  conclusion  that  it  is  saving  money  by  so  doing 
is  beyond  the  writer's  ability  to  discover. 

The  electrical  power  consumption  at  that  store  will 
run  anywhere  from  300,000  to  400,000  kw\-hr.  per  month. 
It  has  an  elaborate  boiler  plant  of  2100  hp.  capacity,  and 
is  equipped  with  a  refrigeration  system  of  the  absorp- 
tion type. 

It  has  been  suggested  that  one  of  the  reasons  why 
this  store  does  not  operate  its  own  generating  plant  is 
because  the  owners  are  interested  in  the  concern  furnish- 
ing them  with  power  and  light,  so  they  virtually  use 
their  own  product,  and  at  the  same  time  advertise  their 
central  station.     This  may  or  may  not  be  true. 

The  engineers  employed  by  the  central  station  are 
fully  aware  of  every  loss,  however  slight,  from  the  coal 
bin  to  the  consumer.  They  must,  therefore,  be  aware 
that  the  actual  cost  of  production  of  heat,  light,  power 
and  refrigeration  is  considerably  greater  than  it  would 
be  were  that  power  generated  in  the  basement  of  the 
store. 

Central  stations  throughout  the  country  have  been 
accused  of  fostering  by  rate  discrimination  just  such 
propositions  as  the  foregoing.  How  well  the  scheme  works 
as  an  advertisement  is  shown  by  the  large  number  of 
stores  and  office  buildings  that  use  central-station  power. 
It  is  not  possible  for  the  managements  to  prove  to  them- 
selves or  to  anyone  that  they  are  practicing  economy ; 
hence  the  only  logical  conclusion  is  that  they  are  con- 
sumers of  central-station  power  on  account  of  rate  dis- 
crimination, the  misleading  statements  of  the  central- 
station  solicitor,  or  they  are  victims  of  the  class  of  ad- 


vertising circulated  by  the  average  purveyor  of  electrical 
energy. 

It  is  safe  to  say  that  the  managers  of  the  particular 
store  under  discussion  would  not  have  to  think  twice,  in 
the  event  that  central-station  power  was  not  available, 
before  deciding  that  the  place  for  their  power  plant  would 
be  in  the  basement  of  their  store  and  not  four  or  five 
miles  distant,  as  is  the  case  now.  They  would  not  have 
to  employ  consulting  engineers  to  tell  them  that  the  aj)- 
paratus  for  transmission  and  conversion  of  the  power 
would  cost  almost,  if  not  quite,  as  much  as  the  proper 
machinery  installed  in  their  basement.  It  is  quite  prob- 
able that  they  would  not  install  engines  of  the  condensing 
type  with  all  the  auxiliary  apparatus  that  would  be  nec- 
essary in  order  to  get  a  high  thermal  efficiency,  which 
would  not  exceed  15  per  cent,  at  best.  Engines  of  the 
single-expansion  or  possibly  compound  type,  utilizing 
the  exhaust  for  heating,  refrigeration  and  ice  making, 
would  give  good  economy  if  the  supply  and  demand  for 
exhaust  steam  were  anywhere  near  balanced. 

That  the  enormous  waste  this  one  case  represents  in 
money  as  well  as  fuel  may  be  better  understood  and  aj)- 
preciated,  and  that  the  reader  may  see  the  foregoing 
statements  proved,  the  actual  work  being  done  will  be 
converted  into  its  equivalent  heat  value  in  British  thermal 
units.  A  comparison  will  be  made  of  the  heat  units  ex- 
pended under  present  conditions  with  the  possibilities 
were  the  the  engines  and  generators  in  the  store. 

One  kilowatt-hour  is  equivalent   to  3413   B.t.u.      As- 
suming that  the  kilowatt-hour  consumption  per  month  is 
300,000,  the  total  useful  work  done  would  be  equal  to 
300,000  X  3412  =  1,023,600,000  B.t.u. 

The  central  station  in  this  case  is  equipped  with  the 
most  efficient  steam  and  electric-generating  apparatus 
procurable.  Boilers,  however,  are  not  discriminatory; 
they  will  do  just  as  efficient  work  for  an  isolated  plant 
as  they  will  for  a  central  station.  For  these  comparisons 
an  efficiency  of  70  per  cent,  will  be  assumed  in  each  case. 

The  prime  movers  in  the  central  station  are  turbines 
operated  condensing,  and  some  of  them  are  extremely 
large,  with  a  test  rate  as  low  as  11.25  lb.  per  kw.-hr.,  not 
including  the  auxiliaries.  Due  to  low  load  factors  and 
standby  losses,  the  average  economy  does  not  approach 
this  figure.  It  is  commonly  stated  that  to  produce  a 
kilowatt-hour  at  the  switchboard  requires  30,000  B.t.u. 
Only  70  per  cent,  of  this  reaches  the  turbine,  so  that 
with  steam  at  200  lb.  pressure  and  200  deg.  superheat, 
the   average   rate   per   kilowatt-hour   would   be 

0.7  X  30,000       ^^.  „     ,.    , 

' v?(  0^"^ —  ~  '-^  steam 

As  the  turbines  and  accessories  use  16  lb.  of  this  steam 
per  kilowatt-hour,  the  heat  units  required  for  1  kw.-hr.  of 
output  is 

16  X  1309.7  =  20.955  B.t.u. 
and  as  1  kw.-hr.  is  equal  to  3412  B.t.u.,  the  thermal  effi- 
ciency would  be 

3412         _  „  , 

^^^-^  =  16.3;..r..«^. 

The  next  loss  sustained  is  that  of  the  generator,  which 
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niiiv  Itc  assiimcil  in  liotli  ciimcs  Id  Ik-  ■"»  per  ('ciil.  'I'lir 
Iniiisiiiissioii  Iohs  is  next;  tliirt  is  siistaiiifd  hy  the  ccnlnil 
station  alone.  It  is  ^ovfi-ncd  liy  the  cost  of  copixM-  aii<l 
its  installation.  The  (|ii(>stion  oT  installation  cost  in  this 
case  is  so  coiniilfx  that  a  conservative  estinuilt!  is  I'l'ndercil 
(litlicult.  'I'lie  wires  are  laid  in  expensive  ducts,  and 
many  thousands  of  kilowatts  are  conducted  over  the  sauie 
wires  which  are  divided  into  a  niullituile  of  siiuillrr  <  i: 
cuits.  It  should  he  horiie  in  mind,  however,  that  Ihf 
item  is  not  small.  'I'hr  writer  has  heen  int'ornu'd  on 
f;ood  authority  that  the  transmission  loss  allowed  is  In 
per  cent.,  hut  to  he  on  the  sale  side,  a  loss  of  H  per  cent. 
will  h"  a.ssuined.  It  does  not  matter  how  much  powei-  is 
Ininsinitted  ovt'r  the  lines,  copper  has  In  lie  provided  \'nv 
evei'v  ampere  that  flows.  TIimI  is,  I  here  is  no  sa\in<!;  in 
copiUT  on  account  of  tiie  larLrc'  amo\iMl  of  power  bcinj^ 
transmitted.  The  same  amount  of  copper  is  re(piired  to 
convey  that  power  to  the  store  as  would  be  necessary  were 
it   the  only  current  llowing. 

The  distance  the  current  is  lransmitt<'(l  is  alioul  lour 
miles.  It  is  transmitted  at  !MK)(I  volts,  three-phase,  three- 
wiro  distribution,  and  is  converted  into  direct  current  at  a 
usable  voltage  by  means  of  a  rotary  converter  wliicli.  by 
the  way.  is  not  100  per  cent,  efficient.  A  well  designed 
converter  of  1000  kw.  capacity  would  have  an  efficiency 
of  about  5)5  per  cent,  at  full  load.  The  current  required 
to  su])j)ly  1000  kw.  at  the  end  of  the  line,  assuming  the 
average  power  factor  to  be  0.90,  would  be 

1,000,000 

——— — \  ^,, --~r  =  71  amp.  per  main 

9000  X  1.7:32  X  0.90  '    ^ 

Assume  that  the  power  lias  a  value  at  the  end  of  the 
line  of  l.r)c.  per  kw.-hr.  A  transmission  loss  of  8  per 
cent,  on  1000  kw.  is  80  kw.,  and  if  that  loss  were  sus- 
tained 10  hr.  a  day  for  52  weeks  of  six  days  each,  it  would 
amount  to  249,fi()0  kw.-hr.,  which  at  1.5c.  would  amount 
to  $3744.  This  money  would  pay  the  interest  and  de- 
preciation at  the  rate  of  ISi/o  per  cent,  on  an  investment 
of  $29,952,  which  in  itself  would  help  materially  in 
building  a  respectable  isolated  plant. 

The  size  of  conductor  required  would  be  Xo.  4,  and  the 
cost  of  12  miles  of  this  wire,  making  allowances  for  the 
fact  that  larger  conductors  are  used,  would  be  about 
$7000.  These  figures  are  derived  from  a  quotation  by  a 
Chicago  dealer.  When  the  cost  of  the  rotary  converter 
is  added  to  this  amount,  together  with  the  maintenance 
cost,  a  sum  of  from  $30,000  to  $35,000  is  represented. 
Adding  to  this  the  amount  represented  by  the  transmis- 
sion loss  would  give  a  sum  sufficient  to  install  a  gen- 
erating plant  which  could  compete  successfully  with  any 
central  station  in  operation  today. 

When  one  stops  to  think  that  this  may  be  accomplished 
with  the  central  station's  waste,  or  at  least  with  the  losses 
That  are  an  inseparable  part  of  the  central  station  but 
foreign  to  the  isolated  plant,  one  of  the  reasons  why  the 
former  cannot  long  endure  as  a  successful  competitor  to 
the  latter  is  apparent. 

For  heating,  about  100,000  sq.ft.  of  radiating  surface 
is  required.  Under  average  conditions  100  sq.ft.  of  radi- 
ating surface  will  require  one  boiler  horsepower,"  so  that 
an  installation  of 

160,000 


100 


KiOO  hp. 


^srould  be  necessary.      On  the  assumption  of   full  boiler 


lapaeity  for  II  hr.  a  day  and  se\en  months  during  the 
year  the  annual  coal  consumption  would  figure  out  ahoiii 
in, ()()()  i((Ms.  liiformaticin  enuinating  from  a  reliahli' 
MMiree,  however,  gives  7250  tons  as  the  average  yearly 
( onsurnption  for  heating  the  building,  so  that  the  hittei- 
figure  will   he  u.sed   for  final  lomparisons. 

An  expenso  borne  by  the  isolated  plant  and  not  by  ll  • 
lenlral  station  is  the  cartage  cost  of  coal  from  the  c:i ' 
to  the  plant.  Whatever  that  item  is.  the  reader  niu- 
i-eiiMinher  that  the  coal  now  used  for  heating  alone  beai- 
ihal  expense,  so  the  only  diffiM-ence  is  the  cartage  v 
of  th(!  difference  Ixrlween  the  coal  now  used  for  heatin 
and  the  amount  tliat  would  he  used  lor  power  and  he;ii 
ing,    which   would    be   small. 

With  an  isolated  plant  the  boiler  and  generator  elli- 
cieiieies  would  be  practically  the  sanu-  as  those  of  the 
central  station,  so  that  it  is  only  necessary  to  consider  tli 
engines.  It  is  probable  that  two  800-hp.,  nonreleasin 
four-valve  engines  would  be  selected  for  tjie  work.  A 
guarantee  per  indicated  horsepower-hour  of  22  lb.  of 
saturated  steam  at  140  lb.  absolute  and  1  lb.  back  pres- 
sure can  be  obtained,  although  in  practice  the  rate  would 
be  lu'arer  25  lb.  The  thermal  efficiency  of  the  engines  in 
this  case  will  differ  from  that  of  tlie  turbines  in  that  the 
turbines  dissipate  all  of  the  heat  energy  in  the  steam 
delivered  to  them,  for  which  they  return  lf).3  per  cent, 
in  the  form  of  electrical  energy,  while  the  reciprocating 
machine  of  the  isolated  plant  uses  only  a  small  part  "i 
the  heat  in  the  steam  passing  through  it,  rejecting  tin 
greater  part  as  e.xhaust.  The  exhaust  steam,  however, 
has  a  thermal  value  of  100  per  cent,  for  heating,  ii 
making,  etc. 

Saturated  steam  at  140  lb.  absolute  has  1192.2  B.t.u. 
per  lb.  Between  this  pressure  and  1  lb.  gage,  or,  say,  Ki 
lb.  absolute,  the  engine  will  utilize  only  158  B.t.u.;  that 
is,  this  amount  will  be  transformed  into  work.  There 
will  also  be  about  5  per  cent,  cylinder  condensation, 
w-bich  will  mean  another  drop  of  fiO  B.t.u.,  or  a  total 
of  218  B.t.u.  In  every  pound  of  steam  the  engine  uses 
218  B.t.u.  and  the  balance,  974  B.t.u.,  is  turned  over  to 
the  heating  or  refrigerating  svstems. 

As  the  engine  uses  25  lb.  of  steam  per  indicated  horse- 
power-hour, it  requires 

25  X  218  =  .5450  B.i.u. 
for  each  indicated  horsepower.     To  drive  a  500-kw.  gen- 
erator of  95  per  cent,  efficiency,  and  allowing  for  10  per 
cent,  friction  in  the  engine  the  latter  would  have  to  fur- 
nish 

500  ..„.,  .  , 

— -  =  783  i.lip. 

0.90  X  0.95  X  0.74(3  ^ 

In  doing  so  it  would  use. 

783    X    5450   =  4,2(57,350   B.t.u.   per  hr. 
The  heat  equivalent  of  1  kw.-hr.  is  3412  B.t.u.     There- 
fore, 

3412  X  500  =  1.70r,,000  B.t.u. 
is  equivalent  to  the  total  useful  work  of  the  generator. 
Then  considering  that  the  exliaust  is  utilized,  the  thermal 
efficiency  of  the  set  would  be 

4;267;350  -  "-^^^ 
or  practically  40  per  cent.     It  will  be  remembered  that 
the  thermal  efficiency  of  the  central-station  unit,  figured 
in  the  same  way,  was  16.3  per  cent. 
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As  there  are  two  enoiiics  in  use,  eaeli  developing  783 
i.hp.  lor  25  lb.  of  steam  per  i.lip.-hr.,  aud  974  B.t.u.  are 
rejected  per  pound  of  steam,  then  the  boiler  horsepower 
represented  by  tlu;  heat  rejected  by  the  engines  is 
2  X  783  X  25  X  i'74  ^ 
33,4711 

It  will  be  remembered  that  a  niaximum  of  KiOO  b.lip.  is 
lequired  for  heating  the  building,  so  that  all  of  this  ex- 
haust could  be  utilized  for  the  greater  part  of  the  heating 
season;  in  other  words,  the  total  waste  would  be  all  of 
the  exhaust  steam  five  months  of  the  year.  No  matter 
how  much  of  the  exhaust  steam  cannot  be  used,  it  is 
always  available  if  required — that  is,  there  is  the  equiva- 
lent of  1139  boiler  horsepower  of  exhaust  steam  always 
ready  for  use  wherever  the  IGOO  boiler  horsepower  is  now 
being  used. 

Assuming  for  the  time  being  that  all  of  the  exhaust 
steam  escapes  to  the  atmosphere,  the  total  heat  used  by 
the  engines  per  hour  would  be 

1192.2  X  1566  X  25  =  46,674,630  B.t.u. 
During  that  hour  the  generators  are  supplying  1000  kw., 
.which  is  equivalent  to  3,412,000  B.t.u.     The  thermal  effi- 
ciency of  the  units  would  tlien  be 

3,412,000         ^^„       ^  , 
46,674,630  =  *'-^'^=   '-W^^'"  ^•««^- 

To  the  critic  who  will  say  that  too  much  steam  has  been 
allowed  for  heating,  the  writer  wishes  to  call  attention  to 
the  fact  that  this  particular  store  is  equipped  with  a  re- 
frigeration system  of  the  absorption  type  which  could 
use  not  a  little  of  the  exhaust  steam,  and  the  large 
restaurant  maintained  by  this  store  uses  steam  the  year 
round. 

The  accompanying  table  compiled  from  the  data  given 

CoMPAHisoN  Bi-;TWf:EN  Cen^tral-St-^tiox  and  Isolated- 
Plant  Service 
central  station  fuunishing  power 

Heat  Value  in 

Apportionment  of  work  B.t.u. 

300,000  kw.-hr.  per  mo 1,023,600,000 

5  per  cent,  converter  loss 53,873,684 

8  per  cent,  transmission  loss , 93,693,363 

83.7  per  cent,  engine  and  generator  loss .~ 6,013,906,860 

30  per  cent,  boiler  loss 3,079,317,392 

7250  tons  of  coal  used  per  yr.  for  heat 10,264,391,305 

Average  per  mo 13,288,000,000 

Total    23,552,391,30,'> 

LSOLATEI)   PLANT  FURNISHING    POWER 

300,0(K)  kw.-hr.  per  mo 1 ,023,600,000 

92.7  per  cent,  engine  aud  generator  loss 12,998,317,808 

30  per  cent,  boiler  loss 0,009,393,346 

Average  heat  per  mo.  in  addition  to  exhaust  furn'shed 289,682il92 

_      Total 20,320,993,340 

Excess  heat  expended  account  of  using  central  .station  power..  3,231,397,9.^9 

Equivalent  in  ton.s  of  coal  saved  per  mo.  (11,000  b.t.u.  per  lb.)  147 

Tons  of  coal  saved  per  year 1764 

in  this  article  shows  the  difference  in  heat  uniis  l)etween 
the  two  methods.  Considering  everything,  the  writer  be- 
lieves that  if  any  advantages  are  given,  the  central  sta- 
tion is  most  favored. 

The  table  shows  the  saving  in  coiil  between  .the  two 
methods,  but  not  the  saving  that  might  l)e  effected  by  in- 
stalling an  electric  plant  in  the  store.  The  item  of  profit 
to  the  central  station  must  be  considered. 

According  to  a  schedule  issued  by  the  central  station  in 
question,  the  store  has  to  pay  1.54c.  per  kw.-hr.  for  a 
maximum  of  1000  kw.  when  the  total  amount  used  is 
300,000  kw.-hr.  per  month.  The  monthly  cost  for  power 
at  that  rate  would  be  $4620.  By  referring  to  the  table 
it  will  be  seen  that  the  total  heat  expended  per  immth 


for  heat,  light  and  jiower  by  the  isolated  plant  would  be 
20,320,993,346  B.t.u.,  and  it  now  expends  13,288,000,000 
C.t.u.  for  heat  alone,  a  difference  of  7,032,993,346  B.t.u., 
which  represents  320  tons  of  coal. 

It  is  the  writer's  candid  opinion  that  no  additional  help 
would  be  required  in  this  case  with  the  possible  exception 
of  one  fireman  during  the  summer  months.  Allowing  for 
this  for  six  months  at  the  rate  of  $80  per  month,  which 
would  make  an  average  of  $40  per  month  for  the  year 
and  320  tons  of  coal  at  $2  per  ton,  the  total  additional 
cost  would  be  $680  per  month  for  power  and  light,  for 
which  the  store  now  pays  $l()20,  a  difference  of  $3940. 
For  12  months  this  would  amount  to  ajiproximately  $47,- 
000,  allowing  for  oil  and  sujiplies  for  the  engines.  The 
annual  saving  would  very  nearly  install  the  generating 
units.  The  plant  woould  almost  pay  for  itself  in  the  first 
year,  and  deducting  121/2  per  cent,  on  the  investment  for 
interest  and  depreciation,  would  still  leave  an  annual 
saving  of  about  $40,000. 


32=^1 


By  1).  .ArcliitiocioK 

[This  article  was  published  in  the  .Vjir.  14  issue,  page 
539,  but  the  draft  gage  was  shown  connected  wrong  end 
to.  That  there  may  be  no  misunderstanding  regarding 
the  method  of  taking  readings,  the  article  is  republished 
herewith   with   the   gage   properly   connected. — Editor.] 


Piping  and  Valves  for  Draft-Gage  Connections 

The  illustration  shows  how  a  boiler  may  be  piped  up  to 
a  differential-draft  gage  so  as  to  give  any  desired  read- 
ing. It  is  adaptable  either  to  forced-  or  to  natural-draft 
conditions,  and  requires  some  i/4-in.  pipe  and  fittings, 
six  straightway  and  two  three-way  cocks;  the  latter  can 
he  made  out  of  regular  cocks  by  drilling  a  small  hole 
Through  the  side  of  the  cock  and  lialf  way  through  the 
])liig  wlieii  set  open. 

Following  is  a  list  of  the  readings  that  may  be  had 
and  how  they  are  taken,  supposing  that  all  of  the  cocks 
are  closed  except  those  mentioned  in  each  case: 

1.  For  ashpit  pressure,  o])en  AD  straightway  aud  E 
to  the  atmosphere. 

2.  For  furnace  pressure,  o])en  BD  straightway  and  E 
to  the  atmosphere. 

3.  For  furnace  suction.  oi)en  CE  straightway  and  D 
to  the  atmosphere. 

4.  For  drop  through  the  fuel  bed,  open  A  and  C,  also 
D  and  E  straightway. 

5.  For  dro])  from  ashpit  to  second  ])ass,  open  A  and 
P,  also  D  and  E  straightway. 

6.  For  drop  from  ashpit  to  third  ])ass,  open  .1  and  G, 
also  D  and  E  straightwav. 

7.  For  total  available  draft  from  ashpit  to  flue,  open 
.1  and  //.  witli  D  and  E  straialitwav. 
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S.      Tor  drop   tliroiij^h    lioilcr    rnmi    fiiniafc   <o  Hfcoinl  II.      I''<ir  driifl  iit  sc(<itnl   jhik.-*,  n|ii'ii   I)  lo  jiliiioH|ilii'ri', 

pusiJ,  opi^ii  /)'  iiiul  /•',  iilso  l>  iiiitl  /'/'  slnii^'litwiiy.  A'  slniif^'lit wiiv  and  /''. 

SI.      Kor    drop    tlirouj^li    hoiliT    Inun    riiriuuc    to    lliinl  I'v'.      l-'or  dnil't  jil   IliinI   pans,  npiii  I)  lu  aliii(>s|)licii',  J'J 

pa.ss,  opni  /»  and   (1.  willi   l>  ami   A'  Htrai;;lilway.  .sliai;,'lilway  and  (I. 

10.      Kor  <lrop   Ironi    riirnaie  lo  lluo,  oiH-n   //  and   //,  i;{.      Kor    <inirt     in    lliii',    opiii     D    lo    alirioHphcrc.    I'J 

witli  I)  iuu\  a;  slrai^litway.  stiai^ditway  and  //. 
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Kor  a  nuinljor  ol"  yoars,  ().  iM.  Do  liannly,  of  C'lii<a>,'<>, 
lias  luH'n  lU'ilVc-tinf,'  a  two-i-ycU!  onj^iuf  I'or  aut()niol)il(!. 
marino  and  small  powi-r  uso  in  whitli  crank-case  suc- 
tion and  lomprcssion  is  ri'placcd  by  a  [jositivi!  feed  for  the 
fuel,  secured  by  llie  introductiou  of  storage  chambers 
and  an  enlargement  of  Ibe  engine  piston  at  tlie  lower  end 
to  form  a  pump  for  forcing  tlic  mixture  to  the  combus- 
tion diamber. 

The  general  arrangement  of  tho  engine  is  shown  in  the 
illustrations.  Fig.  1  represents  a  four-cylinder  engine 
of  this  type,  and  Fig.  2  represents  diagrammatically  a 
plan  of  two  cylinders  and  the  corresponding  storage 
chambers.  The  engine  is  made  up  of  two-cylinder  units, 
which,  as  in  the  present  case,  may  be  duplicated  if  de- 
sired. The  cranks  are  set  180  deg.  apart  so  that  when 
one  cylinder  is  on  the  working  stroke,  the  other  is  re- 
ceiving and  compressing  the  charge.  As  will  be  apparent 
in  Fig.  1,  the  engine  and  pump  pistons  are  concentric, 
and  as  both  are  one  casting,  they  act  in  unison.  The 
capacity  of  the  pump  is  the-  volume  contained  between 
the  engine  piston  and  the  cylinder  walls  of  the  pump 
when  the  combination  piston  is  at  the  bottom  of  the 
stroke.     Each  pump  serves  the  opposing  cylinder. 


Fig.   1.     .Six'TioN-  through  Cylinder  or  De  Launty 
Gasolixe  Engine 

The  cycle  of  operation  may  he  traced  in  Fig.  2.  The 
charge  for  cylinder  A^  is  drawn  from  the  carburetor 
through  the  "inlet  A^  by  the  pump  A^  of  the  opposing 
cylinder.  On  the  upstroke  of  this  pump  it  is  forced  into 
tiie  storage  chamber  .4  3  and  when  the  engine  piston  of  .-l^ 
uncovers  the  ports  the  charge  f.ows  into  the  cylinder, 
pushing  ahead  of  it  the  burned  gases  through  the  ex- 
haust .4 3.  Between  the  pump  A.,  and  the  storage  chamber 
.4  3  there  is  a  ball  check  valve,  and  a  second  one  between 
the  storage  chamber   and   the   cylinder.     The   cycle  of 


operation  for  the  other  cylinder 
by  the  subligures  for  J{. 

Tlu!  pump  capacity  is  about 
that  of  tlic  engine  cvlinder  and 
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chamber  is  about  20  per  cent.  less.  The  chamber  is  large 
enough  to  receive  the  charge  from  the  pump  up  to  the 
point  of  admission  of  the  opposing  cylinder  and  store  it 
at  4  lb.  pressure.  As  admission  occurs  Ijefore  the  end 
of  the  stroke,  the  pump  is  still  acting  and  forces  a  full 
charge  into  the  c^'linder.  This  is  compressed  to  about 
75  lb.  in  the  engine  cylinder. 

In  Fig.  1  it  will  be  noticed  that  the  engine  piston  has 
two  rings,  the  pump  piston  one,  and  in  the  cvlinder  walls 
l)etween  the  ports  and  the  pump  cylinder  there  is  another. 
The  ring  last  referred  to  is  pushed  inward  by  oil  pres- 
sure to  prevent  any  suction  toward  the  pump  cylinder 
and  at  the  same  time  to  lubricate  the  piston.  The  rub- 
bing surface  is  greater  than  in  the  usual  design,  but  the 
benefits  secured  from  a  full  charge  at  each  stroke  should 
more  than  overbalance  the  excess  in  friction. 

The  maker  is  the  De  Launty  Engine  Co.,  407  South 
Aberdeen  St.,  Chicago,  111. 


Air-Tank  Kegulations — Tlie  Massachusetts  Board  of  Boiler 
Rules  has  issued  regulations  to  carry  into  effect  a  legislative 
act  relative  to  the  construction  and  inspection  of  tanks  con- 
taining compressed  air  for  use  in  operating  pneumatic  ma- 
chinery. Tanks  exceeding  IS  in.  in  diameter  and  sustaining: 
a  pressure  of  more  than  50  lb.  per  sq.in.  must  lie  inspecterl 
at  least  once  in  every  two  years  by  a  state  inspector,  unless 
the  tanks  are  inspected  and  insured  by  an  authorized  in- 
surance company.  The  regulations  cover  the  size,  shape, 
construction,  operation,  maximum  pressure  and  safety  de- 
vices  of   such    tanks. 
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Ic^Mtlmg   Radliattiioini   for   Sttee^mni 
ainxdl  M©tl°Wailer  Inleatliinitf 


By  Chaulivs  L.  IIubuakd 


Tho  square  feet  of  direct  radiation  for  a  given  room 
or  building  are  found  by  dividing  the  total  heat  loss  by 
transmission  and  leakage  per  hour,  in  B.t.u.,  by  the  effi- 
ciency of  the  type  of  radiator  used.  Tliis  simply  allows 
foi'  maintaining  the  normal  temf)eraturc  after  the  room 
is  warmed.  When  the  building  is  allowed  to  cool  off  at 
night,  from  10  to  15  per  cent,  additional  radiation  should 
!)('  provided,  for  quick  warming  in  the  morning. 

Experience  has  shown  that  but  little,  if  any,  more  fuel 
is  required  for  warming  a  I)uilding  continuously  than 
when  it  is  allowed  to  cool  down  at  night.  Although  no 
heat  is  taken  from  the  boiler  when  the  radiation  is  shut 
oil,  the  building  and  its  contents  are  constantly  giving 
out  stored  heat  which  must  be  replaced  by  forcing  the 
plant  before  the  rooms  can  again  be  raised  to  their  nor- 
mal temperature. 

For  this  reason,  the  heat  in  large  buildings  is  kept  on 
for  a  part  of  the  night,  at  least,  to  prevent  the  tempera- 
ture from  falling  greatly.  In  eases  of  this  kind  it  is 
not  common  to  allow  any  additional  capacity  for  "warm- 
ing up,"  especially  as  the  radiating  surface  is  propor- 
tioned for  the  coldest  weather  and  is,  therefore,  in  ex- 
cess of  the  requirements  for  most  of  the  time.  Further- 
more, the  lower  temperature  of  the  bixilding  adds  to  tlie 
efficiency  of  the  radiation,  thus  inci'easing  the  power  of 
the  plant  still  more  under  these  conditions. 

Efficiency  of  Dirkct  Eadiatiox 

The  efficiency  of  a  radiator  depends  upon  the  differ- 
ence in  temperature  between  the  inclosed  steam  or  water 
and  the  surrounding  air,  and  also  upon  the  velocity  of  the 
air  passing  over  the  heating  surface.  For  the  average 
conditions  of  direct  heating  the  following  rates  of  trans- 
mission may  be  used  for  different  types  of  radiation.  Tho 
variation  is  due  to  the  form  of  surface,  which  aifects 
the  freedom  of  air  flow  as  noted. 

,  TABLE  I. 

B.t.u.  given  off  per 
hr.  per  sq.ft.  of  sur- 
face per  (leg.  diflereme 
in  temperature  between 
the  radiator  and  sur- 
Type  of  Radiation  rounding  air 

Four-column  radiators,  3S  in.  to  45  in.  higij -  1,5 

Three-colunm  radiators,  3S  in.  to  45  in,  high i  (j 

Two-column  radiators,  38  to  45  in.  high 1.7 

Three-  and  four-column  radiators,  18  in.  to  26  in.  higli , ,  17 

Wall  radiators IS 

Wall  coils,  1  in.  to  2  in.  pipe 1.9 

Assuming  the  temperature  of  the  surrounding  air  as 
70  deg.,  "working  efficiencies"  may  be  used  for  steam  and 
water,  as  given  in  Tables  2  and  3  resi)ectively. 

TABLE  2.     (STEAM) 

B.t.u.  given  off  per  sq.ft.  of  surface 
per  hr. 
2  T,b,  Gage  Atmospheric 

Type  of  Direct  Radiating  Surface  Pressure  Pressure 

Two-column  radiators,  38  in.  high 2.55  240 

Wall  radiators    270  255 

Pipe  coils 285  270 

TABLE  3.     (WATER) 

B.t.u.  given  off  per  sq.ft.  of  surface  per  hr. 
Tvpe  of  Direct  Radiating  Surface       for  different  average  temperatures  of  water 

170  deg.  180  deg.  200  deg. 

Two-column  radiators,  .38  in.  high     .       170  185  220 

Wall  radiators 180  200  235 

Pipe  coils 190  210  245 


As  a  matter  of  fact,  in  computing  the  radiating  sur- 
face for  a  system  to  be  used  in  connection  with  a  power 
plant,  practically  no  difference  is  made  in  the  amount 
furnished,  whether  for  low-pressure  gravity,  vacuum 
steam,  or  forced  hot  water,  although  the  efficiencies  for 
tho  usual  conditions  are  given  in  the  tables  as  255,  240 
and  220  B.t.u.  respectively. 

While  it  is  common  to  carry  2  to  5  lb.  pressure  in 
gravity  plants  using  live  steam,  it  is  desirable  in  exhaust 
heating  to  reduce  this  to  a  point  as  low  as  is  consistent 
with  a  proper  discharge  of  air  and  of  condensation 
against  atmospheric  pressure.  As  air  venting  and  steam 
circulation  are  somewhat  more  positive  with  a  vacuum 
system,  the  radiator  efficiencies  in  each  case  are  practical- 
ly the  same,  although  the  pressure  and  the  corresponding 
temperature  is  slightly  less  in  the  latter  case. 

Hot  water,  circulated  at  an  average  temperature  of 
200  deg.,  with  a  drop  not  exceeding  20  deg.  (210  deg.  to 
190  deg.)  will  have  an  actual  efficiency  approximately 
equal  to  that  of  steam  at  atmospheric  pressure,  although 
the  theoretical  efficiency  is  somewhat  less.  This  is  due 
principally  to  the  high  velocity  of  the  water  flowing 
tlirough  the  radiators,  together  with  the  entire  freedom 
from  air.  Wlien  a  live-steam  heater  is  provided,  initial 
water  temperatures  considerably  higher  may  be  employed 
if  desired.  In  the  earlier  systems  of  forced  hot-water 
heating,  lower  temperatures  were  carried,  thus  requiring 
larger  radiators  than  for  steam.  Under  the  conditions  of 
modern  practice,  efficiencies  corresponding  to  those  given 
for  steam  at  atmospheric  pressure  in  Table  2  may  be 
used  for  all  three  classes  of  direct  heating  in  connection 
with  power  work. 

AMien  a  cast-iron  radiator  is  concealed  by  grille  work, 
the  surface  should  be  increased  25  per  cent,  and  the  open- 
ings so  arranged  that  the  air  will  circulate  freely  over  it. 
Coils  hung  near  the  ceiling  should  be  increased  in  size 
about  30  per  cent,  where  it  is  desired  to  maintain  a  com- 
fortable temperature  near  the  floor. 

EfFICIEXCY  of  IXDIliECT  Eadiation 
If  it  is  simply  desired  to  warm  a  room  by  indirect 
radiation,  M'ithout  reference  to  ventilation,  the  direct 
radiating  surface  may  be  computed  and  the  result  multi- 
plied by  1.5.  When  definite  conditions  as  to  air  tempera- 
ture and  volume  are  required,  the  following  formulas 
may  be  used. 

L  X  55 


C  = 


T  = 


in  which 

('  =  Culn'c  feet  of  air  re(|uired  per  hour,  at  tempera- 
ture T,  to  bring  in  the  necessary  lieat  {L)  to 
warm  the  I'oom ; 

^  ^  TToat  loss  from  the  room,  in  \\.\.\i.  ])er  hour, 
due  to  transmission  and  leakage; 
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7'        l{ci|iiin'(l    li'iii|i('niliirf    nl'    nir    sii|i|ilv     {(')     In 

wai'lli  the  I'lxim  to  ^(1  ^\^•'|i.  \ 
II        llrat  r<'(|uirc(l,  in   M.t.ii.  |iit  Ikuii-.  tn  liiisc  ilic 
air  siippiy    ((')    t'roni  outside  ti'iii|MiiilMii'  tn 
llial  of  ailinission    ( 7')  ; 
/  ..  Itodin  tt'iii|)cralmt'.  coiiimoiily  taken  as  In  lU'^. 
fi-nnn/ilr — Tlie  total   lieat   loss  from  a   room   liy  trans- 
mission in  ziTo  weatlier  is  ;i(l,()()()   n.l.ii.  per  lionr.     The 
1  iiliic  eonteni  ot'  tlie  room  is  r.'.iXKt  !'(.,  and  it   is  de.-ired 
lo  ehaniie  llie  air  i'oiir  times  per  lionr.     W'liat  volume  ol" 
air  must   he  supplied,  and  at    what   temperature  must    it 
he  admitted  to  warm  tiie  room  tn  ^(i  ilfu. '■'     What  amount 
of   indirect    radiatinjj  surl'Mcc   will    hr   re(  |  u  i  icd  ? 

With  indirect  heating-  the  l(is>  du<'  ti>  lcol,;i(ir  in  hiiild- 
ings  ol'  lirst-class  construi'lion  may  i)c  iimitiiMl  ulicn  rom- 
putinj.'  the  total  heat  loss,  'i'lic  eutcring  air,  in  this 
case,  is  \varme<l  hel'ore  it  readies  I  lie  room,  and  the  heat 
re(|uired  I'oi-  this  purpose  is  included  in  that  to  lie  lur- 
nished  i)y  the  indirect  stack.  When  the  huildiuir  is  poorly 
constriieled.  so  thai  ihcrr  is  ronsiderahle  inward  leak- 
age ot"  cold  air  arouml  ilie  ilum-s  and  windows,  the  lieat 
loss  hy  transmission  '-Imnld  \<r  mnlliplicd  hv  1.1  to  1.2, 
accoi'ding  to  local  condilious. 

.\pplying  the  |)receding  I'ormnlas  lo  liie  present  case, 
we   have 

r  =   r>,(tl)0  X    I  =  JS.OiM)  ,  ii.fl.  jirr  In: 
:W,00(')  X  5-') 

_  104  X  +8,000 
55 

Having  determined  tlie  value  of  //,  the  square  feet  of  in- 
direct radiation  recpiired  to  warm  the  room  may  be  found 

1)V  the  iM|uation 

in  whicii 

//  =  Square  feet  of  radiation; 

h'  =  Ktriciency  of  radiator  employed. 
Till'   value   of    /s'  depends   upon    tiie   teui])erature   of   the 
radiator,  the  average  tem23crature  of  the  air  passing  over 
it.  and  the  velocity  of  flow. 

With  a  velocity  of  270  ft.  per  min.,  about  2A  B.t.u. 
will  be  given  off  by  tiie  radiator  per  square  foot  of  sur- 
face per  luuir.  per  degree  difference  between  tbe  (ircnif/c 
temperature  of  the  air  and  that  of  the  radiator.  The  av- 
erage air  lem]H'rature  in  the  present  case  is 
0  +  104        .., 

Therefore,  if  steam  at  atmospheric  pressure  is  used  (212 
(ieg. ) .  the  efficiency  E  will  be 

(212  —  52)    X  2.1  =  ;]:}(;  /i.t.n. 
For  other  velocities  the  efficieiuy  will  vary  and  may  be 
computed  by  use  of  Table  4. 

TABLE  4. 

I.tu.  given  off  per  hr.  per  sq.ft. 


T  =  ^','.''1,C,— '  +   <0  =   104  i/cf/. 

,-    —    =  '.il.ooii  li.l.ii.  1)1  roil  11(1  II II iii//c?'t 


Velocity  of  air  over  heating  sur- 
face, in  ft.  per  min. 
150 
200 
2.50 

;joo 

3.50 
400 
4.50 
500 


of  surface  per  deg.  difference  in  temp- 
erature between  the  radiator  and 
surrounding  air. 

1  .54 
1.82 

2  02 
2  22 
2.42 
2  60 
2  72 
2.81 


liuddingH,  etc.,  where  di.seharge  ventilation  is  produced 
\i\  ineanH  of  a  fan  and  the  air  Hii|iply  ix  drawn  in  through 
heaters,  due  to  the  snclinn   eirecl   n(  the  e.xliauHt. 

'I'he  conditions  here  are  iniicli  tiie  sami'  aw  already  dc- 
M  rilicd  for  indirect  radiation,  e.vcepl  that  the  velocity  of 
the  enlerinK  air  is  usually  Honiewliat  j,M-eater  than  in  the 
ciiHc  of  gravity  work,  wiiicli  increaseH  the  ellicicney  Hliglit- 
ly.  in  the  case  of  di reel-indirect  radiators  of  wtaiidard 
l\pe,  an  eilicieney  r)f  2  ii.t.ii.  per  stpiare  I'ool  of  surface 
per  hour  per  degree  dilference  ix'tween  tlie  radiator  and 
the  average  air  temperature  may  he  assumed,  while  witii 
pin  radiation  and  similar  patterns,  whicii  break  up  the 
air  currents  more  Ihorougldy,  an  eilicieney  of  2.13  U.t.u. 
may    he    used. 

/■.'.niiii/ilr  .\  room  20  and  !i)  by  \'t  ft.  has  a  heat  loss, 
<lue  lo  I  raiismission,  of  20, ()()()  H.t.ii.  per  Iiour  in  zero 
weaiher.  Ivxliaiist  ventilation  is  to  provide  eight  air 
changes  pei-  lioui-.  What  will  he  the  reipiired  lieating 
siirfai'C,  in  the  form  of  direct-indirect  radiators? 

.\j)plyiiig  the  formulas  as  before, 
V  =  20  X  +0  X   1")  X  «  =  iHJ.OOO  nt.fl.  „(  air  prr  In: 


T  = 


20,000  X  55 


// 


!t(i,000 
<S2  X  i)(i,00() 
~55 

Average  air  temperature, 
0  +  82 


+  70  =  82  (h(f. 
14;!,000-|-  li.t.u. 

41   ili'ij. 


Tcm|)erature  of  steam  at   atmospheric  |)ressure,  220  deg. 
K  =   (212  —  41  )    X   2  =  342  li.l.ii. 
143,000 


A' 


342 


=  418  xij-fl.  radiiiHon 


II  = 


Efficiency  of  Induction  Heaters 
Heaters  of  this  type  are  often  used  in  laundries,  loft 


In  the  case  of  laundries  and  loft  buildings,  the  process 
is  practically  the  same,  except  that  direct  radiation  is 
( ommonly  employed  for  heating  and  the  induction  stacks 
are  used  simply  for  ventilating  j)ur])oses.  In  this  case 
the  re(piired  lieat  is  determined  directly  by  the  formula 

T  X  (' 
bb 

in  whicii  T  is  commonly  taken  as  72  to  74  deg.,  unless  a 
portion  of  the  warming  is  also  done  by  the  induction 
beaters. 

When  ventilation  only  is  required,  an  efficiency  of 
(212  —  31)   X  2.3  =  416  B.t.u. 
per  square  foot  of  surface  per  hour  may  be  allowed  for 
pin  radiation  with  steam  at  atmospheric  pressure. 


The  RritiNh  C€»al  Output — The  British  home  office  has  issued 
an  advance  proof  of  the  tables  relating  to  the  output  of  coal 
and  other  minerals  in  the  United  Kingdom  during  1913.  The 
output  of  coal,  which  was  260,398,578  tons  in  1912,  rose  la&t 
year  to  287,411,869  tons,  the  highest  total  on  record.  There 
were  1,127,890  persons  oinployed  at  mines  under  the  coal  mines 
act,  an  increase  of  38,800  on  the  previous  year.  The  increase 
in  the  output  of  coal  is  10.37  per  cent.,  the  increase  in  the 
number  of  persons  employed  is  3.56  per  cent. 


(  urr<M-tJ»ii :  In  the  report  of  the  lecture  by  Dr.  William  H. 
Walker,  of  the  Massachusetts  Institute  of  Technology,  oi: 
"The  Manufacture  of  Steel  Pipe,"  on  page  651  of  the  May 
5  issue  there  is  a  misstatement.  The  sentence  beginning  on 
the  last  line  of  the  first  column  should  read  "To  produce  one 
ton  of  iron  in  a  blast  furnace  there  are  required  approxi- 
mately eight  tons  of  air.  two  tons  of  ore,  one  ton  of  coke 
and   one-half  ton   of  limestone." 
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After  standing"  idle  i'or  nearly  four  years,  or  since  its 
installation  in  1910,  the  generating  plant  at  Raymond 
Street  jail,  Brooklyn,  was  started  May  13  in  the  presence 
of  Coinniissioner  Davis  and  several  guests. 

The  plant  is  well  laid  out  and  consists  principally  of 
two  150-hp.,  B.  &  W.  high-pressure  boilers,  one  lOO-kw. 
and  one  75-kw.,  direct-current  generators,  each  driven  by 
a  ]Iarris!)urg  Fleming  engine;  a  switchboard  and  the 
usual  auxiliaries.  At  no  time  is  the  electrical  load  greater 
than  the  capacity  of  one  generator,  and  when  a  blower 
has  been  provided,  as  is  contemplated,  one  boiler  should 
be  al)le  to  carry  the  entire  heating  and  electrical  load, 
e\en  in  severe  weather.  Thus  sufficient  reserve  capacity 
will  be  had  and  breakdown  service  will  be  unnecessary. 

During  the  period  that  the  plant  was  shut  down  the 
full  operating  force,  consisting  of  a  chief  engineer,  two 
assistants  and  three  firemen,  was  retained.  Therefore, 
the  labor  charges  were  going  on  just  the  same,  as  were 
also  the  investment  charges,  and  it  was  necessary  to  have 
a  boiler  in  service  during  the  summer  to  provide  steam 
for  the  kitchen,  hot  water  for  baths,  etc. ;  yet  the  city 
jniid  the  Brooklyn  Edison  Co.  about  6c.  per  kilowatt- 
hour,  while  it  could  have  produced  its  own  electricity 
probably  for  l/^c.  per  kilowatt-hour  (exclusive  of  the 
items  referred  to,  which  went  on  anyway).  While  the 
exact  amount  paid  out  by  the  city  for  electricity  during 
the  time  the  plant  was  shut  down  is  not  readily  obtain- 
able, it  is  estimated  that  the  city  would  have  saved  about 
^vTi.oOO  had  it  not  shut  down  the  plant. 


Credit  for  starting  the  plant  is  due  largely  to  C.  G. 
Armstrong,  consulting  engineer  for  the  city,  Deputy 
Commissioner  Lewis,  and  J.  K.  Coe,  on  behalf  of  the 
N,  A.  S.  E. ;  also  to  Miss  Davis,  the  Commissioner  of  Cor- 
rection, whose  insight  into  the  economic  aspect  of  the 
problem  led  her  to  take  prompt  action  in  the  matter. 


Fig. 
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Fig.  1.     Engine  Room  with  Commissioner  Davis  and  Guests  Pkesent 
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S)'.\(>rSIS    -'/'lie    rrliilion     wliiih    crisis    liclirrni    linit 
Vtiliii'  iiiiil  (isli   iiiiilriil. 


'I'lu'  wnlcr  luis  Uccii  iiNiiiic  lor  some  lime  lli;il  llicic 
fxists  a  (U'liiiitf  ivlalion  hctwccii  the  lu'a(  viiliu-  and  tlio 
ash  roiitt'iit  ot"  any  jjivon  I'oal.  This  rchidoii,  wlicii  sliowii 
grai)hinillv  h\  jjlottinjj  thi'  heat  value  vs.  asli  content, 
takes  the  rorni  ol"  a  |)raetieally  stiai;;lil  line,  tiu!  ratio 
boinjj  inverse.  The  greater  the  lieat  value  tlie  lower  the 
content  of  asli. 

l)urin<r  tile  period  June,  1,  1!)12.  to  Oct.  1,  1913,  the 
writer  had  the  supervision  of  the  sani|)iiii,n'  and   testinji 
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of  Hocking  Valley  slack  coal  representing  in  all  some 
ISOO  separate  samples,  many  o(  wliicli  were  montlily 
average  samples  made  up  from  the  daily  car  receijjts  at 
several  power  stations.  The  results  of  these  tests,  when 
plotted  in  graphic  form,  show  a  remarkable  agreement 
in  the  relation  which  the  heat  value  bears  to  the  ash 
content  of  this  particular  coal.  In  fact,  this  relation  is 
so  definite  that  a  chart  made  up  as  shown  may  be  used 
as  a  check  on  the  actual  calorimetric  determination  or 
on  the  amount  of  ash  contained  in  any  given  sample. 
Thus  if  the  ash  is  determined  the  heat  value  may  be  read 
olf  the  chart  within  a  maximum  error  of  from  10  to  50 
B.t.u.  compared  with  the  actual  calorimetric  value  de- 
termined in  the  ordinary  bomb  calorimeter. 

The  calorimeter  used  in  these  tests  was  the  standard 
Atwater  bomb  apparatus.  The  bomb  is  gold  lined  with 
the  exception  of  the  lining  of  the  top,  which  is  of  plati- 
num. The  thermometer  used  was  a  standard  Bechmann 
differential,  range  5.5  deg.,  furnished  with  the  Deutsche 
Eeichanstalt's  certificate  and  also  the  certificate  of  the 
F.  S.  Bureau  of  Standards  by  whom  it  was  checked.  All 
samples  were  dried  for  one  hour  at  221  deg.  F.  in  an 
electric  oven  before  making  the  tests  for  heat  value. 

The  ash  determinations  were  made  in  a  muffle  furnace 
at  a  temperature  of  1562  deg.  F.,  the  heating  being  con- 
tinued until  the  samples  came  to  a  constant  weight.     No 


lhi\iiig  of   llic  Msli    resulted   in  any  of   the  KaMij)leH  willi 
average  sulphur  content.     Sonic  samples  in  which  tlie  su' 
pliiir  conlciit  reached  a  value  of  froin  :i.."i  lo   1   per  cc'il. 
showed  lluxing  in  llie  furnace  even  at   llic  iiioderiite  Iciii- 
|iciatiire  tiM|»loyc(l,   luit    these   were   sery    few. 

The  coal  received  is  said  to  liave  been  rec-cived  from 
some  20  dilfcrcnt  mines  so  that  the  samples  tested  over 
so  long  ;i  pcii<p(l  must  be  n^presentativi;  of  the  general 
iiin  of  the  coal  available  under  the  name  "Hocking  Val- 
ley slack."    The  av<Mage  proximate  analysis  is  as  follows: 

FIxrd    curl)on,    per    cent B2.(Jil 

Volatile,    per    cent 3120 

AHh,    ptT    <fnt 13.20 

Av.   sulphur,   per   cent 1  S'l 

Av.    heat    value,    H.t.u.    per    lb 12,:!0  ) 

Av.   inolature   In   coal   as   received,   per   cent 9.SG 

The  writer  has  found  tlie  chart  valuable  for  check  jiur- 
poses  and  is  submitting  it  with  the  thought  that  it  should 
prove  equally  valuable  to  other  consumers  of  this  coal. 


i'W.f 
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Suggested  Opexixg  ix  Back  of  iLviaxE  Boiler  to 

Allow  Escape  of  Steam  in  Case  of  Tube  or 

Sheet  Failures.    (See  First  Editorial) 
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is  hut  rarely  that  one  fails  to  operate  when  properly  in- 
stalled and  maintained.  Some  modern  vessels  having 
water-tube  boilers  do  use  nonreturn  valves,  but  one  sel- 
dom finds  them,  and  further,  one  cannot  discover  a  good 
reason  why  they  should  not  be  used. 

There  is  evidence  that  low  water  was  the  cause  of  the 
accident  aboard  the  "Jefferson."  The  crown-sheet  was 
sagged  and  the  upper  right-hand  portion  of  the  tube  sheet 
was  blown  away  from  twenty-four  tubes.  The  sheet  was  not 
badly  burned,  however,  as  the  projected  area  was  pushed 
back  with  a  jack  and  new  tubes  were  put  in.  The  ends 
of  the  stay  tubes  were  in  good  condition,  the  one  from 
which  the  sheet  blew  entirely  away  was  not  distorted,  and 
the  hole  in  the  sheet  was  perfect,  except  that  it  was  en- 
larged just  enough  to  allow  the  pressure — 190  pounds, 
normally — to  force  it  over  the  beaded  tube  end. 

The  ashes  were  being  taken  out  at  the  time  of  the  ac- 
cident, and,  on  this  ship,  the  pressure  usually  dropped 
thirty  pounds  when  this  work  was  being  done. 

On  other  pages  of  this  issue  an  interesting  estimate  is 
made  of  the  saving  that  would  be  effected  if  a  large  de- 
partment store  made  its  own  current  for  power  and  light- 
ing instead  of  buying  it  from  a  central  station.  The 
method  of  comparison  is  unusual,  and  perhaps  some  of 
our  readers  may  not  agree  with  the  results  obtained. 

A  discussion  on  the  points  of  difference  would  be  in- 
structive and  we  will  be  glad  to  publish  any  legitimate 
comment  from  the  central  station,  from  Marshall  Field's, 
which  is  the  store  in  question,  or  from  any  of  our  readers 
who  may  have  some  knowledge  of  the  plant.  The  ques- 
tion is  too  important  to  pass  without  comment.  This 
particular  store  has  been  used  time  and  again  as  an  il- 
lustration of  the  efficiency  of  central-station  service.  If 
the  service  is  saving  the  plant  money,  it  would  be  inter- 
esting to  know  the  amount,  and  at  what  rate  the  current 
is  bought. 

With  the  operating  conditions  stated  in  the  article  and 
the  rate  of  1.54  cents  per  kilowatt-hour,  below  which  the 
central  station  cannot  go  without  making  itself  liable 
for  discrimination,  it  is  a  foregone  conclusion  that  an  up- 
todate  generating  plant  would  pay  big  returns.  The  boiler 
capacity  already  installed  would  be  sufficient  for  the  new 
conditions;  the  exhaust  steam  from  the  electrical  load 
would  supply  the  heating  except  for  the  few  cold  days  in 
the  winter  when  the  temperature  hovers  around  zero,  and 
in  average  winter  weather  there  should  be  exhaust  steam 
to  spare  for  the  refrigerating  plant  and  for  the  restau- 
rant. The  two  services  last  mentioned  would  take  a  con- 
siderable portion  of  the  exhaust  steam  during  the  sum- 
mer months,  so  that  a  comparatively  small  amount  would 
be  wasted  to  atmosphere. 

Conditions  more  favorable  to  an  isolated  plant  do  not 
often  exist.  Ordinarily,  an  isolated  plant  in  which  all  the 


Added  to  the  long  list  of  the  fatalities  of  the  sea  is  the 
boiler  explosion  aboard  the  Old  Dominion  liner  "Jeffer- 
son" off  Cape  Henry  on  the  night  of  May  11,  with  its 
awful  toll  of  eleven  dead-  This  is  a  repetition  of  those 
grew'some  accidents  aboard  the  "St.  Paul,"  "Delaware," 
"Bennington,"  "Sonoma,"  "Alamo,"  "Principe  de  Pied- 
monte"  and  many  others. 

Worse  than  rats  in  a  trap,  these  unfortunates  in  the 
fifteen  by  forty-foot  firing  aisle,  without  warning,  find 
themselves  in  the  hold  turned  to  hell  by  the  escaping 
steam  and  water.  There  is  no  smooth  floor  to  tread  on, 
but  instead,  piles  of  coal  and  ashes  and  long,  heavy  fir- 
ing-irons snare  the  feet. 

The  lights  go  out.  Boiling  water  burns  their  feet  and 
steam  cooks  their  bodies.  They  cannot  see,  they  cannot 
hear,  and  to  rush  too  carelessly  for  the  small  doorway  is 
to  trip  and  fall  into  the  scalding  pool. 

If  steamships  could  not  be  run  and  commerce  carried 
on  without  this  kind  of  a  sacrifice  there  would  be  nothing 
to  do  but  to  charge  up  so  many  more  victims  to  the  in- 
evitable struggle,  and  let  those  who  were  sufficiently  re- 
moved from  the  desolated  homes  and  the  wrenched  heart 
strings  forget  it. 

But  the  exigencies  of  marine  engineering  do  not  de- 
mand such  a  toll  of  human  life.  At  some  cost  which  "the 
traffic  will  bear"  at  some  "inconvenience,"  less  in  the  ag- 
gregate than  that  sustained  by  the  victims  and  their  de- 
pendents, conditions  in  the  stokehole  can  be  made  such 
that  a  man  need  not  commend  his  soul  to  God  every  time 
he  goes  on  watch. 

What  is  the  reason  that  each  boiler  cannot  be  provided 
with  inwardly  or  vertically  opening  furnace  and  ashpit 
doors  and  each  combustion  chamber  have  an  opening  into 
a  substantial  duct  leading  to  the  atmosphere  above  the 
water  line?  A  damper  made  to  stay  shut  normally  by 
its  own  weight  and  the  pressure  difference  between  the 
sides,  if  placed  in  the  duct  at  the  boiler,  would  discharge 
most  of  the  steam  to  the  atmosphere  in  case  of  failure 
instead  of  blowing  fire  and  steam  into  the  boiler  room. 
Sufficiently  heavy  plate  used  in  the  construction  of  the 
flue  would  provide  a  good  outlet  for  steam,  particularly 
if  the  front  tulje  sheet  should  let  go.  The  sketch  on  the 
opposite  page  shows  diagrammatically  the  suggested  plan. 
The  arrangement,  it  seems,  is  applicable  to  most,  if  not 
all,  boilers  of  this  generally  used  type. 

The  "Jefferson,"  like  nearly  all  vessels,  was  not  pro- 
vided with  automatic  nonreturn  valves.  True,  due  to  the 
location  of  the  boiler — near  the  only  doorway  exit — a 
few  men  might  have  been  fatally  scalded,  even  though 
such  valves  were  provided,  but  in  this  case  seven-eighths 
of  the  steam  that  filled  the  boiler  and  engine  rooms  never 
would  have  escaped  if  nonreturn  valves  had  been  used. 
That  these  valves  are  not  more  widely  employed  in  marine 
practice  is  peculiar.     They  are  generally  reliable,  and  it 
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(•\liaiist  Ktciun  is  ust'il  for  liniliiif:  will  proiliKr  rrsiilts 
wliiili  (lit'Cfiitral  ^Uilioii  nmiiot  incct..  With  a  ivfriKi'nitiiiK 
load  ill  sniumrr  ami  a  ri'staiiraiit  usiii^  hoiiu!  of  tiif  cx- 
haiisl  stniin.  (lu-  coiulitiuiis  arc  still  lu'tU-r.  Witii  its 
K.w-load  factor  aiitl  lii;,'li  lixfd  iliar^'cs.  tlu-  ct'iiLral  station 
laiiiiot  lowiT  liie  annual  »'ost  for  llu'  dilTcrcnt  servicos  ex- 
cept at  a  hnivv  loss.  At  a  rate  of  l.")!  icnts  per  kilo- 
watt-hour, it  is  certain  that  an  isolated  plant  would  effect 
a  larf,'e  saviuf,'  ami  it  would  not  lie  siiriirisinj,'  if  the  an- 
nual ^'ain  reached  the  forty  thousand  dolhirs  e-tiiiiiilcd 
in  the  article. 

In  the  ]ireseni  case  the  coal  can  he  meivi-d  and  the 
asiies  removed  throu,<.di  ('hica<:o's  under^M-ound  frci^dit 
tunnel,  so  ihnt  lh,>  ar-niiicnt  luiscd  vu  dirt  and  aimov- 
ance  usually  adxanccd  is  \oi.l.  and,  lor  that  matter,  tin- 
plant  is  receivin-r  nearly  as  much,  coal  now  as  it  would 
re(iuire  with  froneratin--  units  in  operation.  The  smoke 
nuisance  should  he  no  jircatcr.  It  is  indeed  didicult  to 
innijrinc  any  economic  reason  why  the  store  should  huy 
its  current  "hut  if  tiioro  is  an  advantage,  now  is  the  time 
to  fiive  it  puhlicitv.  It  is  luirdly  fair  to  continue  using 
this  store  as  an  example  favoring  purcliased  current  with- 
out stating  tlie  probable  loss  it  is  sustaining  by  not  gener- 
ating its  own  current.  While  engineers  are  not  so  easily 
deet^ved.  building  owners  unfamiliar  with  technical  mat- 
ters might  readilv  be  influenced  by  the  mere  fact  that  a 
store  of  such  magnitude  was  buying  current.  If  they 
knew  that  this  same  store,  possibly  for  personal  reasons, 
such  as  are  given  in  the  article,  was  sacrificing  every 
year  a  possible  saving  almost  large  enough  to  install  an 
uiitodatc  generating  plant,  they  would  think  twice  before 
following  its  example,  if  economy  was  preferred  to  cen- 
tral-station service. 

An  unbiased  engineering  analysis  will  surely  point 
toward  the  isolated  plant,  and  when  the  decision  is  made 
on  this  basis,  there  will  be  fewer  buildings  in  Chicago 
and  elsewhere  in  which  the  lighting  and  heating  will  be 
separated  and  the  former  bought  at  a  considerable  disad- 
vantage. 

Ejmd    of  Si   C^lpsifell®    PipsiCtnce    ana 

It  seems  to  have  become  the  accepted  practice  for  New 
York  City  to  install  generating  plants  in  its  public  build- 
ings, then  shut  them  down  and  purchase  electricity. 
Notable  instances  are  the  City  Prison  (Tombs),  the 
Williamsburg  Bridge,  Police  Headquarters  and  the  Ray- 
mond Street  Jail,  which  has  just  been  started  again  (see 
page  739).  In  the  two  latter  instances,  the  generating 
plaits  had  never  been  put  in  service,  after  their  accept- 
ance trials,  vet  the  full  operating  force  was  retained  m 
each  case.  The  Williamsburg  Bridge  plant  was  taken 
out  after  having  run  for  a  short  time. 

If  the  load  conditions  in  any  of  these  cases  were  such 
as  to  make  a  generating  plant  unprofitable,  one  should 
never  have  been  installed.  Somebody  blundered !  Hav- 
ing installed  a  plant,  however,  with  the  investment  and 
depreciation  charges  going  on,  as  well  as  the  labor,  it 
is  hard  to  conceive  of  conditions  so  bad  as  to  render  pur- 
chased current,  at  five  or  six  cents  per  kilowatt-Hour, 
cheaper  than  the  cost  of  the  additional  steam  and  sup- 
plies for  the  generating  units. 

On  the  other  hand,  there  are  instances  where  the  con- 
ditions are  ideal  for  a  generating  jjlaut  and  none  has  been 


inslalli'd.  In  this  innnei'lion  may  lie  mciilioned  Hcllc- 
viie  Hospital  (see  I'owKii,  Jan.  W,  lilll)  which  has  a 
large  heating  ])lant,  ventilating  HyKtcin  and  refrigerating 
outfit,  lien^  there  is  a  large  demand  for  exhaust  Hteain 
during  the  entire  year,  and  the  electrical  load  averages 
over  Hfj.OOO  kilowall-hours  per  month,  yet  there  are  no 
engineH  and  generating  units. 

Such  a  slate  of  afl'air.s  ('an  he  altiihiilahle  only  to  groHrt 
incompetency  or  willful  intent  to  defraud  the  city.  \Vc 
believe  it  to  he  the  latter.  While  each  coiiimissioner  is 
responsible  for  the  plants  in  his  own  department,  we  un- 
derstand that  practically  all  these  jilants  were  shut  down 
upon  the  recommendation  of  the  Department  of  Water 
Siip])ly,  (ia.s  and  Klectricity,  whose  close  alliliation  with 
the  New  York  Kdison  Company  is  a  matter  of  common 
knowledge.  I'erhalis  the  respoiisihilty  does  not  slop 
there;  it  may  extend  "iiigher  up." 

This  connivance  between  the  N'ew  York  Edison  Com- 
pany, on  the  one  hand  and  certain  city  officials  or  "near 
oflicial.s"  on  the  other  has  jirohalily  cost  the  city  a  sum 
running  into  five  cipheis.  Fortunately  the  end  seems  to 
be  in  sight.  The  recent  step  taken  at  the  Raymond 
Street  Jail  is  but  an  opening  wedge;  as  soon  as  the  nec- 
essary rejiairs  have  been  made,  the  Tomljs  plant  will  fol- 
low, and  it  is  to  be  hoped  that  Commi.ssioner  Woods  will 
emulate  the  e.xamiiie  set  by  Commissioner  Davis  and  order 
the  plant  at  Police  Headquarters  started. 

m 

A  ILessoca  ifroina  IReceiratl  Ese- 
pllosaoims 

By  a  peculiar  coincidence,  tiiere  are  described  in  this 
and  last  week's  issues  of  Powkr,  two  boiler  explosions 
from  similar  causes  at  points  remote  from  each  other  and 
of  boilers  of  entirely  different  types.  In  each  case  the 
cause  is  attributed  to  a  flaw  or  crack  in  the  sheet  and  each 
flaw  was  so  situated  that  it  could  not  have  been  seen 
after  the  boiler  was  built. 

In  one  instance  it  appears  to  have  been  a  flaw  in  the 
original  sheet,  and  not  caused  by  rolling  to  shape  in  the 
boiler  shop ;  by  chance  the  sheet  was  located  above  the 
fire.  The  failure  did  not  occur  at  a  seam.  In  the  other 
case  it  appears  to  be  a  combination  of  a  brittle  sheet  and 
a  severe  forming  strain.  The  failure  occurred  at  the 
seam  and  the  flaw  was  concealed  by  the  strap. 

The  moral  seems  to  be  jilain :  More  thorough  inspec- 
tion of  plates  during  their  manufacture. 

m 

An  evidence  of  the  growing  tendency  to  put  the  rights 
of  man  ahead  of  the  rights  of  property  is  seen  in  the 
following  utterance  of  Gifford  Pincliot  in  his  campaign 
as  a  candidate  for  the  Washington  Party  nomination  for 
United  States  senator  from  Pennsylvania : 

If  elected  I  will  work  for  a  law  giving  to  a  national  com- 
mission the  power  to  limit  the  wholesale  price  charged  by 
the  anthracite  monopoly  or  its  agents  in  interstate  commerce. 
The  price  fixed  should  consist  of  a  reasonable  price  for  coal 
at  the  mine,  sufficient  to  provide  good  wages  for  the  miners, 
and  a  reasonable  charge  for  transportation  and  handling.  A 
reasonable  profit  should  be  included.  The  saving  to  the  pub- 
lic should  be  applied  in  part  to  greater  safety  for  miners,  and 
in  part  to  lowering  the  cost  of  living  by  reducing  the  price 
of  coal.  The  monopoly  in  anthracite  coal,  which  is  a  neces- 
sity of  modern  life,  should  be  subject  to  the  obligations  of 
public  service.  This  monopoly  charges  high  prices  because 
it  has  the  power.     That  power  must  be  destroyed. 
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Some  statenicuts  made  about  a  new  blowing  engine  in 
the  Mar.  3  issue  call  for  a  few  remarks:  The  combina- 
tion of  a  rotary  and  a  gridiron  valve  is  not  new.  It  was 
patented  July  16,  1901,  by  Charles  A.  Bennett  of  Dover, 
N.  J.  The  drawings  attached  to  patent  specifications  No. 
678,534  show  almost  the  same  identical  arrangement  as 
Holman's,  as  may  be  seen  from  Fig.  1,  herewith,  showing 
two  views  copied  from  the  specification  drawings. 

Bennett's  valves  have  been  in  use  for  a  number  of 
years  on  air  compressors  and  blowing  engines  built  by 


Fig.  1.     Bennett's  Air  Valve 

;i  Cincinnati  concern.  The  onlv  difference  between  the 
two  designs  seems  to  be  that  the  gridiron  valve  in  Ben- 
nett's device  is  actuated  by  air  pressure,  while  Holman's 
\alve  is  moved  mechanically  liy  a  cam  bar  which  resembles 
tlie  cam  motion  that  has  Ijeen  used  for  the  last  15  years 
liy  the  Southwark  Foundry  &  Machine  Co.  to  move  the 
uridiron  valves  on  its  blowing  engines.  Holman's  mech- 
anism is  rather  complicated. 

The  statement  that  "the  use  of  tlie  flat  gridiron  and 
Corliss  valves  for  compressors  and  blowing  engines  has 
not  been  attended  with  the  best  results  on  account  of  the 
difficulty  in  lubricating  the  inlet  valves,"  cannot  go  un- 
iliallenged.  There  has  never  been  the  least  difficulty  in 
lubricating  these  valves;  in  fact,  they  seem  to  be  more 
easily  lubricated  than  any  other  part  of  the  mechanism. 

A  few  figures  will  show  what  the  inlet  valves  will  look 
like  if  the  inlet  area  is  to  be  made  25  per  cent,  of  the  cyl- 
inder area.  Take,  for  instance,  a  60-in.  diameter  blowing 
tub,  the  area  of  which  is  2827  sq.in. ;  25  per  cent,  of  this 
IS  707  sq.in.,  which  divided  by  2  gives  353.5  sq.in.  inlet 
area  for  each  valve.  Assume  that  the  ports  are  60  in. 
long — which,  of  course,  is  hardly  possible,  since  they  can- 
not be  located  on  the  center  line.  Even  so,  the  width  of 
the  ports  would  have  to  be  about  (!  in.,  requiring  valves 
of  at  least  12-in.  diameter.  Imagine  four  such  valves  for 
an  engine  with  a  piston  speed  of  900  ft.  per  min.  to 
move,  say,  2  X  90  =  180  times  a  minute  through  an  arc 
of  about  80  deg.  Consider  the  inertia  of  the  moving 
parts.  A  valve-gear  like  that  and  running  at  the  speed 
assumed  would  go  to  pieces  in  a  short  time.  If  the  en- 
gine liad  a  stroke  of  54  in.  instead  of  60  in.,  as  in  the 
foregoing  calculation,  the  number  of   revolutions  would 


be  increased  from  90  to  100,  and  matters  would  become 
still  worse. 

Piston  speeds  of  800  or  lOdO  ft.  per  min.  are  not  de- 
sirable for  Corliss  engines,  gas  engines,  blowing  engines, 
etc.,  if  they  are  installed  with  a  view  to  lasting  and  giv- 
ing good  service.  Blast-furnace  blowing  engines,  as  a 
rule,  are  run  night  and  day  for  long  periods  with  a  few 
stops  a  day  for  casting.  It  is,  therefore,  not  advisable  to 
run  them  at  such  excessively  high  s])eeds.  It  is  doubtful 
if  it  pays  to  run  reciprocating  engines  over  700  ft.  per 
min.,  which  should  also  be  the  limit  for  blowing  en- 
gines. The  first  cost  of  an  outfit  running  at  higher  speed 
is  less  than  one  running  at  moderate  speed,  but  first  cost 
should  not  be  the  only  consideration,  for  wear  and  tear 
and  efficiency  must  be  taken  into  account. 

Another  erroneous  idea  in  the  article  is  that  large  Cor- 
liss valves  can  be  made  interchangeable  and  that  one 
spare  valve  will  be  sufficient  for  an  engine.  Any  shop- 
man knows  that  it  is  impracticable,  if  not  impossible, 
to  bore  four  portholes  of  10-  or  12-in.  diameter,  5  or  6 
ft.  long,  exactly  alike.  Each  valve  must  be  fitted  to  its 
own  ])orthole  to  be  tight ;  besides,  the  wear  of  two  valves 
or  two  portholes  is  never  the  same,  so  it  would  be  of 
little  use  to  keep  one  finished  valve  on  hand. 

American  engineers  have  struggled  for  a  number  of 
years  with  indifferent  success  to  design  mechanically  op- 
erated valve-gears  for  blowing  tubs  driven  by  ga.s  and 
steam  engines  at  high  piston  speeds.  The  blowing  cyl- 
inder, in  which  the  tub  itself  forms  the  inlet  valve,  as 
shown  in  Fig.  2,  is  an  example.  In  this  design  the  air  is 
drawn  in  through  openings  in  the  cylinder  shell.  By  this 
means  an  inlet  area  of  25  per  cent,  and  over  of  the  piston 
area  can  be  attained,  and  the  clearance  in  the  inlet  is  re- 
duced to  zero.     The  objection  to  this  valve-gear  is  the 


Fig.  2.     Slick's  Blowing  Tub 

inertia  of  the  blowing  tub  and  the  power  absorlied  in 
moving  it  back  and  forth.  Take,  for  example,  a  (iO-in. 
blowing  cylinder  with  a  stroke  of  54  in.  for  80  r.p.m.  If 
the  cylinder  weighs  7000  lb.  and  the  travel  is  10  in.,  in- 
cluding the  friction  of  the  packing  rings  and  the  driving 
mechanism,  it  would  prol^ably  require  from  25  to  30  in- 
dicated horsepower  to  operate  the  valve-gear,  or  from 
4  to  5  per  cent,  of  the  total. 


I'd  w  !■:  i{ 
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lMirii|it'iiM  rii;;iMriM's  vvIki  liavi'  liccii  cunl'i'iinli'il  wiili 
the  |>nilil(>iii  of  ailiipliii}.;  Iil(>\viii<{  cn^^incH  to  lii;;li  piHtoM 
h|)(M'(ls  lor  a  loiipM-  liiiu>.  due  In  tlic  carlv  (U'vclopiiiciit  of 
gas-t'ii<;ini'-ilrivi'ii  imils.  liavc  aliiidst  I'litiivly  discarik'il 
iiifrhaiiiially  ()|u'nitt'il  valvi's  for  plate  valves,  as  sliowii 
ill  Fij;.  .'{,  wlieii'  are  shown  desijjns  l)y  ll(K'riii<^er,  lOlir- 
lianll  &  Seliiiier.  and  by  I^oisij;. 

N'alves  of  (liis  kind  do  not  re(|uiro  extra  eeeontries 
a  1(1  ponderous  driving'  nieehanisin.  They  improve  tlu; 
iiu'elumieal  etlieieiiey  of  (he  I'lij^ine  and  reiince  llie  wear 
and  tear  and  (lie  eost  of  repairs.  A  l)lowiii^'  till)  as 
visually  made  in  Europe  is  shown  in  l''iu'.  I.  'liie  valves 
are  |>laeed  opposite  one  another  in  tlic  heads,  roiucntrie 
(o  (he  l)ore  of  the  cylinder,  <j;ivinj,f  a  lai-^'e  ari'a  for  the 
inlet  and  disiiiarfie  openinjjs.  The  elearaiue  is  increased, 
hut  (his  is  not  serious  when  \\\'  Vonsider  that  the  jires- 
sure  seldom  exceeds  1")  11).  per  sq.in.  The  volumetric  etli- 
cioncy  is  slijjhtly  reduced,  hut  the  loss  in  compressin<j  and 
ox])andinj;  the  air  in  the  clearance  space  is  ncfrli^ihlc.     It 


till'  inlet  valves  are  as  easily  luhricated  as  the  iiiaiii 
crusshead. 

In  rti'der  to  relieve  Mr.  Ilainkeiis'  fear  of  Corliss 
valves.  \2  in.  in  diameter  and  (heir  inertia,  1  would  refer 
him  to  any  of  the  lar^'e  eii^riiies  in  rolling  millH  and 
j)ower  plants  where  it  is  common  to  see  Corliss  ex- 
haust valves  niiicli  larger  than  I5J  in.  operating  without 
any  signs  of  distress  after  years  of  continuous  and  severe 
service.  By  largi?  engines  I  mean  K)()0  hp.  and  over,  op- 
eradiig  at  H0-«.')  r.p.iii.,  a  not  unusual  condition. 

IMston  sjieeds  do  not  <letermine  the  life  of  the  valve- 
gear;  in  fact,  tiicrc  is  no  relation  hetween  the  two,  and  in 
modern  i)lants  a  limit  of  700  ft.  per  niin.  jiiston  speed 
is  not  usual. 

In  lirst-cla.ss  (.Corliss  engine  sliojis  it  is  usual  to  bore  the 
four  valve  ])orts  in  a  cylinder  alike,  a  variation  in  size 
being  only  due  to  bad  machine  work  or  bad  casting,  and 
it  is  not  the  custom  when  the  work  is  done  properly  to 
file  and  fit  (he  valves  to  the  bore.     The  valves  are  turned 


HOERUIGER  EhRHAEDT  AND   SeHMER  BOKSIG 

Fig.  3.     Plax  and  Sectional  Views  or  Different  Types  of  Valves 

is  a  curious  fact  that  this  design  is  almost  identical  with 
the  blowing  tub  which  Edwin  Reynolds  built  over  20 
years  ago  for  some  plants  in  the  Middle  West. 

H.  Hajikexs. 
Xewark,  X.  J. 


It  was  not  claimed  in  the  article  under  discussion  that 
the  combination  of  a  rotary  and  gridiron-iron  valve  work- 
ing together  was  new,  nor  that  moving  the  gridiron  valve 
with  a  cam  bar  was  new.  The  combination  of  gridiron 
and  rotary  valves  is  covered  by  both  Bennett's  and  Hol- 
man's  patents.  The  application  and  arrangement  of  the 
rotary-gridiron  valve  is  described  whereby  very  large 
inlet  areas,  ease  in  removal  and  renewal  of  parts,  efficient 
lubrication  and  positive  mechanical  movement  of  all  the 
valves  are  obtained  is,  as  far  as  I  know,  decidedly  new. 

In  regard  to  Mr.  Hamkens'  statement  that  it  is  not 
difficult  to  properly  lubricate  inlet  valves  of  the  Corliss 
and  gridiron  type,  I  can  only  repeat  that  the  difficulty 
does  exist,  and  it  is  a  very  real  one,  as  he  may  readily 
ascertain  by  investigating  plants  where  large  machines 
of  such  a  type  are  operating.     In  the  machine  described 
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Fig.  4.     European  Blowing  Cylinder 

and  sometimes  ground  a  few  thousandths  smaller  than 
the  bore  and  that  is  all. 

Of  course,  if  the  port  gets  cut  and  it  is  necessary  to 
rebore  it,  a  reserve  valve  will  not  fit,  but  that  condition] 
is  by  no  means  usual.  In  most  cases  an  extra  valve  willf 
fit  any  of  the  ports  in  a  cylinder.  In  the  machine  de- 
scribed, all  the  valves  are  moved  positively,  the  actuatingi 
piston  only  determining  the  position  of  the  fulcruml 
block  in  its  curved  path,  so  that  the  outlet  valve  mayj 
open  at  the  proper  time. 

If  the  actuating  piston  should  fail  to  work,  the  ma-J 
chine  would  still  pump  its  full  capacity  of  air,  the  inletl 
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valves  opening  and  closing  and  the  outlet  valve  closing 
at  the  proper  time,  while  the  opening  of  the  outlet  valve 
only  would  be  deranged,  which  would  not  seriously  affect 
the  operation  of  the  machine.  With  this  type  of  machine 
it  is  impossible  for  the  blast  to  blow  back  through  the 
machine,  duo  to  breakage  or  derangement  of  the  gear, 
something  which  cannot  be  said  of  plate  valves.  Indi- 
cator diagrams  taken  from  such  a  machine  show  a  most 
satisfactory  distribution  of  air. 

E.   C.  HOLMAK. 
Lynn,  Mass. 

Mr.  Behen's  letter,  in  the  Apr.  21  issue,  helped  to  again 
arouse  my  indignation  toward  the  careless  manner  in 
which  our  lawmakers  have  spent  their  time  at  various 
state  capitols  revising,  remodeling  and  building  laws  of 
little  or  no  consequence  to  most  people.  Mr.  Behen  thinks 
that  West  Virginia  should  have  strict  license  laws.  W^ell, 
this  is  not  the  only  state ;  there  are  plenty  of  others. 

While  I  was  engaged  in  erecting  stokers  at  a  coal  mine 
in  Pennsylvania  a  few  years  ago,  they  had  a  small  fire- 
box boiler  for  temporary  use  which  they  had  loaned  to  a 
farmer  earlier  in  the  fall.  The  farmer  came  back  and 
informed  the  master  mechanic  that  he  had  fired  the 
boiler  as  hard  as  he  could  for  two  days  and  could  not 
get  over  7  lb.  of  steam.  The  gage  had  been  sprung  and 
the  only  water  in  the  boiler  was  in  the  water  leg.  The 
boiler  was  not  so  valuable  after  that. 

In  a  sawmill  in  Michigan  that  was  being  rel)uilt  and 
prepared  for  a  run,  was  a  small  duplex  pump  that  had 
had  the  exhausts  plugged  upon  being  shut  down  after 
the  previous  run.  The  engineer  and  the  master  mill- 
wright were  quoted  as  saying  that  as  it  was  a  cold-water 
pump  it  needed  no  exhaust;  still,  they  were  at  a  loss  to 
know  why  it  could  make  but  a  few  strokes  and  then 
would  come  to  a  standstill. 

After  taking  out  one  of  the  plugs  as  advised  by  one  of 
the  millwrights,  the  engineer  smiled  like  a  boy  with  a 
new  toy  to  see  how  nicely  the  pump  would  run.  The 
main  point,  however,  is  that  we  need  some  sort  of  regu- 
lations governing  the  operation  of  power  plants.  At  the 
present  time,  I  believe  the  federal  government  issues 
licenses  after  proper  examinations  to  engineers  on  the 
lakes  and  the  ocean,  but  in  most  of  our  cities,  as  far 
as  the  law  is  concerned,  any  one  who  knows  the  throttle 
from  the  blowoff  can  jeopardize  the  the  lives  of  many 
persons  in  office  buildings  and  factories. 

I  think  it  is  about  time  "Uncle  Sam"  exercised  some 
authority  in  compelling  the  various  states  to  frame  a 
system  of  "Safety  First"  laws  for  power  plants,  and  let- 
ting uniform  divorce  laws  lay  over  on  the  table  for  an- 
other week  or  two. 

11.  E.  Keecii. 

Elkins,  W.  Ya. 

It  may  be  consoling  to  Walter  B.  Behen  to  know  that 
there  are  underpaid  engineers  in  places  where  there  are 
license  laws.  Ontario  has  a  government  license  law  but 
it  is  easy  to  find  engineers  working  12-hr.  shifts  for  from 
$18  to  $15  per  week.  In  lower  Canada  a  lot  of  them 
work  for  even  less.  Toronto  City  pays  laborers,  includ- 
ing street  sweepers,  $15  per  week.  There  are  hundreds 
of  firemen  and  assistant  engineers  in  Toronto  and  other 


places  receiving  from  $35  to  $50  per  month,  including 
board.  The  last  item  would  be  worth  about  $12  to  a 
single  man;  to  a  married  man,  next  to  nothing.  There 
are  many  chief  engineers  in  Ontario,  good  men,  receiv- 
ing from  $75  per  month  up,  but  it  is  only  in  important 
])lants. 

A  license  law  is  good  for  the  employer,  as  it  makes  bet- 
ter engineers,  but  it  does  not  mean  more  pay  for  the 
engineer  in  all  cases.  It  is  a  fact  that  the  pay  for  engi- 
neers in  small  or  average  plants  has  not  increased  for 
many  years,  as  it  has  with  almost,  if  not  all,  other  me- 
clianical  workmen. 

Twenty  years  ago  and  more  the  technical  press  had 
practically  the  same  editorial  matter  in  connection  with 
this  complaint  from  engineers  as  they  have  now.  We  ap- 
i)ear  to  be  afraid  to  demand  our  rights. 

James  Ellethorn. 

Toronto,  Ont.,  Canada. 

'M 
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I  agree  with  F.  E.  Worley,  in  the' Apr.' 21  issue,  page 
565,  that  a  boiler  shoidd  be  cleaned  outside  and  inside, 
but  if  left  emptied,  it  shoidd  be  carefully  dried,  and  not 
left  to  be  air  dried.  It  is  difficult,  however,  to  understand 
how  so  much  rust  could  collect  on  the  tubes  if  a  boiler  is 
filled  with  water  and  the  temperature  of  the  water  is 
raised  to  that  of  the  air  at  the  time  of  filling.  No  rust 
should  collect,  because  the  water  will  adapt  itself  to  the 
outside  temperature  or  weather  changes. 

With  a  large  number  of  return-tubular  boilers  used  dur- 
ing the  winter  months  and  left  full  of  water  during  the 
summer,  I  have  never  seen  a  sign  of  rust  on  any  of  the 
tubes.  Surely  there  is  no  country  where  the  atmospheric 
changes  are  greater  than  here. 

Morris  E.  James. 

Toronto,  Ont.,  Canada. 

m 
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The  usual  method  of  getting  rid  of  tlie  sediment  which 
accumulates  in  the  l)ottom  of  storage-battery  cells  is  to 
take  the  plates  out  of  the  jars  before  cleaning  them.  When 
the  plates  are  removed  from  the  jars  the  old  separators 
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become  useless  and  have  to  be  replaced  with  new  ones. 
This  all  takes  considerable  time,  and  when  the  battery  is 
of  50  amperes  or  more  capacity,  the  job  of  cleaning  is 
not  the  most  desirable,  to  say  the  least. 

Recently  it  became  necessary  to  remove  the  sediment 
from  the  jars  of  a  132-eell,  50-ampere  battery  in  a  plant 
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with  whiili  tli(>  writer  is  rainilinr.  A  iiictlioil  sonu'wlint 
ri'st'iuliiiiijj;  (In-  oiu-  (icscrilM'd  hv  Mr.  Dawson  in  tin'  I •<•<•. 
!'.  r.UH,  issiu-  of  I'owiu.  wa«  used.  Instcml  of  n-niovinj; 
till'  |)lati's  from  tlio  jar,  liowovi'r,  tlicv  were  left  in  placf 
wliili'  tlu'  rleaning  was  going  on.  .\  liotiic-nuidi'  injfilor 
wa.s  niado  up  of  a  •l/i-vU/i-in.  kv  and  Honit-  liftings  (sec 
skotili).  and  was  made  portable  so  tliat  it  could  be  enr- 
ricd  ix'tween  (he  rows  of  eells.  In  this  ease  water  at 
1  10  II).  was  used  to  operate  the  siphon,  altiiough  the  ar- 
rangement will  work  with  steam  or  foni])res.sed  air.  There 
is  spaee  enough  between  the  jar  and  the  plates  to  ailmil 
the  -'.j-in.  hose.  The  aeid  was  first  siphoned  out  and  was 
used  again  for  the  same  purpose,  .\fter  all  the  sedinu-nt 
was  removed  and  tiie  jar  flushed  until  clean,  the  aeid  was 
replaced.  K.xcejit  in  isolated  cases,  it  was  not  necessary 
to  rephur  the  old  separators  with  new  ones.  This  method 
of  cleaning  saved  tinu'  and  the  coat  of  nearly  an  entire 
set  of  new  separators,  besides  eliminating  much  heavy 
lifting. 

11.    C).    (llU.SON. 

Washington,   I).   C. 

Repmr  to  ainx  Armmat^ire 

A  15()0-kw.,  (iOO-volt,  direct-current  generator,  op- 
erating in  parallel  with  two  similar  machines  and  sup- 
plying power  to  a  street-railway  s^ystem,  suffered  a  severe 
burnout  in  its  arnuiture,  several  coils  being  destroyed. 

When  the  armature  was  examined,  it  was  found  that 
one  of  the  coils  had  grounded  to  the  core.  As  tlie  nega- 
tive side  of  the  system  is  grounded,  this  resulted  in  a  large 
current  flow,  a  hole  about  2  in.  in  diameter  and  2  in. 
deep  being  burnt  into  tlie  armature  core.  The  repair 
was  nuide  as  follows : 

The  armature  being  cleared  of  the  burned-out  coils, 
tlie  hole  was  chiseled  out  until  it  was  3  in.  square  and 
2I/4.  in.  deep.  This  was  rendered  easier  as  the  hole  was 
burned  close  to  one  edge  of  the  core.  Care  was  taken 
to  carefully  file  off  all  burrs  resulting  from  the  chiseling. 
A  laminated  block  was  next  made  up  to  fit  exactly  the 
hole,  the  laminations  being  shellacked  before  being 
riveted  together.  The  laminated  block  was  then  placed 
in  a  milling  machine  and  slots  cut  in  it  to  correspond 
with  the  slots  in  the  core.  When  a  good  fit  was  secured, 
the  core  was  drilled  and  tapped  and  the  block  held  in 
place  by  two  countersunk  screws.  Care  was  necessary  in 
drilling  and  tapping  the  core. 

After  the  coils  were  replaced,  the  machine  was  started 
and  has  since  run  almost  continuously  without  the  slight- 
est evidence  of  local  heating. 

Edwix  L.  Hixchliff. 

Duluth,  Minn. 

[■/■] 

A  wristpin  brass  ou  a  100-hp.  tandem  gas  engine  ran 
hot  and  had  to  be  scraped  and  refitted.  This  in  itself 
was  not  much  of  a  job,  but,  on  account  of  the  construc- 
tion of  the  engine,  getting  the  brass  out  arid  in  again 
was  quite  a  task  and  as  the  engine  could  not  be  spared 
during  the  day,  the  work  had  to  be  done  at  uighj;. 

The  engine  is  a  two-cylinder,  single-acting  tandem  ma- 
chine with  both  pistons  «n  the  same  rod,  and  a  stuffiiig- 
box  in  the  front  head  for  the  piston  rod  to  pass  through. 
In  order  to  get  the  wristpin  and  brass  out,  the  rear  cyl- 


inder lieail  had  to  he  taken  ofT,  the  rear  piston  taken  off 
111"'  rod,  the  connecting-rod  rliKcoimecled  from  the  crank- 
pin  brass  and  the  front  |)iston  jiushed  aiu>ad  until  the 
|)in  cleared  the  forward  end  of  the  front  cylinder.  The 
])in  could  then  h(f  renioveil  and  I  lie  brass  tind  connecting- 
rod  taken  out  intact. 

When  the  piston  was  ])nlled  forward  i-noiigh  to  do 
this,  the  back  end  of  the  piston  rod  would  be  through 
the  stulling-box  iiiid  the  garter  s|)rings  on  the  metullie 
jiacking  would  close;  u])  the  packing  until  it  would  be; 
impossible  to  get  tlie  rod  enter(!il  again. 

It  was  the  usual  custom  to  take  out  the  packing  cage, 
but  this  time  I  set  out  to  devise  some  way  to  shorten  the 
work,  'i'he  sketch  shows  how  it  was  accomplished;  a 
is  a  piece  of  shafting  of  the  same  diameter  as  the  piston 
rod,  B  is  the  rod  and  ('  the  packing  cage.  The  shaft 
was  bored  out  in  a  lathe  to  fit  over  the  threaded  part  of 
the  i)iston  rod  and  fit  u])  against  the  shoulder  as  shown. 

When  the  piston  rod  i)a.ssed  through  the  packing,  the 
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Means  for  RjiMoviNc;  I'isio.n  Uou  without  Gland 
Packing  Collapsing 

shaft  entered  and  held  the  rings  ex))anded  until  the  rod 
was  ready  to  go  back,  when  the  operation  was  reversed. 
This  saved  taking  the  packing  cage  out  and  replacing  it, 
which  meant  at  least  an  hour's  work,  and  most  engin- 
neers  know  how  to  ai)i)reciate  an  hour  when  they  have 
worked  from  ():'S()  a.m.  until  10:30  p.m. 

Eakl  Pagett. 
Coffewille,  K;ni. 


IBnc^^cle  ClhsiaEa  as  Oil  Carrier 

The  original  brass-chain  oil  conveyor  on  the  outboard 
pedestal  bearing  wore  through.     A  bicycle  chain  was  sub- 
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stituted   and  it   proved   more   satisfactory   by   reason   of 
its  greater  weight. 

Edward  T.  Bixns. 
Philadelphia,  Penn. 
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In  the  issue  of  April  21,  under  the  above  heading,  is 
an  article  by  Mr.  Shoemaker,  wliieh  all  are  invited  to 
discuss. 

To  l)urn  anthracite  coal  in  a  furnace  designed  for  bi- 
tuminous coal  is  as  bad  as  burning  bituminous  in  a  fur- 
nace designed  for  anthracite,  therefore  the  economy 
claimed  by  Mr.  Shoemaker  is  not  only  possible  but  nat- 
ural. There  is  no  more  reason  to  expect  good  economy 
from  the  use  of  one  furnace  for  all  kinds  of  fuel  than 
from  the  use  of  one  pair  of  shoes  for  a  whole  family  con- 
sisting of  father,  mother  and  a  two-year-old  boy. 

Mr.  Shoemaker  says:  ''I  find  it  much  better  to  set 
the  boiler  at  least  36  in.  above  the  grates.  I  do  not 
carry  the  bridge-wall  more  than  14  in.  above  the  grate 
surface  and  e.xtend  it  straight  across  the  furnace.  The 
object  is  to  keep  the  shell  away  from  the  fuel  so  that 
when  using  long-flame  bituminous  coal,  complete  com- 
bustion will  take  place  before  the  flame  strikes  the  shell." 
Does  this  accomplish  the  object? 

From  my  observation  of  furnaces  in  which  boilers  are 
set  from  24  to  52  in.  from  the  grate  to  the  shell,  the 
flames  always  hug  the  shell  of  the  boiler  during  the  dis- 
tillation period  of  the  fuel. 

Further  on,  we  have  the  following:  "One  method  I 
have  used  to  prevent  smoke  is  to  run  three  or  more  small 
air  ducts  behind  the  fire-brick  lining  of  the  inside  wall 
of  the  furnace  with  openings  sO  that  the  air  can  enter 
these  ducts  just  beneath  the  grate  surface,  and  open  the 
outlet  of  the  air  duct  in  the  side  walls  to  a  level  with 
the  lowest  portion  of  the  boiler  shell."  He  then  says : 
"The  principle  of  this  method  is  to  have  a  slight  blanket 
of  highly  heated  air  in  contact  with  the  boiler  shell  above 
the  fire  and  bridge-wall  and  kec])  the  flame  from  striking 
the  shell."  The  principal  claims  for  the  method  are  chi- 
mercial  and  the  virtues  are  imaginary,  for  an  impossi- 
bility is  claimed. 

To  accomplish  the  protection  of  the  boiler  from  the 
flames  or  the  flames  from  the  boiler  "with  a  slight  blanket 
of  highly  heated  air,"  the  air  must  cover  the  shell  of 
the  boiler.  To  do  this  it  must  travel  from  the  side 
wall  to  the  shell  at  right  angles  to  the  force  of  the 
draft,  which  made  possible  its  entrance  into  the  furnace, 
and  then  at  180  degrees,  90  degrees  toward  the  fire  door 
and  90  toward  the  bridge-wall.  If  there  is  no  other 
force  to  project  the  air  and  neutralize  the  effect  of  the 
draft,  the  air  so  admitted  will  be  controlled  by  the  force 
of  the  draft,  and  as  soon  as  it  enters  the  furnace  it  will 
be  pulled  toward  the  flues  and  its  direction  will  Be  but 
coincident  with  the  pull  of  the  draft.  The  benefit  of 
the  air  admitted  into  the  furnace  in  the  manner  indi- 
cated will  be  limited  by  the  amount  of  unburned  gases 
passing  along  the  side  wall  with  which  it  may  mix. 

I  expect  that  Mr.  Shoi'maker  will  ascertain  the  facts 
for  the  l)enefit  of  Power  readers;  they  can  be  easily  as- 
certained. First,  take  the  idle  boiler,  place  ignited  oiled 
waste  at  the  intake  in  the  ashpit,  close  the  fire-doors  and 
open  the  damper.  The  direction  of  the  air  entering 
into  the  furnace  will  be  indicated  by  the  smoke  taken 
"with  it,  and  a  person  on  the  grate  with  an  extension 
light  can  easily  see  wliere  it  goes  and  determine  whethcM- 
the  air  forms  a  lilanket  about  the  boiler  or  makes  a 
b«9  line  for  the  stack. 


Then  seal  tlie  intake  into  tlie  air  duct,  other  condi- 
tions being  unchanged,  and  note  the  effect  on  the  smoke 
and  the  economy. 

n.   MiSOSTOW. 

Chicago,  111. 
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In  PowKU  for  Jan.  13,  T.  T.  Parker  riglitly  points  out 
that  it  is  incorrect  to  calculate  the  strength  of  spherical 
boiler  heads  by  treating  them  as  spheres.  The  rule  he 
suggests,  however,  perpetuates  this  error,  although  by 
using  a  larger  factor  he  minimizes  the  risk  of  arriving 
at  dangerously  light  plate  thicknesses. 

As  a  matter  of  fact,  any  rule  of  the  form 
_  R  X  facfor  X  P 

^  ~        t:s. 

assumes  that  the  head  is  stressed  as  a  sphere  and  is  in 
consequence  essentially  incorrect.     The  stress  in  a  sphere 


Fifi.  1. 

is  a  simple  tensile  stress  without  any  bending  whatever, 
but  in  the  case  of  most  spherical  l)oiler  heads  there  is  a 
considerable  bending  stress  of   indeterminate  amount. 

The  fact  is  that  the  manner  in  which  the  head  is 
stressed  is  determined,  not  by  its  shape,  but  by  the  stiff- 
ness of  the  shell  into  which  it  is  riveted.-  The  radius 
of  curvature  of  the  spherical  portion  has  not  necessarily 
any  direct  relation  to  the  stress  in  it. 

It  is  a  somewhat  difficult  matter  to  grasp  this  problem, 
but  by  considering  a  cambered  beam  sul)ject  to  a  uniform 
radial  pressure,  the  idea  becomes  clearer.  The  stresses 
in  a  cambered  beam  can  he  worked  out  quite  closely  and 
the  analogy  between  it  and  a  spherical  head  is  sufficiently 
good  to  enable  one  to  form  a  reasonably  correct  view  of 
the  nature  of  the  stresses. 

In  Fig.  1,  ACB  is  a  cambered  beam  of  radius  /•,  the 
versin  being  d,  and  the  chord  AB  =  I.  The  beam  is  sub- 
jected to  a  uniform  radial  load  of  p  pounds  per  square 
inch,  and  is  supported  at  the  ends,  each  reaction  being 
equal  to  R. 

The  bending  moments  acting  at  the  center  of  the  beam 
a  re : 

Bending  monient  (hic  1o  reaction  = 

This  acts  downward  and  will  be  designated  as  -}— 

Bending  moment  due  to  the  vertical  component  of  the 

radial  force  = 


I  .    / 
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Hi'inliii;:    momriit    line    lo    tlif    liorizontal    coiiiiioiifiit    of 
till'  nuliiil  foiii-  — 

,      ,1  rn 

■     />  X  il  X  -   =       /'  ., 

Till'   ii'sultaiit    lioiiiliiifi   iiiDmriit    is,    tiicrcrore, 


/'  o  —  /'  ., 


(1) 


Ni'w    inirodncc  nt  .1   iiiid  I!  Iiorizoiilal   fdiccs  /•'.  |)iilliii.i^ 
(111  llic  ciiils  of  (lie  Itcaiii.     'I'lh'sc  loncs  luodiu'i'  a  hciidiiig 
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inonu'iit  whifli  is  a  iiiaximuiii  at  the  coiitcr  of  tlic  iK-am 
aiul  =  F  X  '/•  I'liis  luMidiiifi  nioiiK'nt  ;\v\^  in  a  sense 
I'ontrarv  to  that  produced  liy  tlie  reaction  and,  tlierei'oro, 
niav  1)0  considered  negative.  'IMie  resultant  bending  nio- 
inent  now  becomes 


;' 
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Combine  the  forces  F  and  R  into  a  single  force  Q,  and 
it  may  be  shown  that  the  sum  of  the  quantities  in  (2)  is 
zero,  when  Q  is  tangential  to  tlie  beam  at  the  ends,  its 
value  being  p  X  '%  which  is  recognized  as  being  the  stress 
in  a  cylinder  under  fluid  pressure. 

If,  therefore,  instead  of  supporting  the  beam  at  tlie 
ends  it  is  attached  by  pin  joints  to  supports  capable  of 
withstimding,  without  deflection,  a  pull  equal  to  p  X  '". 
the  bending  moment  is  eliminated  and  the  beam  is 
stressed  as  a  cylinder.  On  the  other  hand,  if  the  sup- 
ports are  not  stifl:  enough  to  withstand  a  pull  of  p  X  '" 
without  deflection  the  beam  is  subject  to  a  bending  mo- 
ment. It  appears,  therefore,  that  the  nature  of  the  stress 
in  the  beam  is  determined,  not  bv  its  shape,  but  by  the 
manner  in  which  it  is  attached  to  surrounding  parts. 

To  extend  the  case  now  to  a  beam  of  the  shape  shown 
in  Fig.  2,  consider  this  as  being  made  up  of  a  circular  arc 
ACB  jointed  by  pin  joints  at  A  and  B  to  abutments  EA 
and  I)B.  From  the  preceding  arguments  it  is  evident 
that  the  part  ACB  can  only  be  considered  as  under  no 
bending  moment  on  the  assumpcion  that  the  end  parts 
EA  and  DB  are  able  to  withstand  without  deflection  a 
liorizontal  pull  equal  to  F,  where 

F 


R-' 


and  Q  =  p  X  r 

Suppose,  now,  the  horizontal  force  actually  applied  ai 
A  is  less  than 


yl  Q^  —  E^ 
Let  this  force  be  represented  by  Aw   (Fig.  3),  where  F 
is  represented  by  Az.     The  efl'ect  will  be  to  leave  a  bend- 
ing moment  on  the  beam,  which  will  be  a  maximum  at  C, 
where  it  will  equal 

(Az  —  Aw)    X   d 
Consider  now  the  ease  of  a  dished  end  under  fluid  pres- 
sure.    Using  the  notation  of  Fig.  1, 


/.; 


pi 


and 


/.'  =  V  (J^'^^W 


^ 
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ll   will  lie  seen  tlii 


I 


when  /•  =    ;  •  that  is,  when  the  end 


is  ]iciiiis|)licri(ni  /•'  -^  I)  and  when  r  =:  I,  F  =  0.866 
p  X  '"•  'I'he  thickness  has  not  been  introduced  bo  far 
and   the   forces  are   per  inch   of   width. 

Actually  in  a  dished  end  there  is  no  internal  force  ap- 
plied equivalent  to  /''  and,  as  in  the  case  of  the  beam,  a 
force  is  only  introduced  by  the  resistance  to  deflection. 
When  dished  ends  have  been  tested  and  the  deflection 
gaged  it  has  been  found  that  the  crown  (C)  moves  out 
and  those  parts  of  the  circumference  (.1  and  B)  come  in 
showing  that  the  annular  ring  of  metal  around  the  cir- 
cumference is  in  compi'ession.  The  resistance  to  com- 
pression of  the  outer  ring,  therefore,  provides  the  force 
/'',  and  unless  this  resistance  is  sufficiently  great,  the 
cambered  part  cannot  be  correctly  treated  as  spherical,  as 
regards  the  way  in  which  it  is  stressed. 

If  the  cambered  part  is  to  be  treated  as  being  stressed 
in  tension,  that  is,  as  a  sphere,  it  follows  that  tlie  resist- 
ance to  compression  of  an  annular  ring  at  the  circumfer- 
ence equals  a  radial  force 


P 


'-J 


In  order  to  get  a  rough  idea  of  the  possible  intensity 
of  compressive  stress  which  would  be  induced  by  a  radial 
force  equal  to  F,  we  will  take  one  of  the  ends  tested  by 
Bach   in  his  classical  experiments.     In  this  case  r  was 


40. ."5  in.;  t,  0.39  in.;  1,  24  in.,  and  p,  20-5.8  lb.  per  sq.in. 
1^ 


Therefore,        p  =  p  . 


=  7950  Ih. 


We  are  quite  in  the  dark  as  to  the  depth  of  the  cir- 
cumferential ring,  which  may  be  regarded  as  being  in 
compression,  but  suppose  it  be  assumed  to  be  3  in.  deep, 
and  let  /  be  the  compressive  stress  on  this  ring  3  in.  deep 
by  0.39  in.  thick,  due  to  a  radial  force  of  7950  lb.  per 
sq.in.;  then, 

It  is  improbable  that  such  stresses  actually  occur  and 
it  is  more  reasonable  to  suppose  that  the  case  is  analo- 
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fioiis  lo  that  of  tlio  beam,  first  conpi'dorod,  and  tliat  tlie 
cambered  part  offers  resistance  to  buckling  and  is  not  by 
any  means  stressed  as  a  sphere. 

The  right  way  to  regard  a  cambered  boiler  end  would 
ap))oar  to  be  to  treat  it  in  the  same  way  as  a  flat  plate 
wliich  woidd  then  l)ecome  the  limiting  case  where  the 
radius  is  large.  The  formula  for  the  safe  pressure  of 
cambered  ends  would  then  contain  the  area  of  the  end 
and  the  depth  of  the  versine  as  factors  together  with  a 
coefficient  and  the  s(piare  of  the  thickness,  thus 

C  X  f' 

P  =  — s— 

where 

p  =  Safe  pressure  in  pounds  per  scpiare  inch; 
I  =  Thickness ; 
S  =  Area  of  end ; 

(7  =  Coefficient  depending  on  the  ratio  of  versine  to 
radius  of  camber. 

A.  C.  Wilson. 
Manchester,  England. 


Tests  of  a  ^ama 


In  the  issue  of  Dec.  2,  1913,  was  given  an  account  of 
tests  carried  out  by  Prof.  J.  A.  Moyer  on  a  19x21-in. 
simple  noncondensing  Lentz  engine  built  by  the  Erie 
City  Iron  Works.  The  economies  and  heat  consumption 
obtained  by  this  engine  were  so  renmrkable  that  a  discus- 
sion of  these  tests  is  very  appropriate. 

The  writer,  having  introduced  the  Lentz  engine  into 
this  country  and  having  designed  the  engine  in  question, 
can  approach  this  subject  without  any  prejudice  whatever, 
although  occupied  at  present  in  competitive  lines. 

In  Table  1,  the  figures  as  published  are  recapitulated, 
and  in  the  last  column  are  added  the  Rankine  efficiencies, 
based  on  adiabatic  expansion  to  wet  steam  at  the  terminal 
pressure  given. 

TABLE  1.      RESULTS  OF  TESTS  ON  A  SIMPLE  LENTZ  ENGINE 


S'"         ° 


~;      Mean  Effective 

.  Press..  Lb. 

"2         per  Sq.In.** 


« 
85.8 
77.8 
82  9 
82.7 
79.3 


^     |3     £g       'i 

y.      D  a      H.E.     C.E.     I.hp.     i         <l      m  i 

1  4  208       46.35     45.92     282.1      15.24      170.3      0.34       141.5 

2  3  208       24.83     28.40     162.7      17  25     170  1      0.00        98.3 

3  3J  211        36   19     37  08     227  6     15  78      171  9      0  00       1.39  4 

4  It  207       53.40     52.22     322  5      15  48     171   7      0  10      159.7 
**Calibrated  scales  of  springs  of  indicators  are  respectively,  78.9  and 

lb.  per  sq.in. 

■KJenerator  would  not  carry  load  for  a  longer  time  on  account  of  heating. 

While  tests  Nos.  1,  3  and  4  correspond  closely  as  to  the 
Rankine  efficiency,  decreasing  with  the  decreasing  num- 
ber of  expansions,  test  No.  2  seems  to  differ  very  much. 
There  is  no  apparent  reason  why  the  efficiency  in  the  lat- 
ter case  should  be  about  8  per  cent,  less  than  that  of  test 
No.  1.  On  account  of  the  lower  superheat  a  difference 
of  al)out  1  per  cent,  may  be  expected,  all  other  conditions 
remaining  the  same,  but  the  more  complete  expansion 
maintained  during  test  No.  2  should  tend  to  increase  the 
efficiency. 

It  is  impossible  to  form  a  logical  explanation  for  this 
discrepancy,  but  the  exhaust  temperatures,  Table  2,  may 
supply  a  basis  for  approaching  this  problem. 


TABLE  2. 

Steam  Consump- 
tion per  I.bp.-hr.,         Abs.  Steam  Pres.,        Temp,  of  Exhaust, 

No.  of  Test  Lb.  Lb.  Deg.  F. 

1  15.24  170  3  220.3 

2  17  25  170   1  212 

3  15.78  171   9  223  6 

4  15.48  171   7  235.3 

From  my  own  observations  during  the  tests  I  can 
vouch  that  all  readings  were  observed  with  the  greatest 
care,  and  the  instruments  were  carefully  calibrated.  How- 
ever, the  exhaust  temperatures  o])served  in  tests  Nos.  1, 
3  and  4  (test  No.  2  will  not  be  discussed  on  account  of 
the  absence  of  a  calorimeter  reading)  seem  to  indicate 
that  an  error  has  crept  in  which  apparently  could  not 
liave  been  detected  by  those  conducting  the  test. 

In  my  opinion  it  is  not  probable  that  a  mistake  was 
made  in  determining  the  steam  consumption  as  the  ob- 
servations made  at  certain  intervals  during  the  tests 
checked  up  very  closely  and  I  am  inclined  to  consider  the 
exhaust  temperatures  as  correct.  I  have,  therefore,  come 
to  the  conclusion  that  the  superheat  maintained  was 
considerably  higher  than  indicated  by  the  calibrated  ther- 
mometers. 

With  this  assumption  Table  3  was  calculated,  giving  in 
column  5  the  amount  of  superheat  apparently  carried  in 
the  steam  chest,  in  column  4  the  B.t.u.  actually  con- 
verted into  work  per  pound  of  steam,  and  in  column  G 
the  same,  but  for  adiabatic  exjiansion. 

TABLE  3. 

Work  Done 
per  Lb.  of 
Work  Steam 

Steam         Steam  Done  per  During 

Press.  Cons.       Temp,  of      Lb.  of  Adiabatic  Rankine 

No.  of         Abs.,       per  I.hp.-  Exhaust,     Steam,  Superheat,    Expan-    Eff.,    Per 
Test  Lb.         Hr.,  Lb.      Deg.  F.      B.t.u.       Deg.  F.  sion,  B.t.u.    Cent. 

1  170  3  15.24         220.3  167  236  212  78.7 

3  171  9  15  78         223  6  161  226  210  76  7 

4  171   7  15  48         235  3  165  246  214  77.2 

Take,  for  instance,  test  No.  1.  We  know  the  exhaust 
contains  about  1154  B.t.u.  per  pound,  also  that  during 
expansion  167  B.t.u.  were  converted  into  work  per  pound 
of  steam.  Hence  the  steam  on  entering  the  cylinder  must 
have  contained  approximately  1381  B.t.u.  per  pound 
(neglecting  radiation)  and  with  a  pressure  of  170  lb. 
absolute  a  superheat  of  236  deg.  F. 

If  using  the  Mollier  diagram  instead,  we  locate  the 
point  where  the  curves  of  15  lb.  pressure  and  8  deg. 
superheat  intersect,  then  passing  vertically  upward  a  dis- 
tance representing  167  B.t.u.,  following  this  abscissa  un- 
til we  intersect  the  curve  of  170  lb.  pressure,  a  superheat 
of  about  236  deg.  is  indicated.  The  vertical  distance 
from  this  point  to  the  15-lb.  pressure  line  represents  the 
work  of  1  lb.  of  steam  in  B.t.u.  during  adiabatic  expan- 
sion. 

Naturally,  the  question  arises  whether  or  not  it  is  pos- 
sible that  a  much  higher  superheat  than  indicated  by  the 
thermometers  was  actually  carried,  a  question  which  must 
be  answered  in  the  affirmative  in  view  of  the  experiments 
carried  out  by  Dr.  Armand  Duchesne,  of  the  University 
of  Liege.  V.  Dwelshauvers-Dery,  late  professor  emeritus 
of  the  University  of  Liege,  in  discussing  the  investiga- 
tions of  Duchesne,  writes : 

"Two  difficulties  are  to  be  found  in  the  measurement 
of  the  temperature  of  superheated  steam  passing  even 
slowly  through  a  space,  as  a  pipe.  First,  the  tempera- 
ture is  not  uniform  throughout  the  mass  as  it  would  be 
with  saturated  steam,  on  account  of  the  slow  conduct- 
ibilitv  of  the  superheated  fluid.  An  instrument  is  neces- 
sary which  gives  the  average  temperature,  as  the  piston 
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of  till'  imiiciitor  <i\\rs  till'  iivcru','!'  ])n'Hsiin',  ainl  iiisliiii- 
tancDUslv  as  (lin-s  the  imlu  atoi'  |)ist<iii.  In  this  ((iniicc- 
tion  it  is  safe  to  sav  llial  the  iiwrciirv  llicriiioiiK'Icr  can 
givo  only  (iio  local  tcmpiTaliiro,  and  lliat  tardily,  cHpccial- 
ly  if  it  is  in  a  cup  of  oil.  'I'hc  liypci-tliciinonu'tcr  of 
Duchesne  with  its  numerous  junctions  disseminated 
through  a  larjje  space  and  its  excessively  small  nniss  seii- 
sihle  to  heat,  meets  these  conditions  as  lur  as  is  prac- 
tically possihle. 

"The  importance  of  tlie  elTect  of  these  two  factors  will 
ho  appreciated  when  it  is  reniemhered  that  in  some  of  the; 
experiments  the  ditference  hetween  the  mercury  tiiermom- 
oter  in  its  oil  hath  and  those  of  the  more  ri'sponsive  and 
sensitive  tlu'rmiH()U|iie  amounted  to  more  than  SO  deg. 
C.   (Ml  deg.  K.)." 

The  invest igut ions  of  Duchesne  .showed,  furtiiermoro, 
that  with  saturatiul  steam  a  temperature  for  all  purposes 
constant  and  uniform  was  ohtaiued,  no  matter  whether 
determined  hy  tiie  meriiury  therniometei'  or  by  the  liyper- 
tliermometer  of  Ducliesne  and  that  the  error  increased 
with  the  imreasing  sujierheat  and  decreased  with  increas- 
ing pressure. 

The  explanation  given  hy  Ducliesne  of  the  ditference 
hetween  the  temperatures  indioited  by  the  hyper-ther- 
Hiomcter  and  the  mercury  thermometer  involves,  accord- 
ing to  Dwelshauvers-Dery,  the  hypothesis  that  in  tlie 
body  of  the  same  mass  of  superheated  steam  are  to  be 
found  contiguous  layers  or  strata  of  steam  of  different 
temperatures.  Ilirn  luid  already  remarked  this,  and 
Duchesne  has  demonstrated  it  experimentally.  He  has 
shown  even  that  there  may  exist  sti'ata  of  satui-ated  steam. 
In  brief,  then,  one  first  point  is  established  that  with 
superheated  steam  all  observations  of  temperature  may 
l)e  false  if  not  made  with  a  thermometer  practically  with- 
out mass. 

In  adopting  the  views  and  experiments  of  Duchesne 
as  being  correct,  one  must  come  to  the  conclusion  that 
in  the  tests  of  the  Lentz  engine  the  exhaust  temperatures 
are  approximately  correct,  wdiile  the  corresponding  tem- 
peratures taken  in  the  steam  chest  are  subject  to  the  dis- 
crepancies due  to  the  inadetpuite  instruments  used. 

There  are  other  reasons  which  convince  me  that  my 
assumptions  are  correct.  A  test;  was  carried  out  after 
completing  the  above  tests  to  determine  also  the  economy 
of  the  engine  running  with  saturated  steam  and  the 
following  results  were  obtained : 

TABLE  4. 


Duration  of        Speed 

Test,  Hr.  R.p.ra. 

4  208.9 


Steam  Con- 
sumption per 
Average      I.hp.  per  Hr.,  Ahs.  Steam       Moisture, 
I.hp.  Lb.  Pres.,  Lb.         Per  Cent. 

230  25.2  175.1  4.13 


An  allowance  of  3  per  cent,  for  each  1  per  cent,  of 
moisture  can  justly  be  given  as  condensation  is  increased 
by  the  presence  of  moisture.  With  this  correction  the 
consimiption  of  perfectly  dry  steam  would  become  22 
lb.  per  i.hp.-hr.  with  a  Eankine  efficiency  of  65  per  cent. 
This  consumption  is  reduced  by  about  30  per  cent.,  as 
shown  in  test  Xo.  3,  Table  1,  due  to  the  superheat,  a 
saving  which  to  all  previous  records  of  poppet-valve  en- 
gines may  well  be  expected  with  250  deg.  superheat  but 
impossible  with  140  deg.  superheat.  These  records  ^how 
that  250  deg.  superheat  will  lower  the  steam  consumption 
of  a  compound  engine  approximately  23  per  cent,  and 
that  of  a  simple  engine  28  per  cent.,  figures  which  empha- 
size the  correctness  of  my  assumi^tion  that  the  superheat 
carried  during  the  test  was  about  240  deg.  F. 


The  f(»llowing  also  seems  to  support  my  coiiclusioriH : 
A  test  was  made  by  the  |{.  \V.  Hunt  Co.,  of  Chicago,  on 
a  ir»x21-in.  simple  noneondcnsing  Lentz  engine  installed 
at  theThroop  St.  plant  <>(  the  Peoples  (his,  liiglit  &  (-'okc 
Co.,  Chicago,  111.  In  this  case  an  economy  of  IH.G  lb. 
per  i.hp.-hr.  with  1  17. C  lb.  gage  pressun-  and  I'M)  deg. 
I'\  superheat  was  obtained,  giving  a  Uankine  ediciency  of 
75.!)  per  cent. 

The  17x21-in.  simple  noneondcnsing  Lentz  engiiK!  iii- 
stallerl  at  the  plant  of  the  Handall-l-'aichiu-y  Co.,  of 
.Jamaica  IMains,  Mass.,  showed  a  Wankine  efTiciency  of 
"S.I  pel-  (cnl.  and  a  steam  consumption  of  17.2  lb.  per 
i.li|).-iir.  when  operated  with  I  10  lb.  pressun;  and  150 
(leg.  superheat. 

Tile  plain  tube  superheater  u.scd  during  the  test  con- 
ducted liy  I'rofes.sor  Moyer  on  the  l!ix21-in.  Lentz  c^n- 
giiK,'  was  undoui)tedIy  cai)al)le  of  producing  the  superheat 
assumed  in  Table  3.  It  was  j)Iaced  just  behind  the  bridge- 
wall  of  a  horizontal  water-tube  boiler  of  the  Krie  City 
tyj)e  and  sheet-iron  ballle-ijlates  were  so  arranged  that  the 
gases  im])inged  directly  on  the  superheater  after  having 
been  in  contact  with  the  lower  ])ank  of  tubes. 

From  my  own  observations  in  a  previous  tost  I  noticed 
that  the  thermometer  on  the  superheater  outlet  indicated 
200  deg.  F.  superheat  while  that  placed  at  the  engine 
about  30  ft.  away  showed  a  superheat  of  about  !)0  dog., 
though  the  pipe  line  was  well  covered  with  nonconducting 
material.  At  that  time  I  was  unable  to  find  a  reason  for 
this  difference  in  readings. 

In  summarizing  it  has  to  bo  admitted  that  tests  Nos. 
1,  3  and  4  of  Table  1  do  not  correspond  with  tests  made 
on  other  engines  of  the  same  typo  and  built  by  the  same 
concern.  Of  particular  interest  is  the  Eankino  efficiency 
of  Go  per  cent,  of  the  19x2 1-in.  engine  when  working 
with  dry-saturated  steam  as  it  is  obviously  impossible 
that  this  efficiency  could  be  increased  by  18  per  cent, 
when  operating  wdth  140  deg.  superheat  while  an  in- 
crease of  about  12  per  cent.,  as  given  in  Tabic  3,  with 
240  dog.  of  superheat  can  1)0  expected  Avith  the  cylinder 
design  used.  In  this  particular  case  the  engine  was  not 
operated  under  the  most  favorable  conditions  as  the  cyl- 
inder was  originally  designed  for  a  21-in.  bore  and  in 
decreasing  the  diameter  to  1!)  in.  the  clearance  volume 
was  materially  increased,  making  it  about  12  per  cent., 
also  materially  enlarging  the  clearance  surface. 

It  is  my  opinion  that  even  with  the  modified  figures 
of  Talile  3  the  results  are  remarkable  though  by  no  means 
world's  records.  It  is  my  firm  belief  that  better  econo- 
mies can  1)0  obtained  in  a  poppet-valve  engine  where 
clearance  in  surface  and  volume  is  reduced  to  a  mini- 
mum, with  the  emphasis  on  the  loi-mer.  The  possibility 
of  entirely  machining  the  clearance  surface  would  en- 
hance the  value  of  such  design.  The  recent  experiments 
carried  out  in  Professor  Bach's  laboratory  at  the  Tech- 
nical College  of  Stuttgart  prove  again  the  importance  of 
this  much  neglected  arrangement. 

In  concluding  I  should  recommend  on  account  of  the 
obvious  difficulty  in  reading  superheats  correctly  with  the 
instruments  ordinarily  in  use,  that  in  such  cases  the  ex- 
haust temperaturos  be  read  and  calorimeter  readings  be 
taken  in  order  to  arrive  at  more  accurate  resvdts. 

S.   RCSEXZWIIG, 

Consulting  Engineer,  York  Manufacturing  Co. 
York,  Ponn. 
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Toper  of  Pipe  Screws — What  is  the  standard  taper  for 
screw-threaded  ends  of  wrought- iron   pipe? 

W.   J. 

The  length  of  tube  end  throughout  which  the  screw  con- 
tinues perfect  should  have  an  inclination  to  the  axis  of  the 
tube  of  1  in  32,  i.e.,  a  total  taper  of  %   in.  to  the  foot. 


Effect  of  Soda  Ash  on  Pump  Valves — Will  feeding  soda- 
ash  solutions  through  boiler  feed  pumps  injure  rubber  pump 
valves? 

J.   D.    R. 

A  soda  ash  solution  will  deteriorate  rubber  pump  valves 
to  some  extent,  but  not  seriously  when  fed  along  with 
boiler-feed  water  in  the  proportions  usually  required  in  a 
boiler   compound. 


OverheatloA'  Boiler  Sheet — In  operation  of  a  horizontal  re- 
turn-tubular boiler  carrying  125-lb.  pressure  with  two  gages 
of  water,  is  there  any  possible  way  the  lower  part  of  the 
front  sheet   could   get   red   hot? 

E.   S. 

Yes;  if  the  sheet  on  the  inside  of  the  boiler  is  so  covered 
with  scale  or  other  nonconducting  material  that  the  heat 
received  by  the  sheet  cannot  be  transmitted  to  the  water, 
then,   with  a  hot  fire,  the  sheet  would  become  red   hot. 


Finding;  Approximate  Temperature  of  Uptake  Gases — How 

can  the  temperature  of  the  uptake  gases  of  a  boiler  be  ap- 
proximately determined  without  using  an  ordinary  pyrometer 
or  thermometer? 

G.  N. 
The  temperature  can  be  approximately  determined  by 
noting  the  effect  which  the  heat  of  the  gases  has  on  small 
pieces  of  substances  that  fuse  at  different  known  tempera- 
tures when  hung  on  iron  wires  in  the  uptake.  Fusion  of  tin 
occurs  at  449  deg.  F. ;  bismuth  at  518  deg.  F.;  lead  at  621  deg. 
P.,  and  zinc  at  786  deg.  F. 

Noise  In  Flywheel — What  may  be  the  cause  of  a  rattling  or 
crunching  noise  in  the  flywheel  of  an  engine  except  when  the 
steam  lead  of  the  crank  end  is  late  or  when  the  cutoff  is 
earlier  on  the  head  end  than  on  the  crank  end? 

W.   E.   F. 

The  noise  may  be  caused  by  a  cracked  flywheel,  or  by 
riding  of  the  key  due  to  improper  fitting  of  the  key  or  to 
springing  of  the  shaft.  Noise  from  a  key  will  sometimes  be 
stopped  by  bringing  the  shaft  to  rest  with  the  key  way  at  the 
top  and  leaving  the  shaft  stand  over  night  with  the  key  way 
thoroughly  flushed  with  thin  lubricating  oil. 


Measuring:  Eccentricity  of  Eccentric — How  would  the  ec- 
centficity   of   an   eccentric    be   measured? 

R.    B.    C. 

Caliper  the  diameter  of  the  eccentric  and  the  diameter 
of  the  shaft,  and  the  eccentricity  will  be  found  by  adding 
together  one-half  of  the  diameter  of  the  shaft  and  the  dis- 
tance the  "high  side"  of  the  eccentric  projects  from  the 
shaft,  and  deducting  one-half  of  the  diameter  of  the  eccen- 
tric; or  by  adding  together  one-half  of  the  diameter  of  the 
shaft  and  the  distance  the  "lowest  side"  of  the  eccentric  pro- 
jects from  the  shaft  and  deducting  their  sum  from  one-half 
o€  the  diameter  of  the   eccentric. 


Inch  of  Mercury  or  of  >Vater — What  is  the  value  in  pounds 
or  ounces  of  pressure  per  square  inch  of  1  in.  of  mercury  and 
of  1   in.   of  water? 

E.  P. 

The  difference  in  level  of  water  or  mercury  in  the  branches 
of  a  manometer  or  U-tube  indicates  difference  of  pressure  act- 
ing on  the  surfaces  of  the  liquid  in  each  branch  and  the 
weight  in  pounds  per  cubic  inch  of  the  liquid  employed  will 
be  the  difference  in  pressure  per  square  inch  for  each  inch 
difference  in  height,  commonly  called  1-in  pressure  of  the 
liquid.  At  62  deg.  P.,  1  cu.in.  of  mercury  weighs  0.491  lb., 
and  1  cu.in.  of  water  weighs  0.03609  lb.,  therefore,  at  this  tem- 
perature   "1    in.    of    mercury"    would    represent    a    pressure    of 


0.401    lb.,    or    7.S6    oz.   per   .sq.in.,    and    1    in.    of   water   0.03609    lb., 
or   0.5774   oz.    per   sq.in. 

Cast  Steel  and  Steel  CaHtlnKs — What  is  the  difference,  if 
any,   between   cast  steel  and   steel  castings? 

A.   N.   G. 

Cast  steel  is  the  name  usually  confined  to  fine-grained 
steel  from  which  high  grades  of  cutlery  and  tools  are  forged. 
It  is  made  by  cutting  up  wiought  iron  into  small  pieces 
which  are  melted  in  covered  crucibles,  the  desired  amount  of 
carbon  being  placed  on  top  of  the  charge  before  the  melt- 
ing, together  with  any  other  alloying  element  desired,  such 
as  chromium,  tungsten,  manganese,  etc.  After  being  melted 
and  thoroughly  mixed  the  charge  is  cast  in  the  form  of  an 
ingot  for  hammering  and  rolling.  Steel  castings  may  be 
any  kind  of  steel  melted  down  and  cast  into  molds  in  the 
manufacture  of  steam  fittings  or  other  articles  in  the  same 
manner    that    iron    castings   are   made    from    iron. 


Alternate  Firing — What  is  meant  by  alternate  firing  and 
what  are  its  advantages? 

C.   J. 

Alternate  firing  consists  in  spreading  fresh  coal  first  on 
one-half  of  the  bed  of  the  furnace  and  then  on  the  other 
half  at  equal  intervals  of  time,  alternating  either  on  the 
front  and  rear  or  on  the  right  and  left  side  of  the  furnace. 
The  advantages  of  this  method  of  firing  are  that  the  vola- 
tile gases  arising  from  each  addition  of  fresh  coal  are 
brought  in  contact  with  the  current  of  hot  gases,  carrying  an 
excess  of  air,  which  arise  from  the  half-burned  coal  on  the 
other  half  of  the  grpte  resulting  in  more  perfect  combus- 
tion of  the  volatile  matter.  With  a  large  combustion  chamber 
in  which  the  gases  can  become  thoroughly  mixed  before  com- 
ing in  contact  with  the  heating  surfaces  of  the  boiler,  alter- 
nate firing,  when  skilfully  performed,  may  largely  prevent 
smoke. 

Steam  Supplied  to  Tenant — Dry  steam  at  120-lb.  boiler 
pressure  is  supplied  to  a  tenant  for  heating  the  coils  of  a 
diving  room.  There  being  850  lb.  of  condensate  returned 
per  hour  at  the  temperature  of  212  deg.  P.,  what  is  the 
equivalent   boiler-horsepower? 

W.  W. 
Referring  to  the  steam  tables  it  may  be  seen  that  to  raise 
a  pound  of  water  32  deg.  P.  into  steam  at  the  pressure  of 
135  lb.  per  sq.in.  absolute  (which  is  approximately  the  same 
as  120  lb.  per  sq.in.  boiler  pressure)  would  require  about 
1192  B.t.u. 

The    condensate,    returned    at    212    deg.    P..    would    contain, 
212  —  32  =   180  B.t.u.  per  lb.,  above  32  deg.  P., 
and,  therefore,  the  net  service  would  amount  to 

(1192  —  180)    X    850    =    860,200   B.t.u.   per   hour, 
and   as   a   boiler-horsepower  is   equivalent   to   33,479   B.t.u.   per 
hour,   the   service   would   be   equivalent   to 
860,200 

or  25.7  boiler-horsepower. 

33,479 


ObtniniU!;  Length  of  New  Connecting  Itod — How  would 
the  correct  length  of  a  new  connecting  rod  for  an  engine 
be   determined    from    the   old   rod? 

W.   H.   L. 

After  properly  adjusting  the  piston  rod  to  the  crosshead, 
the  length  of  new  rod  should  be  determined  with  reference 
to  obtaining  equal  clearance  of  the  piston  at  each  end  of 
the  cylinder.  For  this  purpose,  disconnect  the  rod  from 
the  crosshead  and  make  a  mark  on  the  crosshead  and  cor- 
responding marks  on  the  guide  when  the  piston  is  firmly 
against  first  one  end  and  then  the  other  end  of  the  cylinder, 
the  marks  thus  made  on  the  guide  representing  the  extreme 
travel  of  the  piston.  Next  reconnect  the  old  rod  and  placing 
the  engine  first  on  one  center  and  then  on  the  other,  make 
marks  on  the  guide  corresponding  to  the  mark  on  the  cross- 
head,  to  represent  the  length  of  the  stroke.  Comparison  of 
the  distances  apart  of  the  marks  made  on  the  guide  repre- 
senting the  extreme  travel  of  the  crosshead  before  and  after 
connecting  the  old  rod,  will  indicate  how  much  longer  or 
shortei-  the  new  rod  should  be  between  centers  of  the  crank 
and  crosshead  pins  with  equalization  of  piston  clearance. 
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Elemmein^tlairy  MeclhaiaicS"X 

Last  Lkssons  Answkus 
II.  Divide  tlie  angle  (sec  Fig.  10)  into  tlio  two  ruct- 
nii,uli's  O.lIiCn  or  /.  niul  DVFKl)  or  //.  Tliu  rji.  of 
roctanglc  /  will  be  at  the  point  M,  which  is  the  point  of 
intersection  of  the  two  iliaf,'oiiiils  AC  and  Oil.  Likewise, 
tlie  (•.(/.  of  the  rectangle  II  is  at  tiie  jjoiut  o!  iutersectiou 
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Fig.  40. 

N  of  the  diagonals  CE  and  DF.  Draw  the  reference 
axes  OX  and  OY,  and  assume  the  e.g.  of  the  angle  to  be 
located  at  the  point  G,  X  inches  from  the  OY  axis  and  Y 
inches  from  the  OX  axis.    The  area  of  the  figure  /  is 

34  X  -i  =  3  sq.in. 
and  the  area  of  figure  //  is 

%  X  514  =  3.04  sq.in. 
Then  the  total  area  of  the  angle  is 

3  +  3.94  =  6.94  sq.in. 
The  point  M  is  2  in.  from  the  OX  axis  and  %  in.  from 
the  OY  axis;  also,  the  point  iV  is  %  in.  from  the  OX 
axis  and  3%  in.  from  the  OY  axis.  These  areas  may  be 
substituted  in  equations  (11)  and  (12)  in  place  of  w.^,  w^ 
and  IF  since  the  weight  of  the  angle  is  proportional  to 
its  area.     Thus 

.4  A'  =  «i,r,  -|-  «o.7\, 
and  AY  =   fli/Zi   +   a.jj., 

where  fflj  =  3     3\  =  %     y^  =  2 

a,  =  3.94     X,  =  3-%     y,  =  % 
A  =  a^  -{-  a.,  =  3  +  3.94 
substituting  these  values  in  the  above  eqiuitions 
a^x^  +  a.,x^  ^  (3  X  |)  +  (3.94  X  31) 
A  6.94 


6.94 


and 


=  2.08  171. 


Y  = 


»i?/i  +^2^2  ^  3X2  +  3.94  X  I  ^  ^  Qg  .^ 


6.94 


42.  The  beam  is  in  unstable  equilibrium. 

43.  A  cylindrical  tank  lying  on  its  side;  (b)  the 
spherical  weight  used  on  fly-ball  governors,  when  the 
weight  is  resting  on  a  horizontal  surface. 


I  I.  'i'lie  r.y.  Hlioiild  Ih'  as  low  as  poHHibk?  ho  uh  to  re- 
duce I  he  |)ossil)ilily  of  overturning  the  truck  when  round- 
ing curves. 

I'>.      Ill   neutral   ei{uilii)i'iuiii. 

SiM.MAiiv  or  Conditions  ok  FQriLinitiuM 
When  any  numi)er  of  forces  which  are  either  concur- 
rent or  nonconcurrent  and  lie  in  the  same  plane,  tend 
to  produce  a  state  of  equilil)rium  it  has  been  shown  that 
certain  general  conditions  must  be  satisfied  by  the  forces. 
The  first  of  these  conditions  is  that  there  can  be  no  re- 
sultant force.  The  second  of  the  conditions  is  that  there 
may  be  no  resultant  horizontal,  or  vertical  component, 
and  for  this  to  l)e  true  the  algebraic  sum  of  all  the  hori- 
zontal and  the  vertical  components  must  equal  zero.  If 
the  forces  acting  on  the  body  pass  through  a  common 
point  the  above  conditions  are  sufficient  to  insure  a 
state  of  equilibrium ;  but  if  the  forces  are  non  concurrent 
then  the  third  condition,  that  the  algebraic  sum  of  the 
moments  of  all  the  forces  about  a  given  point  must 
equal  zero,  is  also  necessary  to  completely  determine  the 
state  of  equilibrium.  A  system  of  forces  which  is  in  equi- 
librium may  produce  either  a  state  of  rest,  or  a  state  of 
uniform  motion  of  the  body  on  which  the  system  acts. 
Hence  the  forces  acting  on  a  body  which  is  in  a  state  of 
uniform  motion  may  be  in  equilibrium  just  as  well  as 
forces  which  act  on  a  body  at  rest. 

The  following  general  statements  will  assist  the  stu- 
dent in  summarizing  the  work  of  the  preceding  lessons 
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Fig.  41. 


and  at  the  same  time  be  an  aid  in  the  solution  of  prob- 
lems dealing  with  Statics. 

For  equilibrium  to  exist  when, 
Case  I.       Two  forces  act  on  a  body. 

The  forces  must  be  equal  in  magnitude,  op- 
posite   in    direction    and    have    a   common 
point  of  application. 
Case  II.     Three  forces  act  on  a  body. 

(a)  The  forces  must  lie  in  the  same  plane. 

(b)  The  lines  of  action  of  the  forces  pass 
through  a  common  point. 

(c)  The  three  forces  may  be  represented  in 
magnitude  and  direction  by  the  sides  of  a 
triangle  taken  in  order. 
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(d)   //'  the  three  forces  are  parallel   the  re- 
sulUmt  force  equals  zero,  and  the  algebraic 
sum   of  the  moments  of  the  forces  about 
any  given  point  equal  zero. 
Case  III.  Any  miniber  of  forces  act  on  a  body. 

(a)  If  the  forces  are  concurrent  and  lie  in 
the  same  plane  they  can  be  represented  in. 
direction  and  magnitude  by  the  sides  of  a 
polygon  talcen  in  order. 

(b)  Any  one  force  is  equal  and  opposite  to 
the  resultant  of  all  the  other  forces. 

(c)  The  algebraic  sum  of  the  horizontal  and 
the  vertical   components  must   equal  zero. 

(d)  The  algebraic  sum  of  the  moments  of  all 
forces  about  any  given  point  must  be  zero. 

(e)  //  the  forces  are  parallel  the  rule  (d) 
under  Case  III  mail  be  applied. 

It  will  be  noted  that  in  Case  I  the  forces  are  necessarily 
concurrent.  In  Case  II  the  forces  may  be  either  con- 
current or  parallel,  and  in  Case  III  the  forces  may  be 
concurrent,  parallel  or  nonconcurrent,  and  in  all  the  cases 
the  forces  lie  in  the  same  plane. 

Problems-  coming  under  Case  I  are  solved  by  making 
the  two  forces  numerically  equal  to  one  another. 

Problems  coming  under  Case  II  are  solved,  either  by 
applying  the  law  of  sines  to  the  triangle  of  forces,  or  by 
the  use  of  equations   (8),   (9)   and   (10). 

Problems  coming  under  Case  TI  are  solved  by  the  aid 
of  eqiiations  (8),  (9)   and   (10). 

The  solution  of  any  prolilem  in  Statics  may  be  either 
analytical  or  graphical ;  that  is,  it  may  be  solved  by  the 
use  of  equations  as  outlined  above,  or  it  may  be  worked 
out  graphically  on  the  drawing  board.  The  solution  of 
problems  by  the  aid  of  scale  diagrams  gives  rise  to  a 
special  form  of  mechanics  called  "Graphical  Statics," 
which  is  particularly  applicable  to  the  determining  of  the 
loads  carried  by  the  various  members  of  roof  and  bridge 
trusses,  cranes,  hoists,  etc.  While  in  this  course  no  at- 
tempt will  be  made  to  discuss  "Graphical  Statics"  it 
might  be  well  to  state  that  this  subject  is  simply  an  ap- 
plication of  the  polygon  of  forces. 

The  following  study  questions  are  intended  to  cover 
the  three  cases  just  discussed,  to  review  the  work  of  the 
previous  lessons ;  further  to  test  the  student's  ability  to 
analyze  his  problem,  to  determine  the  best  method  of 
solution,  and  last,  but  not  least,  to  test  the  student's 
ability  to  actually  work  problems  of  a  practical  nature. 

Study  Questions 

46.  A  boiler  stay-bolt  makes  an  angle  of  25  deg.  with 
the  shell.  If  the  steam  pressure  is  120  lb.  per  sq.in.  and 
the  stay  supports  an  area  Gx9  in.,  find  the  pull  acting  in 
the  stay-bolt. 

47.  In  Fig.  16  (see  Lesson  lY)  let  the  weight  W  = 
1000  lb.  and  act  midway  between  the  points  .4  and  B.  If 
the  angle  a  ^  30  deg.,  find  the  tension  in  the  rod  AC. 

48.  In  problem  47,  determine  the  direction  and  mag- 
nitude of  the  pressure  at  the  point  B. 

49.  In  the  locomotive  crane  shown  in  Fig.  41  the  total 
load  acting  at  the  point  A,  due  to  the  weight  of  the 
bucket,  coal  and  boom  is  4000  lb.  The  pull  in  the  rope 
AC  is  3500  lb.  Find  the  force  tending  to  crush  the 
boom  AD. 

50.  In  problem  49,  find  the  pull  in  the  tie  rope  AB. 


©VJ£R  TME  SFSLILWAY 

JUST  JESTS,  JABS,  JOSH  ESAND   JUMBLES 


Mebbe,  after  all,  being  a  mean  man  has  its  compensations. 
This  particular  feller  told  his  wife  that  he  believed  that  he 
hadn't  enough  friends  to  malce  a  comi)lete  set  of  pallbearers. 
His  wife  told  him  not  to  woiry.  She'd  have  him  cremated 
and    then    the   ashman    could    ofliciate. 

:«! 

Sensible  thinpr  that,  of  opening  the  Panama  Canal  when 
we  needed  it,  rather  than  waiting  later  for  the  fuss-and- 
feathers  brigade  to  come  down  in  its  pomp  and  complacency. 
Our  critics  to  the  contrary,  there  are  still  a  few  things  we  get 
when    we   want   them   in   good    old   Unclesamland,    by   ding! 

!*; 
A  surgeon  has  dlicovered   that  a  boy  with   the  appropriate 
name   of   Smart    has   two   appendixes,    or   appendices,   take   your 
choice.      Smart   boy   is  .Smart,   who  thus  seems   to   have   cross- 
indexed  his  table   of  contents. 

Ever  pull  real  hard  on  your  cigar  and  find  that  you 
couldn't  even  match  your  smoke  with  a  Ringelmann  chart? 
A  bug!  Yeppy,  it's  a  tobacco  bug,  say  our  national  senators. 
Bet  this  little  cuss  is  responsible  for  the  "bouquet"  (I.e.,  polite 
for  stink)  that  emanates  from  the  kind  our  friends  some- 
times  give   us. 

'.'*■] 
Some  classy  little  kid  is  Constance,  on  the  "foreword" 
page!  Yes,  and  Chief  Hansom  would  get  a  blue  ribbon  in  the 
high-steppers  class.  But  those  two  Plymouth  Rocks  in  the 
background!  Perhaps  the  artist  meant  them  as  spare  parts, 
or —  Anyhow,  it's  a  good  picture,  notwithstanding,  and  a 
credit   to  our   vocation. 

:^ 

Astronomer  Charley  Naylor,  the  Marshall  Field  topnotcher, 
is  some  nailer  when  it  comes  to  our  miscalling  the  heavenly 
bodies.  Chas.  says  "the  Martians  live  in  Mars  (if  anywhere), 
and  not  in  our  Luna."  My  stars  and  Jupiter!  We  went  up 
in  the  air  when  we  stated  that  the  moon  men  were  Martians. 
Guess  we'll  take  a  correspondence  course  from  the  Lick 
folks.      We're   licked    this   trip,    anyhow. 

Here's  some  flattering  unction  for  us  practical  souls.  The 
national  officers  of  the  American  Society  of  Mechanical  Engi- 
neers are  so  convinced  that  the  local  association  is  the  big 
means  for  arousing  interest  and  uplift  among  professional 
engineers,  that  they  are  going  to  root  tooth  and  nail  for  the 
"locals."  You'll  learn  how  they  feel  about  this  matter  by 
turning  to  page  458.  Let's  see,  its  some  thirty  years  and 
more  since  the  national  N.  A.  S.  E.  officials  first  started  to  do 
this  very  thing,  isn't  it?  Looks  like  the  "big  brother"  has 
got  a  good  hunch. 


An  editorial  in  the  "Iron  Age"  contains  this  slogan:  "Bade 
with  the  saloon!"  Who  is?  If  he's  the  one  man  in  your 
neighborhood  who  can  concoct  a  real  mint  julep  or  compounil 
a  Mamie  Taylor,  congratulations  to  you,  brother — and  here's 
how!  Perhaps,  though,  we've  missed  the  main  idee;  whadcha 
mean,   back   with   the   saloon? 

"WHY    DO    I   WORK    IIV    A    POWER   PLANT?" 

You  have  read  in  other  parts  of  "Power"  that  it  was  "your 
paper  as  well  as  ours."  This  column  is  no  exception,  so 
here's  your  chance  to  metaphorically  wade  in  the  Spillway. 
This  means  everybody,  from  the  oiler  and  the  fireman  down 
to  the  super,   and   the   owner — if  he'll  come   in. 

Write  on  a  postal  card  <a  short,  original  answer  to  thi.s 
question: 

WHY    DO   I    WORK    IN    A    POWER    PLANT? 

Then  mail  it  to  "Power,"  mentioning  your  name  and  ad- 
dress as  an  evidence  of  good  faith,  not  to  be  published,  how- 
ever,   if    so    requested. 

Of  course,  it  won't  be  original  for  you  to  Just  say  "To 
make  a  living,"  "Because  I  can't  get  another  job,"  or  "Be- 
cause I've  gone  crazy  with  the  heat,"  etc.  Make  It  original 
first  of  all,  and  if  it's  funny,  too,  why  all  the  better. 

"Power"  will  give  a  flve-dollar  goldpiece  for  the  best 
answer  and  the  Spillway  editor  will  be  the  judge.  We'll  all 
have  five  dollars'  worth  of  fun  out  of  this  contest,  and  some- 
one will  get  real  money  as  well.  The  contest  starts  right 
this  minute! 
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Lof(  for  Absorptl&oin\  PUnnt 

\\\    ('.     W.     II  \K\1ST 

III  kt'i'piiijj  a  log  for  nil  iil)Soi|)tioii  i('t'ri;,'t'ni(iiij,'  |ilan(. 
ii'iu!iiij,'s  taken  cvcrv  iliici'  hours  an-  ol'tcn  fiioiij,'li.  l)c- 
caiisi'   i-oiuiitions    will    iii>t    iliniii;!'    iniirli    in    a    {iliiiil    i>\- 
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diiiarily.  FurtiK'nuore,  taken  at  these  intervals  they  will 
not  he  a  hardship  on  anyone. 

From  tlio  data  taken  on  this  log  the  out{)ut  of  the 
plant  may  he  com])iited  lor  any  length  of  time.  The 
gravities  and  tem])eratures  of  the  aqua  will  enable  one 
to  reduce  the  data  to  some  standard  by  reference  to  am- 
monia tables,  in  order  to  comjjare  one  month's  run 
with  another.  The  counter  readings  of  the  various  pumps 
alloM-  of  computing  the  amount  of  liquid  circulated, 
whether  it  be  brine,  weak  or  strong  aqua  ammonia  or 
boiler-feed  water.  The  amount  of  ice  pulled  and  the 
brine  circulated  will  be  a  check  on  the  quantity  of  re- 
frigeration produced.  The  amount  of  cooling  and  city 
water  used  is  important. 

From  the  number  of  revolutions  of  the  various  pumps 
their  total  displacement  may  be  easily  computed.  Their 
displacement  per  revolution  may  be  found  once  and  these, 
times  the  the  niunl)er  of  revolutions,  will  give  their  total 
displacenumt. 

'm 

By  E.  E.  Clock 

With  more  than  20  years'  experience  as  an  engineer, 
the  last  ten  as  a  safety  engineer,  I  have  concluded  that 
the  public  confidence  in  the  engineering  profession  as  a 
science  has  been  on  a  basis  of  faith  rather  than  facts, 
and  that  some  of  the  crudities  that  masquerade  as  good 
general  practice  are  little  short  of  criminal. 

Eegarding  safe  control  of  steam  engines ;  the  first 
thought  of  many,  if  expressed  in  words,  would  be  "It's 
not  much  of  an  engineer  who  can't  keep  his  engine  from 


iiinniiij,'  nwiiy."  It  in  not,  however,  generally  leali/i'd 
lli.il  not  o\rr  ■')  |ier  cent,  of  the  rileam  eiigiiieH  in  iih(;  art! 
under  eontinnal  and  (  Iohc  iiianiial  attendance. 

The  owner  of  a  |)!ant  who  would  stoutly  maintain  that 
his  eiii.'ineer  Imd  nothing  to  do  but  run  tlu;  engine  might 
iiihnil  iinili'i'  nalli  iIimI  Iuh  diitieK  included  a  great  iniiiiy 
I  things,  ineliidiiig  lixing  leaks 
in  the  roofs. 

Maniii'actnreis  locate  eii- 
gincK  where  most  convenient, 
and  treat  them  like  other  ina- 
chineK;  it  Ih  not  uncoiniiion 
to  find  as  many  aw  20  engines 
located  in  the  plant  from  the 
first  to  the  si.xth  floor,  which 
are  visited  only  jjeriodically 
and  the  time  between  visits  is 
governed  only  by  the  capacity 
of  the  oil  cu])s. 

llow  are  these  engines  pro- 
tected against  excessive  s|)eed 
and  aJi  ex])lo(led  flywheel? 
About  50  per  cent,  of  them 
have  no  p»otection  at  all, 
about  25  p^,/  cent,  have  an  at- 
tachment 0.1  the  governor  that 
is  often  disabled  with  the 
governor,  and  25  per  cent, 
are  suppo.sed  to  be  protected 
with  some  o])en-circuit  elec- 
tric device  tliat  deijcnds  upon 
the  integrity  of  the  battery,  on  open  circuit,  wliich  in 
ehvtrical  engineering  would  be  a  Joke,  as  evidenced  by 
the  use  of  the  closed-circuit  system  on  all  important  work 
in  tlie  electrical-engineering  profession,  such  as  burglar 
alarms,  police  and  fire  alarms,  sh.ips'  signals,  etc.  There- 
fore, gross  carelessness  is  found  in  tl>e  matter  of  safe 
guarding  prime  movers  against  accident. 


duffer  f/u.-- V^N 

Va/ye 


/  ^  Brass  pipes 
"loaded  and 
balanced 
r/iff?  shot 


AuTOiiATic  Safety  Stop 

An  engine  ought  to  have  two  chances  to  save  it  from 
being  speeded  up  beyond  its  safe  limits  by  the  steam  held 
in  check  by  the  governor  valve.  One,  called  the  governor, 
and  the  other  an  independent  mechanical  speed-limit  stop, 
built  into  the  engine  and  as  widely  separated  from  the 
governor  as  possible.  Work  along  these  lines  has  recently 
been  taken  up  by  one  or  two  engine  builders. 

An  engine  without  a  reliable  safety  stop  is  in  exactly 
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tlio  same  position  tliat  a  boiler  \vou](l  be  with  a  damper 
regulator  and  no  safety  valve,  the  damper  regulator  admit- 
ting more  or  less  draft,  causes  more  or  less  steam  to  be 
generated  and  is  automatic,  but  liable  to  fail.  The  gov- 
ernor on  an  engine  admits  more  or  less  steam  to  the 
cylinder  and  is  automatic,  but  liable  to  failure.  In  the 
boiler  the  steam  to  disrupt  the  boiler  must  be  made,  but 
in  the  engine  it  is  right  there,  pushing  hard  against  the 
governor  valve.  A  safety  valve  is  provided  for  the  boiler, 
but  there  is  no  safety  stop  for  the  engine  unless  put  on 
after  leaving  the  builders.  No  one  would  think  of  locat- 
ing a  boiler  in  a  remote  part  of  the  plant  with  no  at- 
tendance to  speak  of,  with  no  safety  valve,  fed  by  a  me- 
chanical stoker,  and  controlled  only  by  a  damper  regu- 
lator, but  this  is  done  in  the  case  of  the  engine. 

There  a-re  tAvo  ways  by  which  the  present  installations 
of  open-circuit  electric  stop  can  be  made  worth  while; 
one  is  to  change  it  to  the  closed-circuit  system  so  that  its 
integrity  remains  visible  and  its  failure  must  be  a  self- 
demonstrating  fact  as  against  the  invisible,  unsuspected 
failure  that  does  not  show  up  except  on  test  or  trial.  The 
other  way  is  to  replace  the  batteries  with  a  generator, 
then  provide  a  red  pilot  lamp  in  the  circuit  so  that  when 
located  behind  a  reflector  it  will  be  noticed  at  once  if  the 
current  fails. 

Some  months  ago  I  was  called  upon  to  design  a  safety 
stop  for  one  of  the  large  steel  plants  and  evolved  the  one 
shown  herewith.  This  stop  provides  for  push  buttons  if 
desired,  but  the  electric  stop  is  auxiliary  to  the  main 
stop.  The  small  weight  A  which  is  released  by  the  mag- 
net is  made  with  a  hole  through  its  length  and  slides  on 
the  pipe,  as  shown.  "V^Hien  released  by  the  magnet  it 
slides  down  the  pipe  and  striking  the  lever  of  the  valve 
B,  opens  the  bypass  valve.  The  cylinder  C  and  its  pis- 
ton, provided  to  open  the  butterfly  valve,  may  be  used  to 
unliook  the  lever  and  the  valve  closed  by  a  weight  on  the 
other  end  of  the  lever;  this  cylinder  and  piston  may  be 
arranged  to  push  the  governor  up  to  the  top  where  no 
butterfly  valve  is  provided. 

If  the  speed-limit  valve  is  made  self-closing  it  simply 
jumps  the  butterfly  valve  shut  by  short  jumps  at  each 
strike  of  the  roller  on  the  wheel  hub  until  the  wire  draw- 
ing cuts  the  speed  below  the  striking  speed,  and  does  not 
stop  the  engine.  With  a  valve  that  stays  open  when 
struck  or  with  a  butterfly  valve  closed  by  weight,  the  en- 
gine will  come  to  a  standstill  after  over  speeding. 

By  II.  L.  Lax 

The  many  articles  published  in  the  technical  press  to- 
day about  the  success  or  failure  of  the  operating  engi- 
neer and  the  lack  of  proper  compensation  bring  to  mind 
a  case  of  extreme  short-sightedness  on  the  part  of  an 
operating  engineer  which  came  to  my  notice  some  time 
ago.  This  engineer  was  chief  of  an  isolated  plant  of 
some  300  hp.  in  a  moderate-sized  store  building  in  a  large 
Western  city.  Plans  were  imder  way  to  more  than  double 
the  size  of  the  building  and  at  the  same  time  to  erect  a 
larger  power  plant  in  a  new  location  to  take  care  of  the 
increased  requirements.  It  was  natural  that  this  engi- 
neer should  look  forward  to  the  new  plant  and  the  prob- 
able raise  in  salary. 

About  this  time  the  central-station  men  became  in- 


terested and  seeing  the  opening  went  after  the  business 
in  their  usual,  aggressive  manner.  A  consulting  engi- 
neer was  called  in  by  the  store  management  and  reports 
were  submitted  from  both  sides.  On  a  basis  of  costs  the 
proposition  was  so  evenly  balanced  that  for  several 
months  the  argument  continued  with  about  ecpial  chance 
for  settlement  either  way. 

Of  course,  the  consulting  engineer  and  the  central- 
station  men  went  into  the  existing  plant  for  data  upon 
which  to  l)ase  their  reports  and  estimate  the  requirements 
of  the  enlarged  plant.  What  records  had  the  engineer 
kept?  Practically  none.  He  had  read  the  integrating 
watt-hour  meter  once  a  day  and  remembered  what  the 
peak  load  had  been  during  the  busy  season.  He  had 
some  indicator  diagrams  taken  for  the  purpose  of  valve 
setting  and  on  a  few  of  these  the  engine  speed  and  the 
load  had  been  noted,  but  they  had  never  been  worked 
up  to  determine  the  indicated  horsepower.  At  one  time 
he  had  weighed  the  coal  over  a  period  of  a  few  hours,  but 
not  the  feed  water.  Outside  of  this  there  were  only  the 
monthly  coal  and  labor  bills  in  the  office. 

Investigation  showed  a  reasonable  economy,  but  at  the 
same  time  there  were  a  number  of  small  losses  that  could 
have  been  detected  if  the  most  elemental  records  had  been 
kept.  Furthermore,  it  was  not  lack  of  ability  on  the  part 
of  the  engineer  but  the  attitude  of  "what  is  the  use  of 
worrying  over  today  when  tomorrow  will  bring  a  new 
plant."  In  this  connection  he  had  condemned  all  the 
old  equipment  and  expected  that  a  complete  new  installa- 
tion would  be  made.  In  fact,  the  engines,  generators, 
etc.,  were  not  half  old  enough  and  in  far  too  good  con- 
dition for  the  scrap-heap.  As  spare  equipment  in  the 
new  plant  they  would  have  kept  down  the  investment 
outlay  materially. 

When  the  chief  saw  that  everything  was  not  "clear 
sailing"  for  him  and  about  the  time  the  first  reports  were 
made  he  took  a  big  jump  at  conclusions.  All  that  he 
could  see  was  a  sure  fate  for  the  isolated  plant  and  the 
advent  of  central-station  power.  This  did  finally  turn 
out  to  be  the  case,  but  not  for  nearly  three  months  later. 
In  the  meantime  the  plant  was  sorely  neglected  with  the 
result  that  a  finer  collection  of  pounding  and  leaks  would 
be  hard  to  find  under  one  roof.  It  was  hard  to  realize 
that  a  plant  could  deteriorate  so  much  in  so  short  a  time. 
A  few  of  the  worst  leaks  had  been  smothered  more  or  less 
with  old  rags  and  waste. 

Taking  the  engineer's  point  of  view  when  he  decided 
on  his  own  hook  that  the  isolated  plant  was  doomed, 
there  were  two  prospects  for  him :  first,  to  get  a  new  posi- 
tion when  the  opportunity  offered;  and,  second,  to  stay 
on  the  job  after  the  change  was  made.  In  either  case, 
what  could  he  possibly  gain  by  following  the  course  he 
did  ?  His  employer  could  not  consider  him  a  fit  man  for 
continued  employment,  and  could  not  honestly  give  him 
a  strong  recommendation  to  others. 


The  Electrical  Conductivity  of  copper  depends  upon  the 
total  amount  of  impurities  and  not  upon  any  one  element. 
That  is  why  the  conductivity  test  is  so  valuable  in  determin- 
ing- the  purity  of  copper.  The  aggregate  of  all  impurities  is 
shown  and  thus  the  purity  of  the  copper  indicated.  Amounts 
of  impurities  that  will  defy  detection,  or  would  never  be 
known  to  exist  by  chemical  analysis  are  found  when  the 
electrical  conductivity  test  Is  applied.  It  can  be  considered 
one  of  the  most  valuable  tests  known  in  metallurgy. — "The 
Brass   World." 
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Jiiillrlnl      I'wtTfr     ('i>ii«-«-riiltiK      I'lilillr      Srrvirr       ItntfM         Al- 

thollKl>     l>     t'OUI't     huH     (IIIWIM      III     I'lljlllll     iMiriii  <'i-inulit     of    III!     OI'lll- 

imiirii  whifli  rlxi'H  lalrM  In  liii  chaiKril  by  a  imlillc  HOivlrL- 
corporation  no  low  thai  tliov  ai<>  uiiii'aHonalilo  iiiiil  con- 
flBi'iitory,  It  Ih  not  autlioil/.oil  to  fix  a  loaBonaMo  into,  nc:- 
conllntr  to  tlio  (IoiIhIihi  of  tho  I'nltiul  StatOH  DlMtrkt  Court 
for  tho  Northern  Plstrlot  of  Cnllfornlii,  In  the  cane  of  I*a- 
oino  Ons  &  Hlectrlc  Co.  vh.  City  &  County  of  Sun  Francisco, 
211    "Federal    Itoportor,"   202. 

I'owtT  nM  I'nrt  of  I'liltlic  Ini|>ri>»«-iin-iil  III  holillriK  that  a 
inilillo  (Iltcli  contractoi'H  lioiid  to  pay  for  lill  "material  fur- 
nlshoil"  under  a  contract  for  the  construction  of  a  drain  hc- 
cure.s  payment  for  fuel  used  In  the  work,  the  Minnesota 
Supreme  Court   recently   said: 

Power  must  usually  he  generated  In  tlltchlnf?  and  we  think 
liability  should  not  be  restricted  to  Items  actually  entering 
Into  the  completed  structure.  It  Is  sufficient  If  the  materials 
be  reasonably  Incident  to  the  performance  of  the  particular 
contract.  (Fay  vs.  Banker's  .Surety  Co.,  146  "Northwestern 
I{ei>orter,"    3.-i;i.) 

StrinKliiK     lOIectrIc     r««<T     \\  lr«-H     iiriir    'rrlf|ili«ii>-     l.lncM — 

It  la  actionable  nCKllKeiu-e  for  a  company  to  string  unin- 
sulated hlKh-tenslon  wires  within  18  in.  above  telephone 
wires.  If  a  telephone  lineman  Is  Injured  through  coming  in 
contact  with  one  of  them,  while  in  the  performance  of  his 
duties,  and  in  the  exercise  of  due  care  for  his  own  safety. 
Since  he  has  no  contractural  relations  with  the  electric  com- 
pany, he  cannot  be  deemed  to  assume  the  risk  of  such  an 
accident.  (Michigan  Supreme  Court,  Teachout  vs.  Grand 
Rapids,    G.    H.    &    M.    Ry.    Co.,    146    "Northwestern    Reporter," 

ResponHlbillty  for  Defective  Steam  Valve — In  a  recent  suit 
brouRht  to  recover  damages  for  death  of  an  engineer  in  an 
industrial  power  plant,  caused  by  the  coming  oft  of  a  bonnet 
on  a  steam  valve,  allowing  steam  to  escape,  the  Massachu- 
setts Supreme  Judicial  Court  sustained  the  right  to  recover 
on  the  grounds  that  decedent  did  not  assume  the  risk  of  such 
an  accident,  and  was  not  guilty  of  contributory  negligence, 
and  that  the  employer  was  negligent  in  failing  to  discover 
and  remedy  the  defective  condition.  Incidentally,  the  court 
finds  that  the  testimony  of  a  state  boiler  inspector  that  he 
would  not  have  gone  into  the  boiler  room  and  attempted  to 
move  certain  bolts  on  the  valve,  if  there  were  80  lb.  of  steam 
on  the  boiler,  even  if  he  was  in  a  "four-acre  lot  and  could 
lun  away,"  was  properly  excluded.  The  court  says:  "It  was 
Immaterial  what  Sullivan  would  have  done,  and  yet  more 
immaterial  what  he  might  have  .said  that  he  would  have 
done."  (Loftus  vs.  Fall  River  Laundry  Co.,  104  "Northwestern 
Reporter,"    575.) 

I.,ial>ilitr  for  Boiler  FJxplosion — These  facts  were  held  by 
the  Pennsylvania  Supreme  Court  in  the  recent  case  of  Hitch- 
man  vs.  H.  S.  Kerbaugh,  Inc.,  89  "Atlantic  Reporter"  669,  to 
be  insufficient  to  establish  liability  of  the  defendant  com- 
pany for  fatal  injury  to  an  employee,  caused  by  the  explosion 
of  a  boiler  used  in  construction  work.  There  was  no  evi- 
dence to  show  how  long  the  defendant  had  owned  the  boiler, 
if  the  company  owned  it  at  all;  nor  how  long  the  boiler  had 
been  used;  nor  that  the  company  had  failed  to  make  proper 
inspection  of  it.  The  proof  was  just  as  consistent  with  the 
defendant's  theory  that  the  accident  occurred  through  the 
decedent's  failure  to  keep  the  boiler  supplied  with  water, 
as  with  the  plaintiff's  theory  of  negligence  attributable  to 
the  company.  The  evidence  showed  that  the  parts  which 
were  claimed  to  have  been  defective  were  intact  after  the 
explosion,  and  that  the  part  that  blew  out  was  in  close  prox- 
imity to  the  point  where  danger  would  result  if  water  were 
suddenly  turned  on  after  permitting  it  to  run  too  low.  The 
court  further  finds  that  the  plaintiff  was  not  entitled  to 
■  show  that,  when  found  in  a  dying  condition,  decedent  said 
that  he  did  not  know  how  the  a.ccident  happened,  that  he 
"had  plenty  of  water  and  plenty  of  steam,"  that  statement 
amounting  to  a  mere  conclusion. 

Liability  Concerning  Electric  Wires — The  appellate-  courts 
of  the  country  are  called  upon  every  month  to  reaffirm  the 
liability  of  electric  companies  for  injuries  to  persons  acci- 
dentally coming  in  contact  with  high  voltage.  Among  the 
latest  cases  on  this  subject  are  McCrea  vs.  Beverly  Gas  & 
Electric  Co.,  104  "Northeastern  Reporter,"  365;  and  Spencer 
Light,    Power,    Heat    &    Water    Co.,    vs.    Wilson,    104    "North- 


KiiNliM'ii  Kaiportor."  04.  In  thn  (Imt  rnao,  tho  Mnaiinchuiintt  i 
KupiiiMiii  .ludlclal  (!ourt  IidIiIh  that  nil  eli-ctric  coinpiiny  wum 
Kullly  lit  iii-tloniiblu  ihikIIkxik'H  In  iiialntiilii'nK  iiiiliiHUlitti'il 
IiIkIi  viiltaK"  wlrcM  In  climo  proximity  to  treeH  whhh  It  wiih 
Uiiiiwii  to  li»  iiccUHMiiry  fur  municipal  i-mployuOH  t'l  clliiili  In 
lii'irorinliiK  cortnln  dutlcM.  In  tho  other  chho  the  Indiana 
Appellate  f^ourt  docldod  that  nil  electric  company  which 
ncKllKuiitly  permitted  hlxh- voltaKc  wired  to  remain  near  a. 
rotten  telephone  polo  In  hihIi  iiomMIoii  that  when  the  polo 
fell  over  It  broke  one  of  tho  wlreH,  which  waM  thUM  permitted 
to  come  In  contact  with  a  iicaiby  wire  clothe«  line,  Ih  liable 
for  Injury  to  one  who  atteinpti-il  to  uhc  the  cIoIIich  line,  nl- 
thoUKh  the  company  cannot  be  preHUmed  to  have  foreiieen 
tho    particular    accident.      The    court    Hays: 

It  has  lonK  been  settled  law  that  when  one  conveys 
through  the  Htrcots  and  alleys  of  a  municipality  n  HubHtnnce 
which  Ih  known  to  be  as  dangerous  as  electricity,  ho  Ih 
■barged  with  exerclHe  of  the  highest  degree  of  care  to  net. 
thiit   It  does  not  escape  ho  as  to  Injure   life   or   jjroperty. 

Water  I'ower  KiKhtM  Subject  to  Conileinnation — Tho  right 
of  a  city.  In  providing  a  water  Hupply  for  its  Inhabitants,  to 
condemn  water  rights  previously  a<i|ulred  by  a  water 
power  comiiany  is  recognized  by  the  I'nited  States  District 
Court  for  the  Northern  District  of  Ohio,  In  the  case  of  Cuya- 
hoga River  Power  Co.  vs.  City  of  Akron,  210  "Federal  Re- 
porter," 524.  But  It  Is  also  hel<i  that  the  city  is  not  entitled 
to  condemn  any  such  rights  without  first  paying  due  com- 
pensation therefor.  On  this  Important  question,  the  court 
says: 

The  plaintiff  is  a  private  hydro-electric  corporation  or- 
ganized under  the  general  laws  of  Ohio;  having  been  granted 
its  charter  it  had  the  right  to  be  a  corporation;  and,  except 
so  far  as  limited  by  law,  it  had  the  right  to  proceed,  as  It 
saw  fit,  by  appropriation  or  otherwise,  with  the  accom- 
plishment of  the  purposes  which  it  has  itself  declared.  It  Is 
not  by  virtue  of  its  incorporation  or  of  its  franchise  bound 
to  carry  out  its  scheme  of  development.  A  large  number  of 
cases  have  been  cited  in  support  of  the  doctrines  that,  by 
virtue  of  its  adoption  of  plans,  the  company  has  thereby 
acquired  a  right  to  appropriate  the  property  of  others  in- 
cluded in  this  plan,  and  that  this  right  has  thereby  acquired 
a  priority  over  all  others,  except  the  state  acting  directly 
upon  this  property.  This  might  be  true  as  between  private 
corporations:  but  as  between  a  private  corporation  vested 
with  the  right  of  eminent  domain  for  the  carrying  out  of  the 
purposes  of  a  Quasi  public  nature  and  the  subdivision  of  a 
sovereign  state,  like  a  municipal  corporation,  which  ex- 
ercises the  power  of  eminent  domain  to  carry  on  the  vital 
needs  of  its  population  for  a  supply  of  water  for  domestic 
purposes,  this  priority  cannot  exist.  The  municipality  is 
given  a  paramount  right  to  appropriate  property  needed  for 
that  purpose,  although  the  same  property  has  become  the 
subject  of  earlier  appropriation  proceedings  by  a  private  cor- 
poration. 

Incidentally,  the  court  concludes  that  the  decision  of  the 
municipal  authorities  as  to  the  actual  necessity  for  appro- 
priating the  waters  of  the  stream  for  municipal  purposes  can- 
not be  disturbed  by  the  courts,  in  the  absence  of  a  showing 
of    bad    faith    in    the    matter. 


There  was  much  local  discussion  in  connection  with  the 
municipal  electric-light  plant  of  Kansas  City,  Kan.,  which 
failed  to  furnish  the  customary  "juice"  for  several  nights 
during  the  latter  part  of  February.  From  the  daily  press  it 
appears  that  the  interior  of  the  turbines  became  incrusted 
with  a  scale  from  impurities  carried  over  by  the  steam  from 
the  boilers.  An  attitude  of  suspicion  and  suggestions  of 
vandalism  were  indulged  in   freely. 

A  'contributor  assures  us.  however,  that  the  conditions- 
were  not  in  any  way  unusual  or  necessarily  involved  beyond 
keeping  the  boilers  clean,  or  better  yet,  purifying  the  feed 
water   coupled   with   frequent   inspection   of   the   machines. 


On  May  13,  the  flywheel  of  a  30-hp.  horizontal  crude-oil 
engine  at  the  works  of  the  Carbo  Steel  Post  Co.,  in  Chicago 
Heights,  111.,  burst  into  a  dozen  pieces,  killing  one  man  in- 
stantly and  slightly  injuring  another. 

Since  its  installation  three  months  ago,  the  engine  had 
been  run  day  and  night,  driving  by  belt  a  small  generator 
furnishin.g  current  for  galvanizing  purposes  and  also  a  line 
shaft  for  general  power  purposes.  The  engine  cylinder  was 
about  9x14  in.  The  flywheel  was  5  ft.  in  diameter,  weighing 
1500  lb.,  and  as  the  speed  of  the  engine  was  2?)  r.p.m.,  the 
peripheral  velocity  would  b'fe  3927  ft.  per  min.  The  rim  was 
8  in.  wide,  1%  in.  thick  at  the  edge  and  the  webb  4%  in. 
deep.     It  was  supported  by  six  spokes. 
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At  three  o'clock  in  the  morning,  when  the  accident  hap- 
pened, the  engine  was  running  along  smoothly  and  without 
any  apparent  cause  the  flywheel  sudd>'nly  let  go.  With  the 
exception  of  a  couple  of  small  blowholes  in  the  rim,  there  did 
not  appear  to  be  any  defects  in  the  metal.  The  cause  was 
not  apparent,  and  it  is  only  a  surmise  that  the  blowholes 
weakened  a  wheel  which  was  light  for  the  service,  suffi- 
ciently to  cause  the  accident. 


The  photographs  reproduced  are  Intended  to  show  the 
extent  of  a  fire-sheet  failure  in  a  return-tubular  boiler  at  the 
Bellevue,  Ohio,  electric-light  plant  several  weeks  ago.  The 
boiler  was  rated  at  125  hp.,  and  carried   100-lb.   pressure. 

Our  correspondent  stated  that  "a  close  examination  along 
the  line  of  rupture  showed  a  flaw  (evidently  an  old  one)  in 
the  material  from  the  inside  about  half  through  the  thickness 
of  the  sheet.  In  my  opinion  the  flaw  was  so  situated  that  an 
inspection  could  not  disclose  it  even  if  it  had  been  possible 
to  get  into  the  boiler  below  the  tubes.  There  are  no  evidences 
of  lack  of  water,  no  blisters,  bags  or  indications  of  overheat- 


forming  a  belly  in  the  sheet.  The  sheet  has  a  belly  cover- 
ing the  aiea  occupied  by  twenty-four  tuljes,  the  remaining 
twelve  being  only  paitly  pulled  away.  The  boilers  are  set 
athwartship — at  right  angles  with  the  length  of  the  ship. 
That  the  tul)e  sheet  was  not  badly  burned  is  indicated  by  the 
fact  that  the  belly  was  driven  back  with  jacks  and  the  sheet 
straightened  preparatory  to  putting  in  some  new  tubes.  The 
crown   sheet   sagged,    indicating   low   water. 

The  "Jefferson"  was  taken  out  of  service  the  first  of  the 
year  and  was  undergoing  repairs  for  six  weeks.  During  that 
time  eight  new  furnaces  and  ninety  new  tubes  were  put  in, 
the  boilers  receiving  an  inspection  at  the  time  by  the  Gov- 
ernment  inspectors. 

Nearly  all  of  those  who  died  dropped  on  the  slippery  iron 
engine-room  floor  just  outside  tlie  boiler  room.  Two  or 
three  made  their  way  to  the  main  deck,  where  the  officers 
and  passengers  had  difficulty  in  restraining  them  from  jump- 
ing overboard,  so  maddened  were  they  by  their  buins.  One 
fireman  crawled  into  the  bilge  hoping  to  relieve  his  suffering 
by  lying  in  the  water.  He  died,  the  body  not  being  found 
until  the  vessel  reached  New  York. 

The  chief  and  the  first  assistant  hastily  made  their  way 
to  the  boiler  room  when  the  explosion  occurred,  hoping  to 
save  the  injured.  They  were  overcome  and  so  severely 
burned   that  the   assistant   died   two   days  later   and   the   chief 


Showinc;  nil':  Exiknt  of  the  IiIPTuue 


ing.      The    cause    was,    I    believe,    structural    weakness    of    the 
sheet." 

Two  lives   were  lost,   as   well   as   considLrable    property,   as 
a    result    of    this   accident. 


"J©inF©rs©im*'' 

Late  in  the  night  of  May  11,  as  the  steamer  "Jefferson"  of 
the  Old  Dominion  Line  was  off  Cape  Henry,  the  top  afterside 
of  the  back  sheet  of  the  after  starboard  boiler  (Scotch  ma- 
rine) gave  way.  The  normal  pressure  is  190  lb.  Eleven 
men  are  dead  as  the  result  of  the  accident:  William  L.  Port- 
lock,  of  Brooklyn,  chief  engineer;  H.  B.  Smith,  first  assistant 
engineer;  four  firemen,  three  coalpassers,  one  oiler  and  one 
water  tender.  Mr.  Portlock  had  been  in  the  company's  service 
for  more  than  thirty  years.  The  vessel  was  towed  into  Nor- 
folk by  a  wrecking  tug. 

In  the  boiler  room  are  eight  Scotch  marine  boilers.  The 
firing  aisle  is  about  40  ft.  long  and  less  than  15  ft.  wide. 
There  are  but  two  exits,  one  a  small  doorway  aft  into  the 
engine  room,  the  other  an  iron  ladder  at  the  forward  end. 
The  injured  boiler  is  the  first  to  the  right  (or  starboard)  as 
one  stands  in  the  small  doorway  connecting  the  engine  and 
toiler  rooms.  The  boilers  were  built  in  1899  and  put  into  the 
"Jefferson"    when   new;   the   tubes  are   3Vi  in.    in   diameter. 

Although  190  lb.  is  the  pressure  usually  carried,  it  is 
probable  that  at  the  time  of  the  accident  it  was  about  160 
lb.  as  the  ashes  were  being  taken  >3ut  and  the  pressure 
aboard  this  ship  invariably  dioppeil  ."iO  lb.  diiring  their  re- 
moval. ^ 

The  tube  sheet  that  let  go  did  not  tear  away  at  tlie  com- 
bustion   chamlier.    but    completely    awa>'    from    twelve    tube.s. 


one    week    afterward,    so   that    all   of   those    in    the    boiler   and 
engine   rooms  at   the   time    have    met   their   death. 


Los  Ana^eles  ifcDS' 
©■wiaeirslh 
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The  electors  of  Los  Angeles,  Calif.,  by  a  vote  of  56,199  to 
23,179,  on  May  8  authorized  the  issuance  of  $6,500,000  of  bonds 
for  the  completion  of  a  hydroelectric  generating  station  and 
for  building  or  talking  over  an  electiic  distribution  system. 

The  City  Council  refused  to  permit  the  question  to  go 
upon  the  ballot  in  a  segregated  form,  namely,  $1,250,000  for 
the  completion  of  the  generating  station,  upon  wliich  $3,500,- 
000  has  already  been  expended,  and  $5,250,000  for  a  distribu- 
tion system.  The  three  electric  companies  in  Los  Angeles 
offered  to  buy  the  energy  produced  at  the  aqueduct  plant  at 
a  price  to  be  fixed  by  the  state  railroad  commission,  the  city 
to  fix  the  price  at  which  the  energy  would  be  resold  to  con- 
sumers,   but    the   offer    was   rejected. 

It  is  reported  that  the  intention  of  the  city's  adminis- 
tration is  to  acquire  a  distributing  system  by  eminent-do- 
main proceeding.s.  It  is  believed  that  these  proceedings  will 
be   contested   to   the   limit. 


The  centralization  of  the  electricity  supply  for  London. 
England,  has  been  recommended  in  a  recent  report  to  a  spe- 
cial  committee   of  the   London   County   Council   by  C.   H.   Merz 
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niiil  \V.  McLi'lliiii,  I'oiiRiiltliiK  •■iiKlnoora.  Thi<y  point  out  timt  tin' 
l>i'i<M«>nl  iiiinillon  of  the  aupply  moi-vU-oh  Im  uiiHiitliirnctory  n% 
llu'  iKHUlt  iif  i>  I'liiIliiiiiLMitiiiy  pulley  of  r<nci>uritKlnK  thi'  form- 
aUoii  of  iiuiiiri  OHM  miiiuII  ••niiipi>llllvi<  unili'iliikliiKM.  After 
HtiiilylliK  tlu>  iiiiioiiiit  mill  viiili'ly  of  Hit-  fuliiio  iIomiiiikIn  of 
till-  wliolo  iiu'tiopolltali  urea.  tlu'HO  i'IikIuimtm  t'Mtliiialu  tlio 
output  lii>0(l«'cl  III  tln<  lii'iir  future  at  twoiity  tliiioH  tli.-  ihthimiI. 
Thoy  ilo  not  i'oii»liler  the  eiilarKeinciit  of  any  of  tlic  cxIhIIiik 
Mtntlunn   In   thia  tllMtrlct   ei'onoiiilcul   or  lU-iili'alile. 

MoBsiB.  Mpi-k  and  MfLcllnn  rcponinuMiiIfd  liiHtcail  :i  coii- 
ri'iitratloii  of  a  nuinbor  tif  lar^e  Koni-iiitlnn  HtatloiiH  on 
nrlKhlioiiiiK  MltPH,  10  or  12  iiilIcH  down  the  TIuiiiiom.  Thin 
would  lie  under  a  new  oiKanlzatloii  anialKiiniatlnK  "H  tl>e  old 
uiideitaUliiKM.  Power  would  lie  distributed  over  the  exlHlliiK 
netwoik.s  where  |>oMsllile  and  elHewhere  HUlipleiiieiited  liy  a 
new  three-phase  network:  there  would  also  lie  Htandardlzed 
a  hlh'li-voltaKe.  three-phase.  50-cy<le,  prlniury-dlstrlhutloii 
system.  The  Immediate  outlay  required  Is  estimated  at  some 
$35,000,000.  The  annual  saviiiK  over  the  development  of  e.\- 
IstlnK    iilant    Is   estimated    at    $850,000. 

Meetinf^   of  Clhnc&go  Secfinoin^ 
A.  S.  M.  E. 

••.Maihinc  Shop  and  Machine  Tool  I'l  :nl  ice  '  was  1  lii'  topic 
for  discussion  at  the  last  meeting  of  the  season  for  the  Clii- 
caKO  section  of  the  American  Society  of  Mechanical  I'^nt?!- 
neers.  held  in  the  Crystal  room  of  the  Hotel  Sherman  on  the 
evening  of  May  13.  Fully  150  were  at  table  and  all  were 
enthusiastic  over  the  dlstinRUished  list  of  sqeakers,  which 
Included  James  Hartness.  president  of  the  society;  Calvin  W. 
Rice,  secretary;  Dean  Coss,  of  the  University  of  Illinois: 
Robert   \V.   Hunt.   V.  W.  C.ates  and  A.   II.   Houser. 

Chairman  Uird  officiated  and  made  a  few  introductory  re- 
marks on  the  work  of  the  local  committee.  The  organization 
was  only  a  child  two  years  old.  The  committee  at  first  did 
not  know  what  was  wanted,  and  it  was  not  until  the  last  of 
the  five  meetinss  held  last  year  that  the  section  really  found 
itself.  This  was  a  dinner  nieetins:.  and  it  was  the  first  at 
which  good  fellowship  appeared.  This  plan  was  continued, 
and  no  doubt  has  been  largely  responsible  for  the  decided 
success  of  the  meetings  this  season.  Two  things  have  been 
kept  In  mind;  sociability  and  the  best  speakers  that  could 
be  found. 

Secretary  Naylor  spoke  briefly  on  money  matters,  after 
which  the  following  officers  were  elected  for  the  en- 
suing year:  Samuel  G.  Neiler.  Rich  &  Co.,  consulting  engi- 
neers, chairman;  H.  M.  Byllesby,  president  of  H.  M.  Byllesby 
&  Co..  vice-chairman:  H.  M.  Montgomery,  Permutit  Co..  sec- 
retary and  treasurer:  P.  A.  Poppenhusen,  president  of  the 
Greeii  Engineering  Co.,  and  H.  S.  Philbrick,  professor  of  me- 
chanical engineering  at  Northwestern  University,  other  mem- 
bers of  the  committee. 

Dean  Goss  stated  that  the  engineer  more  than  at  any 
previous  time  is  a  conspicuous  figure.  His  influence  is  broad- 
ening and  reaching  out  into  all  walks  of  life.  To  develop  the 
engineer  must  affiliate  with  other  members  of  the  profession. 
It  is  worth  while  for  one  who  is  trying  to  do  something  to 
have  good  help  by  his  side.  He  was  delighted  with  the  good 
work  being  done  by  the  Chicago  section  and  asked  for  an 
expression  of  appreciation  of  the  executive  committee.  As  t» 
the  topic  of  the  evening  it  was  his  thought  that  the  develop- 
ment of  the  machine  tool  typified  the  development  of  engi- 
neering progress.  On  the  trip  abroad  he  was  impressed  with 
this  fact.  At  some  of  the  largest  works  the  management 
would  say:  "Here  they  are!  We  have  got  them!"  as  though 
attributing   their   greatness  to  the  American   machine  tool. 

President  Hartness  brought  the  greetings  of  the  national 
body  to  the  Chicago  section.  All  at  the  home  office  have  the 
Chicago  section  in  mind,  and  it  is  their  desire  to  keep  in  closer 
touch  with  the  local  or.ganizations.  It  w^as  his  hope  that  the 
section  would  build  up  to  greater  proportions  and  that  more 
of  the  members  would  be  seen  at  the  national  gatherings.  In 
his  preliminary  remarks  President  Hartness  spoke  of  the 
advantages  of  getting  together;  it  helps  in  engineering  work, 
and  the  engineer  cannot  work  as  a  hermit.  Evenings  such 
as  this  are  fruitful  in  inspirations  which  aid  in  doing  better 
work.  Success  comes  from  contact  and  without  it  mediocre 
results  are  to  be  expected.  The  speaker  emphasized  the  need 
of  specialization  and  of  knowing  more  than  straight  engi- 
neering work.  Primarily,  the  engineer  is  a  director  of  men 
and  must  know  his  fellow  creature.  If  he  fails  to  learn  how 
he  can  work  most  efficiently,  he  is  missing  much.  The  human 
being  is  a  creature  of  habit  and  works  most  efficiently  along 
habit  lines.  The  more  we  can  do  to  allow  him  to  work  along 
these  lines,  the  more  we  are  doing  for  our  fellowman  and  for 
the   general   advancement    of   the   profession. 


A.  M.  llouHi-r,  niechiinlcal  ehKlneer  of  the  Cranu  Co.,  pro- 
Nented  11  Hhort  paper  on  "DealKlilliK  tile  Product."  Too  little 
iittentliiii  hud  been  Klven  to  thla  Miibject.  The  mnMter  mind 
III  II  IIiihIi  of  geiiluH  iiilKht  liivi'iit  a  machine  or  a  particular 
piece  of  iippiiriituH,  lull  liiiproveiiieiit  re(|ulri'i(  hiird  work  and 
iliiHe  ad.ntliiii  III  ili'liillM.  .Slundiirdlzatliin  wiih  of  Kreat  Im- 
liiiitanii-  and  Mliii|ile  M.NdtemH  of  wmklng  lor  eiirh  department, 
It  WIIM  hlH  oplnliill  thill  II  Kl'llerill  HyNlem  hIiouIiI  be  developed 
I'overliiK  all  eiiKlneerliiK  ofllee  work.  It  wiiH  JUHt  UH  Importunt 
iiH  for  any  other  department.  With  Huch  a  Byatem  In  force, 
the  eiiKlneer,  III  piiHNlnK  from  one  company  to  another,  need* 
spi'iid  but  little  time  In  leiirnliiK  tlo'  detallM  of  the  buMlnoHil. 
It  waH  gr.itlfylnK  to  the  Hpeiiker  to  announce  that  one  Htand- 
;ird  for  flanged  llttliigH  had  finally  liiiii  agned  iipiin  and  that 
III!'  matter  waH  to  eoinc  before  tin-  Hpiing  meeting.  Tho 
standard  lor  pipe  threads  wiih  also  inentliiiied.  and,  lieHldes,  u 
t-laiidard  for  gate  valves  which  had  neiiitly  been  adopted 
l>y   the  underwrllerH. 

P.  \V.  (Jati-H  spoke  of  the  early  days  of  machine-shop  prac- 
tice, Including  a  mention  of  the  first  die  used  for  cutting  a 
pipe  thread,  Chicago's  first  locomotive,  some  old-time  Bteum 
hammers  and  other  Interesting  examples  of  the  work  done  in 
I  lie   early   days. 

A  few  extemporaneous  remarks  by  (^'apt.  ft.  W.  Hunt  left 
the  gathering  in  a  happy  frame  of  minil  to  listen  to  the  home 
secretary,  Calvin  \V.  Rice,  who  had  come  all  the  way  from 
.N'ew  York  for  the  meeting.  His  catchword  was  the  human 
side.  The  Chicago  section  had  developed  It  and  that  was  the 
reason  for  its  success.  Participation  of  members  holds  the 
interi'st  and  informal  gatherings  get  the  men  to  their  feet. 
The  Chicago  section  has  a  great  opportunity  as  the  home  city 
is  destined  to  be  the  largest  on  the  continent.  It  has  the 
chance  to  put  the  society  in  a  position  it  does  not  occupy 
today.  The  local  organizations  have  proved  to  be  the  life 
of  the  society  and  are  what  is  making  it  worth  while.  There 
are  now  12  or  14  places  in  which  meetings  are  held  regularly, 
and  as  soon  as  conditions  warrant  the  number  will  be  In- 
creased. Mr.  Rice  went  Into  detail  on  the  work  at  the  home 
office  and  assured  his  listeners  that  if  help  were  needed  they 
would   find   him   at   the   other  end   of  the   wire. 


COMPRE.SSED  AIR.  Bv  Theodore  Simons.  McGraw-Hill  Book 
Co..  New  York.  Cloth:  167  pages,  5 •''4x9  in.;  42  illustra- 
tions:   tables.      Price.    $1.50. 

ELECTRIC  LIGHT  ACCOUNTS.  Bv  H.  M.  Edwards.  McGraw- 
Hill  Book  Co..  New  York.  Leather:  172  pages,  i%xlVt  In. 
Price,   $2. 

HYDRAULICS.  By  Ernest  H.  Sprague.  Scott,  Greenwood  & 
Son,  London.  England.  American  agents,  D.  Van  Nostrand 
Co..  New  Y'ork.  Cloth:  184  pages,  4V4x7%  in.;  89  illustra- 
tions: tables.      Price,   $1.25. 

STEAM  TURBINES.  By  James  A.  Moyer.  John  Wiley  &  Sons, 
Inc.,  New  York.  Second  edition.  Cloth;  376  pages,  6x9% 
in.;  225  illustrations:  entropy  total  heat  chart.  Price, 
$3.50. 

STEAM  PIPES.  The  A^ulcan  Boiler  &  General  Insurance  Co., 
Ltd.,  Manchester,  England.  Cloth  and  paper:  120  pages, 
5%xS'/4    in.:    62    illustrations.      Price,    one   shilling. 


ENGIH^KRIHG  AFFAIRS 


The  annual  convention  of  the  i^i>ecial  Libraries  Association, 
affiliated  with  the  A.nerican  Library  .Association,  will  be  held 
in  Washington,  D.  C,  on  May  27  and  28.  This  association  is 
chiefly  composed  of  the  business  libraries  with  engineering, 
commercial,    industrial    and    financial    interests. 

A  meeting  of  the  Engineers'  Club  of  Cincinnati  was  held 
in  the  Literary  Club  Rooms  Thursday,  April  23,  at  which  the 
following  papers  were  presented.  "The  Beginning  and 
Growth  of  the  Machine  Tool  Industry  in  Cincinnati,"  by  A. 
Lewis  Jenkins:  "Material  and  Construction  in  Local  Rein- 
forced Concrete  Work,"  by  Ludwig  Eid.  A  paper  on  "Recent 
Development  in  Smoke  Abatement,"  by  A.  G.  Hall,  was  post- 
poned to  a  later  meeting. 

Announcement  has  been  made  of  the  Oil  Mill  Superin- 
tendents' Convention  to  be  held  in  Columbia.  S.  C.  June  2, 
3,  4  and  5.  Headquarters  will  be  at  the  Jefferson  Hotel,  and 
the  exhibits  and  meetings  will  be  held  at  the  fair  grounds, 
about  two  miles  from  the  city.  Special  attention  is  called  to 
the  exhibit  of  machinery,  since  it  will  be  of  as  much  interest 
to    power    plant    engineers   and    owners    as    to    oil    mill    super- 


May  26,  1!)14 


p  0  w  K  n 


759 


intendeiits.  Some  of  the  laiRest  makers  of  valves,  fittings, 
pil)e,  belts,  lubricants  and  other  power  plant  equipment  will 
be  among-  the  exhibitors.  This  will  be  the  first  exhibition  of 
power  plant  equipment  at  these  conventions,  and  operating 
engineers  are  invited   to  avail  themselves   of  this  opportunity. 

The  midsummer  meeting  of  tile  American  .Society  of  Heat- 
ing and  Ventilating  Engineers  will  be  held  in  Cleveland,  Ohio, 
July  9-11.  Headquarters  will  be  at  the  Hotel  Statler.  One 
of  the  features  of  the  meeting  will  be  an  all-day  trip  on  one 
of  the  large  Lake  Erie  steamers,  with  a  professional  session 
held  on  board,  followed  by  a  dinner  in  the  evening  and  other 
entertainment.  In  addition  to  the  usual  number  of  papers, 
the  program  for  the  meeting  will  include  interesting  com- 
mittee reports  on  car  ventilation,  radiator  location,  special 
fan  application,  elimination  of  noise,  chimneys  and  draft,  in- 
dustrial building'  installations.  The  Cleveland  committee 
which  is  making  the  local  arrangements  for  the  meeting,  is 
composed  of  Franlt  G.  Thegley.  TOG  Rose  Building,  chairman; 
.T.  H.  Bacon,  .Jr.,  AA'.  Jl.  Kingsbury,  R.  S.  Mayer  and  P.  II. 
^■alentine. 

Over  400  men  of  thi^  various  scientific  and  engineering 
societies  united  in  a  mass  meeting  and  smoker  on  the  roof 
garden  of  the  Continental  Hotel  in  Philadelphia,  Friday 
evening.  May  15.  J.  A.  Vogleson,  chief  of  the  Bureau  of 
Health,  .icted  as  toastmaster,  and  the  address  of  welcome  was 
made  by  Hon.  George  W.  Norris,  Director  of  Wharves,  Docks 
and  Perries.  Tlie  otlier  speakers  were  Dr.  W.  W.  Keen,  presi- 
dent of  the  American  Pliilosophical  Society,  who  spoke  on 
scientific  societies;  Dr.  AV^alton  Clark,  president  of  the  Frank- 
lin Institute,  whose  subject  was  "The  Franklin  Institute  and 
the  State."  and  Dr.  Alexander  C._  Humphreys,  i)resident  of 
.Stevens  Institute  of  Technology,  who,  in  discussing  "The  En- 
gineer as  a  Factor  in  Modern  Progress."  found  the  opportunity 
to  voice  again  his  plea  for  engineers  on  Public  Service  Com- 
missions. 

The  Broeklyn  Edison  Co.  has  opened  its  new  athletic  field 
for  the  Brooklyn  Edison  Employees'  Association,  whicli  num- 
bers more  than  two  thousand.  It  is  known  as  the  West  End 
Oval,  and  is  located  on  the  water's  edge.  Experts  regard  it 
as  one  of  the  best  equipped  athletic  parks  in  the  city.  The 
grounds  can  be  reached  direct  from  the  company's  head- 
quarters in  Pearl  St.  in  25  minutes.  The  diamond  is  dirt, 
with  a  grass  outfield.  The  stands  will  accommodate  more 
than   three  thousand   spectators. 

W.  P.  ■\Vells,  vice-president,  and  P.  R.  Atkinson,  treasurer, 
are  both  greatly  interested  in  the  field,  and  it  was  largely 
through  their  efforts  that  the  new  athletic  giounds  were 
made  possible.  Mr.  Wells,  in  speal<ing  of  the  Hjew  field,  said; 
"I  feel  certain  that  tlie  grounds  will  be  a  great  boon  to  the 
employees  of  tlie  company.  The  field  will  furnisli  them  with 
an  excellent  opportunity  to  get  out  in  the  open  air  after  busi- 
ness hours..  It  is  one  of  the  best  in  the  city  and  can  be 
reached  for  one  fare  from  all  parts  of  the  borough.  This 
should  be  an  inducement  in  itself  to  stimulate  interest  in 
bringing  out  the  members  of  the  association  every  Saturday. 
Improvements  are  to  be  made  as  the  season  advances,  and  I 
feel  certain  that  it  will  be  a  great  athletic  year."  A  hotel 
adjoining  the  grounds  furnishes  opportunity  for  dancing. 
Bathing  may  be  enjoyed  by  members  of  the  association,  as 
there  are   bath  houses  adjoining  the   park. 

The  athletic  committee  is  AV.  T.  Fairbairn,  chairman;  P.  D. 
Sharkey,  H.  P.  Wood,  J.  C.  Van  Duyne,  E.  W.  Babcock,  C.  E. 
Butz  and  W.   Eichert. 


William  O'Hallaren,  chief  engineer  and  cliief  electrician 
of  the  Newmarket  (Ont.)  Municipal  Electric  Light  &  Water- 
Works,  has  tendered  his  resignation  after  17  years  of  service. 

Arthur  Gushing  has  been  appointed  operating  engineer 
of  the  Clinton  (111.)  Gas  &  Electric  Co.  He  was  formerly 
with  the  Decatur  Railwa.v  &  Light  Co.  and  other  Illinois 
Traction  properties. 

H.  M.  Wall,  who  for  the  past  year  has  l)een  connected 
with  the  Memphis  Street  Railway  Co.  as  assistant  chief  en- 
gineer of  power  stations,  has  become  associated  with  the  flrin 
of  Iluebel  &  Wells,  consulting  mechanical-eiectrical  engi- 
neers.  Chemical    Building,    St.   Louis,    Mc. 

Poster  Hannaford  has  been  appointed  acting  general 
superintendent  of  the  Galesburg  Ry.,  Lighting  &  Power  Co., 
Galesburg,  111.,  vice  Mr.  Dickerson  McAfee,  now  on  a  leave  of 
absence.  Mr.  Hannaford  has  been  operating  engineer  of  the 
company,  which  is  one  of  the  subsidiaries  of  tlie  Illinois  Trac- 
tion  System. 


MARTIN  DELANEY 
On  May  10,  Martin  Delaney,  an  engineer  in  the  plant  of 
the  Wilkes-Barre  Co.,  Wilkes-Barre,  Penn.,  died  as  the  result 
of  injuries  sustained  by  a  fall  from  a  ladder  into  a  14-ft.  pit. 
Mr.  Delaney  was  35  years  old,  and  for  nine  years  was  in  tlie 
employ  of  the  Wilkes-Barre  Co.,  the  officials  of  which  speak 
highly  of  his  services.     He  leaves  a  widow  and   two  children, 

WILLIAM  F  CRANE 
AVilliam  Franklin  Crane,  member  of  the  family  known  all 
over  the  country  as  engineers,  died  on  May  IS  from  heart  dis- 
ease after  a  three-years'  illness,  at  his  home,  260  East  19th 
St.,  Flatbush,  New  York  City.  He  was  a  nephew  of  the  late 
.\rchie  Crane,  the  Chicago  iron  magnate,  who  died  last  winter. 
Mr.  Crane  was  born  in  Chicago  55  years  ago,  a  son  of  the 
late  Pianklin  Crane.  His  father  was  one  of  the  three  Crane 
biothers  who  founded  the  Crane  Co.,  and  in  early  life  he 
joined  the  company,  and  came  to  New  York  to  manage  the 
EaLtern  business  of  the  firm.  Some  ten  years  ago  he  went  in 
the  same  business  for  himself  with  offices  in  the  Singer  Build- 
ing. He  was  until  recently  a  member  of  the  Long  Island 
Automobile  and  other  clubs,  but  because  of  ill  health  had  re- 
signed. He  is  survived  by  a  widow,  who  was  Miss  Mary  Car- 
ter, of  St.  Joseph,  Mo.     Interment  will  be  made  at  Chicago. 

JOHN    J.    C.    SMITH 

John  J.  C.  Smith,  inventor  of  machineiy  for  making  in- 
sulated wires  and  compression  oastings,  died  at  his  home  in 
Passaic,  N.  J.,  on  May  11.  He  was  79  years  old.  Born  in 
Bavaria,  he  came  to  America  with  his  parents  when  still  a 
boy.  passing  the  greater  part  of  his  early  life  in  Boston.  In 
1S83  he  came  to  Pas.saic  and  later  founded  the  Okonite  Co. 
One  of  his  patents  for  making  dies  for  coins  and  stamps 
was  bought  many  years  ago  by  the  Government  and  is  still 
being   used   in   the   Mint. 

Mr.  Smith  was  associated  with  leading  American  capi- 
talists, manufacturers  and  inventors  through  his  inventions, 
among  them  being  Thomas  A.  Edison  in  his  early  days  and 
Alexander  Graham  Bell,  inventor  of  the  telephone.  He  was 
instrumental  in  forming  the  first  telei)hone  company  in 
America. 

He   leaves   nine   children 

JOHN  ERWOOD 

John  Erwood,  consulting  mechanical  engineer  and  in- 
ventor, died  at  his  home  in  Chicago,  111.,  on  Apr.  14,  at  tlie 
age  of  54. 

Mr.  Erwood  was  born  in  London,  England,  and  c<?!r;^  to 
this  country  at  the  age  of  20.  He  worked  diligently  in  New 
York  City  for  a  few  yeais,  then  went  to  Chicago,  where  he 
established  himself  as  a  consulting  engineer,  engaging  in  an 
active   and  successful  career   until  his  death. 

Twenty-five  years  ago  Mr.  Erwood  became  consulting  en- 
gineer for  the  Gormully  &  Jeffery  Co.,  Chicago,  which  later 
merged  into  the  Thomas  B.  Jeffery  Co.,  Kenosha,  Wis.  The 
complete  factory  which  this  company  occupies  has  a  floor 
area  of  500,000  sq.ft.  and  was  designed  and  built  by  Mr. 
Erwood.  The  power  plant,  having  about  4000  hp.,  was  in- 
stalled by  him  as  well  as  the  complete  heating  system'  and 
other   plant   details.  ,'' 

Mr.  Erwood  not  only  attained  success  as  a  consulting  en- 
gineer, but  distinguished  himself  as  an  inventor.  •  His  most 
notable  achievement  was  his  invention  of  the  Erwood  double- 
acting  nonreturn  steam  valve,  now  manufactured  by  the 
Crane  Co.,  Chicago,  and  known  as  the  Crane-Erwood  non- 
return valve.  Another  invention  was  the  Erwood  swing  gate 
valve,  manufactured  by  the  Nelson  Valve  Co.,  Pittsburgh,  and 
known  as  the  Nelson-Erwood  swing  gate  valve.  Mr.  Erwood 
was  also  the  patentee  of  a  blowoff  valve,  a  noncorrosive 
fire-door  and  a  water-tube   boiler. 

Kindness,  honesty  and  charity  were  conspicuous  phases  of 
the  character  of  John  Erwood,  for  his  heart  was  big  and  he 
gave  with  a  free  hand.     He  leaves  a  widow  and  five  children. 


CauHe  of  Stay-Holt  Failures— The  service  which  a  stay- 
bolt  is  called  upon  to  perform  is  a  trying  one.  The  most 
prolific  cause  for  stay-bolt  failures  is  to  be  found  in  the  re- 
peated bending  stresses  set  up  by  the  unequal  expansion  of 
the  sheets  which  they  support.  A  tough,  ductile  material  has 
been  found  to  be  best  suited  to  this  service,  even  if  tough- 
ness is  secured  at  the  expense  of  tensile  strength. — "THS 
Locomotive."  '""' 
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Ni'Wlim  1,.  S.-til<>N«.  Mil  rhiuili'iil  anil  cLitili-iil  <-x|>fil,  hiiH 
ri'iiiovi'il  IiIm  little. •  ti«  jr>  WfKl  .12(1  St..  Ni-w   V>>rl<. 

Thf  MiiKnollii  Ml till  Cii.,  112  Itimk  St..  Niw  Voik,  Ih  HfliillMK 
out  III!  Inti-ii'mlnt;  win-  iiiii|)  nf  Mi-xiro.  1 4  ■',  x  11  In.,  fri-o  of 
chiii'Ki'  upon  iippllriitliiii   while   (he   Hiiiiplv  liiHtH. 

ChiirleB  Knderli'.  foniieil.v  with  the  lliU'iixliuiK  KiiUiiilr.v  & 
Miiehlno  Co.,  iH  now  uHdoelaleil  with  L.  foi)leHtoii.  Inc..  39  Cort- 
Innilt  St..  New  Voik..  xellliiK  exchmlvely  the  Mall  enK'ne  of 
Kile.    IViin. 

The  series  of  nas-enKlne  iliitn  eMiilH  put  out  by  the  Ilrure- 
Maelieth  KnKlne  To..  Cleveland,  will  he  found  extrenivly  UHe- 
ful  hv  anv  en>;:lneer.  The.xe  <:iii1h  me  In  the  form  of  aetual 
blueprints,  and  k'lve  really  valuable  data  on  the  o|)eratloii. 
construetlon  and  di'sl^n  of  was  eti^lnes.  Until  the  supiily  Is 
exhausted,  this  .seile.x  of  card.s  may  he  obtained  without  roHl 
bv  wrltln^j  the  liruie-Macbeth  ICn^liie  Co.,  2107  Ci'nter  St.. 
N.  W..   Cleveland. 

.\t  the  annual  meetluK  of  the  stoekholdera  of  the  .Joseph 
Dixon  Cruelble  Co..  held  at  the  eompany'.s  main  office  In  Jersey 
Citv.  N.  J.,  on  Mondav,  Apr.  20.  1!1I4,  the  r.tlrlnK  Hoard  of 
l>lrectors.  I'oiislstlnn  of  deo.  T.  Smith.  Wllllatn  Murray.  Geoiwu 
K.  liOntr.  Kdward  K  YounR.  Wllllam-O.  Humsted.  J.  II.  Seher- 
nierhorn  and  Harry  Halley,  were  unanimously  retMeeled.  The 
otlleers  of  the  company,  conslstinu  of  CeorRe  T.  Smith,  presi- 
dent: Georpe  E.  I.onR.  vice-president:  J.  H.  Schermerhorn. 
treasurer:  Harry  Dalley.  Secretary,  and  Albert  Norris,  assist- 
ant  treasurer  and   assistant  secretary,    were   also   reelected. 


ATLANTIC     COAST     ST ATKS 

The  HaURor  I{y.  &  Klectric  I^isht  Co..  BanRor,  iMaini-.  coii- 
templiites  extending  its  svslem.  New  waterwheels  and  gener- 
ators, costinii-  $2S,500,  will  be  installed  at  the  Veazie  power 
station. 

The  Union  Knittins  Mills.  Pottsville,  Penn..  contemplate 
installing  an  electric-power  plant.  J.  I.  Reed  is  the  owner. 
SOIiTHKRN     STATKS 

It  is  reported  that  the  Mountain  Millins  Co..  White  Sul- 
phur Springs.  W.  Va..  will  remodel  its  electric-light  plant 
and  install  new  equipment. 

The  Center  Falls  Power  Co..  (Vnter  Falls,  N.  C.  will  erect 
a  plant.  J.  P.  McCrary  Co.,  Atlanta,  Ca.,  has  been  engaged 
to   take  charge  of   the  work. 


Thn  Tatiim  IlroM.  Ileal  Kntate  A  InveMliiienl  Co,  .Mlainl. 
Kla.,    conleiiipliileH    eoiiHtriietliiK    a    power    plant. 

The  Lebanon  .MIIIIiik  Co..  l.ebiinon.  Ky.,  Im  In  the  niaikit 
for  inotorM.  The  coinpiiny  Im  eijulpiiluK  ii  plant  fur  the  iiiaiiu- 
faelure   of   Hour. 

The  City  of  LouUvllle,  Ky.,  will  InHtall  l.ollerM  for  the 
heiitliiK  planlH  of  the  lloyH'  IliKh  Sehool.  eHtiiniiled  to  eoHt 
»3(Hi,0(i():  Wind  *  <iloHMo|>.  .Joseph  A  .loM.ph,  and  John  M. 
lIuti'hIiiKN    MehiiolH,    iHllinated    eoHt,    $100,111111    each. 

The  Harlan  Coal  MlnliiK  Co.,  I.oiilMvllIe,  Kv.,  whi.h  Ih 
eriuliipliiK  a  new  operation  at  Coxtoii,  Ky..  Im  biiyltiK  power 
<'<|Ulpment    throuKh     Frank    Sneed,     Keneral    manager,    Ciixton. 

CKISTHAI,    .HTATKN 

The  power  and  lUht  i)l:int  of  K.  K.  Oardner,  at  Hhrevc, 
'•hlo.    waM   deBtroyed    by    tiro    A\,r.    2'.l.      KHtlmated    Iohh.    $10,000. 

The  City  Council,  YoungHtown,  Ohio,  haH  appropriated 
$3000  to  employ  an  engineer  to  erect  a  municipal  eleclrlc-llKht 
*  plant. 

The  Alma  Illuminating  Knglneering  Co.,  Alma,  Mich.,  will 
erect  .'i  power  i)lant  at  Iliverdalc.  H.  S.  Conner  Ih  englneer- 
lM-<harge. 

The  Klectric  Light  Commission.  CrvHlal  Falls,  Mich.,  will 
purchase  one  200-kw.,  three-idiase,  60-cycIe,  2300-volt  gen- 
eiator.      J.   H.   .Sanders    Is   superintendent. 

A  company  Is  being  organized  b.v  the  buslnefm  men  of 
Uanklii.  HI.,  for  the  purpose  of  erecting  an  electrlc-llght  plant. 
S.   Johnson   is   Interested. 

At  a  recent  election,  it  was  voted  to  erect  a  municipal 
electrli-Ilght    plant   at   Sheldon,    HI. 

The  Spring  Valley  Gas  &  Klectric  <'o..  Spring  Valley.  111., 
will  install  a  300-kw.  generator. 

The  power  plant  and  mill  of  the  Bark  Uiver  Klectric  Light 
&■  Power  Co..  and  the  Rome  Roller  Mills  Co.,  Rome.  Wis.,  were 
recently   destroyed    by    (ire.      Kstimated    loss.    $25,000. 

AVKST  «)K  THK    MISSISSII'PI 

The  City  Council  of  Valley  Falls.  Kan.,  will  buy  new  en- 
gines and  generators  for  the   municipal  light  plant. 

The  electric-light  committee,  Glasgow.  Mont.,  will  pur- 
chase one  50-kw..  three-phase.  50-cycle.  2300-volt  generator 
and  some  additional  equipment.  A.  J.  Melvin  is  superintend- 
ent. 

The  electric-light  plant  at  the  State  Agricultural  College. 
.Tonesboro.  Ark.,  which  was  recently  destroyed  by  fire,  will 
be    rebuilt. 

The  city  of  Tucson.  .Xriz..  contemplates  purchasing  two 
water-tube  boilers  for  the  water-works  system,  to  cost  about 
$8000.      J.    Moss    Ruthrauff    is    city    engineer. 

The  power  plant  of  the  Eastern  Oregon  Light  &  Power 
Co..  at  Baker.  Ore.  was  recently  destroyed  by  fire.  Esti- 
mated   loss,    $75,000. 

The  Anaheim  Union  Water  Co.  will  Install  a  150-hp.  elec- 
tric   motor    in    its    plant    at    Fullerton,    Calif. 


I  Positions  Wanted,  .I  cents  a  word,  minimum  rharne  .'lOr.  an  inserliim.  i 

i  Positions  Open.  (Civil  Service  Examinations).  Employment  Agencies   (Labor  | 

i  Dureaus)     linslness  Opportunities.   Wante.1    (.agents  and   Salesmen— Contract  e 

1  Work)  aild  lor  Sale,  rl  cvMs  a  word,  minimum  charge.  Sl.OD  an  Insertion.  | 

I  Miscellaneous  (Educational— Rooks)  10  cents  a  word,  minimum  charge  $1.50  | 

i  Count  three  words  for  keyed  address  care  of  Xew  York;   four  for  Chicago.     Ab-  | 

§  brcvlated  words  or  symbols  count  as  full  words.  I 

I  Copy  should  reach  us  not  later  than  10  .\.  M.  Tuesday  for  <-hS"ln5  "''.'"'i'f  Jff"!;;  I 

-  Answers  addressed  to  our  care.  .'iO.'j  Pearl  St.,  Xew  \ork,  or  1144  MonadnocU  e 

i  Block.  C-hleago.  wUI  be  forwarded  (excepting  circulars  or  similar  literature).  | 

I  No  Information  given  by  us  regarding  keyed  advertiser's  name  or  address.  | 

I  Original  letters  of  recommendation  or  other  papers  of  value  should  not  be  Incloseil  | 

5  to    unknown    correspondents.     Send    copies.  I 

I  Advertisements  calling  for  bids.  S3.60  an  inch  per  insertion.  P  | 

FOSETHOHS  OPEM 

WA.NTED  FOR  PANAMA  CANAL,  experienced  erectors 
for  the  erection  of  lock  machinery:  salary,  $140  month:  free 
transportation  from  New  York  or  New  Orleans;  must  be 
Ame?ican  citizens  (final  papers),  under  45  years  in.  sound 
ph^-sical  condition.     Write   Panama  Canal  Office,   Washington, 

FOSDTnOMS  ^^^AHTEB 

MECH  \XICAL  DRAFTSMAN.  13  years'  experience  on  de- 
sign and  construction  of  steam  stations,  is  "P^"  ;°J„/"|^%V 
m?nt;   30   years  of   age,  hustler  and  producer.      P.  ^\  .  227,  Powei. 

SUPERINTENDENT  of  power  of  large  group  of  power 
plants,  desires  to  correspond  with  employers  reqtiiring  ine 
services  of  a  high-grade  power-plant  engineer;  thoroughly 
experienced  in  all  branches,  and  caii  deliver  results:  only  a 
sti'ictlv  high-grade  position,  and  salary  commensurate  with 
same   is   solicited.     P.   W.    214,   Power. 

ENGINEER  technical  graduate.  10  years'  experience  with 
large"  engines.  Curtis.  Parson  and  Rateau  turbines,  up  to  date 
on  electl-ical  and  refrigerating  machinery,  formerly  chief 
en-ineer  in  large  hotel,  would  like  to  correspond  with  a  firm 
whei-e  exceptional  ability  and  low-power  production  is  ap- 
Srecilted  can  furnish  first-class  references  from  past  and 
present  employer.     P.  AV.   228,   Power. 


AGEXTS     VXD    SAIiESMEN 

«?\LESMAN— Thoroughly  competent  steam  specialty  sales- 
man Pone  that  can  sell  high-grade  goods.  W.  120.  Power. 
Chicago. 


MUSCEILIUAHISOTLJS 

PATENTS.  C.  L.  Parker,  patent  attorney,  904  G  St.,  Wash- 
ington,  D.   C.      Inventor's   handbook   sent   upon   request. 

ENOINEERS^Do  you  want  to  utilize  you--  exhaust  steam 
for  heating  or  drying  purposes  without  back  pressure  on 
your  engine?  If  so  address  Monash  Engineering  Co.,  1417 
West  Jackson  Blvd.,   Chicago,   111. 

FOR  SALS 

ENGINE — 16x36  Hewes  &  Phillips  Corliss  engine,  entirely 
overhauled,  fully  guaranteed,  $700.  Duzets  &  Son,  Hudson 
Terminal,   New   York. 

BOILERS — Two  50-hp.,  54-in.  by  12-ft.  return-tubular  boil- 
ers, in  excellent  condition:  will  sell  for  $200  each  f.o.b.  cars 
Lockport,  N.  Y.     F.   S.   218,   Power. 

ENGINES — Five  rebuilt  40-  to  50-hp.  Straight-Line,  one 
rebuilt  75-  to  85-hp.  Straight-Line  engine;  all  modern  ma- 
chines.     Straight-Line   Engine   Co..   Syracuse,   N.   T. 

ALTERNATOR — 100  kw.  General  Electric  revolving  field, 
three-phase,  GO-cycle,  250-volt,  with  exciter  and  switchboard, 
$600.     Duzets  &  Son,  Hudson  Terminal.   New  Y'ork. 

GENERATOR.S — 75  kw^  Crocker-'Wheeler  250-volt  gen- 
erator, direct  connected  Harrisburg  Fleming  engine,  with 
switchboard,  $1200.  Duzets  &  Son.  Hudson  Terminal,  New 
Y'ork. 

TURBINE  GENERATING  SET — 300-kw.  Westinghouse 
Parsons  three-phase.  60-cycle,  220-  or  440-volt  turbine  outfit, 
with  condenser:  practically  new.  George  Sachsenmaier  & 
Co.,   143   North   Third   St.,   Philadelphia,    Penn. 

COCHRANE  HEATER — One  No.  3.  rebuilt  and  in  excellent 
condition,  $95:  one  American  steel  plate  blow^er,  three-quarter 
housing,  bottom  horizontal  discharge.  24-in.  inlet,  first-class 
shape,  $65.  The  Arbuckle-Ryan  Co..  224-34  Cherry  St.,  Toledo, 
Ohio. 

BOILERS — Battery  of  three  125-hp.  horizontal  tubular; 
insured  125  lb.;  stark,  66  in.  diameter.  90  ft.  high,  and  breech- 
ing; manufactured  by  the  E.  Keeler  Co.;  cost,  $3500  f.o.b.  cars: 
will  sell  at  bargain.  McKenzie  Mfg.  Co.,  765  North  Ave., 
Plainfield.   New   Jersey. 

PATENTS.  PATTERNS,  etc..  for  the  simplest  device  for  pre- 
vention of  smoke  on  the  market:  this  device  is  in  successful 
operation;  ■will  sell  outright,  or  on  royaltv  basis:  this  device 
can  be  sold  for  less  money  and  at  a  good  profit  than  any 
other  device  on  the  market.     P.  S.  217.  Power. 
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iVl.N  ('/'>■/>■ — />(■!«  ri/ilion  nf  llir  iniirinc  slrniii  tiiihiiir. 
rt'tl III  lion  i/iuir,  liriilijr  imilnil  anil  iiii.rilinrirs  ns  Intill 
bi/  till'  Wi'sliiii/liiiiisr  Miirliliii'  Co.  with  sjwrinl  rrfrmifi; 
til  tlif  iiishilliilioti  nil  Ihr  /'.  N,  rnlllrr  " Xrjiliiiir." 

Ill  llu'  a|i|iliiiilii>ii  of  steam  (urhiiu's  ttt  mjiiiiic  sorvico, 
{■ortain  iiroMcins  arc  cncoiiiitiMTd  wliiih  arc  not  prcsi'iit 
in  laml  |)ravtiiv.  Aiiionf,'  (hcsc  may  In-  mciilioncd  (lie 
«U'siral)ilil,v  of  ivlalivcly  low  propi'llci-  speeds,  wlieieas  it 
is  desiralilc  to  run  tlie  turliine  at  liii^li  speed  lo  keep 
down  till'  size  and  weifjlit  and  lo  allaiii  greater  economy. 
Tiiis  eondition  led  to  the  (K'veiopmeiil  ol'  the  Melville- 
Maealpin  ivdnetion  ijear,  whieh  has  now  passed  tiie  ex- 
]U'l-iini'tM;il    st.iL:v,    nllil    Ims    siirecsHriil  I  \'    ini't    the    I'lMpiii'e- 


Mime  E(q^npinnieint 

ihe    Illilpjlie    i>    under   the  ((iiiipleli'  eolitlol    of    the   navi^'lll- 
iii;,'  ollieer. 

Tl   IIIUNK 

This  is  a  eoml)ination  impiils"  ami  reaction  tvpe,  iln' 
iii;.,di-pressiire  elemi-nts  of  holh  thi!  aliead  and  astern 
turhines  {■onsistinf?  of  impulse  wiicels.  'I'he  Kuhstitulion 
of  a  lii^di- pressure  impulse  wheel  for  reaction  hladinj^  in 
marine  turhines  has  two  important  advantaj^es:  First, 
it  has  a  f,n-eater  stopjiing  torque,  and,  sec'ond,  it  permits 
nozzle  control.  Furtliermore,  it  materially  shortens  the 
turhine  and  permits  hoth  the  ahead  and  the  astern  tur- 
hines to  he  contained  in  one  (asinf,',  thus  eliminating 
ci'oss-connections. 


F](;.   1.     TuituiNE  WITH   Casing  and  Bladk  Kings   Ukiiovkd 


ments  for  the  transmission  of  large  powers  in  actual  ser- 
vice, the  most  notahle  installation  being  that  of  the 
U.  S.  collier  "Xeptune." 

The  results  of  the  trials  of  the  original  equipment  of 
this  vessel,  while  demonstrating  the  adaptability  of  re- 
duction gears  to  marine  service  showed  the  necessity  of 
modifications  of  the  turbine  and  reduction  gear.  One 
of  the  important  points  brought  out  by  the  trials  was 
that  the  revolutions  of  the  propeller  were  too  high,  the 
original  revolutions  at  14  knots  being  135  and  those  of 
the  turbine  1220.  It  was  decided,  therefore,  to  replace 
the  propelling  machinery,  one  of  the  changes  being  a 
decrease  in  propeller  speed  to  110  r.p.m.  and  an  increase 
in  turbine  speed  to  1910  r.p.m.  The  following  descrip- 
tion applies  to  the  remodeled  arrangement  and  also  rep- 
resents what  the  'Westinghouse  Machine  Co.  has  developed 
as  a  complete  line  of  equipment  for  marine  service,  in- 
cluding the  turbine,  condensers  and  auxiliaries,  reduc- 
tion gear  and  dynamometer,  and  bridge  control  by  which 


Although  the  impulse  wheel  is  not  as  efficient  as  reac- 
tion blading,  it  is  possible  to  so  design  an  impulse  wheel 
with  two  rows  of  blades  that  its  efficiency  will  not  fall 
off  seriously  when  the  steam  velocity  is  only  2  to  2VL' 
times  the  blade  speed,  and  will  remain  nearly  constant 
until  the  velocity  of  the  steam  reaches  4  to  41/2  times  the 
blade  speed.  Therefore,  by  the  use  of  nozzle  control  the 
efficiency  of  the  high-pressure  element  may  be  kept  fairly 
constant  over  a  considerable  range  of  power  and  speed. 

Fig.  1  shows  the  turbine  with  the  stationary  blade  rings 
removed,  and  Fig.  2  is  a  section  through  the  turbine. 
It  will  be  noted  that  the  spindle  is  in  three  parts,  bolted 
together.  The  first  section  carries  the  astern  impulse 
wheel  and  reaction  drum,  the  middle  section  the  ahead 
impulse  wheel  and  part  of  the  ahead  reaction  drum,  and 
the  third  section  the  remaining  part  of  the  reaction  drum. 
As  the  effective  mean  diameter  of  the  ahead  and  astern 
reaction  sections  are  the  same,  a  single  dummy  located 
between  the  two  impulse  wheels  serves  for  both  the  ahead 
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FIG.  5. 


Skction  and  Dktails  of  Westinghouse  Marine  Turbink 

Fig     2       Longitudinal    section    througli    turbine.        Pig.    3.       Nozzle    valve    and    nozzles.      Fig.    4.     Turbine    glands.      Fig.    5. 

Flexible  coupling. 
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iiikI  llii'  iistcni  rciutioii  scclioiis.  Any  slij^lit  iiiilmliiiicrd 
I'liil  thrust  is  tnki'ii  up  liy  a  Kiiij^shurv  tliiiisl  hniiiiij,'. 

IJcrcrriug  to  V\fi.  2.  tlu'  viilvi-  (•oMncttiiii^  tlic  astcni 
impulsi'-wlu'i'l  rlunubiT  with  tlic  roiulcnscr  is  provided 
to  permit  the  eseape  ol'  any  steam  ieakiiij;-  past  llie  dummy 
when  nmiiiiij;  ahead,  withuiit  the  necessity  ol'  its  ])assiiij:; 
throu^ii  the  astern  reaction  hhidin;,'  and  tlius  caiisini:  ad- 
ditional lost  work.  'I'liis  hypass  valve  is  operiilcd  ;iiii()- 
nuitically  by  a  piston  resisted  l)y  the  sprinj,'  uhiili  nor- 
mally holds  the  valve  open,  as  shown,  hut  as  soon  as  the 
>team  is  admitted  to  the  first  astern  nozzle  the  pressure 
back  of  the  piston  brinjjs  the  valve  to  its  seat. 

In  Kij;.  .'5  is  shown  tlu'  nozzle  valve  and  nozzles.  'Phe 
valvo  .1  is  of  monel  metal  with  a  east-iron  scat  J'J,  the 
balancing  pistons  I)  and  caj)s  J'  being  of  i)ronze.  The 
nozzle  valve  .1  is  moved  by  a  rack  engaging  with  gear 
teeth  in  the  ring  T.  and  rollers  I!  and  /''  permit  easy 
movement  of  tiic  \alvc.  Tlu'  iiiiiin  sIimiii  sup])ly  for  the 
ahead  impulse  wheel  opens  into  the  s|i;uc  >'  in  the  lower 
half  of  the  turbine  cylinder  and  that  foi-  tlie  astern 
wheel  into  a  similar  space  in  the  upper  half. 

One  of  the  ahead  nozzle  blocks  and  the  sliding  valvo 
are  shown  i)artly  assembled  in  Fig.  (i,  also  four  of  the 
balance  ])istons  in  jjlace.  The  turbine  glands  are  a  modi- 
fied type  of  labyrinth  ])ac'king,  as  shown  in  Fig.  -i,  con- 
sisting of  a  brass  sleeve  .1  on  the  shaft  in  which  fits  a 
snai>  '""'p  ^  packing  the  sleeve  (',  held  by  the  rings  D, 
and  which  rotates  with  the  shaft.  End  movement  of  the 
sleeve  C  relative  to  the  shaft  is  permitted  so  that  the 
collars  which  fit  into  the  bushing  E  with  a  few  thou- 
sand tlis  clearance  will  not  bind  nor  press  heavily  against 
E  when  the  spindle  moves  endwise  from  expansion.  Steam 
for  sealing  and  lubricating  the  labyrinth  is  supplied 
through  the  inlet  /. 

The  stationary  reaction  blades  are  held  in  cast-steel 
rings  doweled  to  the  turbine  cylinder.  Fig.  7  showing  the 
method  of  attaching  the  large  reaction  blades. 

In  order  to  permit  the  gear  pinion  to  float  longitudinal- 
ly without  imposing  any  end  thrust  on  the  teeth  of  the 
pinion  or  gear,  a  special  flexible  coupling  (Fig.  5)  is 
used.  This  coupling  consists  simply  of  two  flanged  col- 
lars, one  on  the  turbine  and  one  on  the  pinion  drive  shaft, 
and  a  ring  R  bolted  to  the  part  of  the  coupling  on  the 
turbine  shaft.  There  is  a  slight  clearance  between  the 
ring  R  and  the  hub  S,  and  the  driving  force  is  trans- 
mitted through  the  ring  to  the  hub  by  means  of  steel 
balls  B  inserted  in  holes  drilled  partly  in  the  ring  and 
partly  in  the  hub.  A  retaining  ring  T  prevents  the  balls 
from  coming  out. 

Eeductiox  Gear 

Although  the  principle  of  the  Melville-Macalpin  gear 
and  its  later  development  by  George  Westinghouse  have 
been  mentioned  in  these  columns,  a  brief  review  may  be 
in  order  at  this  time.  Eeferring  to  Fig.  <S,  AA  is  a  double- 
helical  pinion,  BB  the  driven  gear  and  CC  the  frame 
carrying  the  pinion-shaft  bearings;  DDD  are  three  pis- 
tons resting  on  suitable  supports.  Oil  under  pressure  is 
introduced  through  the  passage  communicating  with  each 
of  the  pistons  and  causes  the  pinion  frame  C  to 
float.  Inasmuch  as  the  three  supporting  cylinders  are 
in  communication  with  one  another,  the  pinion  frame  is 
free  to  align  itself  in  such  a  way  as  to  bring  about  an 
even  distribution  of  tooth  pressure  across  the  entire  work- 


ing face  of  the  gear.  To  provide  for  re\eiscd  rotation, 
and,  consecpiently  a  reversed  thrubt  on  the  pinion  frame, 
a  seconil  set  of  cylinders  and  iiistiais  is  jihici'.!  on  tli»! 
opposite  side,  as  may  lie  sei-ii  in  l'"ig.  H,  which  represents 
a  cross-secti(in  through  the  floating  |iiniun  frame  at  the 
middle  hearing,  how-jiressure  f)i-l  is  introduced  into  the 
upper  end  of  tiie  central  passage  and  througli  ./.  which 
eommunicates  with  the  three  shaft  bearings.  .Xssuming 
that  the  pinion  is  rotating  in  a  clockwise  direction,  tin' 
reaction  between  it  and  the  gear  will  cause  the  floating 
frame  L  to  tilt  slightly  to  the  right,  which  brings  the 
outlet  to  |)assage  /'"  against  the  sleeve  valve  K'  and  seals 
the  former.  The  spring  in  the  valve  K'  provides  easy 
contact  and  does  away  with  anv  hammering. 

Each  bearing  will  draw  oil  from  .7  and  discharge 
through  the  opening  on  the  right,  past  a  hall  check  valve 
into  the  ciuimber  //'//'.  thence  into  the  cylinders  con- 
taining the  suppoi-ting  pistons  //.  Since  the  outlet  from 
/'"  is  sealed  hy  the  \alve  A',  tiic  oil  pressure  will  build 
up,  due  to  the  pumping  action  of  the  shaft,  until  it  just 
balances  the  side  thrust  of  the  floating  frame.  The  in- 
stant this  piessure  is  exceeded,  the  ])inion  frame  is  forced 
slightly  to  the  left,  causing  the  upper  end  of  /'"  to  become 
unsealed  and  allowing  the  suri)lus  oil  to  escape  into  the 
gear  case  from  whence  it  is  retui-ned  to  passage  G.  In 
this  way  the  valve  A''  throttles  the  discharge  from  /'" 
sufficiently  to  maintain  the  pressure  constant  behind  the 
pistons  //.  With  the  reverse  direction  of  rotation  the 
action  is  the  same,  the  valve  A'  and  passage  F  coming 
into  use. 

The  pressure  of  the  oil  is  proportional  to  the  force  ex- 
erted at  the  pitch  lino  of  the  gears.  This  force  multiplied 
by  the  pitch-line  speed  in  feet  per  minute  divided  by  33,- 
000  gives  the  horsepower  that  is  being  transmitted.  There- 
fore, by  connecting  a  continuous-speed  recorder  and  a 
recording  pressure  gage,  a  continuous  dynamometer  rec- 
oi'd  may  be  had. 

Bridge  Coxtrol 

A  novel  feature  of  the  "Neptune's"  equipment  is  the 
bridge-control  mechanism  wdiich  places  the  propelling 
machinery  directly  under  the  control  of  the  navigating 
officer  and  does  away  with  the  necessity  of  using  the 
engine-room  telegrajih.  A  change  can  be  made  to  the 
telegraph  and  engine-room  control  in  a  few  seconds  if 
necessary.  In  the  preliminary  trials  this  control  was 
found  to  give  entire  satisfaction.  Fig.  10  shows  the  port 
turbine  of  the  "Xeptune"  with  the  oil  relays,  the  gov- 
ernor being  on  the  other  end;  and  Fig.  11  the  bridge- 
control  stand,  which  is  so  arranged  that  both  turbines 
may  be  controlled  indejiendently  or  together. 

ArXILTARIES 

The  full  line  of  marine  auxiliaries  comprises  generat- 
ing sets,  both  direct  and  alternating  current;  condensing 
equipment,  including  surface  condensers,  air  pumps,  con- 
densate pumps  and  circulating  pumps :  high-  and  low- 
pressure  centrifugal  pumps  and  centrifugal  fans.  The 
principal  characteristic  of  these  is  the  use  of  a  simple 
rotating  element  instead  of  many  reciprocating  parts. 

Gexeratixg  Sets 

Direct-current  generating  sets  with  direct  drive  are  ] 
built  in  sizes  of  from  1  to  1.50  kw.  and  with  gear  drive 
in  sizes  of  from  -50  to  ."iOO  kw..  the  problem  of  di-ive  in 
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TURBIXE     AXl)    Ki:i)t'(Tl()N-GEAK    DkTAILS    AND    AUXILIAI^IES 


Fie     6      Nozzle    block       Fife.    7.     Large    reaotion    blading:.      FiRs.   8   and   9.    Reduction   gear   showing:   floating:  frame.      Fig. 
10      Port  turbine  with  oil  relays      Fig.  11.    Bridge  control  stand.    Pig.  12.  100-kw.  direct-cui'rent  turbo-generator.     Fig.  13.    300- 

kw.  direct-current  generator  with!  geared  turbine  drive.     Fig.  14.     Leblanc    pump.      Fig.    ^-      " •.;""'i    -...•    -^r^A    „,v^„i. 

pumps    with    geared    turbine    drive.      Fig.    16. 


.  ,.     .......     „^ ^ ,,,      .  .^.    15.     Combined    air    and    circulating' 

Combined    air,   condensate   and   circulating   pumps  with   direct   turbine   drive. 
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111!'  Iar;,'cr  units  liciii;;  in  iminy  rcs|u'r(s  similar  In  llinl 
of  (liivin>;  ii  |H'()|U'll('r.  'riu'st-  units  nw  fiiniisiicd  citluT 
rdiidcnsiiijj  or  noncoudcnsinj;  up  (o  l.M)  k\v..  iiml  iiliovi- 
tliis.  coiuii'iisinf;  only.  'I'iic  wciplits  of  tlic  j,'ran'(|  sets 
'■»n_ui'  from  L'  to  !•">  Il>.  per  liorscjxtwcr. 

Wliilc  (lircit  (iirrcMl  has  ln'rctot'orc  ))i'on  used  aliiinst 
rxflusivt'ly  in  niarinc  jirailiir,  scvoriil  alt('rnatin;,f-(  in- 
rcnt  installations  liavc  liccn  niado  recently  and  its  I'ur- 
tlu'r  uso  is  anli(ii)atcd.  Owiiifj  to  llio  dosiraliility  of  liif^li 
spiH'ds  with  allt'rnatinfr-currcnt  jrcnorntors,  dirott  drive 
is  eini)loyed  cxciusivcly  with  tliese  sets.  Tliey  are  also 
condtMisiiii;  and  arc  ruiiii^hcil  in  si/r-;  of  100  lo  .">(iit  k\\., 
()(>  lyeles  and  voila«j:es  of  r.'.'>,  TV>  and   1  H). 

In  the  small  fjeneratinjr  sets  the  l)earin<,'s  are  rinu'  liihii- 
eated.  l)nl  in  the  S'j-kw.  size  and  ahove,  forced  Inliricaliuii 
is  employed. 

CoNDKNSlNd    Hc^'lI'MKNr 

The  W  estin>,diouse  condensing  plant,  as  sliown  in  t'lL'. 
17,  consists  of  a  surface  condenser,  a  Lel)lanc  air  punip 
and  a  centrifugal  circulaling  puinj).  These  are  furni.slied 
separately  or  comhined  on  a  siiaft.  Fig.  1")  sh<i\. s  com- 
bined air.  and  circulating  j)umps  witli  geared  dri^e,  and 
Fig.  1()  cond)ined  air.  condensate  and  cinidaling  ])umps 
with  direct  lurhine  drivt'. 

The  air  pinup  is  of  tlie  Lehhuic  Ivpe,  which  uses  fresli 
water  in  a  closed  circuit,  and  is  made  in  capacities  from 
800  to  25,000  s(i.ft.  of  cooling  surface.  For  the  benefit 
of  those  not  familiar  with  this  type  of  pump,  its  opera- 
tion may  be  explained  briefly  as  follows:  IJefcrring  to 
Fig.  14,  a  continuous  series  of  rapidly  moving  layers 
of  water  are  projected  into  the  air  chamber,  condensing 
the  vapor  present  and  cooling  and  concentrating  the  air 
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Fr(i.  17.  Westinghousk  Marine  Condensing  Plant 

which  is  imprisoned  between  the  pistons  or  vanes  and 
carried  out  through  the  discharge  nozzle,  during  which 
process  it  is  compressed  to  atmospheric  pressure.  The 
water  pistons  have  no  clearances  and  there  are  no  re- 
verses ;  consequently  no  losses  due  to  these  causes. 

The  condensate  pump  is  a  single-stage,  double-inlet 
runner,  horizontal  type,  although  for  naval  use  a  special 
vertical  type  with  single-inlet  runner  is  supplied. 

Either  a  single  or  double  runner,  double-inlet  centrifu- 
gal pump  is  used  for  circulating,  in  capacities  of  .from 
400  to  40,000  gal.  per  min.  against  heads  of  from  15 
to  GO  ft.  and  at  speeds  of  from  225  to  2500  r.p.m.  They 
weigh  from  800   to  27,000  lb.   complete. 

In  the  type  of  turbine  used  for  driving  the  auxiliaries 
there  is  a  single-disk  rotor  with  a  single  row  of  blades. 


In  till'  nuncondensing  ivpe  the  steam  evpands  once  and 
pMHsi'H  through  the  blades  twice,  whereas  in  the  con- 
di'Using  tyi)e  it  expamls  twice  and  ]iaHKeM  through  the 
blades  four  times.  My  redirecting  the  Hteam  through 
I  he  same  row  of  blades  several  times,  its  energy  is  fully 
iilili/cd  by  a  sinijile  const  rnci  ion. 

Caps  OnU  Separator 

The  separator  shown   in  section   in  the  accompanying 
drawings  has  been    i-ecently  ilcsigned   by  .lolin    I"].   Caps. 

(if  Ihc  ( 'art  \vrigiit-( 'aps  ( 'o,  ('hicago      It    is  provided   with 


SlX'TIOX    <»1'    CAI'S    Oil,    Si:i'AI!AT()I! 

a  cone-shaiX'(.l  mendjcr  on  the  inlet  side  whose  vertex  lies 
toward  the  source  of  the  exhaust  steam.  On  the  convex 
surface  of  the  cone  are  mounted  four  curved  blades  to 
give  a  whirling  motion  to  the  steam  and  facilitate  the 
separating  process.  Impinging  agaiast  the  blades  and 
the  surface  of  the  cone,  the  steam  is  deflected  against 
the  inner  surface  of  the  separator  wall  wliere  it  encount- 
ei's  a  series  of  ribs  and  eventually  passes  through  the  out- 
let at  the  opposite  end  of  the  separator.  The  condensa- 
tion and  the  oil  drain  into  the  receiving  chaml)er  be- 
low the  l)ody  of  the  separator  and  are  drained  off  through 
tlie  bottom  connection.  In  the  .«ectional  aiul  detail  views, 
tlie  construction  of  the  separator  is  clearly  showii. 


'BacreUe 


[asEtt^ipes 


A  good  way  to  detei'mine  the  amount  of  sand  and  ce- 
ment necessary  to  add  to  a  given  grade  of  crushed  stone 
for  foiindations,  etc.,  is  as  follows: 

Fill  a  box  or  other  receptacle  of  a  known  size  level 
full  of  broken  stone.  Then  put  in  enough  sand  to  fill 
the  voids.  This  will  determine  the  amount  of  sand  nec- 
essary. Xext  put  as  much  water  into  the  box  as  will  in 
turn  fill  the  voids  which  the  sand  has  left.  This  will 
indicate  the  amount  of  cement  required.  An  additional 
5  to  10  per  cent,  of  cement  should  be  used  to  allow  for 
its  not  being  thoroughly  distributed  in  the  mixing 
process,  but  it  should  not  be  considered  as  strengthening 
the  concrete. 

It  will  be  found  that  the  proportions  vary  considerably 
with  the  different  grades  of  stone  and  sand  used.  There- 
fore, the  proportions  so  often  arbitrarily  referred  to  may 
or  may  not  be  the  best  to  use  in  a  given  case. 
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DeprecEg\tti©ini  g^imdl  Mo^w  It  Is  AppMedl 


Bv  CUAHLKS  H.  BuOiMLEY 


SYNOPSIS — This  article  treats  in  a  simple  way  the  es- 
sentials of  depreciation  as  a  fixed  charge  in  power-plant 
practice. 

Rate  of  Depreciationt 

To  depreciate  a  thing  is  to  lowci'  its  vahu! — make  it 
worth  less  at  the  end  of  a  given  time  tlian  it  was  when 
now.  In  power-plant  practice  it  is  a  charge  made  against 
the  deterioration,  tlie  "wearingoutness,"  either  slow  or 
tast,  of  the  plant  or  any  particular  apparatus  in  it.  De- 
[)reciation  infers  a  money  value,  a  state  of  physical  con- 
dition. The  rate  of  depreciation  or  deterioration  is  the 
amount  the  plant  wears  out  yearhj.  This  rate  is  l)ased  on 
the  assumed  useful  life  of  the  plant  or  apparatus  and  is 
expressed  in  per  cent,  of  this  period,  which  is  taken  as 
the  base,  or  100  ])er  cent.  Thus,  if  we  assume  that  a 
plant  will  last  25  years,  then  25  years  is  100  per  cent,  of 
the  lifetime  of  the  plant,  and  the  rate  at  which  it  must 
wear  out  yearly  will  obviously  be  4  per  cent.  If  it  lasts 
40  years,  the  rate  of  deterioration  will  be 

100  ^  40  =  2.5,  or  2.5  per  cent. 

If  it  lasts  20  years  the  rate  is  5  per  cent. ;  15  years,  G.67 
per  cent. ;  10  years,  10  per  cent .  etc. 

The  depreciation  charge  is  based  on  and  equal  to  the 
life  deterioration  rate,  but  it  represents  an  amount  of 
money  which  is  the  same  percentage  of  the  original  in- 
vestmentj  100  per  cent.,  as  the  deterioration  rate  is  a  per- 
centage of  the  xiseful  lifetime  of  the  plant,  100  per  cent. 
The  depreciation  charge  is  the  amount  of  money  which, 
if  set  aside  each  year  for  the  number  of  years  which  the 
plant  lasts,  would  equal  the  original  cost  of  the  plant, 
or  the  original  investment. 

Suppose  we  install  a  plant  for  $50,000  and  assume  that 
the  plant  will  last  20  years.  It  will  wear  out  at  the  rate 
of  5  per  cent,  per  year  for  20  years,  at  the  end  of  which 
time  the  original  plant  will  have  gone,  and  so  will  the 
original  investment  of  $50,000.  If  this  annual  charge 
is  put  into  a  fund  with  which  to  buy  a  new  plant  to  re- 
place the  one  worn  out,  it  is  called  a  sinking  fund. 

Interest 

So  far  interest  has  not  been  considered  in  connection 
with  the  depreciation  charge,  but  in  practice  it  should 
be.  Experience  teaches  that  apparatus  does  not  wear  out 
uniformly;  the  rate  increases  with  the  age  of  the  ap- 
paratus, providing  the  conditions  of  its  use  are  un- 
changed. Work  that  will  wear  out  a  young  man  slowly 
will  wear  out  an  old  man  quickly. 

When  interest  is  added  to  the  depreciation  fund  or 
rate  it  naturally  will  be  compounded.  The  amount  in 
the  fund  set  aside  at  compound  interest  will  increase 
slowly  at  first,  but  year  by  year  it  will  increase  more 
rapidly.  The  fund,  therefore,  increases  at  a  rate  which 
about  equals  the  ever  increasing  rate  of  deterioration.  In 
actual  business  this  sum  usually  is  not  regularly  put 
aside,  invested,  and  banked  at  interest,  but  the  book- 
keeping department  should  account  for  this  fund  just 
as  though  it  were  invested  at  current  rates  of  interest. 


Obsolescexci: 

In  small,  and  even  in  many  large  manufacturing 
plants,  the  depreciation  charge  covers  or  includes  the  de- 
crease in  plant  value,  due  to  its  going  out  of  date  or  be- 
coming too  uneconomical  as  compared  to  more  modern 
equipment.  The  physical  value  of  the  equipment  may  be 
nearly  as  good  as  wlu'u  new,  hut  its  commercial  value 
is  less;  it  has  depreciated,  because  otlier  equipment,  more 
economical  and  suitable,  is  available  in  the  market.  One 
could  hardly  be  induced  to  acce])t  as  a  gift  a  1903  model 
automobile,  even  though  it  had  never  been  used  and  was 
in  perfect  physical  condition.  It  is  out  of  date,  obsolete. 
Power-plant  equipment  becomes  obsolete,  and  when  its 
value  decreases  in  this  way  it  is  either  provided  for  in  the 
depreciation  charge  or  a  separate  charge,  called  an  obso- 
lescence charge,  is  made.  In  small  plants  this  charge  is 
included  under  depreciation,  but  in  large  ones,  especially 
the  central  stations,  it  is  often  made  a  sei)arate  charge. 

An  example  of  equipment  in  good  ]>hysical  condition 
becoming  obsolete  is  that  given  by  the  Seventy-Fourth 
Zt.  station  of  the  Interborough  Rapid  Transit  Co..  New 
York  City,  where  a  number  of  angle-compound  recipro- 
cating engines  of  5500  hp.  each  are  to  be  discarded  for 
three  turbines  of  30,000  kw.  each.  Even  though  these 
units  are  to  be  scrapped  it  is  notable  that  the  overall 
economy  of  this  station  is  greater  now  than  when  com- 
paratively new. 

It  should  be  understood  that  it  is  jnost  difficult  to  tell 
how  long  a  plant  will  give  useful  service,  and  therefore 
depreciation  rates  as  usually  assigned  are  really  only  an 
approximation.  The  interest  to  be  added  to  the  deprecia- 
tion charge  is  governed  by  the  interest  rates  current  in 
any  particular  locality. 

Experience  teaches  that  different  a]iparatus  in  any 
plant  does  not  depreciate  uniformly ;  some  kinds  having 
much  shorter  lives  than  others.  Then,  too,  certain  parts 
of  a  machine  may  wear  out  several  times  before  the  rest 
has  deteriorated.  The  practical  result  is  that  to  avoid 
great  complexity  of  accounts  we  should,  and  usually  do, 
include  the  whole  plant  in  the  depreciation  charge. 

The  main  fact  for  the  engineer  to  remember  is  that 
deterioration  and  depreciation  are  directly  influenced  and 
dependent  on  the  care  given  the  plant.  A  careless,  in- 
competent man  may  increase  the  depreciation  rate  so 
much  more  than  when  under  careful  management,  that 
he  could  be  fined  for  his  work,  or  misapplied  work,  in- 
stead of  receiving  a  salary. 

Relation  of  Repairs  to  Depriciatto^t 

If  we  operated  a  machine  for  its  entire  life  without 
spending  a  cent  on  it  for  repairs  or  replacements,  no 
complication  of  items  Avould  arise  to  make  the  deprecia- 
tion charge  confusing.  In  practice  we  imitate  this  condi- 
tion. For  convenience  only,  we  keep  the  depreciation 
charge  separately  and  include  repair  and  renewal  charges 
under  maintenance,  which  in  most  plants  is  not  con- 
sidered a  fixed  charge  but  a  variable  expense  in  addition 
to  the  cost  of  attendance.  It  is  best  to  make  a  sejiarate 
charge  for  supplies  instead  of  adding  it  to  maintenance 
as  is  practiced  by  some  engineers. 
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Tube  Spacing  6;t&  to  6a7 
A-5'i  B-BO'S  C-BJ".  D-58% 


A-  T'S  B=  25%  C-SO"'.  0-45''-  E-75%  F'SZ''. 

e=ioo% 

FIS.l- ATLAS    BOILER.  HORIZONTAL 
BAFFLES 


A- 7%  &-40''.  C-435'40-455?E  =  72%  F-76% 
(b^iVo  H>100% 
FI&.2-   ATLAS    B01LER..VER.TICALLY 
BAFFLED 


A=5%  B-55'S  0-40%  D-55''''. 
E'57%  F  =  59%  6=94%  H  =  96''^ 

1  =  100%  TulcGpcicina  5V'x7Vto5"'32  xfeV 

F1S.3-  B.&.W.  BOILER, SEWELL    A-  5%  B-45%  C-50%  D-54%  E=73« 
BAFFLE  F"66%    S-IOO'-' 

Fie.4- WATER-TUBE  BOILER. 
THREE   PASS    VERTICALLY 
BAFFLED 


A'5%  B"  J6'-«  C       D-35%  £-41''.  F-47°'i 


FI6.5-  ED6E    MOOR,FOUR,  PASS^ 
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FIG. 6- ERIE  CITY    VERTICAL 
BOILER 


F1&  10-  HORIZONTAL  WATER  TUBE  BOILER 


FIS.9-  HAWKES     BOILER 


Showixg  Draft  Losses  through  Ordinary  Boiler  Settings 


data  given  are  not  actual  readings,  as  these  may  vary 
widely  under  different  conditions  even  through  the  same 
boiler.  Eather,  the  attempt  has  been  made  to  indicate 
the  draft  relations  that  can  reasonably  be  expected  in  the 
f  average  plant  as  obtained  from  a  large  number  of  dif- 
ferent readings  on  each  type  of  boiler.  A  plan  has  been 
worked  out  by  which  the  draft  available  through  the 
boiler  is  expressed  in  percentage  of  fhe  draft  at  the  stack 
side  of  the  damper,  recognizing  the  fact  that  the  damper 
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of  grate,  with  the  capacities  in  either  case  ranging  from 
rating  to  50  per  cent,  overload. 

Taking  the  draft  at  the  stack  side  of  the  damper  as 
100  per  cent,  and  the  draft  available  at  any  given  point 
in  the  setting  as  a  percentage  of  it,  reduces  the  problem 
to  a  standard  basis  and  simplifies  the  calculations  neces- 
sary. In  the  accompanying  illustrations  enough  types 
are  given  to  enable  the  designer  to  approximate  the  draft 
loss  through  nearly  any  make  of  boiler  on  the  American 
market.  With  the  data  on  the  sketches  it  is  possible  to 
calculate   the  stack  height  necessary   for  a  given  draft 
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A=5%   E>=40%  C=52^  D  =  57?-.  E-60's  F'&65> 

6  =  100% 
F16.il-  HORIZONTAL  WATER  TUBE 
H0R.1Z0NTALLY  BAFFLED. SINGLE  PASS, 
TUBE  SPACING  5>^(b'/z  TO   SaT  INCH 


^=7%B  =  40%  C=52%   D=87%  E  =  IOO 


FI'G.  14-  RETURN  TUBULAR  BOILER.^ 
LOW    PR.ESSUR.E 


A=5%  B=  15^  0=17%  D.=  35°.i  E-83^»  F-92% 
6=  37^  H=IOO% 

FIG.n- SEDERHOLn    BOILER. 

(3  INCH  tubes) 
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FIG. 12-  RETURN  TLTBULAR.  BOILER,  PLAIN 
SETtiNG  OLD  TYPE    DAMPER  AND  GAS   PASSES 


A-7'-4  B=  53  %  C  =  60%  D  =  79%  E  =  100% 
FIG.  13- RETURN  TUBULAR  BOILER 
DOUBLE-ARCH   BRIDGEWALL  FURNACE 


A-  7%  B=  40%  0=47%  D=47%  E  =  46?S 
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FIG. 15-   KROESCHELL  COMBINATION 
BOILER 
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F1&.16- STIRLING   BOILER 
STANDARD  SETTING 


^^^» 


A=4%  B=I9%  0=16%  D=33''»  .  ' 
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F=IOO%. 


A=  &%  5=  40^5  0=45%  0  =  75%  E=100% 
FI&.16-     LYONS      BOILER. 


A'5%  B=  14%  0=16%  D=29.'<  E=3I%  F=3 
G=  59^»  H-65%  1  =  53%  J  =  100% 

FI6.I9- &TIRLIN6  BOILER- 
UNDERGROUND   BREECHING- 


fig. 20-  stirling  boiler  (five  pass)  fig.2i-  wickes  vertical  boiler 

More  Boiler  Settings,  Showing  Draft  Losses 
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FIG. 22-  WORTHINGTON  BOILER 


770 


I'o  u  !■;  i; 


\'(.l.  :i!»,  No. 


over  till'  lire.  Hl'lcr  llic  lurccliin^'  Iossch  nn-  iidilcd  Id  tlio 
(Inirt  iiilciisily  n't|iiirc(l  at  tlic  iliiiti|ti'r.  I''iir  iiiHliiiU'r,  in 
V\'^.  II  liic  juTii'iita-ic  of  (Inil'l  over  llir  liif  is  fiivni  us 
ID  |H'r  I'i'iit.  Ill'  tin-  (Inin  al  llic  stark  siilc  nl'  tlic  ilaiiipcr. 
If,  on  a  jiivcn  jol),  it  is  desired  In  nlitain  a  draft  of  (».;i'i 
in.  over  the  tire   witli   tliis  hoiler,   ilnn    lliere  will   lie   n 


0.32  X  100 

=  O.K  ///,  of    irftirr 


to    wllicil    nilisl     111'    ailded     llie    lil'eeiliin;^    loss    liefore    cal- 

enlatinj,'  tlm  stack  lieij^lit. 
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S)' XOI'SlS — 117///  cirialors  rars  jxiirl  in  llir  sluifl.  \\  luit 
to  do  to  r('l('U.sc  a  pawled  car  aiuJ  to  liberal e  the  itiijiris- 
oiied  iiassnijiers.  Some  nietliaiiical  Iroiihlen  thai  <aiife 
a  car  lo  pawl  when  il  ouijhl  not  ht,  iiud  liair  lu  di.tcorer 
and  reniedji  Ihcni. 

Usually  if  an  elednc  rle\ator  pawls  in  the  siiaft, 
it  domonstrates  lliat  the  .-afcties  oiu'rated  at  the  proper 
time  and  proventi'd  the  .ar  from  failiuf^  lo  the  lowest 
floor  of  the  elevator  sluifl.  When  the  safeties  operate 
and  lock  the  car  in  liie  shafl  at  times  when  .such  is  not 
required,  it  indicates  that  the  mechanism  controllinji  the 
action  of  the  safeties  is  disordered.  Sucli  trouhle  should 
be  found  and  immediately 
remedied.  While  it  is  impor- 
tant lo  know  that  the  safe- 
ties are  in  good  order,  slill  a 
.■ontinuous  repetition  of  cars 
pawling,  whether  loaded  or 
unloaded,  will  create  dissatis- 
faction among  tenants  and 
give  the  engineer  much  worry. 

When  a  car  pawls  from 
overloading,  the  car  operator 
is  to  blame  for  allowing  too 
many  persons  aboard.  In  the 
morning,  the  rush  of  the  ]ias- 
sengers  is  upward,  and  at  liii.- 
time  there  are  fewer  cars 
pawled  than  in  the  evening, 
when  there  is  a  heavy  rush  of 
passengers  downward.  Crowd- 
ing the  cars  in  the  evening 
often  causes  pawling,  the  car 
operator,  being  anxious  to 
carry  all  of  the  passengers 
possible,  will  risk  an  over- 
load, which  causes  the  safeties 
to  act  and  lock  the  car,  some- 
times betw'een  floors. 

When  a  loaded  car  is  i)awled 
between  floors,  the  engi- 
neer and  his  assistants  must 
use  good  judgment  to  pre- 
vent any  undue  excitement  of 
the  imprisoned  passengers, 
and  act  quicklj'^  to  relea.se  the 
car.     To    do    this,    one    man 

is  sent  to  the  operating  ])oard  -svuile  another  is  placed 
where  he  can  see  the  safeties.  Two  or  more  men  are 
posted  on  top  of  the  pawled  car,  while  one  or  two  are  sent 


to  the  liottoni  of  Ihe  shaft  in  which  the  car  is  locked. 
The  men  being  placed,  the  engineer  gives  the  word  to 
unlock  the  governor,  .\fter  the  governor  is  reset,  Ihe 
engineer  orders  the  man  at  tlie  (onlrol  lioard  to  take  np 
the  slack,  which  is  done  by  slightly  lifting  the  car  from 
hi  low  or  by  pulling  on  the  lifting  cables.  This  operation 
being  over,  the  men  at  the  bottom  of  the  shaft,  and  also 
the  men  on  top  of  the  car,  are  ordered  to  pull  on  Ihe 
safety  cable. 

All  the  men  will  now  pull  together  on  the  safety  cable 
in  the  direction  that  will  unlock  the  safeties.  The  man 
watching  the  .safeties  from  beneath  tlie  car  can  then  de- 
termine the  direction  in  which  the  safety  cable  must  be 
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pulled,  and  the  instant  the  safeties  are  unlocked  the  cir- 
cuit for  the  car  control  will  become  closed,  enabling  the 
operator   to   start   the   car.      The   safety   clutches   being 
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loosened  from  the  rails,  the  operator  is  now  ordered  to 
throw  the  controller  on  the  "up"  motion,  and  the  car 
is  hrought  level  with  the  floor  directly  above,  when  the 
passengers   are  permitted  to  leave. 

It  is  not  advisable  to  throw  the  controller  on  the 
'"down"  motion,  especially  when  the  car  is  filled  with 
j'assengers.  After  all  the  passengers  are  out,  the  car  is 
run  to  the  upper  limit  of  travel,  and  an  investigation 
n:ade  into  the  cause  of  pawling. 

A  car  will  pawl  from  any  or  all  of  the  following  condi- 
tions: (1)  If  the  governor  is  not  properly  set;  (2)  if  the 
safety  rope  is  stranded;  (3)  if  the  governor  is  worn  or 
the  governor  spring  is  weak;  (4)  if  the  car  is  suddenly 
"jumped"  into  s])ecd ;  (5)  if  the  car  is  overloaded;  (6) 
il  the  safety  mechanism  permits  of  creeping. 

A  governor  of  the  instantaneous  type  is  shown  in  Fig. 
1.  and  when  the  car  is  traveling  downward  the  rotation 
ot  the  sheave  wheel  will  be  in  the  direction  of  the  arrow. 
Assume  that  for  some  reason  the  car  descends  at  an  ab- 
normal rate  of  speed.  The  sheave  A  will  be  rotated  at 
a  high  rate  of  speed,  throwing  the  weights  B  beyond  their 
normal  plane,  which  will  cause  them  to  strike  the  trig- 
ger C,  liberating  the  weight  D,  the  action  of  which  will 
cause  the  wedge  E  to  bind  the  cable  F,  locking  the  safety 
cable  in  the  governor  frame  and  preventing  its  further 
travel.  The  moment  cable  F  becomes  locked,  the  stress 
thus  imposed  on  it  is  communicated  to  the  safety  mech- 
anism beneath  the  car.  This  action  causes  the  safety 
springs  to  act  on  the  safety  clutches,  which  grip  the  car 
guide  rails  with  a  vise-like  grip,  compelling  the  car  to 
sTop  in  its  descent  within  a  very  small  distance.  When 
the  safety  springs  act,  the  circuit  controlling  the  oper- 
ating board  is  broken,  preventing  further  rotation  of  the 
motor  actuating  the  hoisting  and  lowering  mechanism. 
If  this  circuit  were  not  broken,  the  motor  would  keep 
on  running  and  eventually  unwind  the  drum  cables, 
causing  considerable  labor  to  straighten  out  the  cables 
for  the  proper  direction  of  travel. 

Fig.  2  illustrates  the  governor  wheel  removed  from 
its  frame  as  shown  in  Fig.  1.  The  weights  are  shown 
at  B  and  the  spring  at  G.  It  will  be  noticed  that  there 
arc  four  tangential  levers  H.  Those  levers  are  connected 
to  the  square  yoke  and  to  the  weights  as  indicated.  The 
spring  G  also  is  connected  to  the  yoke  and  the  weight  /. 
The  spring  is  made  fast  at  this  point  by  means  of  two 
small  nuts  and  the  tension  on  G  can  be  varied  to  suit  the 
load  or  velocity  of  rotation.  If  the  tension  is  slight,  a 
low  velocity  is  all  that  will  be  required  to  throw  the 
weights  beyond  their  normal  plane,  thus  permitting  them 
to  strike  tlie  trigger  shown  in  Fig.  1. 

Again,  when  the  levers  or  pins  to  which  the  levers  are 
attached  become  worn,  lost  motion  will  prevail,  and  the 
weights  will  trip  the  governor  even  though  the  tension 
on  the  spring  is  greater  than  normal.  If  the  nuts  at  / 
are  not  set  up  tight,  the  tension  on  G  will  become  insuf- 
ficient, allowing  the  weights  to  trip  the  governor  and 
pawl  the  car.  Fig.  3  is  a  side  view  of  Fig.  2;  it  shows 
the  solid  brass  bushings  KK,  in  which  the  shaft  carrying 
the  sheave  A  rotates.  If  the  bearing  KK  becomes  worn, 
the  governor  wheel  or  the  sheave  A  will  cant  toward  the 
trigger,  tripping  the  safety  mechanism.  Whenever  a 
governor  wheel  is  worn  sufficiently  to  permit  tripping  it 
must  be  removed. 

Fig.  4  shows  the  method  of  removing  the  worn  wheel. 
The  tension  sheave  in  the  elevator  pit  or  bottom  of  the 


Will  is  raised  to  Us  linnt  of  height,  and  a  hook  is  placed 
under  the  governor  rope.  The  rope  nuiy  now  be  raised 
above  the  wheel  as  indicated,  the  wheel  removed  and  a 
new  one  put  on. 

The  quickness  with  which  a  stalled  car  may  be  put  in 
motion  depends  on  how  the  engine-room  force  has  been 
trained.  With  a  well  trained  crew,  a  pawled  car  contain- 
i'lg,  say,  a  dozen  passengers,  should  be  in  running  order 
in  fifteen  minutes.  This  time  may  be  much  shortened  if 
a  flat  band  of  straj)  iron  is  bolted  circumlVrentially  above 
file  governor  wheel  as  shown  at  L,  Fig.  1. 

When  the  governor  cable  becomes  locked  in  the  frame, 
the  shock  it  receives  often  causes  the  rope  or  cable  to 
juni])  out  of  the  sheave,  causing  considerable  delay  to 
replace  it.  This  iron  band  ol)viates  this  trouble,  and 
again  when  the  governor,  unlocking  the  rope,  shown  at 
jV,  Fig.  1,  extends  the  entire  length  of  the  shaft,  it  facili- 
tates matters  in  getting  the  car  in  running  condition. 
Thus  we  see  that  where  those  two  additions  are  made  to 
tiie  governor  mechanism,  the  governor  cable  is  prevented 
from  jumping  out  of  the  sheave  and  can  be  unlocked 
from  any  part  of  the  shaft,  saving  the  time  required  to 
reach  the  roof  or  pent  house  where  the  governor  wheel  is 
located. 


By  WiLLiAJi  L.  Kkil 

In  many  plants  the  engineer  has  to  occasionally  run  an 
ice  or  refrigeration  machine;  in  others  only  during  the 
hot  season.  To  those  engineers  lacking  the  experience 
of  the  refrigeration  man,  practical  hints  are  usually  wel- 
come. 

There  are  many  types  of  refrigeration  machines ;  large 
ones,  small  ones,  double-  and  single-acting;  some  with  an 
oil  system,  others  without  (dry  system)  ;  but  they  all 
work  on  the  same  principle.  Every  engineer  knows  what 
to  do  when  starting  an  ordinary  water  or  air  pump ;  ho 
first  sees  that  the  suction  and  discharge  valves  are  open 
before  he  turns  on  the  steam.  About  the  same  things 
are  done  when  starting  a  refrigeration  machine,  for  the 
ammonia  compressor  is  really  a  high-class  pump. 

When  starting  a  compressor,  the  first  thing  is  to  see 
that  the  discharge  valve  is  open.  As  all  double-acting 
machines  have  equalizers,  see  that  they  are  open,  and 
then  start  slowly.  Next,  slowly  open  the  valves  on  the 
RiU'tion  line,  then  turn  the  oil  on  to  lubricate  the  valves 
and  then  the  water  to  keep  the  compressor  cool,  or  the 
oil,  if  the  machine  has  an  oil  system.  Now  close  the 
('(jualizing  cocks  Watch  the  back-pressure  gage,  if  it 
indicates  the  pressure  one  finds  best  to  carry,  the  main 
liquid  valve  should  be  o]iened  slowly.  The  water  over  the 
ammonia  condenser  should  not  be  turned  on  until  the 
high-jjressure  gage  indicates  the  pressure  usually  carried. 

While  the  machine  runs  the  frost  may  come  back  to  the 
compressors  from  two  causes:  From  some  liquid  that  laid 
in  the  suction  line,  or  from  one  or  more  regulating  valves 
being  open  too  wide.  In  the  first  case  let  the  machine 
run  a  little  faster;  if  the  frost  does  not  disappear  soon, 
look  at  the  return  pipes  of  the  different  rooms.  Be  sure 
to  shut  of?  on  the  room  from  which  the  pipe  is  mos. 
hcavilv    frosted,    for   the    frost   on    the    relurn    from    flu; 
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frowt  ronicH  iiiick  slri)n;,'ly  iiuiy  IniM'l  roulcil  to  I'rcc/r  walrr  or  proiliici'  d'owt  iirouml  llic  coiJH 
line  of  tilt'  ullirr  rooms.  If  sucli  is  tlic  in  tlii>  ilill'crcnt  rooms  tliniu;;li  wliicli  it  is  circulated  hy 
t   for  tlic  iiu'.\|icri('ncc(l  cujjini'cr  to  tell      inejins  of  the  liriiie  |)um|i.     I''or  tlie  sumller  refri>ieriiti<»n 

|iiiint.  hotels,  etc.,  this  system   is  in  use  more  extensively 
than  the  direct  system. 

The  hrine  tank  shoidd  always  contain  hrine  en(>ii<,'h  to 
entirely  suiimer^^'c  the  coils.  It  must  not  he  less  tlian  TO 
iiiii-  inmc  iliiiM  im  di';,'.  Maume  and  shoiMd  he  constantly 
:i;;il:il((i ;  il  iiiusl  never  hi'  cooled  lower  tlnin  S  or  10 
dcf,'.  V.  When  down  lh:il  low.  tin  machine  tnay  he 
slopped  while  the  aj,'italinf,'  pump  i.<  ki>pt  running. 


rooms  fi'ee/es  hack  most.  To  locate  tin 
wi't  llu'  linger  lips  and  tcuich  the  re- 
■rs  slick  then  llie  loom  from  which  the 
•en  located.  What  has  been  thus  far  e\- 
1   ilie  dirrcl    system  only. 

Til  i:  I  \iMi;i:c  r  .'^^  siim 

Sll'lll      !-      ri;i';inl      :l      -iX^ll'lll      wllcli'      lll'illl'     ')•• 
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SYNOPSIS — Several  hiiuls  of  iiiiiie  loi(j motives  n'ere 
seen  in  operation,  one  of  tlie  yanoline  type.  A  comhinu- 
tinn  electric  locomotive  and  haulage  system  was  found 
at  one  colliery,  the  haulage  engine  drairing  the  londrd 
cars  out  of  the  mine,  and  the  electric,  coming  out  lighl, 
hauled  the  empty  cnrs  hark  into  tlie  mine. 

It  is  the  genoral  supposition  among  those  not  fam- 
ilar  with  prcsont-(hiy  coal-mine  practice  that  mules  are 
used  almost  exclusively  in  coal  mines  for  liauling  coal 
from  the  workiiii!'  face  to  the  hotloiii  of  tlic  shaft.     I  \vas 


Fig.    1.     Elix'tuic  LocoNroTivK  liuuM    in    Mini, 

surprised  during  my  travels  al)out  the  mines  to  note 
how  extensively  air  and  electric  haulage  was  used,  and 
to  find  that  in  the  larger  mines  mules  were  worked  only 
for  gathering,  some  type  of  locomotive  being  used  for  the 
long  hauls. 

In  our  travels  Hunter  and  I  had  run  upon  various 
kinds  of  mine  haulage,  with  the  exception  of  steam  loco- 
motives, which  had  been  tried,  Hunter  said,  but  owing 
to  the  volume  of  smoke  and  gases  given  off  had  be?n  dis- 
carded. 

In  our  conversations.  Hunter  had  also  stated  that  air 
locomotives  were  used  in  deep,  gaseous  mines,  because  they 
operate  without  spark  or  fire  of  any  kind  and  at  the  same 
time  added  to  the  ventilation,  supplying  clean  air  to  that 


ill  llic  mine.  'J'hc  disadvantage  of  the  air  locomotive  is 
tluit  it  is  hulky  and  rcfpiires  high  and  wide  entries  in 
which  to  run.  More  tlian  that,  it  cannot  go  far  from  a 
charging  station,  wliicli  renders  its  use  less  flexible  than 
the  electric  or  the  gasoline  locomotive.  Then  there  is  the 
upkecj)  of  not  only  the  locomotives  ])Ut  of  the  jiipe  lines, 
when  high  pressures  are  maintained. 

"Simplicity  is  the  ])revailing  feature  of  the  electric 
locomotive,"  said  Hunter,  as  we  stood  looking  at  one  in 
the  motor  room.  Fig.  1,  down  in  Xo.  9  colliery  of  the 
Pennsylvania  Coal  Co.  This  repair  room  was  10x05  ft. 
in  width  and  length  and  12  ft.  high.  The  roof  was  of 
natural  slate,  which  was  reinforced  \>y  I-beams,  as  shown. 
The  walls  were  cemented  and  painted  and  the  floor  was 
of  concrete.  A  tool  room  liuilt  in  the  stone  formation 
is  shown  at  tlie  rear  of  the  clecii'ic  locomotive. 

"You  see,"  said  llunicr.  ""an  electric  locomotive  has 
really  but  one  rotating  jiart  and  mechanically  it  is  the 
simplest  motor  used  about  a  mine ;  so  long  as  electricity 
is  supplied  it  will  do  its  work,  providing  nothing  burns 
out.  As  there  is  danger  of  gases  being  ignited  from 
sparks  formed  between  the  trolley  wheel  and  the  wire, 
the  electric  locomotive  is  not  the  machine  to  use  in  a 
gaseous  mine. 

"You  have  read  of  trolley  lines  costing  so  many  dol- 
lars per  mile  to  constnut.  but  you  can  bet  every  bean 
you've  got  that  mine  tracks  and  ecpiipment  cost  money, 
too.  The  expense  of  installing  the  ti'oUey  wire  and  feed- 
ers alone  is  no  small  item,  and  the  rails  have  to  be 
bonded  to  carry  the  return  current,  which  adds  to  the 
expense.  This  and  the  cost  of  the  locomotive  are  but  a 
small  part  of  the  entire  expenditure  for  electrical  equip- 
ment, inchuling  power-plant  ap])aratus.  Aside  from 
the  danger  from  gas  ignition,  there  is  the  danger  of  the 
workmen  being  shocked." 

"From  your  point  of  view,  the  electric  and  air  locomo- 
tive is  not  in  it  with  mule  haulage  for  safety  or  cheap- 
ness ?" 

Hunter  gave  a  grin  before  answering  and  then  said. 
"Xobody  about  a  mine  will  bank  on  a  mule  being  safe, 
especially  from  a  stern  exposure.  He  can  haul  an  ex- 
ceedingly heavy  load,  but  his  mileage  is  small  and  he  is 
liable  to  injury.  Xow  about  the  locomotive.  I  don't 
disapprove  of  them :  I  just  happened  to  tell  you  of  some 
of  their  disadvantages.  I  don't  know  how  some  of  the 
large  mines  could  get  along  without  them  and  still  main- 
tain their  output  of  coal.     Y^ou  remember  at  Xo.  35  Col- 
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liery  of  the  Bei-wiiul-WhiU-  Co.,  al,  ^\■illdl)('I■, 
20-ton  six-drivu  electric  locomotive  ilniwiii^ 
like  110  empty  coal  cars  (Fig.  2). 

"They  were  to  be  taken  into  the  mine  aiK 
train  brought  out  while  dozens  of  mules  would 
about  a  quarter  of  the  trip  in  with  empties 
company's  mines  a  railway  car  is  loaded  with 
few  minutes.  To  get  the  output  of  the  mines 
about  4,285,521  tons  per  year,  would  take  a 
mules." 

"Just  a  few,"  was  the  only  icplv   I 


we   saw   a 
sometliing 

1  a  loaded 
have  made 
.  At  tliis 
coal  every 
to  market, 
bunch   of 


Id  tiiak( 


111  most  nuni's  ciiii)loyiug  electi'ic  locomotive  or  haul- 
age engines,  each  is  operated  separately,  but  at  Xo.  28, 
Pardee,  colliery  we  found  a  second-motion  haulage  en- 
gine. Fig.  4,  working  in  connection  with  an  electric  lo- 
comotive. The  pinion  on  the  engine  crankshaft  meshes 
with  a  gear  wheel  keyed  to  the  drum  shaft.  The  rim  of 
the  gear  is  made  in  six  sections,  and  if  a  tooth  breaks, 
that  section  can  be  replaced  at  small  expense.  The  drum 
is  driven  by  a  friction  on  the  shaft.  The  brakes  are  op- 
erated by  steam.  The  engine  draws  tlie  loaded  cars  from 
tiic  miiu',  hut  no  tail  ro])e  is  i-('<|uii-('d  as  the  electric  Ux-o- 


FiG.  2.     Twenty-Ton  Locomotive  Dhawinc;  110 
Empty  Mine  Cahs 


Fig.  3.     Locomotive  Baiin  and  Repair 
Shop 


Fig.  4.     Haulage  I^xgine.     A  Locomomvi.  iJi:.v\\" 

THE   Empty   Cars   into  the 

Mine 


Fig.   5.     As  the  Cars  Enter  the  Mine,  the 

Haulage  Rope  Is  Snapped  from  One  Track 

Level  to  the  Other 


Several  days  later  we  came  (o  the  Moshannon  colliery 
No.  33  of  the  Pennsylvania  Coal  &  Coke  Co.,  at  Patton, 
Penn.  This  mine  is  electrically  operated  and  an  ex- 
amination of  the  motor  house,  Fig.  3,  was  interesting. 
There  was  a  10-ton  lo<(nnotivo  with  equipment  of  15- 
ton  rating.  The  motoi'  and  di'ixiuu'  wheels  were  con- 
nected by  an  intermediate  gear.  The  gear  wheels  were 
made  of  a  spider  shrunk  to  the  wheel  shafts,  and  the 
toothed  rims  were  made  in  sections,  so  that  when  the 
teeth  became  worn  or  broken  a  new  gear  rim  could  be 
bolted  to  the  spider  bv  six  fi/^-in.  holts,  without  disturb- 
ing any  other  part  of  the  machine.  .All  ordinary  repairs 
of  the  electrical  equipment  ai'c  made  at  tlie  mine,  a  ma- 
chine shop  being  at  one  end  of  the  locomotive  house. 


motive  draws  the  empty  cars  into  the  mine,  and  follows 
the  train  load  of  70  tons  from  the  mine  up  a  5  per 
cent,  grade  in  places. 

It  is  figured  that  this  is  cheaper  than  to  have  the  lo- 
comotive do  all  the  work.  The  locomotive  was  used  to 
draw  the  empties  from  the  tipfde  up  the  incline.  Fig.  5, 
and  then  to  control  the  empty  train  going  into  tlie  mine 
and  to  also  draw  the  haulage  cable  into  the  mine  ready 
for  the  engine  to  haul  out  another  loaded  train.  ^Vhile 
the  cable  was  being  drawn  into  the  mine  the  winding 
drum  ran  loose,  tlie  engine  being  stopped. 

By  referring  to  Fig.  5  it  will  be  seen  that  the  loaded 
cars  are  on  the  upper  track  and  that  the  empties  are 
switched  back,  after  dumping,  to  the  lower  track.     The 
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liaiila^'c  laltic  is  lidoki'd  oiilo  tlio  roar  cnil  ol'  ilir  last 
car  of  till-  train.  In  "idcr  to  ^'fl  tin-  caltli!  laick  lo  tln' 
U|)|HM'  track  alter  tlic  ciiiptics  liavi>  rcaclicil  (lie  hiwxw 
K'Vi'l,  llic  I'li^'iiit't'r  of  llic  liaiila;,'!'  ciigiiic  ]iuts  the  brake 
oil  tlie  (Iriiin,  wliieli  lias  liceii  niniiiii<;  loos(!  on  iis  Hlial'l. 
Tliis  snaps  the  (aide  ii|>  over  the  timhers,  shown  at  the 
rijjht  of  llie  iilallonii,  onto  tlie  rollers  beside  the  track, 
ready  for  the  next  loaded  train.  The  calde  is  shown  just 
before  rcaihin;;  the   rollei's  upon  wliidi   it    runs. 

While  at  this  collierv,  the  skv  bnanic  overcast  anil 
rain  tlireateiied  to  spoil  tiie  rest  of  the  day.  Nevertheless, 
M'e  made  our  way  to  No.  ;?■">  colliery  of  the  same  com- 
pany. As  we  picked  our  steps  o\er  llie  uneven  lies  of 
the  railroad  track.  Hunter  said,  '"Did  you  ever  see  a  ^^aso- 
liiie  mine  locomolive!-'"  rp(Mi  uiy  ne,i:ali\e  reply  he  con- 
tinued: ""'rhey  luncn't  lieen  (i\er  1(1  years  in  ihis  country, 
but  they  were  used  in  Europe  alioul  the  lime  liie  aulo- 
inohile  came  into  service.  They  an- o|ici-alcil  in  mines  the 
same  as  air  or  ele(tric  locomotixcs,  and  eliminate  the 
necessity  for  an  (nit>ide  ixiwer  ])lant." 

\\'heu  we  arrived  at  the  mine  we  found  a  A\'hitcomb 
gasoline  locomotive  just  coming  out  of  the  level  with  22 
loaded  cars  of  coal,  or  approximately  !!•  tons,  total.  The 
grade  in  places  was  over  5  i)er  cent.,  but  in  some  parts 
of  the  mine  the  speed  was  ajiproximately  eight  miles  ])er 
hour.     The  machine  is  .shown  in  Figs.  G  and  7. 

"That  motor  is  made  in  a  number  of  sizes,"  remarked 
Hunter,  watching  the  last  of  the  empty  coal  cars  disap- 
pear in  the  hole  in  the  hill,  "ranging  from  2V2  to  16 
tons.  All  are  fitted  with  four-cylinder,  four-cyclo  liori- 
zontally  opposed  engines  ranging  from  20  to  125  hp.  The 
drive  is  from  the  engine  into  the  transmission,  which 
provides  for  two  speeds   in  either  direction." 


Flu.   13. 


Gasoline  Locomotive  and  Tkaix  of  Empty 
Caks 


"How  is  that  accomplished  ?"  I  asked,  as  we  examined 
the  locomotive  after  its  return  from  the  mine. 

"Well,  one  of  the  driving  shafts  has  a  bevel  pinion 
which  engages  with  two  bevel  gears  in  the  transmission. 
On  the  back  of  these  two  gears  are  clutches,  and  as  the 
gears  run  in  opposite  directions,  on  account  of  meshing 
with  the  one  pinion,  a  forward  or  reverse  motion  is  given. 

"On  the  forward  or  reverse  shaft  there  are  two  spur 
pinions  that  engage  with  two  spur  gears  on  a  lower  shaft. 
On  these  gears  are  also  fitted  clutches  which  provide  for 
high  and  low  speed,  giving  a  gear  capable  of  making  four 
miles  an  hour  on  slow  speed  and  eight  miles  on  high 
speed,  with  the  engine  running  at  about  500  r.p.m.    The 


engine  lias  11  riiiige  of  speed  of  from  .CM)  to  ^'lO  r.p.m. 
The  fioiit  high-  ami  low-speed  shafts  are  driven  by  u 
double  chain  drive  and  from  the  front  to  the  rear  axlo 
liy  a  chain  drive,  so  that  all  four  wheels  are  drive  wliecU. 
This  maihitie.  as,  in  fact,  all  othi-i-s,  will  develop  a  trac- 
tive clfort  of  ai)oiit  20  per  cent,  of  Kr  weiglil." 

.\s   we   left   the   mine   a   drizzle  began,  and   liefore   w- 
reached  the  nearest  hotel  we  were  (it  subjeetH  for  a  steam 


Fig.  7.     OrKiiAioii's  End  oi"  (Jasoijxe  Loco.motivi: 

drying  estaiilishment.  After  supper  that  night,  while 
in  conversation  with  some  mining  men,  we  learned  of  a 
mining  proposition  that  sounded  mighty  interesting,  and 
we  decided  to  look  it  over  the  next  day.  The  rain  was 
still  beating  against  the  windows  as  we  went  to  our 
rooms,  and  after  tumbling  into  a  cold,  damp-feeling  bed, 
I  finally  went  to  sleej),  inhaling  the  mixed  odor  of  new 
paint  and  insecticide. 


In  the  case  of  a  series-connected  multipolar  armature, 
for  every  conductor  in  a  given  position  under  a  pole  of 
given  polarity,  there  is  in  .series  with  it  another  conduc- 
tor in  the  same  relative  position  under  a  pole  of  opposite 
polarity.  Therefore,  if  on  account  of  excessive  bearing 
wear,  or  any  other  reason,  the  air  gap  is  greater  on  one 
magnetic  field,  there  is  in  series  with  it  a  conductor  in  a 
strong  magnetic  field.  As  such  an  armature  has  only 
two  paths  through  it,  unevenness  of  the  air  gap  around 
't  does  not  affect  the  distribution  of  current  in  the  ar- 
n:ature  conductors. 

In  a  multi])le-connected  armature,  however,  there  are 
fs  many  independent  current  paths  in  the  armature 
^^  mding  as  there  are  poles  in  the  machine  and  equaliza- 
tirai  of  the  total  current  through  the  several  independent 
paths  is  affected  by  unequal  distribution  of  the  air  gap. 
Equalizing  connections  between  equipotential  armature 
conductors  help  to  equalize  the  current  among  the  dif- 
ferent paths,  but  there  is  a  limit  to  the  capacity  and  the 
effectiveness  of  these  equalizers.  For  this  reason,  modern 
units  are  generally  constructed  to  permit  of  equalizing 
the  gap. 

An  operator  complained  that  the  equalizer  rings  were 
heating  more  than  they  should  and  that  the  brushes  were 
sparking.  Inspection  showed  that  wear  in  the  armature 
bearings  had  let  the  armature  down,  thereby  making  a 
small  gap  at  the  bottom  and  a  large  one  at  the  top.  As 
the  machine  had  no  air-gap  equalizing  devices,  new  bear- 
ings had  to  be  fitted. 
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By  (Jeohok  W.  Muench 


SYNOPSIS — How  some  of  I  lie  coniiiion  (/(is-engitie 
troubles,  such  as  impivper  tiiuuuj  of  valves  and  iynitiun, 
preignition,  fault ij  roinpression,  excessive  bach  pressure, 
etc.,  7nay  be  detected  bjj  the  indicator  diagram. 

As  a  trouble  finder,  the  indicator  is  not  vised  so  uni- 
versally in  gas-engine  operation  as  with  steam  engines. 
Its  use  is  necessary  for  determining  the  indicated  horse- 
power of  a  gas  engine,  for  in  this  way  only  can  the  true 
mean  effective  pressure  be  found.  However,  it  can  be 
made  to  serve  a  large  number  of  other  usefid  ])urposes, 
as  a  diagram  properly  taken  will  show  the  timing  of  the 
ignition,  the  valve  setting,  the  quality  of  the  mixture,  the 
exhaust  back  pressure,  the  preigniti(m,  the  condition  of 
compression,  and  the  other  conditions  affecting  t'l^;  proper 
operation  of  the  engine.  As  a  rule,  it  is  not  as  simple  to 
operate  an  indicator  on  a  gas  engine  as  on  a  .^.eam  en- 
gine; also,  higher  pressures  and  sudden  chan[\-s  in  pres- 
sure must  he  handled. 


sure  immediately  drojjped,  and  expansion  occurred  from 
C  to  D,  part  of  the  time  the  pressure  being  less  than 
during  the  previous  compression  stroke,  causing  the  nega- 
tive loop  shown.  Under  these  conditions  but  little  use- 
ful work   is   perforined. 

Pigs.  5  and  (i  are  actual  diagrams,  the  former  show- 
ing a  slow-burning  mixture.  The  time  of  ignition  was 
not  bad,  but  maximum  pressure  was  not  reached  before 
the  piston  had  tra\e!ed  a  considerable  distance  on  the 
power  stroke.  The  indicator  diagram  shows  distinctly 
why  it  is  essential  in  gas-engine  work  that  the  time  of 
ignition  must  change  with  the  (|uality  of  the  mixture  to 
get  the  best  results  out  of  the  engiiu\ 

A  variety  of  troubles  are  indicated  in  Fig.  6.  In  the 
first  place,  the  compression  is  very  poor,  as  is  shown  by 
the  slight  rise  of  the  line  BC.  Also,  as  in  the  previous 
case,  the  mixture  is  slow  burning  and  the  back  pressure 
is  high,  there  not  being  enough  valve  lift,  or  some  other 
obstructions    are    j^i'eventing    the    raj)id    escape    of    the 
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Sample  Gas-Engine  Indicator  Diagrams 


rig.  1  represents  a  normal  diagram  from  a  four-stroke- 
cycle  engine.  The  liiie  AB  represents  the  suction  stroke, 
slightly  below  the  atmospheric  line,  and  BC  represents 
the  compression  stroke  with  the  explosion  occurring  at  E, 
the  pressure  jumping  quickly  to  a  maximum  at  D.  The 
power  or  expansion  stroke  is  represented  by  the  line  DF. 
At  F  th.e  exhaust  valve  opens  slightly  before  the  com- 
pletion of  the  stroke  and  FA  represents  the  period  of  ex- 
haust. The  area  included  between  the  suction  and  the 
exhaust  lines  represents  lost  work,  therefore,  all  attempts 
should  be  toward  keeping  this  as  small  as  possible.  Com- 
paring other  diagrams  with  the  ideal,  the  defects  are 
easily  located. 

Fig.  2  shows  a  diagram  with  ignition  too  late,  the  ex- 
plosion occurring  at  E,  beyond  dead  center  some  distance 
outward  on  the  expansion  stroke. 

In  Fig.  3  the  ignition  is  too  early,  the  explosion  oc- 
curring at  E.  Figs.  2  and  3  are  actual  diagrams  taken 
on  an  engine. 

Premature  ignition  is  shown  in  Fig.  4;  AB  represent- 
ing the  suction  stroke.  The  compression  stroke  was  inter- 
rupted by  the  ignition  at  E.  This  too  early  ignition 
caused  the  expansive  power  of  tlic  burning  gases  to  be 
entirclv  spent  before  the  end  of  Ihe  compression  stroke, 
so  that  on  the  starting  of  tlie  cxnansion  stroke  the  pres- 


burned  gases,  as  shown  by  the  line  DA,  the  line  remain- 
ing far  above  the  atmospheric  line  practically  its  entire 
length. 

Although  showing  a  high  back  pressure,  this  diagram 
does  not  show  clearly  the  exact  time  of  opening  and 
closing  the  exhaust  valve.  For  accurately  determining 
the  exact  valve  setting  of  a  gas  engine  by  means  of  the 
indicator,  it  is  necessary  to  have  a  special  low-pressure 
spring  attachment,  which  consists  of  a  stop  limiting  the 
travel  of  the  indicator  piston  and  preventing  damage  to 
the  instrument.  This  makes  it  possible  to  use  very  low- 
pressure  springs  and,  therefore,  arrive  at  the  true  valve 
setting,  which  is  essential  for  economical  operation.  The 
valve-gear  becomes  worn,  the  valves  fouled  and  stick, 
the  passages  obstructed,  and  other  troubles  vary  the 
valve  setting,  which  means  a  loss  in  power. 

Fig.  7  shows  a  diagram  taken  with  an  8-lb.  s))ring,  AB 
is  the  suction  line  and  BC  shows  part  of  the  compression, 
the  stop  preventing  further  travel  of  the  pencil  at  C. 
The  diagram  does  not  trace  the  cycle,  but  at  D  the  pres- 
sure is  low  enough  to  allow  the  pencil  movement.  The 
sudden  drop  DE  represents  the  release  of  the  gases,  the 
rest  of  the  exhaust  stroke  Iieing  EF. 

Fig.  8  is  a  stop  diagram  showing  the  cxiiaust  opening 
too  late. 
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A  liigli-viu-iiuiii  siii'l'at-c-coiiilt'iiscr  inr  |Miin|)  lias  himiiII 
relative  lapncity  in  tcniiH  of  Tree  air.  Tlic  air  leakage  of 
a  larjje  turbine  and  wiirfaee  comlenscr  should  not  excoed 
lit  en. ft.  of  free  air  per  minute.  When  tliis  air  is  with- 
drawn from  tlie  ionden.'<er  it  is  at  an  exceed  in  j^ly  low 
pressure,  even  lower  than  the  ahsolute  pressure  within  the 
eondonser,  whieh  is  the  sum  of  the  vapor  and  the  air  pres- 
sures. 'I'd  obtain  a  hijih  vaeuuni  it  is  necessary,  there- 
fore, that   the  air  he  witlidrawn  at  a   pressure  of  a   frac- 
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Fui.   1.     C'UKVK  OF  Test  Showing  Ajh  Capacity  akd 
Vacuum  .of  a  Turbo  Air  Pump  with 

70   1)KC!.    Wat  Kit 


of  circulating'  wal(!r  and  its  temperature.  AsHume  the 
water  is  at  (10  dej,'.,  then  if  a  ;<!!t-iM.  vacuum  is  dcHired, 
corrcHjJonding  to  a  steam  teni|)erature  <)f  T!)  deg.,  it  is 
evident  that  the  water  cannot  take  up  heat  when  itH  tem- 
perature has  gone  al)ove  7!)  dcg.,  in  theory,  and  in  prac- 
tice, above  70  or  'Ti  deg.,  since  some  "heat  head"  is  nec- 
essary to  cause  tlu;  ti'aiiKmission  of  heal.  If  it  were  re- 
(piired  to  heat  the  cooling  water  up  to  the  temperutur'j 
of  the  steam,  an  inlinite  amount  of  tube  suiface  wuuld 
be  needed. 

The  second  hindrance  to  the  attainment  of  e.xtremely 
high  vacuums  is  the  loss  in  prcwsure  b(!tw(!(fn  the  turbine 
exhaust  and  the  air-pump  suction,  due  to  the  rcBistance 
of  tiie  tubes;  in  other  words,  the  liydro-dyniimie  loss. 
This  may  be  reduced  to  a  few  tenths  of  an  inch  of  mer- 
cury by  the  ])rofM:r  jirraiij.'ement  and  spacing  of  the 
tul)es. 

It  is  »;vident  from  the  foregoing  that  if  sullicient  cool- 
ing water  is  used  in  i)roportion  to  the  steam  to  give  a 
rise  in  temperature  of  tlie  water  of  only  10  or  15  deg., 
it  is  possible  to  obtain  a  vacuum  of  29  in.  with  60  deg. 
inlet  cooling  water,  provided  the  air  pump  will  maintain 
a  vacuum  0.1  to  0.2  iiuhes  biglier;  that  is,  2!).t  to  29.2. 

This  is  done  with  modern  types  of  rotary  air  pumps, 
with  70-deg.  water,  instead  of  (>0  deg.,  as  shown  by  the 
test  of  a  turbo  air  pump,  rejjroduced  in  the  chart,  Fig.  1. 
Tiie  ))ump  is  shown  in  Figs.  2  and  3.  During  the 
test  tlie  temperature  of  the  water  was  70  degrees.  The 
pump  maintained  a  vacuum  100  per  cent,  of  the  theo- 
retical, witli  closed  air  suction,  and  with  10  cu.ft.  of  free 


Fig.  2.     Cross-Section  of  a  Turbo  Air  Pump 


tion  of  an  inch  of  mercury,  and  a   volume  of   1000  to  air  per  minute  load  a  vacuum  of  2i).l  in.,  corresponding 

10,000  cu.ft.  per  pound.  to  99.7  per  cent,  of  the  theoretical.     With  18  cu.ft.  of 

With  a  pump  capable  of  this  duty,  there  remains  but  free  air  load,  the  pump  maintained  a  vacuum  of  29  in. 

two  hindrances  to  the  attainment  of  very  high  vacuums  The  vacuums  with  increasing  load  up  to  65  cu.ft.  of  free 

at  the  turbine  exhaust.     The  first  of  these  is  the  quantity  air  per  minute  are  given  by  the  curve. 
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The  dcfiign  of  the  turbo  air  pump,  wliich  is  built  by 
the  Wheeler  Condenser  &  Engineering  Co.,  Carteret, 
N.  J.,  and  is  similar  to  that  of  the  Gorman  pump  buili 
by  the  Allgemcine  Elektricitiits  (iesellsehaft,  Berlin,  is 
shown  by  tbe  engravings.  Tbe  pump  has  a  liigh-speed 
small  impeller,  a  ring  of  diffusion  channels  and  a  casing. 
The  impeller  discharges  water  in  separate  streams  into 
the  fixed  compression  or  diffusion  ring,  whose  blades  cut 
the  jets  into  a  large  number  of  plugs  or  layers,  which 
close  the  entire  section  of  the  channels  and  force  the  en- 
trapped air  out  against  atmospheric  pressure.  Air  is  ad- 
mitted to  the  center  of  the  casing  l)y  a  large  nozzle  on 


Fig.  '■>.     Wheelei!  Tuubo  Am;   I'imi- 

the  bearing  side  of  the  pump  and  is  drawn  into  the  dif- 
fusor  all  around  the  impeller.  This  g-'ves  a  large  capac- 
ity for  a  small-diameter  impeller,  rotating  at  very  high 
speed,  and  is  suitable  for  directly  connected  turbine  drive. 


In  the  heater  illustrated.  Figs.  1  and  2,  an  attem])t  has 
been  made  to  eliminate  the  strains  on  the  Joints  by  tak- 
ing care  of  the  expansion  and  contraction  and  to  avoid 
air  binding  and  watei--hammer.  The  straight  tubes,  all 
of  the  same  length,  are  expanded  into  the  front  and  rear 
headers,  consisting  of  one-])iece  boxes.  In  line  with  the 
tube  ends  are  screw  plug  holes  for  access  in  rolling  in 
the  pipes  and  for  inspection,  cleaning,  etc.  The  tubes 
are  expanded  in  reamed  holes  and  the  ends  of  the  tubes 
are  turned  smooth.  In  the  rear  header  the  tubes  are  ex- 
panded against  the  I'ast  iron.  In  the  front  header  cop- 
per ferrules  are  used.  This  header  is  divided  into  two 
parts,  the  lower  being  supported  by  a  roller  which  rests 
upon  an  iron  plate  upon  the  foundation,  and  the  upper 
half  by  a  roller  resting  upon  the  lower  half,  thus  per- 
mitting independent  movement. 

The  steam,  or  fluid,  introduced  through  a  suitable  con- 
nection into  the  upper  part  of  the  front  header,  flows 
through  slightly  inclined  tubes  to   the  rear  header,   de- 


scends to  the  lower  part  of  the  latter  and  returns  through 
the  lower  half  of  the  bank  of  tubes  to  the  lower  part 
of  the  front  header,  passing  thence  to  the  drip  or  outlet 
connection.  'I'he  circulation  is  thus  positive  without 
short-circuiting   or   pocketing  and    the  steam    assists   the 


Fig.   1.     Box-IlKAi)i:it   Tyt-k   IIot-Bi.ast   IIkatku   Coil 

air  and  water  of  condensation  in  the  natural  direction  of 
flow  by  gravity. 

The  sid(^s  of  the  headers  are  set  tightly  together,  ren- 
dering unnecessary  special  housing  or  covering  on  the 
two  sides  and  leaving  only  the  top  or  the  bottom  to  be 
inclosed,  depending  upon  whether  the  heater  is  to  rest  on 


Top  Sheef 


Showing   Plugs   Opposite 
THE  TuuEs'  Ends 

the  floor  or  to  be  suspended  close  to  the  ceiling.  If  it 
should  be  desirtnl  to  apply  insulating  material,  tliis 
nuxy  be  done  easily  as  Ihe  access  plugs  are  of  the  socket 
type  and  are  flush  with  the  surface  of  the  header. 

This  type  of  heater  coil  is  manufactured  by  the  Greeu 
Fuel   Economizer  Co..  Matteawan.   X.   Y. 


Sienlflcant  OpcriitinK  SavIiiKT — The  S.  H.  Smith  Infirmary., 
on  Staten  T.sland,  N.  Y.,  saved  $2000  in  operating  expenses 
last  year  over  the  previous  one  by  the  installation  of  its 
own  generating  plant.  It  formerly  had  a  heating  plant  only 
and  bought  current  from  the  Richmond  Light  &  Ry.  Co.  In 
spite  of  the  saving  the  load  was  gieater  during  the  past  year 
than  before.  This  saving,  though  not  so  large,  is  significant 
in  view  of  the  size  of  the   plant,  whieh   Is   rated   at  only  70   kw- 
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1  SEn^imft  MotloFs 


15 V    K.  A.  Annktt 


SYXOI'SIS — Tlir  projtiT  nmiivrtious  hrhrerti  Ihr  slnrlir 
ami  tiiolor  and  how  lo  tirlrct  irn/ii;/  roinirclidiis. 

It  is  (he  fjciicral  |irailiii'  iimoii.u  clccl  luiil  inninirnc- 
turors,  not  only  lo  lnl)i'l  cari't'iillv  llic  ti-rniinals  nf  tlicir 
apparatus,  but  to  sond  witli  I'acli  picco  ol  i'(|iiipni(Mit  in- 
structions for  connoctiiifi  up  as  well  as  for  its  care  and 
opi'ration.  Tlicsi'  instructions  arc  nsiiailv  acconiiianicd 
by  a  well  executed  pictuic  of  the  luntur,  sliowin'j  liow  the 
terminals  are  located,  each  tciuiinai  bi'inj;  carefully 
inarki'd  and  connected  to  a  starting  box  similar  to  that 
sliown  in  I'^ifj.  1.  whicb  represt-nts  a  series  motor.  How- 
ever, as  the  terminals  of  \aritius  makes  of  motors  may  lie 
brouiibt  out  diiVerently,  a  re|iresentation  of  the  connec- 
tions of  one  make  nuiy  not  apply  to  another,  uidess  cer- 


tain simple  rules  are  followed.  When  it  comes  to  this, 
the  picture  may  be  dispensed  with  and  a  diagram  used 
as  in  Fig.  2.  There  is  one  thing  necessary,  the  diagram 
must  represent  the  motor  it  is  used  for ;  that  is,  if  the 
motor  is  series  wound,  the  diagram  must  represent  a  ser- 
ies motor  as  the  one  in  Fig.  2  ;  if  it  is  shunt  wound,  it 
must  represent  a  shunt  motor,  etc. 
Si:i!ii;s  ]\IoT()i! 

To  connect  up  a  motor  from  a  diagram,  first  determine 
which  are  the  armature  and  which  the  field  terminals, 
and  what  kind  of  a  motor  it  is,  either  by  inspection  or  by 
testing.  Assume  a  condition  as  in  Fig.  1,  where  the  two 
center  terminals  represent  the  armature  circuit;  as  can 
be  seen,  they  come  from  the  brushes  and  are  marked  A 
and  .4  J.  The  two  outside  terminals  are  the  field  and 
are  marked  F  and  Fj. 

A  good  practice  in  connecting  up  a  motor  from  a  dia- 
gram is  to  start  from  one  side  of  the  switch  and  work 
around  to  the  opposite  side.  In  this  case,  start- from 
the  positive  side  of  the  switch,  which  in  Fig.  2  runs  to  the 
terminal  marked  L  (sometimes  marked  "Line")  on  the 
starting  box.  After  making  this  line  connection,  next  in 
order  will  come  the  other  terminal  on  the  starting  box, 
which  is  marked  .4.    By  referring  to  Fig.  2,  it  will  be 


seen  that  one  wire  runs  from  this  termimil  to  one  of  the 
armature  terminals  nnirked  A.  although  in  tliis  instance, 
it  could  be  any  terminal  on  the  motor  as  the  Mnicbin<'  is 
series  connected  and  there  is  but  one  circuit  through  it. 
This  is  true  only  for  the  series  motor,  therefore,  it  is 
best  to  make  a  jjractice  of  connecting  the  macliine  accord- 
ing to  the  sketch.  The  following  can  be  laiil  down  as  a 
hard-and-fast  rule  foi-  an\   motor: 

Coinu'ct  termimil  .1  ( somit  inic^  marked  "'.Vrm")  on 
the  starting  box  to  one  of  llic  armature  terminals  only 
on  the  motor  and  this  part  will  always  be  right.  Next 
connect  the  other  terminal  of  the  armature  to  one  of  the 
field  tei'Uiinals,  which,  in  Figs.  1  and  2,  are  shown  .4,  to 
/•',.  although  .1,  could  be  connected  to  F.  Finally,  con- 
nect the  icmaining  terminal   /•'  on  the  motor  to  the  lu-ga- 
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FIG,  4. 
five  side  of  the  switch.  Now  if  the  connections  are  traced 
out  in  Figs.  1  and  2,  it  will  he  seen  that  they  both  run 
the  same;  i.e.,  from  the  positive  terminal  on  the  switch 
to  the  L  terminal  on  the  starting  box  ;  from  A  on  the 
starting  box  to  the  armature  connection  A;  from  the 
armature  terminal  A^  to  the  field  terminal  /'\  and  from 
the  remaining  field  terminal  F  to  the  negative  side  of 
the  switch. 

In  a  diagram,  sucli  as  Fig.  1,  the  connections  may  be 
so  shown  as  to  produce  a  definite  direction  of  rotation, 
while  that  in  Fig.  2  does  not  indicate  any  particular  di- 
rection. After  the  motor  has  been  connected  up,  how- 
ever, and  is  woiking  ])roperly,  all  that  is  necessary  in 
order  to  reverse  the  direction  of  rotation,  is  to  interchange 
either  the  armature  or  the  field  connections,  as  in  Figs.  3 
and  4.  By  tracing  out  the  current,  it  will  be  seen  to  flow 
as  indicated  by  the  arrows.  In  either  case,  the  connec- 
tions in  Figs.  3  and  4  will  give  a  different  direction  of 
rotation  from  that  in  Fig.  2. 

Shunt  Motors 

What  has  been  applied  to  the  series  motor  can  also  be 
applied  to  any  type  of  motor.  In  Fig.  5  is  shown  a  shunt 
motor  connected  to  a  starting  box.  Every  terminal  on 
the  machine  and  starting  box  is  indicated  in  its  proper 
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location,  l)ut,  as  in  tlie  scries  motor,  these  connections 
can  be  shown  in  a  diagram,  as  in  Fig.  6.  The  starting 
box  for  the  shnnt  motor,  however,  has  three  terminals  on 
it,  the  object  being  to  connect  the  field  across  the  line  at 
the  instant  of  starting.  This  will  be  made  clear  by  re- 
ferring to  Fig.  5. 


line  voltage  across  the  field  terminals  at  starting.  This 
produces  a  maximum  field  strength,  which  develops  a 
maximum  starting  torque  for  a  given  current  in  the  arm- 
ature. By  tracing  out  the  armature  current  with  the 
starting-box  arm  on  the  first  contact,  it  will  be  seen  that 
all  the  resistance  is  in  series  with  the  armature  and  the 
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When  the  arm  on  the  starting  box  is  moved  to  the  first 
contact  of  the  starting  resistance  the  field  current 
will  flow  as  indicated  by  the  arrowheads;  that  is, 
direct  from  the  line  through  the  no-voltage  release  coil 
on  the  starting  box  to  the  field  terminal  F  on  the  motor, 
and  through  the  field  back  to  the  line,  thus  applying  fvill- 


current  flows  as  indicated  by  the  arrowheads.  As  the 
arm  is  moved  over  toward  the  no-voltage  release  coil,  the 
resistance  is  cut  out  of  the  armature  circuit  and  cut  in 
the  field.  The  starting  resistance  in  series  with  the  field 
has  little  effect,  for  the  resistance  of  the  field  is  so  high 
compared  with  the  starting  resistance,  that  it  is  almost 
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nogli^'ililo.  This  addilional  ti-iiuiuiil  /■'  on  tlic  slaitiii;; 
box  (somt'tinii'M  inarkfd  "Ficlil")  (I(m's  not  j,'n'atly  iii- 
oronso  tlic  ((implications  of  iUo  (•oimt'ctidiis,  altli(»n;;li 
inon*  caic  .slumld  Ih>  taken  in  making  tlic  ('<>nn(>('ti(ins 
than  in  the  scries  niottir. 

In  the  series  niolor  tlic  aiinatiii'c  connections  on  the 
stjirtinfj  I'ox  coidd  he  connected  to  any  leiniinal  on  the 
motor  and  be  connected  ri^^ht ;  hut  not  so  for  the  shniit 
machine,  tlie  arnnitnre  terminal  on  the  startinjj  lin\ 
must  connect  to  one  of  the  armature  terminals  on  tiic 
motor,  and  llie  terminal  on  the  start inj^  i)ox  marked  /'' 
(or  Field)  must  always  he  connected  only  to  ont;  of  the 
tiold  terminals  of  the  motor,  as  indicated  in  I''ifi;s.  ")  ami 
(>,  the  remaining  armature  and  (iehl  terminals  heinj^  con- 
nected t(),irether  and  directly  la  the  line  switch.  Care 
sho\dd  he  taken  to  have  the  motor  ((Hinectcd  j)ro|ierly  hi;- 
forc  attemptinfi  to  start  it,  us  serious  results  may  occur 
from  wron^  (loniiections.  For  instance,  if  the  connec- 
tions were  made  as  in  l''i<^.  7,  the  Held  terminal  /''  on  I  lie 
startinjr  hox  heinjj  coniu'cted  to  the  armature  terminal  .1 
on  the  nu>t()r  and  the  armature  terminal  .1  on  tin;  startcu- 
to  the  field  terminal  7''  on  the  motor.  If  the  motor  is 
started  under  these  conditions,  tlie  iio-voltago  coil  on  the 
start inij  hox  will  become  very  hot,  and  if  left  in  circuit 
loiifj  enouijh,  it  would  he  burned  out.  Tf  the  motor  was 
starting'  under  load,  the  i)r()l)abilities  are  that  the  coil 
would  be  burned  out  almost  instantly. 

Another  mistake  is  that  shown  in  Fig.  S ;  that  is,  the 
field  terminal  on  the  starting  bo.x  is  connected  to  the 
armature  and  field  on  the  motor  and  the  field  connection 
on  the  motor  to  the  line  switch.  By  tracing  out  the  cur- 
rent it  will  be  seen  that  the  fields  are  across  the  line,  but 
both  armature  terminals  are  connected  to  the  starting 
box.  This  will  give  full  voltage  across  the  field,  hut 
zero  voltage  across  the  armature,  and  the  motor  will  not 
start;  although,  if  the  arm  of  the  starting  box  is  thrown 
over  against  the  no- voltage  release  coil,  it  will  be  held 
there.  No  serious  results  would  occur  from  this  con- 
nection. Siich  mistakes  are  not  likely  on  the  large  mo- 
tors, as  the  field  terminals  on  the  starting  box  and  motor 
are  too  small  to  receive  the  large  wires  of  the  armature 
and  line. 

One  of  the  most  common  errors  in  connecting  \\\)  a 
motor  is  that  showni  in  Fig.  9.  The  armature  terminal 
on  the  starting  box  is  connected  to  one  of  the  armature 
and  field  terminals  on  the  motor  and  the  remaining  arm- 
ature terminal  of  the  motor  is  connected  direct  to  the 
line.  A  shunt  motor  thus  connected  will  start  with  a 
good  torque  at  the  instiint  of  starting;  that  is,  when  the 
arm  of  the  starting  l)ox  is  moved  upon  the  first  contact 
the  current  can  flow  from  the  pasitive  side  of  the  line 
through  the  field  and  the  armature  and  back  to  the  op- 
posite side  of  the  line  and  give  full  field  strength.  The 
armature  current  also  flows  in  the  direction  indicated, 
and  as  far  as  the  starting  tor([ue  is  ccmcerned,  it  will  be 
about  the  same  as  that  when  the  nu)tor  is  connected  prop- 
erly. As  soon  as  the  armature  begins  to  turn,  it  gener- 
ates a  coimter  electromotive  force.  Since  the  field  is  in 
series  with  the  armature  the  counter  electromotive  force 
will  decrease  the  effective  voltage  across  the  field  and.  as 
the  starting  resistance  is  cut  out,  and  the  motor  speeds 
up,  the  field  hecomes  weaker  and  the  motor  races.  If 
the  motor  is  started  under  load  there  is  danger  of  the 
starting  resistance  being  burned  out,  for  instead  of  the 
starting  current  becoming  less  as  the  motor  comes  up  to 


speed,  it  becomes  great^-r,  and  by  the  time  two  or  three 
points  of  the  resistance  are  cut  out,  tin;  starting  box  \h 
\('ry  hot  or  the  fuse  has  blown. 

After  the  motor  has  been  coiiiiccUmI,  it  is  advisable  to 
mak<!  a  test  to  see  that  there  have  been  no  mistakcH  in 
making  the  connections.  'I'his  can  be  done  as  folloWH: 
After  everything  is  in  readiness  to  start,  disconnect  the 
armature  connection  on  the  starting  box  as  in  Fig.  10, 
then  close  the  switch  and  liririg  the  starting-box  arm  on 
the  first  point.  If  the  motor  is  connectiMl  pro|)erly,  as  in 
l''ig.  in,  the  (icid  circuit  will  be  com|)lete  and  will  b(! 
indicated  liy  a  spaik  if  the  starting-box  arm  is  alloW(!d 
lo  drop  back  to  ihc  oil'  pusitinn  or  ijie  switch  is  opened, 
('ai'c  should  be  taken  not  to  open  llu;  circuit  too  quickly. 
as  lliis  iiHhiccs  a  \ciy  high  voltage  in  flu;  ficdd.  If  tii'- 
arm  (ju  llie  starling  iiov  is  brought  over  against  the  no- 
voltage  release  (oil.  it  will  be  held  in  this  position  until 
tlu!  switch  is  open  or  the  arm  forced  awav  from  the 
coil. 

With  any  other  combination  of  conn(!('tions,  the  field 
will  be  o])en-circuited  if  the  armature  connection  on  Hi- 
starting  box  is  ojx'n,  as  in  Fig.  1 1,  which  is  the  same  con 
nection  as  in  Fig.  !).  This  will  be  indicated  by  the  ab- 
sence of  a  spark,  as  when  the  starter  arm  is  pulled  back 
from  the  first  starting  contact  to  the  off  ]wsition,  al- 
though the  ojK'U  circuit  in  the  field  may  be  tested  for  in 
the  same  way  if  the  motor  is  connected  up  ])ro])erly. 

Connecting  up  a  shunt  motor  from  a  diagram,  as  in 
Fig.  6,  involves  no  particular  direction  of  rotation,  but, 
as  in  the  scries  machine,  after  the  motor  has  been  con- 
nected correctly,  and  is  found  to  operate  properly,  the 
direction  of  i-otation  may  be  reversed  by  interchanging 
either  the  armature  or  the  field  connections,  as  in  Fi^s. 
13  and  13,  respectively.  Fig.  12  shows  the  armature 
connections  interchanged;  Fig.  K5.  the  field  connections 
interchanged.  The  connections  in  Figs.  12  and  13  will 
cause  the  armature  to  turn  in  the  opposite  direction  to 
that  shown  in  Fig.  (i.  It  will  be  seen  that  although  the 
current  has  a  ditl'erent  direction  in  the  field  and  arma- 
ture in  Figs.  12  and  13,  the  motor  is  connected  the  same 
as  in  Fig.  6,  and  this  is  the  oidy  ])()ssil)le  connection  that 
can  be  nuide  and  have  the  motor  operate  proj)erly. 

A  mistake  that  is  often  made  in  attemi)ting  to  in- 
terchange the  ai-niature  connections  to  reverse  the  direc- 
tion of  rotation  is  to  interchange  the  armature  connec- 
tion with  that  of  the  line,  which  is  the  same  as  that  in 
Fig.  9,  and  will,  therefore,  produce  the  same  results  as 
explained  for  that  connection.  Care  .should  be  taken  al- 
ways to  remove  the  jum])er  between  the  field  and  arma- 
ture connections  and  to  connect  it  to  the  opposite  arma- 
ture connection  with  the  line  wire.  This  mistake  is  of- 
ten made  on  machines  which  have  their  leads  connected 
to  three  terminals,  as  in  Fig.  14.  Under  these  conditions, 
the  easiest  way  to  reverse  the  machine  is  to  interchange 
the  armature  leads  at  the  brushes  although  either  the 
armature  or  the  field  leads  may  be  interchanged  at  the 
terminals  inside  the  field  frame. 


The  Goal  of  Boiler  DeHieners  is  to  obtain  the  largest  num- 
ber of  p  >un(Js  of  steam  to  each  poun(J  of  metal  in  the  boiler. 
The  various  studies  and  experiments  have  clearly  indicated 
the  advantage  of  the  use  of  a  longer  flameway  between  the 
fuel  bed  and  the  end  of  the  tubes,  giving  an  opportunity  for 
completing  the  gas  reaction  before  the  products  of  combus- 
tion   enter    the    flues. — "Railway    .Age    Gazette." 
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A'ow  is  llie  harvest  time  i'ur  the  annual  crop  of  college 
graduates.  Among  them  arc  thousands  who  have  acquired 
engineering  degrees.  To  those  of  the  latter  who  have 
had  a  ])articular  interest  in  and  have  specially  studied 
the  various  branches  of  science  pertaining  to  power  gen- 
eration, these  remarks  and  our  cartoon  this  week  are  ad- 
dressed. 

Throughout  the  four  or  more  3'ears  of  your  school  and 
college  preparation  you  have  had  a  more  or  less  distinct 
goal  in  view.  From  time  to  time  since  your  childhood 
\ou  may  have  changed  your  ideas  as  to  what  you  intended 
to  be,  but  now  you  have  probal)ly  made  a  definite  choice. 
And  with  this  has  come  the  roseate  vision  of  your  fu- 
ture. 

Like  the  youth  in  the  sketch,  you  may  have  imagined 
yourself  the  designer  or  the  operator  of  a  big  plant,  or 
may  have  dreamed  of  some  other  equally  worthy  accom- 
plishment. To  you  whose  eyes  have  been  fixed  on  the  top 
is  coming  a  painful  awakening  when  you  realize  that 
there  are  other  rungs  in  the  ladder,  particularly  at  the 
bottom  and  that  there  is  no  royal  road  or  aeroplane  path 
to  the  top.  You  must  climl)  every  inch  of  the  way,  unless 
you  have  a  "pull"  that  enables  you  to  skip  some  of  the 
lower  rungs  (and  then  you  are  more  to  be  pitied  than  con- 
gratulated). That  parenthetical  statement  is  made  advis- 
edly; what  you  miss  by  not  passing  througli  the  funda- 
mental stages  can  never  be  made  up  to  you  in  later  ex- 
perience. 

Assume  then  that  you  are  obliged  to  begin  at  "the  foot 
of  the  ladder,"  and  have  taken  a  "job"  in  a  power  plant. 
One  of  the  first  duties  assigned  to  you  may  be  such  as 
that  being  given  to  the  chap  in  the  picture:  "Go  polish 
the  hand  rails  on  number  three."  This  seems  much  be- 
neath you.  You  cannot  quite  reconcile  it  with  your 
dreams  and  you  may,  and  justly,  inquire  of  yourself:  "Is 
it  for  this  I  have  taken  a  college  course?" 

Yes,  and  no!  You  did  not  iieed  thermodynamics  to 
kno^  how  to  polish  hand  rails  nor  higher  algebra  to  oil 
an  engine,  but  because  of  your  mental  training  those 
/nenial  tasks  will,  or  should,  take  on  a  greater  signifi- 
cance. You  understand  better  than  the  untrained  helper 
that  neatness  in  the  a]ipearance  of  an  engine  room  is  only 
an  index  of  a  corresponding  orderliness  in  every  other  de- 
tail that  makes  for  efficient  ])()wer-plant  o])eration. 

You  see  beyond  the  oil  holes  and  grease  cups  and  have 
some  conception  of  the  relation  between  lubrication  and 
the  reduction  of  friction.  You  already  know  that  the  ob- 
ject of  a  cool  bearing  is  not  a  matter  of  temperature  but 
of  preserving  the  rubl)ing  surfaces  in  best  condition, 
so  that  the  heat  units  in  the  fuel,  so  expensively  turned 
into  force,  are  not  needlessly  wasted  in  friction  work. 

If  you  will  but  sense  it,  this  period  when  you  are  en- 
gaged in  the  simplest  of  plant  labor  is  one  of  rare  op- 
portunity to  be  observing  and  thinking  over  what  you 
see.     There  is  plenty  of  time  for  taking  notes   (mental. 


if  not  written),  as  to  conditions  as  you  find  them,  why 
they  are  as  they  are,  how  they  might  be  im])roved. 

Do  not  make  the  mistake  of  thinking  that  others  have 
already  worked  out  all  the  probhtms  that  there  arc  to 
solve.  History  proves  the  contrary.  Ten  years  ago  the 
advances  that  have  been  made  in  that  time  were  unbeliev- 
able. A  decade  before  that  steam  engineering  seemed 
to  those  then  engaged  in  it  as  near  the  ultimate  as  it  did 
at  the  end  of  that  ten  years  or  docs  now.  No,  there  is 
very  much  yet  to  be  done  and,  as  experience  has  shown, 
every  time  perfection  is  in  sight  some  revolutionary  im- 
provement renders  all  ])revious  practice  obsolete. 

Further,  it  has  been  demonstrated  that  those  whose  dis- 
coveries and  inventions  liave  amounted  to  the  most  were 
those  who  did  not  despise  the  little  things.  The  slow  pro- 
cess of  working  up  through  the  lower  grades  made  them 
mindful  of  the  importance  of  details,  for  every  big  thing 
is  only  the  comljination  or  result  of  a  host  of  details. 

So  we  would  say  to  those  just  1)eginning,  count  noth- 
ing as  too  humble  for  your  best  endcsavors.  Be  ready  and 
willing  to  perform  the  most  menial  service  required  of 
you.  If  in  no  other  way,  it  will  be  invaluable  in  char- 
acter building  such  as  will  make  ])ossible  of  realization 
those  dreams  you  dreamed  under  your  study  light. 

Commencement,  as  the  name  for  the  exercises  mark- 
ing the  completion  of  a  college  course,  is  no  misnomer. 
Of  a  truth  it  was  most  wisely  chosen  if  it  lielps  to  impress 
on  the  proud  recipient  of  the  diploma  that  passing  his 
examinations  was  as  nothing  to  what  he  must  do  before 
the  Avorld  coiifcrs   anv   honors. 
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Ever  since  the  days  of  Kemkom  there  have  been  at- 
tempts, sincere  and  otherwise,  to  increase  the  heating 
value  of  fuel  by  a  chemical  admixture.  Xot  so  long  ago 
engineers  will  remember  tiiat  common  salt  or  oxalic 
acid,  disguised  with  coloring  matter,  was  exploited  to  be 
mixed  Avith  ashes  to  be  again  used  for  fuel.  The  claims 
made  were  so  extravagant  as  to  bo  absurd,  but,  neverthe- 
less, it  had  considerable  publicity  and  sale.  The  latest 
announcement  of  an  outbreak  of  this  desire  to  get  some- 
thing for  nothing  appeared  in  the  New  Yorh  Herald 
under  date  of  Apr.  29,  in  part  as  follows: 

A  demonstration  of  a  chemical  composition  recently  per- 
fected by  a  group  of  Canadian  ohomi.sts  was  made  yesterday 
in  the  boiler  rooms  of  the  Grand  Central  terminal.  Official.s 
of  the  New  Yorlc  Central  R.R.  were  the  spectators.  The  new 
chemical,  a  soliil)le  crystal  of  secret  composition,  is  poured 
over  the  coal,  and,  according  to  its  discoverers.  It  increases 
the  natural  one  part  carbon  and  one  part  oxysren  of  the  coal 
to  one  part  carbon  and  two  parts  oxyfren.  the  perfect  state 
of  combustion.  The  increased  heat,  it  is  declared,  burns  that 
portion  of  the  coal  which  ordinarily  is  lost  in  the  ashes. 

From  10  to  20  per  cent,  of  the  coal  used  in  boiler  rooms 
and  factories  and  50  per  cent,  of  that  used  in  households  can 
be   saved    by    means   of   the   composition,    the    originators   say. 

A  sample  was  procured  by  us  for  analysis  (as  in  many 
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similar  nisfs)   in  (iidcr  to  Icani  tlic  tnilli.     'Tin'  fnllowin),' 
i«  till'  rt'inui  (if  tlif  t'lii'iiiisl  : 

Niitiii'i'  of  Miitci'lal — roiiiix'Hi'il  <if  ('i>l(ii'l<'HH  ciyMtiilH  and  a 
lilni-U  powiliT.  tht>  rcHultliiK  color  bi>lnK  very  diiik  Kiny.  All 
l.H  tiolul>l(<  In   waliT  I'Xfopl   tlii'   lilack   i>owiliT. 

Lows   on   ili>  InK   at    106   dt-K.    C ti .  7 

In.Mohilili'    niatiKancHi'    dioxide    (MliDs)     (Idack    oxldu    of 

nmiiKiinim- )    2.2 

rotasHhiin  chloiali-   (KClDj)    (i-hlorntc  of  potnah) 64.4 

ITndfl.Tinlnrd  and  Iobb,  nialnl.v  Hodlum  chloride  (NaCl) 

(I'oninion    «alt ) ^ 32.7 

It  Ih  tlu'  opinion  of  thl.s  laboratory  that  llilH  nialerlal  can 
liave  no  praotleal  valnr  In  Bavln^  fuel.  Tlu'  potaMHhini 
chlorate  will,  on  heatinKr.  liberate  oxygen  and  promote  coni- 
liu.Mtlon.  The  ninouiit  llberati-d.  however,  would  not  !»■  eiioii«li 
to  have  any  practical  effect  In  saving  the  fuel  when  burned 
on  a  coninierclal  scale.  A  pound  of  this  substance  would  yield 
about  as  much  oxypien  as  would  br  contained  In  from  IB  to 
L'O  cu.ft.  of  air.  and  as  air  costs  nolhlnn.  H  Is  much  mori' 
logical  to  use  the  oxyKen  In  the  air  for  combustion  than  to 
use  that   from  the  powder. 

In  view  of  tlu'  I'oivgoing,  it  is  no  siirpri.st;  to  li'iirn  thai 
llu'  irsulls  of  two  tests  l)_v  the  New  York  Central  faih'(l 
to  verify  tlie  claims  of  the  ])romolers.  The  ahsiirdity  of 
the  whole  thing  is  so  apparent  tliat  further  coniiiu'iil 
seems  superlhious. 

Eiraco^B'Si^einiaeirat  foir'  ^Bi^ie  ©al 

Tile  greatest  hamlicap  lo  the  m'lieral  a(lo])tion  of  the 
oil  engine  in  this  eoiintry  has  not  been  its  comparatively 
high  lirst  cost  nor  its  mechanical  (lillieiilties,  l)ut  the 
continually  increasing  price  of  fuel  oil.  Therefore,  it  is 
gratifying  that  the  recent  action  of  one  of  the  great  oil- 
retining  interests  may  result  in  reducing  the  price  of  that 
commodity  to  a  point  where  the  high  elTicicncy  of  the  oil 
engine  may  be  realized  to  advantage. 

This  possibility  has  been  brought  about  l)y  the  decision 
not  to  purchase  crude  oil  l)elow  eighteen  degrees  Baume 
(0.948  specific  gravity)  for  refining  purposes.  California 
and  ^lexico  produce  large  quantities  of  crude  oil  of 
asjihaltuni  base,  higli  in  sulphur  but  containing  little 
gasoline  or  the  lighter  distillates,  that  evidently  is  con- 
sidered as  offering  insufficient  pecuniary  reward  for  dis- 
tillation. In  California  alone,  about  seven  hundred  thou- 
sand barrels  of  such  oil  is  produced  each  month.  Engines 
have  already  been  developed  to  utilize  these  oils  and  fur- 
ther develojunent  seems  assured. 

(i ratifying  though  this  announcement  may  be  for  the 
oil  engine,  there  remains  a  fact  tliat  may  retard  its  gen- 
eral adoption;  a  fact  that  makes  it  difficult  to  reconcile 
the  abandonment  of  refining  heavy  crude  oils.  Crude  oils 
rich  in  gasoline  and  light  distillates  make  an  excellent 
fuel  oil  after  the  gasoline  and  light  distillates  have  been 
removed,  and  if  the  profit  in  refining  lies  in  the  amount 
of  gasoline  that  can  be  extracted,  it  would  seem  that  the 
residue  could  be  marketed  at  a  correspondingly  low  price 
for  use  in  oil  engines.  Instead  of  this,  the  price  of  the 
"fuel  oil"  residue  has  mounted  as  steadily  and  as  rapidly 
as  has  the  price  of  gasoline,  the  explanation  being  that 
the  residue  was  too  valuable  to  sell  as  such  and  that  fur- 
ther distilling  was  a  pecuniary  necessity,  the  profit  from 
the  heavier  byproducts  being  such  as  to  fix  the  price  of 
the  fuel  oil. 

Logicallv,  this  should  place  a  comparatively  high  value 
on  the  hea^^'  asphaltum-base  oils  which  it  is  claimed  it 
will  not  pay  to  refine.  The  heavier  byproducts  could  be 
easily  distilled  and  the  asphalt  should  find  a  ready  mar- 
ket.    It  would  appear,  then,  that  the  oil  engine  has  been 


clisciiminated  iigainsl  ever  Hiiice  ilH  advent,  and  that  even 
now.  ulicn  it  would  Hceni  alxiiit  to  receive  fairi-r  treat- 
iiiiiit,  ihe  icHpite  may  be  but  temjiorary.  'J'he  vnliie  of 
Ihc  heavy  diKtillatcH  of  pelroleiiin  may  Huddenly  incream; 
in  value — an  increase  that  may  occur  williout  any  ap- 
parent increase  in  demand  or  in  curtailment  of  Kiip|ily- 
Some  ef|uilal)le  and  binding  agreement  between  the  re- 
finery and  Ihe  oil  engine  is  demanded  i)y  llic  economic 
sitiiat  imi  of  Ihe  day. 

Tile  first  letter  on  the  ()|)posite  |)age  refers  to  a  Orcen- 
Corliss  engine  which  was  erected  in  a  certain  city  twenty- 
.■^even  years  ago,  and  had  never  been  indicated  until  last 
Man  ii,  when  the  diagrams  shown  were  taken.  The  engi- 
neer made  all  his  valve  adjustments  entirely  by  Bound. 

This  engineer  says  he  is  a  busy  man  and  does  not  have 
lime  (o  read  engineering  ])apers  or  books.  IIow  success- 
fully he  has  ai)plied  his  native  skill  is  evident  and  credi- 
table, but  it  is  api)arent  that  the  performance  of  the  en- 
gine could  be  improved  and  less  steam  used. 

As  a  man's  handiwork  reflects  his  predominant  charac- 
teristics, let  us  consider  these  as  characteristic  "in- 
dicator diagrams"  of  the  engineer  as  well  as  his  engine. 
Lead  or  admission  into  an  engineering  .society  or  associa- 
tion should  have  been  earlier;  more  lead  would  improve 
both  the  head  (think)  and  the  crank  (work)  end.  This 
is  most  noticeable  at  the  head  end,  as  a  higher  steam  line 
or  achievement  nearer  to  that  possible  (boiler  pressure) 
should  have  been  attained.  The  steam  or  energy  line  does 
not  hold  up  well,  and  is  carried  further  before  cutting 
off  than  would  have  been  necessary  had  not  the  pres- 
sure been  wire-drawn  or  throttled. 

The  point  of  cutoff  is  not  sharp  and  well  defined;  the 
dashpot  (or  da.sli)  seems  faulty;  the  expansion  line  is 
not  as  good  as  it  should  be.  The  exhaust  would  be  more 
free  and  the  back  pressure  or  resistance  be  less  if  adju.st- 
ments  were  made.  With  a  little  more  .steam  (knowledge) 
compressed  at  tlie  head  end,  the  cushion  would  be  better 
and  the  machine  would  operate  more  smoothly  with  fewer 
shocks.  All  these  adjustments  could  l)e  easily  accom- 
pli.shed  by  a  little  reading  and  mixing  in  the  association. 
Lead  could  be  acquired  with  high  achievement,  and  good 
expansion  by  such  improved  head  work. 

The  crank  or  work  end  is  better  developed,  and  is 
more  consistent,  although  improvement  at  the  head  would 
also  influence  the  crank.  Then  the  performance  of  this 
human  machine  would  be  excellent. 
'*] 
Suppose  that  you  are  dissatisfied  with  Power.  Sup- 
])ose  your  butcher,  your  baker  and  the  candlestick  maker 
do  not  meet  with  your  approval.  In  the  latter  supposi- 
tion you  take  quick  action ;  you  tell  them  so.  Power 
can  only  take  the  standpoint  that  you  are  satisfied  with 
it,  when  you  say  nothing.  This  is  your  paper  as  well 
as  ours.  Let  us  have  your  frank  criticism ;  in  return  we 
will  publish  the  paper  that  j/ou  want. 

In  all  probability  there  would  be  less  discontent  by 
power-plant  employees  if  the  management  would  take 
them  into  its  confidence  as  to  the  cost  of  upkeep,  de- 
preciation and  general  running  expenses.  A  general  un- 
derstanding that  all  is  not  profit  outside  the  fuel  and 
labor  charges  should  have  a  wider  dissemination. 
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Con.si(k'riii<;-  all  the  circumstances,  the  indicator  dia- 
gram herewith  is  somewhat  remarkable.  It  was  taken 
from  a  Green-Corliss  engine,  27  years  old,  wliich  had 
never  been  indicated  before.  The  same  man  who  set  the 
engine  up  is  now  running  it.  He  never  saw  an  indicator 
from  that  time  until  one  was  applied  recently  to  take  this 
diagram.  In  the  meantime,  he  has  set  his  valves  entire- 
ly by  sound,  and  in  the  light  of  that  fact  the  diagrams 
from  the  two  ends  are  well  balanced  and  the  events  not  at 
all  badly  timed. 

The  engine  has  a  single  cylinder,   16  in.  in  diameter. 


Diagrams  fkoim  Kngixk  with   N'alve.s  Skt  by  Soixd 

by  36-in.  stroke  and  runs  at  70  r.p.m.,  using  steam  at 
105-lb.  boiler  pressure  and  exhausting  to  the  atmos- 
phere. The  scale  of  the  spring  used  in  the  indicator  was 
60  lb.  The  diagrams  integrated  show  a  total  of  2-17.96 
lip.,  the  head  end  giving  130.12  hp.  and  the  crank  end 
117.84  hp.,  so  that  neither  is  far  from  the  average  of 
123.98  hp. 

H.  L.   Smith. 
Xew  York  City. 


Mr.  Hawkins'  letter  in  the  issue  of  April  28,  page  604, 
recalls  my  experience  with  such  gaskets. 

The  plant  had  three  O'Brien  safety  water-tube  boilers 
of  535  hp.  each.  Lead  gaskets,  similar  to  the  ones  de- 
scribed by  Mr.  Hawkins,  were  made  and  used  for  several 
years  with  good  results  except  that  many  of  them  would 
leak  every  time  a  boiler  was  allowed  to  cool  down.  How- 
ever, most  of  the  leaks  would  take  up  when  the  boiler 
was  steamed  up  again,  and  the  ones  that  failed  were 
stopped  by  tightening  up. 

Talcing  the  cost,  etc.,  into  consideration,  they  were 
satisfactory  until  we  began  using  boiler  graphite ;  then 
our  troubles  started.  One  man  was  kept  busy  stopping 
leaks,  and  frequently  a  boiler  would  have  to  be  cut  out 
when  they  could  not  be  stopped. 

On  close  inspection  I  found  that  some  kind  of  chem- 
ical action  was  decomposing  the  lead  in  places. 

The  only  cause  to  which  I  could  lay  this  troul)]e  was 
the  graphite,  and  as  excellent  results  were  obtained  from 


its  use  in  the  boilers,  the  lead  was  discontinued  and  joint- 
less  asbestos  gaskets  were  found  satisfaetory. 

These  gaskets  will  last  almost  indefinitely  when  they 
are  not  disturbed,  and  they  can  be  taken  out  and  ])ut 
back  from  10  to  15  times,  if  given  a  liberal  coating  of 
flake  graphite.  Tt  was  necessary  to  use  a  new  lead 
gasket  c\ery  time  a  plate  was  removed,  and  to  renew  them 
every  three  or  four  months  whether  the  plates  were  re- 
nu)ved  for  other  purposes  or  not. 

W.    .v.    -loiINSTOX. 

Pine  Bin  If.  Ark. 


l?obert  Thurston  was  the  man  who  atfinned  that  the 
frictional  horsepower  of  a  steam  engine  is  practically  con- 
stant at  all  loads.  It  is  so  considered  in  most  textbooks, 
but  it  does  not  appear  to  be  as  generally  known  in  rela- 
tion to  gas  or  gasoline  engines,  altliough  the  writer  can 
see  no  reason  why  one  should  judge  otherwise,  provided 
the  running  conditions  are  right. 

After  comparing  various  test  rej)orts  the  rule  is  shown 
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to  hold  as  well  for  int'^rnal-conibustion  engines.  Papers 
by  C.  II.  Boberston,  in  the  Transactions  of  the  A.  S.  ^I. 
E.,  Vol.  21,  page  396,  and  Vol.  22,  page  612,  show  this  to 
be  true  for  a  125-hp.  gas  engine. 

The  points  on  the  diagram  herewith  are  j)lotted  from 
Bulletin  191  of  the  United  States  Dej)artment  of  Agri- 
culture.    Gasoline  and  alcohol  were  burned  in  the  same 
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onpiiu',  and  a  comparison  of  results  sliouhl  ihorcfort-  l)e 
interi'sting.  With  giiKoliiio,  tlic  avorago  energy  consmiieil 
by  frittiou  was  J.;J17  h|>.,  wlioroas  with  alcohol  l.SOf)  li|>. 
was  oonsmned. 

One  test  with  gasoline  gives  a  Irietional  iiorsepower  «>!' 
tlirco,  which  is  so  ohviowsly  wrong  that  it  was  not  con- 
sidered bv  the  writer  in  averaging  Uic  power  absori)(il  by 
tlic  engine  through  Triotion.  It  is  marked  by  a  double 
circle. 

One  can,  tliorefore,  rightfully  conclude  that  witii  nor- 
mal speed,  lubrication  imd  water  circulation,  the  friction 
horsepower  of  any  internal-combustion  engine  should  be 
fairly   constant   regardless  of    fuel   and   load. 

AV.   F.  SciiAriioiisr. 

N(>w    York   ('il\. 

A  Ceiratlriftuigall  ElRTectt 

In  one  form  of  single-pbase  induction  motor,  a  centrif- 
ugal device  opens  a  switcli  that  normally  is  used  to  close 
on  auxiliary  winding  which  enables  the  motor  to  start 
thrcc-i>base  from  a  sp!it-i)hase  starter.  Tn  another  form 
of  indiiction  motor,  centrifugal  effect  is  utilized  for  mov- 
in<^  a  ring  that  short-circuits  the  commutator  bars  at  a 
certain  speed  above  which  the  machine  operates  as  a 
squirrel-cage  induction  motor.  It  is 
rarely,  however,  that  centrifugal  force  is 
accidentally  ai)i)lied  to  make  operative  a 
motor  that  otherwise  Avould  not  be. 

A  20-hp.,  .500-volt,  bipolar  motor  was 
belted  to  a  small  com}>ressor  that  stored  a 
tank  used  for  charging  air-brake  reser- 
voirs on  electric  cars.  At  starting  and 
up  to  about  one-half  speed,  a  vicious  spark 
traveled  around  the  commutator,  indicat- 
ing an  opeu-circuited  winding.  Above 
a  certain  speed,  sparking  ceased.  In- 
vestigation showed  the  condition  indicated 
in  the  accompanying  sketch. 

Each  commutator  ear  had  two  coil  leads 
connected  to  it.  In  the  one  that  was  the  seat  of  trouble,  the 
bottom  conductor  h  had  good  soldered  contact  with  the 
ear;  the  top  conductor  a,  however,  was  suspended  between 
the  bottom  conductor  and  a  solder  cap  still  intact  in  the 
upper  part  of  the  ear  and  without  making  contact  with 
either.  At  all  speeds  below  a  certain  value,  this  condition 
obtained;  but  above  this  speed,  centrifugal  force  threw 
conductor  a  outward  until  it  made  contact  with  the  sol- 
dered cap  in  the  slot;  all  sparking  then  ceased  as  there 
was  no  open  circuit. 

,T.    A.    IIOHTON. 

Schenectady,  X.  Y. 

Feed  Heattflirag  'h)y  O'^e  Steaina 

In  his  excellent  article,  in  the  Apr.  28  issue,  ^Mr. 
Braucher  argues  in  favor  of  live-steam  heating  of  the 
feed  water  on  the  grounds  that  hot  water  takes  up  heat 
more  readily  than  cold.  This  is  undoubtedly  true,  but  it 
is  possible  to  carry  the  explanation  still  further.     • 

The  heat  of  the  fuel  is  transferred  to  the  water  in  the 
boiler  largely  by  conduction  and  convection.  Particles 
of  water  in  contact  with  the  metal  surfaces  are  heated 
by  conduction;  they  then  diffuse  among  the  other  par- 
ticles and  cause  the  whole  to  become  heated  by  convection. 
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The  transfer  of  heat  from  tlur  metal  Hurfaccs  to  tho 
water  depends  largely  upon  the  velocity  with  which  tlio 
water  (lows  over  the  metal;  the  greater  the  number  of 
[•articles  brought  into  contact  witii  tin;  metal  in  a  given 
time,  the  grcatiM*  will  be  the  amount  of  heat  carried  away, 
assuming  a  delinile  dilfi-rence  of  tein|)(;ratur(!  between 
llie  water  side  and  tiie  (ire  side  of  llic  plat(!.  lint  the 
rapidity  of  motion  is  not  tlie  only  consideration;  dilfusion 
or  the  spontam-ous  mingling  of  the  molecules  is  also  a 
factor  even  while  the  water  is  still  and  without  currents. 

Now,  the  ease  with  which  the  moleciibis  of  a  li<|uid  will 
move  over  and  among  the  other  molecules  of  the  same 
liquid  depends  upon  its  viscosity,  which  in  reality  is  a 
measure  of  the  internal  friction  of  the  molecules.  In  a 
material  like;  tar,  the  viscosity  at  ordinary  temperatures 
is  very  high;  that  is,  the  friction  of  the  molecules  is  so 
great  that  the  tar  flows  slu^rgisbly.  On  the  other  hanrl, 
an  oil  like  gasoline  has  a  low  viscosity,  so  that  it  flows 
easily  and  rii))idly. 

A  viscous  liquid,  if  heated,  becomes  less  viscous  and 
flows  more  readily.  This  fact  has  a  ])ractical  application  _ 
in  some  plants  that  use  crude  oil  as  fuel.  At  low  tem-  \ 
peratures  certain  crude  oils  are  so  viscous  that  they  will 
not  flow  through  ]npes  and  can  be  pumped  only  by  the 
expenditure  of  considerable  energy.  To  overcome  this 
drawback,  steam  coils  are  inserted  around  the  suction 
pipe  in  the  oil  tank.  Hie  jieat  of  the  steam  so  lowers 
the  viscosity  of  the  oil  that  it  can  be  jiumped  readily. 

What  is  true  of  tar  is  equally  true  of  water.  The 
viscosity  of  water  at  ordinary  temperatures  is  greater 
than  that  of  ])oiling  water,  which  means  that  the  mole- 
cules of  boiling  water  meet  with  less  resistance  in  moving 
over  one  another  than  do  the  molecules  of  cold  water. 
Here,  then,  is  a  plausible  explanation  of  the  gain  ob- 
tained by  heating  feed  water  with  live  steam.  The  heat 
derived  from  the  steam  increases  the  temperature  of  the 
feed  and  at  the  same  time  lowers  its  viscosity.  The  re- 
sult is  that  the  convection  of  heat  both  by  circulation  and 
])y  diffusion  is  made  more  rapid,  because  the  molecules 
slide  more  easily  over  one  another. 

In  corroboration  of  this  may  be  cited  experiments  on 
the  rate  of  heat  transmission  through  tubes  to  water 
flowing  through  them,  as  in  surface  condensers,  which 
were  carried  out  in  the  laboratory  of  Owens  College 
(Great  Britain).  The  results  of  these  experiments  showed 
definitely  that  the  amount  of  heat  transmitted  in  a  given 
time  per  unit  area  of  heating  surface  was  appreciably  in- 
creased by  heating  the  water.  Some  of  the  values  from 
these  experiments  are  tabulated  hei'ewith.  It  is  interest- 
ing, first  of  all.  that  the  velocity  of  the  water  was  the 

RESULTS  OF  KXPERIMEXTS  ON  HEAT  TRANSMISSION 
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Temperatures,  Deg.  Fahr. 

Cooling  Wat^r 

Surface  Initial  Final 

125.0  99.5  107.3 

108.6  83  0  90.4 

82.8  57.3  64.0 


Mean  Value 
of   Viscosity 
Velocity  of         Density 
Rise  of  Flow  for  Cooling 

Temperature  Ft.  per  Sec.         Water 
7.8  9.7  0  0000071 

7.4  9.7  0  0000086 

6.7  9.7  0.0000116 


same  in  all  three  experiments.  The  ratio  of  the  viscosity! 
to  the  density  of  the  water,  however,  decreased  markedly  I 
as  the  temperature  of  the  metal  surface  was  raised  and  J 
the  water  was  more  highly  heated.  As  the  change  of  j 
density  is  small  with  the  rise  of  temperature,  the  rate  of  | 
decrease  of  viscosity  is  practically  that  indicated  by  these] 
ratios. 

The  range  of  temperature — that  is,  the  difference  be-j 
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iween  the  initial  temperature  of  the  water  and  the  tem- 
perature of  the  metal  surface — is  ])ractically  the  same 
in  the  three  cases.  But  with  the  higher  initial  tempera- 
ture of  the  water,  the  rise  of  temperature  was  7.8  deg. 
as  compared  with  (5.7  deg.  with  tlie  lower  initial  tempera- 
ture. As  the  heat  transmitted  is  proportional  to  the  tem- 
perature produced,  the  increase  in  the  amount  of  heat 
triinsmitted  in  the  first  case  is 

(7.8  —  6.7)  -^-  6.7  =  16  per  cent. 
greater  than  in  the  last  case. 

The  case  of  a  steam  boiler  is  similar,  in  that  the  water 
moving  over  the  plate  or  tube  surfaces  has  its  tempera- 
ture raised  by  the  heat  of  the  hot  gases  on  the  other 
side.  It  is  reasonable  to  assume,  therefore,  that  the  in- 
creased temperature  causes  decreased  viscosity  and  re- 
sults in  a  more  rapid  transmission  of  heat  from  gases 
to  water.  In  other  words,  the  gain  derived  from  heat- 
ing feed  water  with  live  steam  is  due  to  the  water  being 
brought  into  a  condition  in  which  it  will  receive  heat 
more  readily  and  transmit  it  more  easily  and  quickly 
to  the  water  in  other  parts  of  the  boiler. 

11.  T.  Stuohm. 

ycranton,  Penn. 
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Eecently  the  writer  had  to  unload  a  300-kw.  rotary 
converter  from  a  coal  car  and  move  it  about  125  ft. 
across  the  power-station  lawn  and  then  up  an  incline  of 
3%  ft.  in  30  ft.  into  the  engine  room.  This  converter 
was  shipped  in  two  pieces,  crated  on  skids,  the  frame, 
base  and  polepiece  or  field  coils  being  in  one  crate  and 


Showing  Arrangement  of  Tackle 

the  armature  in  another.  The  writer  had  only  four  men 
to  help  him  and  two  screw  jacks  and  three  sets  of  %-in. 
Tope  falls  and  plenty  of  plank  and  blocking.  The  sketch 
"will  explain  how  we  were  al)le  to  do  the  job. 

A  telegraph  pole  .1  is  located  just  beyond  the  door  in- 
to which  I  wished  to  put  the  machine,  and  B  represents 
the  load.  First  we  hitched  the  working  or  stationary 
l>!ock  of  one  set  of  double-rope  falls  to  the  load  B  and 
after  separating  the  blocks  as  far  as  the  hauling  line 
«(nild  permit,  made  the  other  block  fast  to  the  dead  line 
(' .  the  other  end  of  which  was  fastened  to  A.  The  travel- 
ing end  of  another  set  of  double-rope  falls  was  made 
fast  also  at  A,  and  with  a  catspaw  hitch  we  fastened  the 
other  block  to  the  hauling  line  of  set  No.  1.     The  travel- 


ing end  or  block  of  a  third  set  of  double- rope  falls  was 
made  fast  to  the  end  of  the  drag  line  of  set  No.  2,  and 
Hie  other  end  fastened  to  a  rail  of  one  of  the  side  tracks 
leading  into  the  car  barn.  The  rig  M-as  then  ready  to 
test.  The  men  took  up  the  slack  and  the  writer  put  a 
bar  behind  the  armature  and  by  taking  short  nips  could 
help  the  men  on  the  start  and  before  long  we  liad  the 
machine  where  it  had  to  be  turned  to  go  into  the  station. 
It  required  considerable  changing  of  hitches  and  short- 
ening up  on  the  dead  line  and  drag  lines,  but  we  got  the 
armature  where  we  wanted  it. 

After  we  got  the  macliines  turned  and  headed  up  the 
inclined  track  into  the  station  anollier  prolilem  presented 
itself.  That  was  to  hold  the  load  while  we  changed  the 
hitches,  and  after  some  thinking  we  adopted  tiie  follow- 
ing method.  A  hole  was  dug  near  the  machine  and  on 
the  same  slope  as  the  track  into  the  station.  One  short 
plank  was  placed  against  the  opposite  bank  of  the  hole. 
This  was  for  an  abutment  for  the  lever  jack.  Then  ^vith 
a  few  pieces  of  blocking  l)etween  the  load  and  the  jack 
we  could  get  the  strain  on  the  jack  and  hold  the  load 
until  we  could  get  the  falls  rearranged  ready  to  move 
along  another  10  ft.  or  so.  The  writer  cannot  recom- 
mend this  rig  for  speed,  but  where  there  is  but  little 
help  and  no  crane  it  saves  a  lot  of  back  ache  and  sweat  and 
will  enable  a  very  few  men  to  do  the  work  of  four  or 
five  times  their  number. 

W.  p].  Chandler. 

North  Adams,  Mass. 


My  experience  is  that  the  draft  gage  leads  all  the  rest 
of  the  boiler-room  instruments  in  importance,  at  least 
Avhen  burning  liquid  fuel  under  variable  load. 

With  liquid  fuel,  the  steam  pressure  controls  the  oil 
pump,  which  makes  it  possible  (o  reduce  or  increase  the 
volume  of  fire  under  the  boiler  almost  instantly.  There 
is  no  bed  of  hot  coal  to  check  the  admission  of  cold  air 
to  the  hot  shell  in  the  event  of  the  fires  being  suddenly 
reduced.  It  is,  therefore,  of  the  utmost  importance  that 
the  draft  be  kept  under  more  rigid  control  than  in  coal- 
burning  plants. 

Operating  with  damper  regulators  obviates  much  of 
the  loss  occasioned  through  load  fluctuations,  but  it  is 
almost  impossible  to  set  the  damper  regulators  unless 
draft  gages  are  used  in  this  connection.  One  on  each 
boiler  will  save  the  cost  of  the  gage  in  a  short  time.  For 
instance,  in  our  plant  when  both  boilers  were  in  use,  the 
draft  gages  read  the  same,  but  when  only  one  was  on,  the 
gage  on  the  other  registered  0.1  in.  The  dampers  were 
found  to  be  tight.  Finally,  it  was  discovered  that  the 
wall  dividing  the  boilers  was  cracked,  thereby  allowing 
cold  air  to  flow  not  only  through  the  l)oiler  out  of  s(>r- 
vice,  but  also  through  the  one  under  fire.  Any  engineer 
will  appreciate  what  the  loss  might  have  been. 

Whenever  it  is  noticed  that  the  draft  gages  are  vary- 
ing, the  first  procedure  is  not  to  reset  the  clampers  witli- 
out  first  investigating  the  cause  of  the  variations.  A  little 
judicious  "nosing  around"  will  generally  disclose  cracks 
and  air  leaks.  The  application  of  a  little  asbestos  ce- 
ment mixed  with  liquid  silicate  of  soda  to  such  cracks 
will  usually  allow  the  gages  to  read  the  same  without 
any  adjustment  whatever. 

The  writer  adjusts  the  dampers  to  give  a  good  working 
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|)oivi'rilnj;i'  of  I'O^,  for  cvcrv  poKilioii,  iisitijj;  an  OrHiil  for 
ilKHkiiif;.  Itv  iioliiif^  till'  oil  pri'ssurc  at  the  time  llu- 
I'luvkiiij;  irt  doiu',  it  is  caHV  to  ho  hoI  the  (lainpcrs  llial 
tluMV  will  lie  j;i\i'M  ati  aliiiont  imil'orm  <ori(litioii  of  coiii- 
bustion  in  llio  lioilcrs  for  any  f^'ivrn  ratr. 

Tilt'  draft  f^ajjc  is  one  of  llic  chcapi'sl  inHtrmiicnts  to 
install  and  is.  in  llic  \vriti'i''s  opinioM,  tlir  most  iin- 
porlant. 

Wii.i.iAM    l'i.\isri:i). 

Krdon.lo    Hrarll.    ('Mllf. 


S 


Accndeimt  to  a 


VaEve 


Tlio  ('\tr;i(t  fnuii  a  paprr  liy  S.  I'\  Jelcr,  on  "UoiliT 
Ins])C(tii>iis,"  (III  pa.uc  (ill'.  Mnv  ">,  lucntions  tlic  hlowoll' 
valvi"  as  a  ri'iiiU'iil  souirr  dl'  (laii,i;i'r,  iiarlicularly  when 
placi'd  ill  a  ( Idsi'iy  conliiicd  spaic.  Tliis  n-calls  an  cx- 
jK-rii'iicf  of  iiiiiic  sonic  years  ajfo. 

The  hoiler  (of  wliirli  I  had  just  taken  eharfje)  had  a 
brass  stop-rock  on  the  hhiwulV  pipe — one  of  tlioso  with 
tlic  ]>Uig  east  hollow  to  save  l)ra>s.  Between  it  and  the 
boiler  was  an  ashestos-paeked  cock. 

The  o]ieratinj;  spaee,  about  3x3  ft.,  was  inclosed  on 
tliree  sides,  and  on  the  fourth,  the  means  of  exit  was 
either  over  or  nnder  the  blow-ofT  pipe.  Using  kerosene 
brought  the  scale  down  very  fast,  so  that  when  the  blow- 
off  was  opened,  only  a  little  steam  and  water  issued  from 
the  pijio.  I  closed  the  cock,  to  work  ou  it  later  when  I 
had  more  time. 

Soon  after  the  cock  was  closed,  there  was  a  rattling 
sonnd  in  the  pipe,  followed  by  a  loud  report,  and  the 
brass  plug  was  smashed.  Fortunately,  I  had  placed  a 
wrench  in  position  on  the  asbestos-packed  cock  and  waa 
able  to  close  it. 

An  examination  of  the  brass  cock  showed  that  the 
hollow  plug  had  been  crushed  in  as  if  struck  with  a 
hammer.  My  theory  is  that  closing  the  brass  cock  caused 
a  vacuum  in  the  pipe,  aiding  the  steam  pressure  to  force 
the  obstruction  and  causing  water-hammer. 

Basil  Coppixg. 

Kankakee.  111. 

:*' 
Ssifetbs^  D©vlc©    Co^ad    MoU    Inlolldl 

The  writer  was  called  to  look  over  an  elevator,  the 
safety  catches  of  which  had  failed  to  work  on  the  pre- 
vious day.  It  was  condemned  by  the  inspector,  ordered 
overhauled  and  put  in  safe  working  oi'der. 

The  car  was  lowered  to  the  basement,  a  30-in.  prop 
placed  under  the  platform  in  a  vertical  position,  and  the 
cable  slackened  enough  to  allow  about  1-ft.  drop.  The 
stick  was  then  knocked  out  from  under  the  platform,  and 
the  car  dropped  about  1  in.  It  hung  suspended  by  the 
safety  catches  with  the  cable  slack.  The  trial  was  re- 
2:)eated  with  the  same  resiilt. 

"We  were  told  a  stick  18  in.  long  had  been  used  by  the 
inspector  so  the  test  was  repeated  with  a  prop  that  long, 
hut  the  catches  failed  as  on  the  previous  day.  What  was 
wrong?  The  car  was  run  up  and  the  guide  rail  examined. 
It  was  found  that  smooth  rails  had  been  used  on  each 
side  at  the  bottom  up  to  a  point  just  above  the  beam  of 
the  car.  "^Miile  the  car  was  in  the  basement  the  rails 
could  not  be  seen.  The  smooth  rails  were  taken  off,  and 
toothed  rails  put  on.  These  old  rails  had  been  in  use  for 
manv  years,  and  had  not  been  noticed  until  the  inspector. 


for  lack  of  .-  longiT  slick,  had  [>icked  up  Ilic  Hliort  one 
by  rlianee.  Had  he  followed  the  eiistoni  of  other  iii- 
HpeetorH  by  testing  at  one  of  Ihe  iippei-  jloors  the  Hafe(\ 
device  would   iiave  acted. 

Soin(!  elevalorH   have  snioolh   guide   rails   and    frictii 
<liilclies  to  grip  tliein  in  ease  the  cable  breaks ;  in  otln 
even   a   rough,  corrugated,  eecenlric-Hhaped,  safety  K'lp' 
pmg  device  \n  worn  away  from  lack  of  lubrication,  and 


Smooth  Rails 

is  not  capable  of  the  least  resistance  to  prevent  a  car 
falling  to  the  basement.  Cars  should  be  tested  each  day, 
the  safeties  kept  in  constant  operating  condition  and 
all  defects  discovered  if  possible  before  the  accidents 
occur. 

Cambridge,   :\rass.  ^-  ^-  <''^'LTRa. 

'*' 

P^inap°Psi<cMaim^  TifOtialbS©© 

I  had  considerable  trouble  with  the  water-end  packing 
on  a  small  boiler-feed  pump  of  the  plunger  type.  In  the 
daytime,  when  the  pump  handled  return  water  at  about 
180  deg.,  there  was  no  difficulty,  but  during  the  night, 
when  cold  water  from  the  city  mains  was  used,  the  pump 
cooled  and  the  glands  leaked  badly.  The  night  man 
would  tighten  them  up  in  the  evening  and  slack  them 
out  in  the  morning.  This  M-as  sometimes  forgotten  in 
the  morning,  and  the  hot  water  would  expand  the  pack- 
ing and  cause  excessive  friction  and  wear. 

To  overcome  this,  live  steam  was  piped  to  the  receiver 
of  the  pump  and  throttled  jtist  enough  to  keep  the  tem- 
perature about  the  same  as  during  the  day  shift.  This 
was  easily  done,  because  the  demand  for  water  at  night 
is  practically  constant.  After  making  tliis  change  the 
plunger  and  piston-rod  packing  lasted  almost  twice  as 
long  and  reduced  the  friction  considerably ;  this  also  pre- 
vented excessive  loss  of  water. 

A.   R.    KUilMEEER. 

Hazleton,  Penn. 
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Tlierc  are  some  important  features  afFecting  the  valnc 
of  laboratory  tests  on  coal".  A  proximate  analysis  in 
which  moisture,  volatile  combustible  matter,  fixed  carbon 
and  ash  are  determined  by  methods  that  are  more  ex- 
peditious than  accurate,  should  only  ])e  relied  upon  when 
the  general  character  of  the  coal  has  been  previously  es- 
tablished by  more  exact  and  rigorous  methods. 

In  an}-  case,  the  chemical  analyses  only  establish  the 
fact  that  the  coal  contains  the  elements  hydrogen,  car- 
bon, sulphur  and  other  substances  that  arc  either  inert 
or  prejudicial.  The  hydrogen  contained  may  not  benefit 
in  proportion  to  its  percentage,  for  the  hydrogen  and 
oxygen  present  react,  resulting  in  the  elimination  of 
hydrogen  with  the  formation  of  water  vapor,  which  ab- 
sorbs heat,  thus  entailing  a  loss. 

The  proximate  analysis  does  not  indicate  such  a  condi- 
tion which  can  only  be  obtained  by  a  strict  quantitative 
analysis.  Serious  error  may  arise  from  some  wrong  pro- 
cedure, either  in  securing  the  sample  or  some  detail  that 
would  have  important  influence  on  the  results. 

Obtaining  samples  is  too  often  entrusted  to  someone 
lacking  practical  judgment;  while  the  sample  itself  may 
be  representative  in  general,  certain  physical  character- 
istics are  lacking  without  which  the  results  are  practically 
worthless. 

In  collecting  samples  a  man  should  note  when  a  par- 
ticular invoice  is  very  much  finer  than  the  regular  run. 
The  chemist  would  never  surmise  such  a  condition  from 
his  results  if  his  attention  had  not  been  directed  to  it  by 
a  note  or  statement.  It  is  highly  desirable  to  have  the 
chief  engineer  and  the  chemist  cooperate  in  coal  sampling 
and  testing. 

The  engineer  and  his  staff  in  their  experience  acquire 
a  lot  of  knowledge  in  regard  to  the  peculiarities  of  coal, 
and  if  there  is  a  mutual  interchange  betw^een  the  boiler 
room  and  the  laboratory  there  is  no  doubt  that  much 
valuable  data  would  be  secured. 

The  matter  of  analyzing  the  ashes  is  important,  for 
often  it  shows  the  fact  that  considoral)le  coal  is  going 
to  the  ash  dump  when  not  apparent  by  observation. 

T-  H.  Eeaedon^. 

Pittsfield,  Mass. 

[See  also  the  editorial  on  coal  analysis  which  appeared 
Apr.  14  and  the  letter  by  C.  J.  Barton  on  page  640,  May 
5,  which  are  along  the  same  general  lines. — Editor.] 


In  reply  to  C.  J.  Barton's  letter,  in  the  issue  of  May  5, 
under  the  above  caption,  I  will  say  that  too  many  engi- 
neers and  others  underestimate  the  true  value  of  the 
laboratory  test  when  properly  done  by  a  competent  man. 
The  only  way  to  buy  coal  is  on  the  B.t.u.  basis ;  then  you 
pay  for  what  you  get  and  not  for  what  someone  else  says 
you  get. 

In  making  our  contract  foi-  coal  every  year  we  specify 
that  each  pound  must  contain  so  many  B.t.u.  For  in- 
stance, last  year  the  guarantee  read  13,400  B.t.u.  and  8 
per  cent,  ash,  at  $2.20,  and  the  ashes  hauled  away  from 
the  plant.  This  last  item,  prior  to  making  contracts 
stipulating  the  B.t.u.  and  ash,  cost  us  Gc.  for  each  ton  of 
coal  burned,  which  would  make  our  cost  price  $2.14  per 


ton.  The  way  we  arrive  at  the  final  figures  is  this :  Multi- 
ply the  actual  B.t.u.  ■  by  the  cost  per  ton  and  divide  by 
the  number  of  B.t.u.  guaranteed. 

Supposing  a  sample  drops  to  11,500,  which  is  often  the 
case,  it  would  work  out  thus: 

11,500  X  2.14  ~-  13,500  =  $1,836 
instead  of  $2.14,  or  a  saving  of  over  30c.  per  ton,  or  a 
lump  sum  of  $61.20,  in  one  month,  which  is  no  small  sav- 
ing, besides  the  satisfaction  of  knowing  that  w^e  pay  for 
only  what  we  get.  The  following  is  the  form  on  which 
the  analyses  are  reported: 

LABORATORY  OF  W.  J.  RATTLE  &  SON 
33  Commercial  Bank  Buikliiifc 

Cleveland,  O.     7-1-13 
For 


Sample    of 

B.  I 

Boat 

Tons 

Dock 


Coal    Received    0-28-13. 


Per  Cent. 

Moisture 

1 

37 

Ash 

13 

17 

Sulphur 

Calorimeter  Test 
B.t.u.         (dried  at  212°  F.) 13,038 

Analysis  by         William  Rattle 

Xow  the  ash  ])roljlem  will  work  out  similarly,  only  in 
a  smaller  ratio.  A  man  must  keep  abreast  of  the  times, 
but  to  do  this,  it  is  not  necessary  to  adopt  any  fads  or 
fancies.  There  are  some  things  that  are  absolutely  nec- 
essary today  which  did  not  exist  15  or  20  years  ago.  All 
owners  of  isolated  plants  look  for  better  results  than  they 
did  a  few  years  ago,  for  they  are  frequently  told  that  they 
can  buy  current  cheaper  than  they  can  manufacture  it. 
One  way  to  keep  the  central  station  out  is  to  put  your 
plant  on  as  economical  a  basis  as  possible  and  buying 
coal  on  the  B.t.u.  basis  is  another. 

0.  Kewtox. 

Cleveland,  Ohio. 


The  hand  jack  illustrated  is  an  improvement  over  tlie 
various  types  now  on  the  market,  its  special  feature  being 
that  the  screw  cannot  be  clogged  with  dust  and  dirt,  it 
has  no  sharp  corners,  and,  therefore,  can  be  carried  in 
tlie  pocket. 
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Fig.  1. 


Fig.  2. 


Fig.  1  is  a  side  view  and  Fig.  2  a  section,  showing  how 
the  sleeve   A   protects   the  feed   screw  7?. 

Ekxest  Sciiwautz. 
Bron.x,  New  York  City. 
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Tro^iblesome    Pipes 

(I  and  l)l()\votr  pipes  ol'lcii  fail  at  llicir  jiiiiciioii  willi 
liicr.     'i'lii'  nu'lhoil  of  i-()iiiici(iii''  slmwii  lias  proved 


Reducing  Buihing 


F I :  I : I )-  r  1 1- 1 ;  ( 'o  x  \  locTioN 

satisfaetorv.     Tlii'    littings   used  arc  so   familiar  that  an 
extended  deseription   is  imneeessary. 

Xew  Orleans.  La.  (JKowcii-:  Sciiwkssingek. 


Many  columns  lia\e  i)eeii  devoted  to  boiler  firing,  and 
many  arc  the  good  suggestions  oll'ered  and  scientifically 
explained,  but  I  regret  that  they  are  not  read  and  studied 
by  the  men  who  handle  the  shovel.  To  make  this  possible 
they  would  have  to  be  printed  in  a 
ioreign  language,  for  most  of  the  coal 
in  this  city  is  liandled  by  cheap  for- 
eign labor. 

To  keep  the  payroll  as  low  as  possible 
seems  to  the  proprietor  the  most  eco- 
nomical, but  it  is  not  so.  Where  a 
new  plant  is  installed  on  a  guaranteed 
evaporation  of  water  per  ponnd  of  coal, 
the  contractor  runs  his  tests  with  first- 
class  firemen,  the  best  that  can  be  had 
(at  times  engineers  are  engaged  to  fire 
the  test).  After  the  test  is  over  and 
the  owner  puts  in  his  13  hr.  and  $2 
a  day  men,  the  coal  cost  goes  up,  as 
do  many  other  accounts.  Yet  he  will  ^_' 
still  say  that  it  is  out  of  the  question 
to  pay  competent  men  $3  or  $3.50  i>er 
day  to  get  the  best  rating  of  his  plant, 
and  complains  to  the  chief  engineer 
about  the  coal  used. 

The  engineer  knows  it  is  useless  to  try  to  educate  such 
firemen.  He  can  discharge  them,  but  the  pay  pre- 
vents   his    getting    another    class    of    men    more     com- 


p<'lenl.  The  payroll  mnst  be  ke|)l  at  llic  lowest  poiiil, 
and  (lie  owner  tliinkH  lie  in  miviiig  money,  {'entrul  Hla- 
tiouH  arc  gaining  Ibrongh  lliiH  particular  cauHo.  It  Ih 
time  for  the  iHolateil-plant  owner  to  wake  up,  take  his 
engineer  into  IiIh  confidence,  and  find  out  how  the  plunl 
can  be  conducted  to  hIiow  a  big  profit  over  the  central- 
station  figurcH.  ThiH  Iiuk  been  dernonHl rated  many  tinu« 
by  owners  who  have  placed  their  confidenc*!  in  the  en- 
gineer and  given  him  a  free  band  to  make  it  poKsibie. 
New   York  ('it v.  .1.   ('.   Sciik.vck. 


F&^cki  Ttifllbe  Faiiuare 

An  eyewitness  gives  tiie  following  di'seription  of  a 
boiler-tube  failure  occurring  nine  years  ago  which  cost  the 
lives  of  four  men.  It  never  reached  the  })i'es8  as  the;  em- 
ployees were  pledged  to  secrecy  on   ])aiii   of  dismissal. 

The  boiler  was  a  so  called  higli-pressuie,  water-tube, 
and  was  used  for  testing  purposes.  Stcjam  for  testing 
was  often  carried  as  high  as  .")(»()  11).  to  the  square  inch. 
When  not  in  demand  for  Ibis  fcervicc-  it  was  used  for 
ordinary  steam  making  in  connection  with  a  battery  of 
other  boilers.  The  high  furnace  temperature  incidental 
to  such  pressure  and  other  severe  conditions  caused  con- 
siderable trouble  by  overheating  the  tubes,  several  having 
been  replaced  because  of  signs  of  distress.  To  protect 
that  part  of  the  bottom  row  of  tubes  directly  above  the 
fire,  a  firebrick  arch  was  built  over  the  grate-bar  space. 
This  form  of  furnace  proved  disastrous,  partly  because 
no  chance  was  had  to  wat(;h  the  tubes  while  in  operation. 

In  a  short  time  after  the  test  boiler  had  been  cut  off 
the  line  to  run  the  steam  pressure  up  to  400  lb.,  a  bot- 
tom tube  was  ru])tured.  Just  what  the  pressure  was  is 
not  known.  A  subsequent  examination  sliowed  that  the 
tube  had  been  badly  bagged,  probably  for  some  time,  as 
the  metal  was  stretched  extremely  thin  at  the  edges,  and 
it  had  opened  out  almost  flat  for  a  distance  of  about  3 
ft.  The  boiler  front  and  furnace  settings  were  almost 
completely  wrecked. 

The  sketch  will  give  an  idea  of  how  the  arch  was  placed 


Arch  ix  Place 

in  the  furnace.     It  would  seem  that  after  the  brickwork 
got  thoroughly  hot  the  arch  was  not  much  protection. 
Philadelphia,    Penu.  Edward   T.    Binxs. 


June  2.  li)U 


P  0  \V  E  K 


789 


'riic  lori'iiiaii  of  our  UKuliiiie  shop  was  ;-:L'nt  to  an  en- 
gine plant  to  make  repairs.  The  engine  was  an  18x45i- 
in.  Corliss,  whieh  had  been  running  almost  continuously 
for  10  years.  The  illustration  shows  the  piston,  the 
l)iston  rod  and  the  crosshcad.  'V\\c  ])iston  was  41/2 
in.  and  fitted  with  a  single  seetional  packing  ring.  Each 
section  of  the  ring  was  supported  by  a  coil  spring  con- 
tained in  a  socket  cored  in  the  bull  ring,  holding  it 
against  the  cylinder  bore.  The  crosshead  was  bored  out 
in  the  hub,  not  threaded,  to  2%  in.  diameter. 

The  piston  rod  was  fastened  with  the  nut  C,  and  nut 
A  screwed  on  the  end.  The  three  setscrews  B  screwed  in- 
to the  hub  of  the  crosshead  and  against  the  nut  A 
were  undoubtedly  meant  for  the  purpose  of  alignment. 
On  taking  out  the  piston,  it  was  found  that  the  bore  of 
the  cylinder,  although  perfectly  lound,  had  worn  in  a 
regular  taper  from  18  in.  at  the  center  to  IS^'g  in.  at 
either  end,  as  shown,  and  also  that  a  depression  had  been 
worn  under  the  point  of  each  setscrew.  Tins  led  to  the 
conclusion  that  one  of  the  nuts,  either  C  or  A,  must  have 
become  loosened,  which  caused  the  setscrews  to  wear  the 


th(>  condenser.  The  engine  was  coupled  to  the  same  shaft 
as  a  waterwheel  to  take  the  load  at  times  of  insuiru'ient 
water.  At  this  lime  the  stream  was  in  ilood  and  it  is 
])r()liable  that  tiie  waterwheel  was  taking  more  than  its 
usual  share  of  the  load.  The  conclusion  was  that  the 
engine  was  being  pulled  around  and  the  low-pressure 
cylinder  acted  as  a  pump  and  produced  a  better  vacuum 
than  the  condenser,  lifting  the  water  from  the  condenser. 

There  is  an  element  of  risk  in  coupling  a  waterwheel 
rigidly  rather  than  through  a  free  wheel.  Such  acci- 
dents would  probal^ly  be  prevented  by  placing  the  con- 
denser as  low  as  possible  relative  to  the  cylinder,  fitting 
a  nonreturn  valve  in  the  line  and  a  float  to  break  the 
vacuum  as  soon  as  the  water  rose  above  its  normal  level 
in  the  condenser. 

C.  II.  Williams. 

Manchester,  England. 

A  largo  number  of  })lants  in  the  Central  states,  where 
the  rivers  vary  in  height  as  much  as  40  ft.,  have  the  con- 
densing equipment  located  in  pits  several  feet  below  the 
engine-room  floor.     This  allows  of  water  being  furnished 
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nut  A,  as  shown  in  the  detail.  It  could  then  move  in  any 
direction,  allowing  the  piston  to  tilt  and  wear  the  cylin- 
der as  mentioned.  The  satisfactory  method  is  to  screw 
the  rod  directlv  into  the  crosshead  and  then  lock  with 
the  nut  C. 

C.    P.    COURTENAY. 
AA'atcrtown,  N".  Y. 

The  writer  recently  investigated  the  breakdown  of  a 
horizontal  compound  engine.  The  engine,  mounted  on 
the  top  of  a  locomotive-type  boiler  and  fitted  with  a 
superheater  and  jet  condenser,  had  been  running  for  the 
greater  part  of  the  day  under  apparently  normal  condi- 
tions. 

The  first  warning  was  severe  hammering  in  the  cylin- 
ders, and  before  the  engine  could  be  stopped  the  back 
low-pressure  cylinder  cover  was  smashed,  both  pistons 
were  broken,  the  end  of  the  piston  rod  was  broken  ofF 
and  the  cotter  at  the  crosshead  end  of  the  rod  was  sheared 
through. 

Such  an  accident  is  characteristic  of  water  in  the  cyl- 
inder, but  the  question  was,  how  could  it  get  there?  The 
condenser  was  located  about  3  ft.  below  the  center  line 
of  the  cylinders  and  the  air  pump  about  1  ft.  lower  than 


to  the  circulating  pumps  by  gravity,  but  furnishes  a  more 
or  less  difficult  proposition  in  disposing  of  the  condensate, 
wliich  is  generally  handled  by  single-stage  centrifugal 
pumps.  These  pumps  elevate  the  water  to  the  surface 
into  feed-water  heaters. 

The  total  head,  inchiding  friction,  is  in  many  in- 
stances in  excess  of  50  ft.  A  pmup  handling  water 
against  such  a  head  with  a  28  or  29-in.  vacuum  must  be 
at  all  times  in  almost  perfect  shape,  as  a  slight  leak  at  the 
suction  side  will  suffice  to  stop  the  pumping  action.  Then 
it  becomes  quite  a  jol)  to  restart  the  water  toward  the 
heater.  In  the  meantime  the  condenser  is  filling  and  the 
engineer  is  expecting  a  crash  if  a  slug  of  water  reaches 
the  dry-vacuum  pump.  (The  pumps  in  such  installa- 
tions are  usually  placed  on  the  engine-room  floor.)  Water 
mixed  with  air  in  alternate  slugs  has  no  respect  for  the 
proverbial  34.5  ft.  The  air  in  the  water  expanding  will 
cause  the  latter  to  be  lifted  several  feet  in  excess  of  the 
theoretical  maximum  suction  height.  The  dry-air  pump 
is  not  free  from  danger  of  flooding,  because  it  is  over 
34  ft.  above  the  condenser. 

In  installations  of  this  kind  there  should  always  be 
provided  an  emergency  low-head  discharge  outlet  near 
the  pump.  This  outlet,  provided  with  a  seal,  can  be 
opened  into  the  pit  and  temporarily  relieve  the  condenser 
until  the  trouble  is  located. 

Louisville.  Kv.  ^^^^^  ^^  "^'"^"T- 
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Elementary  MecHanics<-«XH 

Last  Lksson's  Answkhs 

H;.      The  |)i-('ssiin'  (111   tlic   |iait   of  llic  liuilci-  liciid   sii])- 
liuitcd  l)\   tlu'  Slav  is 

(i   X  !'  X    1^0  =-=  <'l^"  I''- 
and  tl:i>  loi-ic  acts  at  an  aii^^lc  of  !U)  dc.u'.  to  the  head.  'I'liv 
sides  dl'   ihr   irianj^ic  MICA    (see   I''i^'.    IV)    rf|ii-csciit    llic 

6he// , 


lliiTc  lorci's  acliiif;-  at  tiic  pDJiit  l>  wlicri'  tlic  stav  is  I'ast- 
•iifd  to  tlic  licad  of  the  ixiilcr.  If  the  stay  »vas  horizontal 
the  |)ull  would  he  (ilSO  lli.,  hut  sinee  the  stay  makes  an 
■AUixU'  with  the  shell  the  |iull  hecomes  correspondingly 
greater.  I. el  tlie  side  Ml  e(|iial  (i4S()  Ih..  or  the  force 
tending  to  hiow  out  the  (i.\!l-iii.  piece  of  the  hoilei'  liead. 
The  side  />'( '  will  give  the  load  on  the  stay  and  the  side 
AC  will  repi-esent  the  force  teuding  to  shear  the  rivets. 
BA  0480 
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BC  = 


7152 


cos  25  deg. 

fore,  the  pull  on  the  stay-holt  is  71. "ig  lb. 

47.  Let  the  weight  W  he  ])laeed  at  the  point  E,  mid- 
way between  the  points  .1  and  B  (see  Fig.  43).  A  ver- 
tical line  drawn  through  the  ])oint  E  will  bisect  the  line 
AC  at  the  point  D.  The  vertical  force  acting  at  the  jioint 
.1  and  at  the  point  B  will  equal  V^  IV.  since  W  is  lo- 
cated at  the  center  of  the  line  .4^.  Consider  the  point  .4 
as  a  free  body,  as  shown  in  Fig.  48.  The  side  MX  of 
the  triangle  MNOM  is  drawn  horizontal  and  repi'esents 
the  thrust  in  the  strut  .1/^.  The  side  ON  is  drawn  ver- 
tical and  equals  i/^  IF  while  the  side  OM  is  drawn  parallel 
to  AC  and  represents  the  pull  in  the  tie-rod  AC.  The  an- 
gle 0]\IN  =  30  dec.     Therefore,  the  side  OM  or 

T=     .';"^       =^  =  1000Z^. 
sin  30  dpff.       0. ,-) 

Likewise  the  side  MX  or 

/'  =  1000  X  cos  30  (h'f/.  =  1000  X  0.8(56  =  866  lb. 
Hence  the  tension  in  the  tie-rod  is  1000  lb.,  which  is  just 
one-half  of  what  it  was  when  the  weight  W  waa  placed  at 
the  end  of  the  bar  AB. 

48.  There  are  three  forces  acting  at  the  point  B, 
namely,  the  vertical  force  Y:  ^^j  the  horizontal  pressure 
in  the  strut  or  866  lb.,  and  the  reaction  of  the  pin  B. 
The  resultant  of  the  horizontal  pressure  in  the  strut  and 
the  vertical  load  at  the  point  B  is  the  pressure  acting  on 
the  pin  B.     Construct  the   parallelogranr  BBS  KB    (see 


l''ig.    13)    with  the  side  /.'//  SOtl  II..,  and   the  sule  //A 

.".0(1   Ih.      'I'he   diagonal   JtS  givcH   the  diicction   and  mag- 
nitude of  the  pi'esKurc  aclitig  on  the  pin  //.     Thus 
/;>•-•  =.-  /.',s'^  4-  /{ir 

^^  .',()()-•   4-   HOC-    (since   /.',S    -   UK   -=    '';.    W) 
1   (1(10.(100 


lis  jlKIO    //;. 

\l>o    Ih..    M//    .r 


0..'i,  or  angle  ./•  >=   30  deg. 


1 111)0 

'riiereforc,  if  ilie  diagonal  IIS  is  evtended  backward  it 
will  pass  through  tlie  point  l>  since  the  angle  DUE  =^ 
30  deg.  -^^  the  angle  .r.  it  is  to  he  noted  that  the  jwint  D 
is  the  point  of  inlersection  of  the  line  of  action  of  the 
weight  W  and  the  line  of  action  of  the  pull  in  the  tie- 
rod  .IC.  Hence  tlie  direction  of  the  jjressure  on  the  pin 
B  might  have  been  deleriiiined  directly  l)y  drawing  a  lino 
through  the  points  l>  and  /.',  as  explained  in  Lesson  \', 
under  the  solution   of   prohleni    "^O. 

Still  another  method  of  liudiiig  the  magnitude  of  tliis 
pressure  is  as  follows:  (oust  met  the  parallelogram 
DIIFdl).  letting  the  iliagonal  DF  =  the  weight  IF  (to 
scale).  Tiieii  tiie  side  />//  represents  the  tension  in  tlw; 
tie-rod  .IC.  aiul  the  side  pf  I'epreseuts  the  pressure;  on 
the  pin  Ji.  It  is  e\  i<lent  thai  tlie  Iriniigie  DFIID  lias  all 
its  sides  e(|ual  since  all  its  angles  ai-e  e(|ual,  or  1)11  = 
DO  =  DF  =  1000.  Theref.ire  lioth  the  tension  in  the 
tie-rod  and  the  ])ressure  on  the  pin  H  are  equal  to  1000 
11).      'I'he   foi'ce   pi-oduciuir  e(|uilihriuin    at    the   point   J>   is 


Fio.   13. 


the  reaction  of  the  pin  JJ .  which  is  equal  and  opposite  to 
the  ])ressure  BS,  shown  in  Fig.  43. 

49.  There  are  four  forces  acting  at  the  i)oint  .1.  Csee 
Fig.  41,  last  week's  lesson),  namely,  the  weight  of  4000 
lb.  acting  downward,  the  ])uli  of  3.^00  lb.  in  the  hoisting 
cable  AC.  the  unknown  pull  in  the  tie  rope  AB,  and  the 
unknown  thrust  in  the  boom  AD.  In  Fig.  44,  let  OG 
equal  the  weight  of  4000  lb.  and  let  OH  represent  thel 
pull  of  3500  lb.  in  the  hoisting  cable ;  let  OR  represent 
the  direction  of  the  resistance  offered  bv  the  boom,  and 
OS  the  direction  of  tiie  resistance  of  the  rope.     Unde 
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the  aclioii  of  those  four  rorccs  the  point  .1  remains  at 
rest  and  the  forces  are  in  equilibrium.  Hence  the  direc- 
tion and  magnitude  of  the  foi-ccs  may  be  represented  by 
the  sides  of  a  polygon  taken  in  order.  Now  construct 
a  force  polygon  by  drawing  the  line  OG  vertical  and  mak- 
ing it  e(|ual  4000  lb.  to  an  assumed  scale;  from  the  point 
6'  draw  the  line  GK  parallel  lo  the  force  Oil  (which  is 
Y 
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Fig.  44. 

the  tension  in  the  hoisting  cable)  and  e(iual  lo  ;!.")00 
lb.  to  the  same  scale  as  OG;  from  the  point  K  draw  the 
line  KM  parallel  to  the  force  OS  (which  is  the  unknown 
pull  in  the  tie  rope).  Xow  extend  the  line  EO  until  il 
intersects  the  line  KM  at  the  point  .1/.  The  line  MO  is 
then  the  closing  line  of  the  polygon  OGKMO  and  gives 
the  direction  and  magnitude  of  the  resistance  exerted 
by  the  boom  to  counteract  the  load  acting  upon  it.  By 
measurement  the  line  KM  is  found  to  equal  3350  lb.  and 
the  line  MO  equals  8950  lb. 

This  problem  may  also  be  soh'ed  analytically  by  resolv- 
ing all  the  forces  into  their  horizontal  aud  vertical  com- 
ponents, as  shown  in  Fig.  4-1.  Tims  OC  is  the  horizontal 
component,  and  OD  the  vertical  comjionent  of  the  force 
OS.  Xext  ap})ly  the  laws  of  equilibrium  as  stated  in 
Lesson   X.   under  ras(>  TTT.     The     ^  If  and     1'  V  must 

iqual  zei'o,  thus, 

2"//  =  OS  cos  10  <lr(/.  -f  0/f   (7AS-  :W  ,h'f/.  —  on  cos 
45  dp;/.  =  0 
==  0.985  OS  -f  0.866  X  3500  —  0.707  OR  =  0 


md 


0.707  OR  =  0.985  OS  +  3031 

IV  =  0 

:  V  =  OR  sin   15  deg.  —  OS  .s///  10  dcfj.  —  OH  sin 
30  deg.  —   W 


0 


V7  =  0.707  OR 


-  0.174  OS 

-1000  =  0 


0.5   X  3500  — 


0.707  OR  =  0.17-1   OS  +  5:.50 
0.985  OS  -\-  3031  =  0.174  OS  +  5750 


and 

OS  =   3353  //;. 
Substituting  this  value  of  OS  in  the  e(piation  above  and 
solving  for  OR  there  results, 

0.707  OR  =  0.174  X  3353  +  5750  =  6334 
or 

OR  =-  8957  lb. 
Therefore  the  pressure  on  the  boom  is  8957  !b. 

50.  The  value  of  the  pull  in  the  rope  was  found  to  be 
^353  lb. 

By  this  time,  if  the  student  has  cai'efully  followed  the 
text  and  the  solution  of  the  Nai-ious  problems  given  from 
week  to  week,  he  should  l)e  al)le  fo  afiplv  the  principles 
studied  to  the  solution  of  many  problems  tluit  constantly 
face  him  in  power-plant  work,  i^ack  of  space  forbids  tlu; 
solution  of  all  the  cla.^ses  of  problems  that  might  arise. 

The  next  i'vw  lessons  will  take  up  seme  of  the  applica- 
tions of  Statics  to  the  simple  machines,  such  as  levers, 
balances,  pulleys,  etc. 

As  a  final  help  to  the  student  the  following  four  rules 
are  given  for  the  solution  of  any  and  all  pi-oblems  either 
in  Elementarv  Mechanics  or  any  other  subject. 
T.      Thiii/.: 
I  r.     Aiiali/zc. 
TIT.      Kijunlr. 
IV.     Soh-r. 

Study  Questions 
.\'o  advance  study  (piestions  will  be  assigned  this  week, 
but   as  a  substitute   the  student   is    urged   to   review   the 
problems  of  the  previous  weeks,  and  to  master  any  points 
which  he  has  failed  to  grasp. 


By  I-:.  ().  IT  A  ji  ILL 
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Some  time  ago  the  writer  accepted  a  position  as  engi- 
neer in  a  manufacturing  plant  which  was  operating  its 
machinery  with  induction  motors  and  jmrchasing  current 
from  the  city  liglit  and  power  company.  There  were  10 
motors  in  the  factory,  ranging  in  capacity  from  1  to  50 
hp.,  and,  as  might  be  ex]K'cted,  the  light  and  power  bills 
were  exceedingly  liigli.  I  was  satisfied  that  the  power 
could  be  ])ro(luce(l  much  cheaper  than  the  company  was 
buying  it.  but  in  iilteni])ting  to  induce  the  company  to 
install  its  own  powei'  |)lant  it  became  evident  that  not 
one  of  the  management  was  familiar  with  engineering 
subjects  ami  all  were  averse  to  spending  money  for  a  new 
plant. 

The  establishment  was  a  woodwoi-king  factory,  and  to 
dry  the  lumlier  .-unl  beat  ibe  luiihling  in  winter  it  was 
necessary  to  install  a  boiler.  This  had  been  done,  and  as 
the  factory  had  oidy  been  built  foi-  about  three  years  the 
boiler  was  still  in  good  condition.  It  was  oF  the  fire-tube 
type  rated  at  150  bp.  and  built  for  125  lb.  steam  pres- 
sure. This  ga\i'  ample  eapacitv.  and  it  onlv  I'emained  to 
get  an  engine  and  genei'ator. 

I'i'ormerly  the  eoinpanv  bad  lu-en  located  in  a  near-by 
town  and  at  that  time  bad  a  |)lant  of  its  own,  but  due 
to  the  pool-  service  obtained  from  the  engine  it  was  left 
behind  when  the  change  was  made  to  the  new  location. 
An  investigation  showed  that  this  engine  had  been  well 
preserved  and  would  re<piii-e  very  little  fixing  to  put  it  in 
good  running  order.     A  repoiM  on  ibis  matter  was  (inallv 
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l)ivst'nto(l  to  the  (liroctors,  who  docidcd  to  let  nu'  liavc  tin- 

Al>out  ",'>  JHT  tent,  dl'  tlic  powtT  was  (•(tiiHiimi'd  in  tlif 
niillin<^r  (Icparliiu'iit,  wliicli  was  all  in  one  room,  tlx*  iiia- 
I'liiiifs  JK'iii;;  opcr'atcd  li\  llinc  motors,  one  ^O  lip.  ami 
two  ;{')  lip.  cacli.  iicltci!  to  a  line  shaft  whic  li  rail  the  full 
h'nfj:tli  of  the  roDin.  As  tlu>  ciij^iiu'  had  a  cciitfr  craiik,  I 
(Iffidcd  to  iiiii  :i  licit  from  one  tidr  to  the  line  shaft  in 
the  miiliiii;  room,  and  a  hclt  from  thr  other  side  to  a 
small  generator  for  fiirnishiii;i:  ciincnt  for  the  li^dits  and 
small  motors  in  otiicr  departments  of  the  factory,  'i'lio 
enjjfino  was  of  the  liahuiced  slide-\.i!ve  tlii'ottlin;;  ^yV^\ 
and  in  the  old  factory  had  heen  operated  at  150  r.]».m. 
.\fter  rel)al)l)ittin<j  the  main  l)carin<rs  the  eeeentrie  strap 
and  the  erosshead  slioes,  planiiis;;  tlu'  valve  and  its  seat, 
turnini^f  np  the  ])iston  rod  and  putting  in  a  new  valve 
stem,  1  ('(juipiied  the  engine  with  a  good  oiling  system 
and  placed  it  on  a  suhstantial  coneroto  foundation.  I 
tlieii  sjHH'ded  it  up  to  200  r.p.m.,  ran  it  for  two  hours, 
and  then  put  on  the  load.  It  has  run  without  a  liitch  ever 
since. 

The  ne.\t  thing  was  to  ohtaiu  n  generator.  The  engine 
was  already  operating  the  nuuhinery  in  the  milling  de- 
jiartinont.  so  that  tliere  was  no  further  use  for  the  tliree 
li'.rge  motors.  By  a  ])ieee  of  luck  I  succeeded,  after  some 
correspondence,  in  gi-tting  a  second-hand,  40-kw.,  al- 
ternating-current generator  complete  with  o.xciter,  switch- 
hoard  and  instrnnients,  in  exchange  for  the  three  motors. 
'J'he  generator  was  as  good  as  new^  and  had  only  been 
nsed  a  few  days.  It  had  been  purchased  by  a  contractor 
who,  in  placing  the  order,  had  specified  the  Avrong  volt- 
age, and  the  owners  were  imable  to  nse  it.  The  gen- 
erator was  wound  for  230  volts,  so  that  it  was  not  neces- 
sary to  use  a  transformer.  The  motors  o])erated  on  220 
volts,  and  the  lights  on  110  volts.  By  using  a  balance 
coil  on  the  lighting  circuit  I  was  able  to  install  a  generat- 
ing set  at  very  small  expense. 

Instead  of  live  steam  the  exhaust  was  used  for  heat- 
ing, and  the  steam  pipes,  which  formerly  had  been  bare, 
were  covered.  Last  winter  the  plant  was  operated  on  less 
fuel  than  it  required  in  previous  winters  for  heat  alone. 
Xo  extra  help  to  care  for  the  plant  was  needed  as  the 
company  had  always  employed  a  licensed  engineer.  The 
saving  is  apparent.  The  company  has  simply  obtained  its 
power  free,  which  means  from  ■SS.'iO  to  $.'500  per  month, 
as  this  is  what  the  bill  was  when  purchasing  current  from 
the  lighting  company. 

During  the  summer  months  when  no  heat  is  required 
in  the  factory  the  plant  can  be  operated  on  1800  lb.  of 
coal  per  day  of  10  hr.  if  coal  alone  is  used.  i\.t  times, 
however,  the  refuse  from  the  woodworking  department 
is  almost  sufficient  to  keep  the  boiler  in  fuel.  The  coal 
costs  $2.15  per  ton  delivered.  The  total  cost  of  install- 
ing the  plant,  including  labor,  all  of  the  material  for  the 
foundation,  belts  and  other  equipment,  was  a  fraction 
over  $400.  The  company  saved  this  amount  in  two 
months'  time. 


Side-Pusher  Electric  Locomotives  are  used  on  the  Cleve- 
land ore  docks  of  the  Pennsylvania  R.R.  They  do  not  run  on 
the  same  tracks  as  the  cars  they  move,  but  on  parallel  42-in. 
gage  tracks  at  one  side.  Each  carries  a  triangular  side-arm 
frame  on  trunnions  and  this  is  raised  to  clear  or  lowered  to 
engage  the  corner  or  pole  plates.  Energy  is  taken  from  two 
protected   rails   lying   inside   the   running   rails. 


OVER  THE  SFDILILWAY 

JU8T  JKHTH,  JAMS.  JOHUKH  ANU  JU.MHLKH 


(Jrcat  coml>UHtlblcH!  Ih  lh<'  firi'miiri  comlnK  to  hlH  own? 
On  pnKM  794  you'M  And  out  JuMt  wliiit  such  i-nKlnorrs  os  C'lip- 
tain  MunnlnK.  ticork'o  Olniun,  I.  K.  Moultrop  and  K.  W.  I;c<an 
tlilnk  or  till'  liiiportiiiicc  of  tho  cfnciciil  Ijoll.  r-iooin  fore.  Uy 
(ling,  tile  llrcrnaii  rldi-s  In  the  flrMl  hiick  and  the  enKlm-i-r  1m 
tagging    on    tliit   ri-ar   of   the    procvSHlon. 

A  kind  puliIlHhcr  Hent  uh  an  advance  review  on  "Complex 
IlypiMliolic  and  CTlrcular  KunctloMM" — hut  ni'gleclcd  to  Hcnil 
the  hook.  We  would  like  to  hellevo  every  word  ho  says  about 
this  entertaining  and  sprightly  little  book,  but  we  dassent 
print  the  review.  Nobody  can  put  one  over  on  us  until  we  first 
get  a  squint  at   the  complexity   of  hl.s  hyperbole.     No,    slrree! 


"I'a.s.slon.sfeKtsplelpenki  auterkloHtterdellcatessenstuckHka- 
ese"  is  the  name  of  a  new  cheese.  This  may  be  all  right  for 
a  new  cheese,  but  Just  suppose  some  grease  maker  took  it 
into  his  poll  to  wish  such  a  name  on  his  product.  Oh. 
limburgcr! 


A  certain  Connecticut  town,  intending  to  Increase  Its  wa- 
ter supply,  will  "build  a  watershed  covering  about  50  acres." 
One  of  the  town  officials,  a  building  contractor,  who  natu- 
rally favored  the  "shed,"  has  been  severely  criticised  by  :i 
fellow  townsman  thusly  (or  pretty  nearly  thusly):  "'Twill  be 
a  'tarnation  shame,  by  heck,  ef  Ezekiel  Billin's  gits  ther  job 
of  puttin'  a  shed  over  fifty  acres  of  water!  I'm  agin  It,  tooth 
an'   nail.     Zeke's   got   sufficient   outen    ther   town   already!" 


A  Chicago  man  named  Ilellmuller  didn't  like  his  name, 
for  some  reason  or  other.  It's  a  perfectly  good  name,  but  it 
was  too  hot  and  too  long  for  Hans.  The  court  told  him  he 
could  cut  the  "hell"  out  of  it,  and  the  chopping  began  that 
minute.  Hope  that  the  Himmelreiches  won't  follow  suit, 
won't  be  anything  left  out  there  but  Chicago — and  there  are 
folks  who  don't  believe  in  an  intermediate  state. 
'*] 

Nine  hundred  and  twenty-five  feet  of  "Aquitania"  will  soon 
bump  into  our  shore.  She's  really  901  ft.  over  all,  but  the 
evident  patriotism  of  her  British  owners  has  tacked  a  24-ft. 
lion  on  her  prow,  thus  making  her  longer  than  the  "Im- 
perator."  The  latter  lost  her  eagle  in  a  recent  storm.  Looks 
like  the  open  season  for  eagles  and  lions,  so  here's  how 
to  'em  both! 

Dear  Billy  Spills:  Does  anyone  besides  myself,  w-hen  by 
myself,    get    "beside    himself"? 

C.    OTWO. 
Sometimes,  I'm  beside  myself. 

And  the  other  self  is  Me — 
Me  and  I  can't  seem   to   glimpse 
All  things  as  they  should  be. 

Me  sometimes  agrees  with  I, 

Then  I  thinks  the  same  as  Me. 
Now  and  then,  it  is  the  case 

That  we  both  will   disagree. 

I  and  Me  should  get  together — 

Dwell   in   gentle   amity. 
Me's  the  best  friend   that  I've  got, 

I  should  think  a  heap  of  Me! 

[%] 

Every  now  and  once  in  a  while  some  G.  AVashington  Well- 
wisher  manifests  his  kindly  interest  in  "Power"  by  sending  us 
a  clipping  or  a  suggestion,  but  he  does  not  sign  his  name. 
"Power"  wants  to  thank  brother  Wellwisher  by  letter,  at  least. 
Don't  be  so  'tarnation  modest.  You  make  us  feel  that  we 
can't  pay  our  debts. 

'^. 
Here's  a  case  in  point  of  anonymity:  "C.  O.  S."  writes  that 
the  English  "smoke-abatement  bill  makes  it  Incumbent  upon 
the  owner,  OCCUPANT  or  user  of  a  furnace  to  have  it  con- 
sume its  own  smoke.  It  seems  to  me  that  the  composition  of 
the  'occupant'  of  a  furnace  has  much  to  do  with  the  smoke- 
lessness.  Some  'volatile'  individual  would  probably  cause 
the  furnace  to  emit  much  smoke,  but  'fuel'  like  me  (and 
composed  principally  of  carbon,  capped  with  ivory)  would 
smoke  but  little,   or  not  at  all." 
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Best  Time  lor  Blowing  Off  Boiler — What  is  the  best  time 
for  blowing  off  a  mill  boiler? 

C.  H. 

In  the  morninK  before  tile  tire  has  been  started  up,  as  much 
of  the  sediment  in  the  boiler  will  then  have  settled  to  the 
bottom  of  the  shell  and  will  pass  out  when  the  blowoff  cock 
is  opened. 


Ventilated  Fire-door  Frames — Why  are  boiler  fire-door 
frames  sometimes  made  with  holes  extending  through  the 
frames,   all   around   the   fire-door    openings? 

D.   E. 

The  holes  are  Intended  to  serve  as  passages  for  air  for 
cooling  the  dead  plate,  jambs  and  arches  of  the  fire-doors  and 
for  supplying  the  air  thus  warmed   to   the   top   of  the   fire. 


■\Vhlte  Lead  vs.  Graphite  for  I'Ipe  TUreud  Joints — For  mak- 
ing screw-threaded  steam-pipe  Joints,  is  it  better  to  use  white 
lead  and  linseed   oil  or  graphite   mixed   with  cylinder  oil? 

J.     W.    D. 

For  steam  joints  a  "dope"  of  graphite  and  oil  is  preferable 
to  white  lead  and  oil,  more  especially  because  joints  made  up 
with  graphite  can  be  drawn  up  with  less  friction,  and  when 
required,  can  be  unscrewed  easier. 

Sloi>lnj$  Bottom  of  Combustion  Clianiher — What  is  the  ad- 
vantage of  filling  and  sloping  the  floor  of  the  combustion 
chamber  behind  the  bridge-wall  in  a  return-tubular  boiler 
setting? 

B.   D.  G. 

The  principal  advantage  is  in  affording  greater  conveni- 
ence for  cleaning  the  combustion  chamber  by  drawing  the 
soot  down   the   sloped  floor   to   the   cleaning   doors. 

Size  of  Neutral  Lead — In  a  three-wire  direct-current  sys- 
tem why  is  the  neutral  lead  often  made  the  same  size  as  the 
outside  leads? 

L.   F.   B. 

The  neutral  is  generally  made  the  same  size  as  the  outside 
leads  to  comply  with  the  National  Electric  code,  which  per- 
mits a  fuse  to  be  dispensed  with  if  the  neutral  wire  is  of  the 
same  size  as  the  outside  wires  and  the  neutral  is  grounded. 
The  objection  to  the  use  of  a  fuse  in  the  neutral  lead  is  that 
if  the  fuse  should  blow  when  the  load  is  unbalanced,  the  side 
of  the  system  carrying  the  smaller  load  will  be  subjected  to 
excessive  voltage,  w^hich  might  be  great  enough  to  blow  out 
the   lamps. 


Inelies  of.  Vacuum  for  1  lb.  Absolute — How  many  inches 
of  vacuum  f..e  equivalent  to  1  lb.  per  sq.in  ,  absolute  pres- 
sure? 

J.    W.    S. 

Taken  at  ordinary  temperatures  about  2.04  in.  of  mercury 
column  is  equivalent  to  a  pressure  of  1  lb.  per  sq.in.  As 
"inches  of  vacuum"  signifies  the  amount  which  a  pressure  ts 
less  than  atmospheric  pressure  expressed  in  Inches  of 
mercury,  then  for  any  particular  case  the  inches  of  vacuum 
equivalent  to  1  lb.  per  sq.in.  absolute  would  be  the  height  of 
the  barometer  in  inches,  less  2.04  in.;  for  instance  with  a 
barometer  reading  of  29.2  in.,  a  pressure  of  1  lb.  per  sq.in.  ab- 
solute would  be  equivalent  to 

29.2  —  2.04    =    27.16   "inches   of   vacuum." 


lioss  of  Power  from  Slipping  of  Belt — When  there  is  slip- 
ping of  a  belt  on  a  driving  pulley,  how  is  it  explained  that 
the  per  cent,  in  loss  of  power  is  the  same  as  tlie  per  cent,  of 
belt   slipping? 

.J.  F. 

In  belt  transmission  the  number  of  foot-pounds  per  minute 
delivered  to  the  driving  pulley  equals  the  peripheral  speed  in 
feet  per  minute  multiplied  by  the  net  resistance  of  the  belt 
in  pou.ids,  taken  as  the  difference  between  the  tension  of  the 
tight  and  the  slack  side  of  the  belt;  while  the  number  of 
foot-pounds  of  useful  work  which  the  pulley  transmits  to  the 
belt  equals  the  velocity  of  the  belt  in  feet  per  minute  multi- 
plied Ijy  the  number  of  pounds  of  difference  in  tension  of  the 
tight  and  the  slack  side  of  the  belt.  Hence  when  slipping 
exists   the    useful   work    transmitted    to    the    belt   will   be   less 


than  the  useful  work  applied  to  the  driving  pulley  by  the 
same  percentage  that  the  velocity  of  the  belt  is  less  than 
the  useful  work  applied  to  the  driving  pulley  by  the  same 
percentage  that  the  velocity  of  the  belt  is  less  than  the 
peripheral  velocity  of  the  pulley  or  "percentage  of  slip,"  and 
this  difference  in  energy  is  lost  as  it  is  employed  solely  in 
overcoming  the  friction  which  is  Incident  to  me  slipping  of 
the  belt. 


Natural  Gas  Compared  with  Coal — How  many  feet  of 
natural  gas  would  be  required  to  obtain  the  same  heat  as 
from   one   ton  of  coal? 

S.    W.    R. 

The  average  natural  gas  has  a  calorific  value  of  about  900 

B.t.u.    per    cu.ft.    and    good    grades    of    coal    have    an    average 

calorific    value    of   about    14,000    B.t.u.    per    lb.      Therefore    the 

complete    combustion    of    one    ton    or    2000    lb.    of    coal    would 

yield 

14,000    X    2000    =    28,000,000    B.t.u. 

so  that  with  equal  perfection  of  combustion  about 

28,000,000       „,  ,., 
^900         =  31.111  cu.ft. 

of   average    natural   gas   would   be   required   for   obtaining   the 
same   heat  as  from   one   ton   of   coal. 


Safe  Pressure  for  Boiler  Joint — What  would  be  the  safe 
boiler  pressure  per  square  inch,  as  based  on  the  longitudinal 
joint  with  a  shell  78  in.  in  diameter,  the  thickness  of  the 
plates  being  %  in.,  their  tensile  strength  55,000  lb.  per  sq.in. 
of  cross-section  and  the  efficiency  of  the  joint  89.8  per  cent, 
of  the  solid  plate? 

M.   W.   C. 
The   strength    of   the   solid    plate    being    55,000    lb.    per    sq.in. 
of  cross-sectional  area  then  the  strength  of  the  joint  for  1  in. 
of   its   length   would   be 

1    X    %    X    55,000    X    89.8  per  cent.    -   37,042.5  lb., 
and  allowing  a  factor  of  safety   of  5,   the  joint  would  have   a 
safe   working    strength    of 
37,042.5 

=    720S.5   lb.    per   in. 

5 
of    its    length.       The    diameter    of    the    shell    being    78    in.,    the 
resistance   required  across   1   in.   of  length   of  the  joint  would 
be  equivalent  to  the  boiler  pressure  per  square  inch  exerted  on 
1    X    78 

=    39   sq.in., 

2 
and    the    joint    would,    therefore    be    suitable    for    a    working 
pressure   of   7208.5    -^-    39    =    184.8   lb.   per  sq.in. 


Allowable  AVorking  Pressure  on  Stay-Bolt — What  would 
be  the  maximum  allowable  boiler  pressure  per  square  inch 
for  1%-in.  diameter  screwed  stay-bolts  having  riveted-over 
ends  and  pitched  4%x4%   in.? 

W.    M. 
The    outside    diameter    of    the    stay-bolts    being    1%    in.    = 
1.125    in.,    then   with   12   V-threads   per   inch   their   diameter   at 
the  bottom  of  the  thread   would  be 

1.125  —   (A    X    1.732). 
or 

1.125   —   0.1443    =    0.9807    in., 
and  the  net  cross-sectional  area  at  the   bottom   of  the   thread 
would  be 

0.9807    X    0.9807    X    0.7854    =    0.755  sq.in. 
Allowing    6500    lb.    per    sq.in.    of    cross-section,    the    allowable 
load  per  stay-bolt  would  be 

6500    X    0.755   =   4907.5  lb. 
As  the  cross-sectional  area  of  the  stay-bolt  at  the   bottom  of 
the  thread  is  0.755   sq.in.,  and  the  pitch  of  staybolts  is  4%    X 
41^    in.,  then  the  net  area  supported   by  a  stay-bolt  would   be 

(4%     X    41/2)    —   0.755    =    20.62    sq.in., 
and  the  allowable  pressure  would  be 

4907.5  -^  20.62  =  238.  lb.  per  sq.in. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  oflice  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations and  for  inquiries  to  receive  attention. — ^EDITOR.] 
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The  last  moolliiK:  i>f  tin-  IOmkImcoim"  CIiili  of  ItoHton  wns 
ili'voii-il  to  the  iiliovc  milijocl.  ii  clIwruMHlon  of  whirh  wiim  Iii- 
tioduuoil  by  tho  followliiK  piiin-r  by  Capliilii  Chiiili-H  II.  .Maii- 
nliiKi   of    Mniu'hi'Htcr.    N.    M.: 

I  blivo  born  liivllfil  by  our  Coininl tti'O  on  .VIi-vIIiikh  lo  liillt 
thlM  ovoiiliiK  on  "Hollor  Itoom  I'ruc-tlce."  picMuninbly  of  tbe 
ixesent  day  or  Ibf  iiplodiito  prartli-<-H.  and  to  arrive  at  that 
point  I  purpoHO  lo  no  back  to  my  llrHt  oxpcrlnnccH  and  Hkctch 
at  random  Monir  of  tbo  <-han>,'>'H  that  have  ilcvclopod  In 
my  more  than  fifty  years  of  life  among  boilers  and  lire 
rooms. 

I.,nto  In  isr.l,  the  breaking  out  of  Iho  civil  war  haviuK  pre- 
maturely ended  my  co\ir.s<-  In  iiinhH-crlnt;  at  tlic  l,awri-ii(<- 
Sclcntinc  School.  I  started  In  to  leain  the  trade  of  machinist 
at  Charles  Iteeder.s'  lOnK'lneerliin  Works  at  Haltlmore,  my 
native    olty. 

.\    ri)\vi:i;    ri,.\NT    in    'riih:    si.ntiios 

My  first  job,  as  the  hist  new  ;\|>pr.nl  ice,  was  to  run  the 
power  plant  of  the  ostablishnieiit,  which  plant  consisted  of 
a  loconiotlvo  boiler  of  about  seventy  horsepower  located  In 
a  "lennto"  being  as  naked  as  It  came  tiom  the  boiler  shop;  and 
an  engine  that  It  was  hard  to  find  because  enveloped  in  a 
cloud  of  steam  from  leaky  joints  and  stulUng  boxes,  that  lo- 
cated  it,  and  that  was  all.  One  of  my  chief  duties  was  to 
wheel  sudiclent  coal  from  a  frozen  pile  sojne  hundred  or 
more  feet  away  and  out  of  doors,  to  keep  up  steam  from 
seven  a.m.,  till  6  p.m.  That  first  flreroom  job  gave  me  a 
respect  and  consideration  for  a  coal  heaver  that  few  of  you 
have. 

The  boiler  seams  weie  of  the  lap  single-riveted  type, 
no  butt  straps,  leave  alone  the  "sawtooth"  double-butt-strap 
of  today.  There  was  no  double  pop  safety  valve  but  a  single, 
old-fashioned  lever  valve  with  a  lever  long  enough  to  hang 
a  spare  shovel  on  to  increase  the  pressure  in  time  of  stress. 
Tho  blow  and  check  valve  chambers  were  made  onto  the 
boiler  with  cast-iron  borings  and  sal  ammoniac  driven  joints. 
There  was  no  water  gage,  but  three  gage  cocks,  which  I  well 
lemember.  as  the  joker  of  the  shop  opened  one  of  them  down 
the  back  <if  my  neok.  much  to  my  discomfort  and  to  his 
sorrow. 

Tin-:    FIRST    SIIKET    OK    ASHIOSTOS    PACKING 

There  was  no  automatic  damper,  steam  How  meter,  super- 
heater, economizer,  fan  blower,  induced  draught  blower,  auto- 
matic stoker,  CO2  recorder,  automatic  feed  regulator,  feed 
water  heater;  except  that  the  engine  exhausted  into  an  open 
tank  from  which  the  feed  w^as  supplied.  The  hand-hole  and 
manhole  joints  were  four-strand  plaited  gaskets,  for  though 
sheet  rubber  had  come  into  limited  use  at  that  time  it  was 
too  expensive  for  this  purpose  and  it  was  not  till  a  year 
later  that  I  handled  the  first  sheet  of  asbestos  packing  that 
was  ever  made.  There  was  no  steam  flue  cleaner  but  the 
old-fashioned  rod  with  alternate  iron  and  leather  washers. 
There  was,  as  may  be  inferred  from  what  I  have  before 
stated,  no  automatic  stoker  fed  from  an  overhead  coal  bin 
with  automatic  weighing  apparatus  in  the  down  spout,  nor 
ash  conveyor.  There  was,  howevei-,  a  steam  gage  which  if 
vigorously  rapped  would  jump  up  or  down  if  the  pressure 
had  varied  since  it  was  last  rapped.  The  engine  had  no 
automatic  cutoff  and  its  speed  was  regulated  by  the  throttle 
and  steam  pressure,  and  there  was  no  forced-feed  oiler  but 
a   good   squirt   can. 

Now  I  do  not  claim  that  this  was  an  uptodate  plant  at 
that  time,  but  it  was  the  power  plant  of  a  shop  that  built 
marine  beam  engines  up  to  cylinders  of  90-inch  diameter 
and  12  feet  stroke  which,  with  the  moderate  pressure  in  use, 
gave  about  500  hp.  Contrast  some  of  these  things  with  the 
"boiler  room  practice"  of  today  and,  of  course,  that  practice 
is  much  controlled  by  what  we  have  to  practice  with.  Where 
shell  boilers  are  to  be  used  the  nature  of  the  longitudinal 
seams  is  the  first  thing  to  be  considered.  It  goes  without 
saying  that  they  must  be  double-butt-strapped  seams,  but 
shall  they  be  triple  or  quadruple  riveted  with  the  inside 
strap  broader  than  the  outside  or  shall  they  be  sawtoothed 
straps  of  the  same  width?  I  fail  to  find  any  mention  of  the 
latter  in  the  preliminary  report  of  our  Committee  on  Boil- 
ers, notwithstanding  the  support  it  has  received  from  emi- 
nent authority   within    the   society. 

Whether  the  power  boiler  is  to  become  a  thing  of  the 
past,  to  be  succeeded  by  the  internal-combustion  engine, 
which  is  fast  coming  into  its  own,  is  a  conundrum  I  will 
leave  for  our  younger  members   to  find   the  answer   to. 


Ir.  the  bolliT  room  today  wo  fWul  hot  HUrfncoH  covorod   v.  • 
Home    nonconducting    materliil,    and    tho   quitHtlon    botwoon    n 
many    Ih    whethei-    the    more   KXpenHlvn   otiOH    Have    enough   o\ 
the    chonfior    graduH    to    pny    Interent    and    Hliiklng    fund     • 
Puiihoh;   and    there  are   many   other   holCH   In    thiH   Mklmmor,   ".. 
both   sldcH  of  It.      Hnir   felt   Im    tho   bent   an   It   ha8   the   InrgeHt 
percentage  of  nlr  HpnceH,  and   that  Ih  what  countH,   true  while 
It    lastH,    but     ItR    life     Is    very    Hhort.       I     have    found    a    good 
<iuallty    of   aHbcHtoH   cement,    not    mud,    the    nioHt    profitable    In 
my    exporleiH-e.       Top    safety    valvea    wo    find     In     all    modern 
plants,    and    their    dCHlgn    has    been    a    matter    of    niucrh    red'  ■ 
ment.    but    from    tho    nature    of    the    service    reliability    la    ' 
first   quality    to    consider,    and    this    mcanH    simplicity    of   <■•. 
Htructlon,   and    tho  twin   valve,    much   used   In   the    marine   Her 
vice,    with    one    locked    so    that    It    cannot    be    monkeyed    will 
win   fill   all   the   loqulremi-nts  of   the    uptodate   plant. 

We  find  today  on  all  boilers  a  gl.iHS  water  gage  and   ga^■' 
cocks,    and    some    engineers    Insist    on    a    constant    use    of    il'^ 
gage-cocks  which,  as  long  as  the  water  bobs  up  and  dowu 
fhe   glas.s.   Is  worse   than   useless,   for    you   know    the   passa  i 

must    be    free;    but    when    the    water    In     the    glass    '  ' 

suspiciously    still    is    the    time    to    resort    to    the    ga>-' 

This  holds  true  even  with   the   latest   refinement  of  uu 

feed  valves,  for,  though  their  purpose  is  to  carry  a  moie  cdji- 

stant  water  level,   the  action   in   the  glass  should  be  the  same. 

The  saving  of  fuel  accomplished   by   this   device  is  negligible, 

but    in   a    large   battery    of   boilers    where    water    tenders 

employed    It   can    make    reduction    In    labor   expense. 

The  water  level  Is  the  most  important  item  in   boiler  room 
practice,   and    I   have   always   been    a    believer   In   employing  a 
water    tender    whose    sole    duty    was    to    see    that    the    water 
level    Is   kept   at   proper   point,   and   he    the    only    man   allov.  • 
to    touch    a   feed    or    blow-off    valve.      This    is    "Safety    Fir 
which  has  always  been  the  corner  stone  of  my  belief. 

The  steam  flow  meter,  one  of  the  latest  innovations,  givi 
information  as  to  how  much  the  boiler  is  doing  at  the  insi 
is    a    very    valuable    guide    to    the    engineer. 

A    I  JAN    ON    Till':     IIIOII    CHIMNEY 

In  the  matter  of  air  supply  foi-  fires,  we  find  either  the 
direct  blower  or  induced  diaught  has  largely  superseded  the 
immense  and  costly  chimney  with  its  heat-wasting  pro- 
pensity, and  I  think  in  the  future  we  shall  see  very  few 
chimneys  built  any  higher  than  barely  necessary  to  get  rid 
of  the  products  of  combustion  without  offense.  The  capacity 
of  a  chimney  being  directly  as  its  diameter  and  as  the 
square  root  of  its  height,  diameter  is  what  we  want,  and 
where  sufficient  height  cannot  be  allowed  with  the  low  tem- 
perature of  escaping  gases,  resort  should  be  had  to  exhaust 
fans,  but  better  to  an  air-tight  furnace  with  automatic 
stokers  and  blowers;  for  as  soon  as  the  pressure  of  the 
furnace  gases  exceeds  that  of  the  surrounding  atmosphere,  or 
becomes  a  plenum  instead  of  a  partial  vacuum,  we  have 
burned-out  furnace  doors  and  a  deadly  atmosphere  for  the 
fireroom. 

The  correct  draft  arrangement  is  of  the  greatest  import- 
ance to  the  designing  engineer.  Intimately  connected  with 
this  in  its  operation  is  the  CO^  recorder  or  some  other  in- 
strument of  constant  operation,  that  the  operating  engineer 
may  know  just  what  he  is  doing.  To  assist  to  this  knowledge 
there  should  be  syphons  or  other  delicate  pressure  gages  in 
the  ashpit,  the  furnace  and  the  flues.  The  practice  of  feed- 
ing boilers  with  any  kind  of  water  that  comes  handy — and 
if  it  disagrees  with  the  boiler  of  giving  the  latter  a  dose  of 
medicine  to  cure  if  possible — is  rapidly  disappearing,  and  the 
practice  of  giving  the  water  the  medicine  first  is  progressinsr; 
it  is  the  only  right  way  to  do.  This  practice,  even  to  dis- 
tilling every  drop  of  makeup  water  that  goes  to  the  boiler 
when  that  is  necessary,   is  bound  to  come. 


THE  FEED  WATER  QUESTION 


I 


The  weighing  or  measuring  by  weir  all  water  fed  to  tha 
boilers,  as  practiced  in  many  plants  today,  is  a  move  in  the 
right  direction,  for  though  having  no  direct  bearing  on  oper- 
ating costs  except  to  slightly  increase  them,  it  gives  a  knowl- 
edge of  what  is  actually  being  done,  and  therefore  is  use- 
ful. The  feed  water  heater  question  is  one  of  the  live  ones 
today,  and  the  economizer  is  one  part  of  it.  Some  designers 
claim  that  with  steam-driven  auxiliaries,  the  exhaust  steam 
of  which  will  furnish  all  the  heat  required  for  the  feed  water, 
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it  is  better  to  omit  the  economizer  .ind  allow  the  prases  to  gro 
off  at  a  wasteful  temperature  of  500  deg-  or  over  and  so  save 
In  first  cost  of  plant  and  care  ard  upkeep  of  economizer, 
and  that  may  be  so,  but  I  do  not  believe  it.  In  the  first  place 
all  the  auxiliaries  should  be  power  driven,  for  it  is  certain 
that  the  power  can  be  furnished  at  loss  cost  from  the  main 
plant  than  it  can  be  made  in  detail,  and  the  lower  the  tem- 
perature of  the  escaping  gases  the  higher  the  economy  of  the 
plant.  Of  course,  there  are  modifying  circumstances  in  every 
plant,  and  it  is  on  these  that  the  designer  of  the  plant  must 
use   his   brains. 

With  water-tube  boilers  the  question  of  handhole  gaskets 
has  been  solved  by  making  ground  joints,  and  better  fittings 
and  asbestos  gaskets  have  solved  most  of  the  old-time  sor- 
rows on  this  point.  Modern  practice  recognizes  the  import- 
ance of  clean  boilers  inside  and  out,  and  for  flre-tube  boil- 
ers, both  horizontal  and  vertical,  the  steam  tube  blower  has 
been  found  very  useful  in  cleaning  the  tubes  daily  or  oftener 
instead  of  the  older  practice  of  once  a  week,  and  similar  con- 
trivances are  in  use  with  good  effect  on  water-tube  boilers. 
The  internal  scaling  of  water  tubes  and  external  scaling  of 
fire  tubes  is  another  story,  and  a  much  more  difficult  problem, 
but  the  correct  solution  of  it  is  to  use  water  that  makes  no 
scale,  purifying  the  water  before  it  is  fed  to  the  boiler. 

A  GANG  OP  "MONKEYS''  TO  CLEAN  BOILERS 
At  Key  West,  during  the  late  unpleasantness  with  Spain, 
there  were  lots  of  little  yachts  with  all  kinds  of  boilers,  usu- 
ally flretube  boilers  with  the  tubes  bent  in  all  directions. 
These  boilers  were  so  small  that  a  good-sized  man  could  not 
get  into  them,  and  we  used  a  gang  of  "monkeys"  (darky 
boys)  to  clean  them  out.  This  gang  of  little  fellows,  under 
the  direction  of  one  overseer,  was  the  best  boiler-cleaning 
outfit  that  I  ever  ran,  and  they  were  the  source  of  the  only 
labor  trouble  that  we  had.  They  struck  for  one  penny  more 
an   hour — and   we   gave   it   to   them. 

The  only  objection  I  know  of  to  ash  conveyors  is  that 
they  hide  what  I  want  to  see  the  first  thing  in  going  into 
a  flreroom,  the  furnace  refuse,  as  it  is  always  the  source  of 
the  quickest  information  as  to  what  is  going  on  in  the  plant. 
The  recording  pressure  gage  is  one  of  the  best  features  of 
the  modein  plant,  and  where  the  records  are  kept  on  file, 
as  they  should  be,  you  have  a  ready  and  valuable  record  of 
what  has  been  done,  and  the  most  valuable  part  of  the  Log 
which  should  be  kept  in  every  station. 

HEIGHT    OF    THE    FURNACE 

Much  has  been  written  lately  on  the  height  of  the  fur- 
nace, with  St  very  general  tendency  to  increase  this  dimen- 
sion, and  for  long  flaming  or  highly  Ijituminous  coals  this 
is  right,  but  where  antliracite  is  to  be  buined,  especially 
with  a  boiler  set  in  a  brick  casing,  it  is  all  wrong  as  it 
increases  the  opportunity  for  inleakage  of  air  which  is  very 
destructive    of   economy. 

The  boiler  plant  for  a  textile  mill  to  run  fifty-eight  or 
less  hours  a  week  must  differ  from  that  of  an  electric  power 
company  situated  in  a  city  whore  real  estate  is  high.  Coal 
pockets  and  automatic  handling  of  coal;  which  in  the  latter 
rase  are  a  necessity,  are  generally  costly  luxuries  in  the 
former,  as  the  fixed  charges  on  the  investment  are  going  on 
rll  the  time  while  its  use  is  limited  to  a  few  hours  a  day. 
The  practice  today  in  the  boiler  room  is  to  use  a  higher 
grade  of  labor  and  a  stricter  discipline,  with  closer  super- 
vision, till,  from  the  old  time  go-as-you-please  place  that 
it   was,    it   is   now   a   place    of   military   precision. 

There  is  no  doubt  of  the  economy  of  a  high  rate  of  com- 
bustion, forcing  boilers  above  their  rating  and  using  high 
superheat  and  a  high  vacuum,  especially  with  the  steam 
turbine  in  connection  with  the  best  surface  condensers  it  is 
possible   to    purchase;   and   automatic   stokers. 

PURCHASING  COAL  DY   B.T.U.   METHOD 
On  the  purchase  of  coal  by   the  B.t.u.  method  I  am   still  a 
heretic  where  a   large   plant  is   concerned. 

A  highly  bituminous  coal  will  give  .a  vei-y  high  B.t.u. 
value.  When  that  coal  is  fired  by  hand  and  a  shovelful 
first  strikes  on  top  of  the  fire,  tlie  hydrogen  flashes  off  and 
you  lose  three-quarters  of  the  value  of  the  h.\diogen  in  the 
coal.  The  best  test  of  coal  for  hand  firing  is  the  fi.xed  car- 
bon. The  coal  with  the  highest  fixed  carbon  will  do  the 
most  work  on  a  common  hand  fire.  With  bituminous  coal 
the  automatic  stoker  will  give  a  higher  average  result,  be- 
cause, the  coal  being  shoved  under  the  fire,  the  hydrogen  is 
distilled  off  gradually  and  you  get  the  value  of  it.  The  ad- 
vantages in  labor  saving  are  immaterial,  but  you  got  a  better 
result  with  a  coal  with  hydrogen  in  it  than  you  can  get  with 
the  best  hand  fire.  Test  the  best  coals  on  the  market  in  one 
of  the  regular  boilers  used  in  every-day  work,  and,  other 
things  being  equal,   the   fuel  that  evaporates  the  most  water 


for  the  dollars  is  pretty  sure  to  be  the  most  profitable  to  buy. 
With  steam  turbines  the  better  vacuum  you  get  the  better 
results  and  the  last  inch  or  two  is  the  most  important.  It  is 
impossible  with  a  jet  condenser  to  get  as  good  a  vacuum  as 
you  can  with  a  surface  on  account  of  the  air  introduced  with 
the  water.  This  would  make  no  difference  with  a  reciprocat- 
ing engine,  but  the  turbine  is  like  a  multiple-cylinder  engine 
with  a  low-pressure  cylinder  of  almost  infinite  size. 

ECONOMY  OF  AUTOMATIC  STOKERS 
I  once  had  a  boiler-room  foreman  who  was  very  much  op- 
posed to  automatic  stokers.  I  made  him  a  proposition  that 
he  take  a  battery  of  ten  boilers  and  run  a  36-hour  test  on 
it,  with  the  best  firemen  that  he  could  pick.  I  would  then 
run  a  test  with  the  same  kind  of  boilers,  stoker  fired  for 
the  same  length  of  time,  same  coal,  same  weighing  apparatus, 
same  everything,  but  with  stokers.  The  results  of  the  trial 
were  15  per  cent,  in  favor  of  the  automatic  stoker,  with  a 
net  saving  of  about  10  per  cent.,  after  all  the  steam  for  oper- 
ating fans,   stokers,   etc.,   had   been   charged   against   them. 

CORLI.SS"   LIMIT   FOR    PRESSURE    WAS   SIXTY   POUNDS 

The  greatest  change  in  fifty  years  is  in  the  pressure  of 
the  steam.  The  ordinary  pressure  for  stationary  engines  was 
30  to  40  lb.  In  1882,  when  I  went  to  woik  at  Amoskeag,  I 
started  to  put  in  a  pair  of  2000-horsepower  engines,  and  the 
question  of  boiler  pressure  was  one  of  the  uppermost  things 
in  my  mind.  I  wanted  to  go  to  150  lb.  Mr.  Corliss,  with 
whom  I  taliced  it  over,  had  been  putting  the  pressure  on  com- 
pound engines  at  fiO  lb.,  and  Mr.  Corliss  assured  me  that  any- 
thing over  60  lb.  was  bound  to  get  me  into  trouble  and  was 
of  no  use.  Steam  gages  were  not  made  without  a  special 
order  to  record  over  100  lb.,  and  I  settled  down  to  100  lb. 
pressure,  not  because  I  thought  it  was  enough,  but  it  was  all 
that  I  could  get  standard  pipe  fittings,  gages,  etc.  for.  Dur- 
ing the  time  in  question  pressures  have  gone  from  an  average 
of  40  to  200,  which  is  about  high  enough,  because  the  gain 
from  increase  in  pressure  i:.  in  a  decreasing  ratio,  and  the 
difliculties  increase  very  fast. 

W.  G.  DIMAN,  Superintendent  of  Power,  Amoskeag  Man- 
ufacturing Co.,   Manchester,  said: 

Very  little  of  the  energy  contained  in  the  coal  reaches  the 
switchboard,  and  when  this  is  taken  into  consideration  it 
signifies  that  a  great  deal  depends  on  proper  combustion. 
The  first  requisite  in  combustion  is  to  get  out  of  the  coal  all 
of  the  heat  that  it  contains,  to  use  as  much  of  the  heat  as 
is  possible  for  the  generation  of  steam  and  as  little  as  pos- 
sible for  nonproductive  purposes.  Taking  the  price  of  coal  at 
an  average  of  $3  per  ton,  a  week's  run  will  show  quite  a  loss 
or  saving,  due  to  the  kind  of  firing.  There  is  more  to  be 
gained  or  lost  in  a  boiler  room  than  in  any  other  part  of  a 
power  plant  and  for  this  reason  the  boiler  plant  should  be 
placed  in  charge  of  a  trained  or  a  technical  man.  About  70 
per  cent,  of  the  cost  of  operation  of  power  plants  is  charge- 
able to  boiler  rooms,  and  for  the  handling  of  this  expenditure 
the  management  often  employs  the  lowest  grade  of  labor  in  ■ 
stead  of  giving  inducements  to  the  intelligent  workman  to 
stay  in  the  boiler  room  and  handle  this  expenditure  judici- 
ously. While  working  toward  better  power-plant  manage- 
ment and  looking  for  more  efficient  engineers,  the  boiler 
room  has  somewhat  been  left  to  care  for  itself,  and  in  many 
cases  the  labor  has  been  entirely  unfitted  for  the  care  and 
operation  of  the  plant.  The  waste  in  the  average  boiler  plant 
is  great,  and  a  good  part  of  it  is  preventable.  The  idea  ap- 
pears to  prevail  that  it  takes  brains  to  run  an  engine  room 
while  just  brawn  is  sufficient  for  the  boiler  room.  Even  the 
worst  turbine  operator  cannot  greatly  decrease  the  efficiency 
of  the  prime  mover,  while  in  the  boiler  room  the  loss  in 
economy  due  to  ignorance  or  lack  of  suitable  indicating  and 
recording  apparatus  will  run  high.  There  is,  as  a  rule,  in 
every  boiler  house  a  chance  for  improvement,  and  you  can 
generally  find  evidences  of  the  lack  of  knowledge  on  fuel 
economy.  Preventable  losses  exist  in  nearly  every  power 
plant.  The  general  practice  is  to  burn  coal  and  to  keep  up 
steam  at  any  cost.  An  average  man  generally  operates  the 
boiler  house,  and  average  firemen,  who  know  only  generall.v 
the  art  of  firing,  burn  the  coal  regardless  of  the  economical 
results.  It  is  not  the  general  practice  to  educate  men  to 
burn  coal  to  the  best  advantage.  A  man  may  be  a  good 
fireman  from  the  standpoint  of  safety  and  reliability,  he  may 
keep  his  surroundings  clean  and  always  have  the  steam  up, 
but  this  does  not  prove  that  he  is  getting  the  best  results  out 
of  the   fuel. 

COMBUSTION  ENGINEERS  FOR  BOILER  HOUSES 
In  time  the  practice  will  be  to  employ  what  may  be  termed 
combustion   engineers   to   operate  boiler  houses  and  to  gradu- 
ally   instruct     the    men     undei-    these    engineers    by    constant 
supervision  to  become,  skilled   in  proper  combustion  work.     It 
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\n  «l\vn\n  tiPMt  to  rnii>l'>y  no  export  nn-mon  an  in  posniblo.  for 
ccoiuMiiy  Ih  the  lOHiill  ninl  tlu'io  1m  JuhI  iih  imii-h  runiKin,  If  luit 
iiiorp,  to  iiHC  thiH  iliiHM  of  iiioit  foi-  n-Kiiliir  lunnliiK  roiullllonM 
iiR  tlioio  Ih  to  look  for  Hiu'h  iiioii  to  run  tcHtH. 

\V«>  liliiiiio  tin-  llromiiii  iiiuny  tlmoM  nvIumi  ho  iIoom  not  know. 
oxp.MtliiK  too  niiicli  from  thl8  iIuhh  of  nion.  (iiii«riilly  tlio 
kind  niuMluil  i-iinnot  bo  oniployod  nl  tlio  wiikoh  pul<l  (Ironicn. 
KIronien  nro  onlltloil  to  Bonio  InHtructlons,  no  two  pliinlH  nr'- 
nliko  and  no  two  hrllors  lu-t  nllko  uiiIohh  they  nre  iniulo  to 
do  »o.  Tho  inothodp  purmiod  In  ono  plant  luo  dlfforont  from 
thoHo  In  plaroH  wli  mo  m.-n  woro  provloiiHly  oniployod.  Tho 
ooniliuHtlon  of  loal.  tho  loail.  draft  and  furnaco  (•(|ulpnionl 
mil  for  n  mothod  that  porhapH  could  not  l>o  followoil  In  any 
other  bollor  room.  You  have  n  Uociiho  law  In  thin  Htalo. 
Some  part»  of  the  lU-onse  law  for  tho  nrenicn  may  ho  uood 
1  do  not  think,  however,  that  ono  question  1«  ever  naked  th.- 
tlreninn  as  to  what  he  knows  In  regard  to  the  proper  com- 
bustion of  fuol.  Would  It  not  lie  a  benefit  to  the  fireman  as 
well  as  to  his  employer  If  ho  did  know  soniethlnK  of  the  run- 
nlnjt  conditions  in.slde  tho  boiler  as  wiOl  a.s  how  to  obtain 
the  most  economical  results?  In  this  manner  he  would  be 
oducatlnK  himself  as  well  as  being' more  valuable  to  his  em- 
plo>  er. 

It  Is  not  a  Kood  plan  to  hold  the  fireman  resi)on8lblc  until 
the  foreman  knows  everything  Is  all  rlRht  himself,  and  this 
can  best  be  obtained  by  recordinR  Instruments  from  dally 
runnhiK  conditions.  A  fireman's  duty  is,  as  a  rule,  done  when 
he  maintains  a  levi'l,  oven-burninK  Hrc  of  the  correct  htlKht. 
roRUlates  the  draft  to  suit  the  load  and  fuel  conditions, 
maintains  a  uniform  water  level  and  keeps  soot  out  of 
the  boiler.  Finding  air  leaks,  determlnint?  the  proper 
height  of  fires  and  correct  draft  for  load  conditions  is 
the  combustion  engineer's  business.  Firemen  must  use  judg- 
ment, but  fuel  and  load  conditions  In  nearly  every  plant  ad- 
mit of  finding  what  furnace  adjustments  are  needed.  Every 
fireman  should  understand  that  just  as  much  fuel  can  be 
wasted  by  excess  air  coming  through  uneven  and  too  thin 
flics  as  through  an  open  furnace  door.  No  one  man  can  look 
at  a  boiler  furnace  and  say  exactly  how  near  or  how  far  it 
may  be  from  its  highest  economy. 

Steam  boilers  have  been  employed  for  200  years,  but  less 
is  generally  known  about  them  and  their  operation  than  the 
electrical  engineer  has  found  in  25  years  about  the  practical 
forms  of  electricity.  In  the  average  boiler  rooms  the  steam 
gage  and  water  glass  are  about  the  only  instruments  that 
have  been  provided,  or  the  only  ones  that  have  been  paid 
any  attention  to  by  the  firemen.  No  instruments  showing  the 
condition  of  the  fires,  the  air  supply,  gases,  etc.,  have  been 
used  to  any  great  extent,  and  it  is  for  this  reason  that  so 
little  is  known  by  the  average  foreman  and  fireman.  It  is 
more  important  to  consider  as  a  part  of  the  boiler  equip- 
ment instruments  that  will  show  the  water  evaporated,  coal 
burned,  steam  given  out,  and  the  furnace  adjustments  than 
to  equip  the  prime  movers  with  proper  instruments,  and  more 
can  be  saved.  With  such  instruments  any  local  losses  can 
be  determined   for  elimination. 

IMPORTANCE    OF    INSTRUMENTS   IN    BOILER    ROOM 

To  the  ambitious  fireman  instruments  are  as  import- 
ant in  the  boiler  room  as  the  indicator  is  in  the  engine  room, 
except  that  they  have  the  added  advantage  of  giving  continu- 
ous indication  of  the  process  of  combustion.  Every  fireman 
should  know  the  meaning  of  the  different  instruments  and 
what  each  means  to  him.  As  a  rule,  at  present  they  mean 
nothing  for  the  simple  reason  that  he  has  never  been  edu- 
cated to  understand  them.  If  he  had  he  might  become  more 
interested  and  try  for  better  results.  With  reliable  instru- 
ments it  is  within  the  power  of  every  fireman  to  intelligently 
procure  proper  combustion. 

The  interest  of  the  men  must  be  kept  up  and  some  stand- 
ard set  to  which  they  must  work.  This  can  only  be  main- 
tained by  the  man  in  charge  either  through  some  form  of 
bonus  or  by  showing  the  fireman  that  by  firing  correctly  with 
the  assistance  of  the  proper  instruments  his  work  will  be 
better,  with  less  exertion  on  his  part. 

Recording  instruments  are  preferable  as  they  show  the 
average  existing  daily  conditions,  and  make  all  tests  one  of 
weekly  or  monthly  running  condition,  which  is  the  only  fair 
test  to  run.  All  charts  should  be  closely  examined  daily  by 
the  foreman  in  charge  so  that  he  may  note  any  discrepancy 
and  can  hold  the  man  under  him  responsible  for  economical 
results.  The  majority  of  plant  owners  are  willing  to  pur- 
chase instruments  provided  the  fireman  can  show  that  he  is 
familiar  with  the  subject  of  combustion  and  fuel  economy 
and  can  convince  the  management  that  through  their  con- 
stant use  a  check  can  be  kept  on  the  average  running  condi- 
tions and  money  saved  thereby. 


Ono  of  tho  bout  ln«trumcntii  for  MhowInK  the  komoijiI 
workliiK  ronilltlonn  on  an  Inillvlduul  bollor  Ih  tho  Hteiini 
Mow  motor.  Whllo  thoHo  iiiotorM  mny  not  bo  nbiiolutoly  accu- 
rate, Mo  long  MX  Ihoy  givo  rolutlvo  IndlcatlonH,  thoy  an-  a 
groat  holp.  If  tho  flromiin  moom  thiil  IiIh  arrow  gocH  up  under 
certain  i-ondlllonH  ho  knowH  that  ho  Ih  gotting  Ix-ttor  n- 
HUltH,  an<l  If  ho  Ih  at  all  ambltlouH  ho  will  Hoon  loarn  what 
eondltloiiM    will    koop    tho   uirow    at    ItH    hlghoKt    point. 

Tho  foreman  i.iUMt  know  what  renultH  glvo  the  bo«t  work- 
ing condltlonH  and  ho  niuHt  run  the  bolloiH  an  near  thoir 
rating  a«  poHHible.  A  compnrlHon  Hhould  froijuontly  be  mailo 
l)elween  tho  rated  capacity  of  tho  IxdIorH  and  tho  running 
condltloiiH  aH  thoy  oxlnt  to  hIiow  whether  the  bolIorH  are  over 
or  underloaded  to  moot  tho  coMillllfin  of  bcHt  economy.  When 
the  IxdIerH  nro  run  f;ir  below  their  rating  tho  Iohh  In- 
creaseH  gri-atly.  Peak  Io;idH  nro  carried  better  by  running 
tho  boilers  tempor.-irlly  above  rating.  With  tho  Manning  typo 
of  boilers  an  elllelency  of  about  72  Vi  i)er  cent,  or  over  Is  ob- 
fiilned  with  capacltloB  from  about  fim4  to  123  per  cent,  of 
the  noiinal  rating  and  tho  efllcloncy  falls  off  rapidly  after 
passing  12.')  per  cent,  of  the  rating.  When  a  conHtant  load  Is  • 
carried,  only  enough  boilers  should  be  ruD  to  carry  the  load 
at  their  normal  rating.  In  many  cases  more  boilers  are 
run  than  Is  necessary  or  they  are  run  more  above  rating  than 
will  give  satisfactory  economical  results. 

fked-wath;r  and  damprh  regulators 

Automatic  devices  are  good  so  long  as  they  remain  auto- 
matic, but  the  more  complicated  you  make  any  boiler  and  its 
ai)|)urtenances  the  more  trouble  you  will  have.  Each  devlco 
has  its  own  merits,  and  each  if  given  sufficient  attention 
might  prove  satisfactory  for  a  considerable  length  of  time, 
but  it  is  a  question  whether  such  devices  would  offset  the 
operation  of  a  boiler  by  a  properly  trained  and  educated  fire- 
man. There  are  many  feed-water  regulators  on  the  market, 
some  of  which  are  satisfactory,  but  in  a  large  plant  where 
regular  water  tenders  are  employed  the  use  of  these  regu- 
lators will  lead  to  carelessness,  and  while  they  may  work 
satisfactorily  for  a  while,  there  may  be  a  time  when  they 
will  work  disaster.  Some  of  these  regulators  may  give  a 
steadier  feed  than  hand  regulation,  but  this  must  be  offset 
by  the  safety  element  which  such  an  automatic  device  cannot 
cover.  In  small  plants  where  the  fireman  is  the  engineer, 
fireman,  and  general  handy  man  a  water  regulator  may  be 
satisfactory,  but  in  a  large  plant  its  use  is  questionable. 
There  are  balanced-draft  devices  on  the  market  which  give 
satisfactory  results  and  border  on  meeting  the  ideal  condi- 
tions of  combustion,  but  such  devices,  like  all  others,  mean 
constant  vigilance.  If  the  firemen  are  educated  as  they 
should  be  and  we  have  trained  men  for  the  boiler  house,  then 
proper  combustion  can  be  obtained  without  the  aid  of  auto- 
matic devices.  Until  this  condition  exists,  boiler-room  econ- 
omy must  suffer. 

One  important  factor  that  is  gradually  coming  into  vogua 
is  a  signaling  arrangement  between  the  switchboard  and 
the  fire  rooms.  This  is  very  important  from  an  economical 
standpoint  as  the  fire  room  must  be  kept  informed  of  the 
load,  any  change  in  it  or  any  anticipated  change,  so  that  the 
boilers  may  be  properly  run  to  cover  the  conditions.  This 
is  not  always  done. 

NEW   ENGLAND   MILLS   FIFTY   Y'EARS  AGO 

GEORGE  H.  DIMAN,  Consulting  Engineer  of  the  Amer- 
ican  AVoolen   Co.,   and   father   of   the    preceding   speaker,   said: 

The  mills  in  New  England  50  years  ago  were  run  as  fol- 
lows: The  kind  of  boilers  used  were  plain  cylinder  boilers, 
about  30  inches  in  diameter,  30  feet  long,  with  three  set  in  .a 
battery;  this  made  one  furnace.  The  gases  passed  under- 
neath the  shell  and  then  to  the  chimney.  Hognose  boilers; 
two  15-inch  flues  passed  through  the  center  of  the  boilers  and 
the  gases  passed  part  way  underneath  the  boiler,  and  then 
to  the  chimney. 

Anthracite  coal  was  used  exclusively;  the  sizes  •were 
steamboat,  grate  and  egg,  no  bituminous  coal  being  used. 
Millions  of  tons  of  small-size  anthracite  lay  in  the  valleys  of 
the  Pennsylvania  coal  regions  which  nobody  thought  could 
be  used,  nobody  reasoned  that  there  was  just  as  much  carbon 
in  a  pound  of  this  coal  as  in  the  larger  sizes.  These  have 
since  been   cleaned   up   and   burned. 

Seventy-two  to  eighty  pounds  steam  pressure  was  the 
limit.  The  appliances  on  the  boilers  consisted  of  three  gage 
cocks,  a  steam  gage  and  weight  and  lever  safety   valves. 

Boiler  makers  in  each  city  and  town  in  the  state  were 
allowed  to  build  the  boilers  as  they  saw  fit.  Xo  attention 
was  paid  to  economy  of  the  steam  plant.  All  they  looked  for 
in  those  days  was  to  keep  the  mill  going.  The  water  was 
supplied  through  an  open  heater,  using  a  pump  to  take  th<? 
water  from  the  heater  to  the  boilers.    The  supply  of  water  to 
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the  boilers  was  regulated  to  the  supply  into  the  heater,  and 
many  times  through  the  carelessness  of  the  fireman  the 
heater  was  allowed  to  fill  up,  and  the  first  thing  they  knew, 
the  exhaust  pipe  was  full  and   backing  into   the  cylinder. 

The  engines  were  mostly  Corliss  beam  engines,  but  just 
about  that  time  they  began  to  build  horizontal  engines. 
There  was  not  an  engine  of  over  1000  hp.  running  in  New 
England.  If  there  was  a  pair  of  engines,  one  cylinder  was 
used  condensing  and  the  other  noncondensing.  All  the  piping 
was  cast  iron,  and  all  the  joints  were  put  together  with  red 
lead  putty.  These  were  the  conditions  I  found  existing  50 
years  ago.  The  indicator  was  something  unknown  in  mill 
practice,  and  I  do  not  think  that  there  was  an  indicator 
owned  in  a  New  England  mill  at  that  time.  Mr.  Frank  Bacon, 
of  Boston,  did  all  the  indicating. 

About  1875  the  mill  men  began  to  look  for  economy  in  the 
steam  plants  in  New  England,  not  paying  any  attention  to 
the  boiler  room,  and  thinking  all  the  saving  was  to  be  made 
in  the  engine  room. 

A  HORSEPOWER  ON  THREE  POUNDS  OP  COAL 
Here  is  where  I  received  my  first  encouragement.  The 
mill  had  twelve  horizontal  tubular  boilers  and  a  pair  of 
30-in.  X  6-ft.  Corliss  engines.  The  agent  of  this  mill  encouraged 
me  in  every  way,  and  so  did  the  assistant  superintendent,  Mr 
Walter  H.  Parker,  now  agent  of  the  Pacific  Mills.  Still,  we 
kept  looking  in  the  engine  room  for  economy  and  utiliz- 
ing the  steam  for  manufacturing  purposes.  Here  is  where 
I  assisted  in  making  the  first  test  of  an  engine.  (I  have 
the  original  letter  with  me  this  evening,  and  if  any  of  the 
members  wish  to  see  it,  they  may  do  so.)  Mr.  Nathaniel 
Herreshoff,  the  famous  yacht  builder,  was  employed  by  Mr. 
Corliss  as  draftsman,  and  being  a  young  man  like  myself  at 
that  time,  and  thinking  it  might  please  Mr.  Corliss,  we  per- 
haps jockeyed  the  test  a  little.  When  I  showed  the  report  to 
Mr.  Corliss  (just  to  show  you  how  honest  he  was  in  his  deal- 
ings), he  told  me  that  when  I  went  home  I  had  better  put 
that  in  a  bureau  drawer,  and  not  show  it  to  anyone;  if  his 
engines  were  producing  a  horsepower  on  3  pounds  of  coal,  he 
was  satisfied.  The  reason  he  said  this  was  that,  taking  a 
Midland  steam  report  from  England,  the  engines  while  be- 
ing compounded  were  using  from  10  to  14  lb.  of  coal  per 
horsepower  per  hour.  Of  course,  this  was  bogey  coal — by 
bogey  coal  I  mean  the  waste  coal  from  the  mines.  Of  course, 
you  must  remember  that  engines  at  that  time  in  England 
were  slide-valve  engines,  and  the  governor  was  in  the  steam 
pipe,  which  of  course,  wire-drew   the  steam. 

THE  FIRST  COMPOUND  COTTON-MILL  ENGINE 
About  1880,  the  people  where  I  was  employed  contem- 
plated building  a  new  mill,  and  having  read  a  great  deal 
about  compounding,  I  was  very  anxious  to  have  a  pair  of 
compound  engines  put  in.  Mr.  Corliss  was  much  opposed  to 
this,  and  his  excuse  was,  as  I  said  before,  that  his  engines 
were  doing  better  than  the  mill  engines  of  England.  Mr. 
Henthorne  was  his  head  draftsman  at  that  time,  and  being 
good  friends  with  him  we  worked  the  matter  together. 
Finally  he  consented  to  build  a  compound  engine;  and  this 
was  the  first  compound  engine  ever  built  for  a  cotton  mill 
in  this  country.  The  guarantee  was  1.67  lb.  of  coal  per 
horsepower  per  hour,  taking  the  steam  out  of  the  receiv- 
ers to  do  the  slashing.     The  engine  fulfilled  the  contract. 

Being  much  interested  in  the  boiler  room  end,  and  satis- 
fying myself  that  nothing  more  could  be  done  to  improve  the 
engine,  I  turned  my  attention  to  developing  a  system  of  fir- 
ing which  would  make  a  saving,  and  from  that  time  to  this 
I  have  devoted  all  my  time  to  the  boiler  room  end.  I  feel 
that  this  is  the  place  where  the  chief  engineer  of  a  steam 
plant  should  spend  his  time.  I  am  satisfied  that  he  can 
make  no  saving  on  the  engine  end  or  on  the  turbine  end  of 
our  steam  plants  today.  All  he  can  do  here  is  to  see  that 
they  are  kept  in  good  condition,  properly  lubricated,  and  a 
high  vacuum  obtained  on  the  turbines.  The  saving  must  be 
made  in  the  boiler  room. 

HOW  COAL  WAS  BURNED  IN  THE  EIGHTIES 
To  show  how  ignorantly  coal  was  burned  in  New  England 
in  1883,  I  was  called  to  take  charge  of  a  large  steam  plant — 
four  woolen  mills,  and  four  cotton  mills.  There  were  six  dif- 
ferent boiler  rooms  in  this  plant,  they  were  burning  anthra- 
cite coal  and  all  were  small  horizontal  tubular  boilers.  In- 
jectors were  used  to  feed  them;  not  a  heater  nor  a  pump 
on  the  place;  they  did  have  pumps,  but  they  abandoned 
them  as  they  thought  it  cost  too  much  to  keep  them  in 
repair.  Fires  were  allowed  to  burn  out  every  night.  No 
matter  what  condition  the  fire  was  in,  all  the  coal  on  the 
grates  went  out  with  the  ashes  and  new  fires  were  started  in 
the  morning.  Pine  cord  wood  at  $4  per  cord  was  drawn  into 
the  yard  every  day  to  start  these  fires.  The  ashes  were 
not    picked    over,    and    many    families    in    the    town    got    their 


winter's  supply  of  coal  from  them;  the  mill  took  particular 
pains  to  have  the  ashes  hauled  down  to  the  dump  early  in 
the  morning. 

All  these  mills  were  heated  with  direct  steam,  and  the 
overseers  were  allowed  to  go  into  the  boiler  rooms  and  turn 
on  the  valves  when  they  saw  fit.  Nearly  all  the  engines 
were  Greene  engines,  about  ten  in  number.  They  were  given 
a  general  overhauling  once  a  year,  which  consisted  of  re- 
seating the  valves  by  the  use  of  a  bastard  file,  a  coldchisel 
and  a  hammer,  and  then  grinding  them  in  with  emery  and 
oil;  when  the  job  was  finished  the  valves  were  in  worse 
condition  than  before.  I  stopped  all  this,  and  had  the 
valves  scraped  in,  and  we  did  not  have  any  overhauling  each 
year. 

I  want  to  call  your  attention  particularly  to  one  engine, 
of  which  I  have  a  photograph.  This  engine  was  built  to  get 
over  the  patents  of  George  H.  Corliss.  You  will  see  It  is  a 
very  peculiar  engine.  My  attention  was  called  to  it  when  I 
arrived  at  the  mills,  and  was  told  it  was  a  very  good  engine 
because  it  had  a  very  strong  exhaust.  I  replaced  the  cyl- 
inder on  this  engine  with  a  Corliss  cylinder.  They  had  great 
trouble  in  this  mill  with  leaky  tubes.  Their  system  was  to 
blow  off  the  boilers  every  Saturday  night  and  refill  them  im- 
mediately with  cold  water,  keeping  the  boiler  maker  and 
helper  busy  retubing  them.  I  called  the  boiler  maker's  at- 
tention to  this,  asking  why  he  did  not  stop  this  system.  He 
said  he  did  not  want  to  take  the  bread  and  butter  out  of  his 
mouth.  I  told  him  to  go  to  the  oflfice  and  get  his  bill.  We 
stopped  blowing  off  the  boilers  and  refilling  them  while  hot 
and  had  no  more  trouble  with  leaky  tubes. 

A  1200-FT.  CONDENSING  MAIN 
We  had  two  mills,  one  on  each  side  of  the  river,  1200 
ft.  apart.  Both  engines  were  running  noncondensing.  No 
use  for  the  exhaust  steam.  Having  plenty  of  old  pipe  in  the 
mill  yard,  I  conceived  the  idea  of  connecting  the  engines  and 
running  condensing.  The  smart  ones  said  it  wouldn't  work, 
but  they  were  much  disappointed.  Tou  can  run  an  engine 
with  the  condenser  a  mile  away,  providing  the  piping  is 
tight.  All  the  difference  it  makes  is  that  it  will  take  a 
little  longer  time  to  get  the  air  out  of  the  pipe  before  you 
start.  We  had  a  Knowles  condenser.  After  I  had  accom- 
plished this,  I  went  to  Boston  to  the  Blake  Pump  Co.,  which 
then  controlled  the  Knowles  pump,  and  wanted  to  buy  a 
condenser  to  do  what  I  had  accomplished.  They  said  they 
would  not  sell  me  a  condenser.  After  showing  them  the 
cards  from  the  engines,  they  were  very  much  surprised  and 
changed    their    opinion. 

The  first  steam  plant  that  I  took  charge  of  which  I  con- 
sidered uptodate  in  every  way  for  economy  was  designed  by 
E.  D.  Leavitt,  Mr.  Dean,  superintendent.  This  was  in  1887. 
I  will  just  say  this  about  the  engines.  They  were  designed 
for  1200  hp.,  the  most  economical  load  to  run,  but,  having  a 
great  deal  of  use  for  exhaust  steam,  we  have  loaded  these 
engines  from  2000  to  2400.  The  engines  have  run  continuously 
since  May  1887  with  the  same  crankpin  boxes,  never  having 
been  rebabbitted.  The  boilers  were  horizontal  tubular,  78 
inches  in  diameter,  tubes  18  ft.  in  length,  3  inches  in  diam- 
eter.    Grate   surface   in   boilers    56    sq.ft. 

SMOKELESS  .SYSTEM  OF  FIRING 

This  is  the  time  I  began  to  turn  my  attention  to  the 
boiler  room  end.  I  feel,  and  I  know,  that  a  system  of  firing 
can  be  established  with  most  any  kind  of  bituminous  coal 
used  in  New  England  and  have  a  smokeless  chimney,  but  the 
boilers  must  be  properly  designed.  I  feel  that  you  can  get 
better  results  with  small  units  with  hand-firing  than  with 
any  other  system.  In  my  observations  of  other  systems,  it 
will  be  impossible  to  get  any  kind  of  results  unless  the  fur- 
naces are  manipulated  by  skilled  help  occasionally,  to  cover 
up  the  holes  where  the  furnaces  are  fed  automatically.  I 
think  that  the  horizontal  tubular  boiler,  where  there  is  plenty 
of  room,  is  the  best  all-round  boiler  that  can  be  used  for 
manufacturing  purposes. 

Take  the  boilers  that  were  designed  by  Mr.  Leavitt,  and 
started  in  May  1S87.  After  having  been  run  18  years  under  a 
pressure  of  140  lb.  and  driven  away  above  capacity,  the  in- 
surance company  reduced  the  pressure  to  120,  so  that  we  re- 
moved these  boilers  and  placed  them  in  other  mills  where 
lower  pressure  was  required,  and  these  boilers  are  running 
today  without  having  been  retubed. 

I  was  once  reprimanded  about  the  care  of  these  boilers, 
because  I  was  using  too  many  manhole  gaskets;,  but  I  told 
my  superior  that  manhole  gaskets  were  a  great  deal  cheaper 
than  boiler  makers. 

AUTOMATIC   DRAFT   VS.    THE   TALL   CHIMNEY 
I   feel    that  you   can   get   a   great   deal   better   results   with 
an    automatic   draft — say,    induced    draft — than   you   can    with 


Tl'S 


vo  w  !•:  i{ 


\'..l.  ;!!i    Vo.  23 


KiiMil  tnll  (■hlinnc.NH,  iiikI  II  l»  pohmIIiIo  Io  locliii-i-  I  lio  hIiuU 
ri'inixMHtui'i'M  voiy  li>\v.  I  ilii  iml  li<>lliiv(i  In  lull  <1iIiiiih-.vm. 
Yi.u  arc  llinltoil  to  ehe  power  oT  ll\i'  I'hiinnoy,  ami  you  liavi' 
to  carry  ii  hl»jh  tompcrnturo  to  ki<1  ilrntt.  Kor  iiiHlaiii-<>.  taltn 
the  Btnok  toinpcrntiiro  at  llio  Wood  Mllln;  It  hnu  iiovir  run 
iiliove  220  (!<•»:..  nnil  tlio  1)oIUmh  aro  rnnnlnir  liotwocn  HO  nnil 
li>0  per  ront.  ov<T  ratlntf.  With  n  c-hliniiry  at  that  ti-m- 
pcratiirf,  It  woiilil  bo  inipoMHlMo  to  Ki't  Iho  power  of  thi> 
liollora  roKnlntoil. 

I  l>»>llrve  In  hlnh  fiirnnt-c  tenipcratiirc,  and  hiivlnn  tho 
Im.IKms  properly  deslKned  to  al>sorl>  tiioMt  of  this  hcnt.  Tho 
liollers  at  the  Wood  MIIIh  nio  7S  liicIieH  In  dianiotor.  tubOH 
£1  feet  lontr.  3  Inchen  In  diameter,  with  2300  ft.  of  heatlni? 
mirfaco.  With  thewe  bollerH  lunnlnK  ino  per  cent,  over  rating 
:it  tlnios.  I  have  never  seen  tho  temperature  loavlnw  tho  boll- 
era  over  4.'iO  dcu. 

I  feel  that  we  cannot  pay  too  much  iittenflon  to  feedlni? 
the  l.oilor.s  with  water.  If  you  will  notice  tho  ojjorations  of 
the  steam  flow  meter  attached  to  your  lioller.  and  watch  tho 
(Irenian  as  he  oiiens  tho  feed  valve  carelessly,  you  will  bo 
astonished  to  see  tho  horsepower  drop.  I  have  watched  th.3 
operations  of  our  boller.s,  and  have  had  the  llrcman  open  the 
valve  carelessly,  and  tho  boilers  have  dropped  from  500  hp. 
to  300  hp.  in  le-ss  than  thirty  seconds.  Just  stop  to  think  of 
tho  effect  of  pouring  some  water  Into  a  kettle  of  boiling 
water — it  is  just  so  with  feodine   the  boiler  carelessly. 

NEED  FOR  THE  GOLDEN  KULE 

To  obtain  the  best  results  in  your  boiler-room  and  en- 
Kine-room  force,  you  must  have  first  a  good  feeling,  and  in 
order  to  have  that  good  feeling,  you  must  use  the  men  under 
you  as  you  would  want  to  be  used  yourself.  In  my  fifty 
years  of  experience,  no  matter  in  what  mills  I  have  been 
employed,  I  have  never  gone  outside  the  mill  yard  to  get 
help.  I  have  always  promoted  the  men  in  the  mill.  This 
gives  the  men  an  incentive  to  work  for.  and  it  makes  a  great 
deal  better  feeling.  All  of  our  chief  engineers  in  our  mills  In 
Lawrence  are  young  men  who  have  grown  up  under  me. 

Another  thing  I  am  very  careful  about — perhaps  it  is 
foolish  on  my  part — but  I  have  never  yet  failed  to  introduce 
any  who  come  to  visit  the  plant  to  tho  man  in  charge.  In 
fact,  I  always  have  the  man  show  the  company  around  the 
plant.     We  all   like   to   be   recognized. 

Finally,  I  see  a  great  many  young  men  around  me  to- 
night, and  I  want  to  leave  this  parting  word.  Do  the  very 
best  you  can  for  yourself  and  your  employer.  No  matter 
what  discouragement  you  may  meet  with,  keep  on  doing  your 
best.  If  new  appliances  are  put  into  your  hands  to  use,  and 
you  do  not  feel  favorably  toward  them,  banish  that  thought 
from  your  mind  and  try  to  make  them  do  better  than  they 
were   intended   to  do. 

I.  E.  MOULTROP,  of  the  Edison  Illuminating  Co.  of  Bos- 
ton, said  that  boiler  units  are  going  to  increase  in  size. 
There  was  no  use  in  putting  in  20,000-,  30,000-  and  40,000-kw. 
turbines  and  hitching  them  up  to  a  line  of  little  boilers.  The 
reliability  of  the  boiler  is  beyond  question.  At  the  Delra.v 
station  in  Detroit  the  reliability  of  the  boilers  is  even  greater 
than  that  of  the  turbines.  By  using  a  large  boiler  you  get  a 
greater  amount  of  heating  capacity  within  the  same  brick 
setting,  and  have  less  firebrick  to  heat  up  and  cool  down. 
There  is  less  cracking  to  cause  air  leaks,  and  the  investment 
is  less.  The  investment  item  is  the  big  item;  the  operating 
cost  is  secondary.  The  operating  costs  exist  only  while  the 
l)lant  is  running,  but  the  investment  costs  keep  on  all  the 
time.     The  large  boiler  units  take  less  space  and  less  piping. 

NO   HAND   FIRING   FOR  LARGE   CENTRAL   STATIONS 

Handfiring  is  out  of  the  question.  The  stoker  Is  going  to 
be  of  the  underfeed  type.  He  did  not  mean  to  specify  any 
stoker  on  the  market,  and  would  not  want  to  recommend  any 
that  is  in  existence  at  the  present  time.  The  advantages  are 
numerous.  One  of  the  principal  advantages  is  that  you  can 
force  boilers,  by  which  he  meant  forcing  them  up  beyond 
anything  which  has  yet  been  done.  One  or  two  stations  are 
running  boilers  to  250  and  3.50  per  cent,  of  rating.  His  com- 
pany did  the  same  thing  at  the  L  Street  Station.  The  Inter- 
borough  people,  in  rebuilding  the  Seventh-fourth  Street  Sta- 
tion, New  York  City,  contemplate  running  boilers  at  430  per 
cent,  of  their  rating,  and  he  did  not  know  as  that  was  the 
limit.  This  also  keeps  down  the  investment  and  gats  away 
with  banking  the  fires.  Few  realize  liow  much  it  costs  to 
carry  fires  banked. 

Another  advantage  is  that  you  have  positive  control  of 
your  draft.  The  chimney  for  a  big  power  plant  will  cease  to 
be  the  draft-creating  device.  Its  function  will  be  to  take  the 
products  of  combustion  far  enough  into  the  air  so  that  the 
power  plant   will  not  be   a   nuisance    to    its   neighbors.      They 


ha. I  luiil  oecuHlonH  when  the  load  on  the  Niatloii  iliiulilert  In 
half  an  hoin.  It  would  be  utterly  ImipomhIIiIo  to  nicot  Much  a 
condition  with  any  fortn  of  boiler-room  oqulpmont  that  de> 
ponded  upon  chimney  draft. 

Tho  l)oller  room  will  bo  ui|ulppeil  with  boUor  dovlceu 
for  tolllntr  tho  (Ireman  what  Ih  taking  place.  Wo  Klve  ii 
llrcman  Iho  iiio»t  lmi)ortant  Job  In  tho  Htatlon,  and  kIvi-  him 
nothluK'  but  a  crackoil  i>rOHHUro  Kai^o  to  tell  hlni  how  well  he 
Im  doing  It.  Tho  Mteain  (low  meter  Ih  one  of  tho  niOMt  Im- 
portant dcvlccH  with  which  any  IiIk  power  plant  can  le 
e(|ulpiiod.  We  need  to  know  what  the  draft  condltlonH  nn-, 
and  that  they  are  contitant. 

Too  many  automatic  devices  nro  bad;  Iho  fewer,  tho  beltei, 
but  what  you  do  have,  bo  sure  they  aro  reliable. 

FlUK    ROOM    LAHOR 

Tho  most  Important  matter  is  that  of  fire  room  labor,  and 
tho  operation  of  the  (Ire  room  Is  the  most  Important  Job  In 
a  power  plant.  The  economy  of  the  turbine  room  Is  In  tho 
hands  of  the  constructing  engineer.  The  Are  room  Job  has 
never  been  congenial.  Tho  man  who  has  the  Intelligence 
and  the  ambition  to  do  that  sort  of  work  would  not  tackl' 
that  sort  of  a  job.  Visitors  admire  the  engine  and  turbln 
room,  but  they  stick  their  heads  Into  the  fire  room,  an'i 
duck!  M.ake  the  fire  room  just  as  agreeable  a  place  for  th. 
men  to  woik  in  as  possible — neat,  clean,  well  ventilated — and 
cut  out  the  manual  labor.  When  you  make  the  fire-room  job 
one  which  the  man  can  run  and  keep  himself  as  neat  anl 
clean  as  the  man  in  the  turliine  room,  you  can  get  the  rlghr 
kind  of  men  to  run  it.  He  did  not  believe  in  having  th<- 
chief  engineer  sit  In  the  office  most  of  the  time  looking 
over  charts.     Let  the  clerk  do  that. 

BOILER   PRACTICE  ONE  OF  DESIGN 

JAMES  D.  ANDREW,  also  of  the  Edison  Illuminating  Co.. 
of  Boston,  said  that  undoubtedly  boiler  practice  is  O'l" 
of  design.  The  simpler  the  plant  can  be  designed  and  tli- 
more  rugged,  the  better  will  he  the  efficiency.  In  earlii 
times  the  belief  was  prevalent  that  everything  had  to  Ij' 
duplicated  for  safety.  As  years  went  on,  and  the  expecte'l 
failures  did  not  occur,  designers  were  giving  up  the  duplic.-i- 
tion,  with  better  results.  The  majority  of  operations  should 
be  made  as  nearly  automatic  as  possible.  The  stoking  should 
be  automatic,  the  boiler  feed,  the  combustion  control.  He 
did  not  feel  that  recorders  were  of  much  advantage;  they 
dealt  with  ancient  history.  What  was  needed  was  indicators 
which  would  show  what  was  going  on  at  the  time.  H«- 
spoke  of  a  combiistion  indicator  designed  by  E.  O.  Bailey  as 
both  ingenious  and  clever.  The  back  damper  of  a  boiler  is 
a  good  indicator  of  what  is  going  out.  The  steam  meter 
shows  the  amount  of  steam  delivered.  There  should  be  a 
certain  volume  of  gas  delivered  by  the  fire,  and  the  back 
damper  is  a  good  measure  of  that  gas.  It  is  not  a  difficult 
matter  to  put  an  attachment  from  the  back  damper  to  the 
front  of  the  boiler  and  calibrate  that  telltale  so  as  to  show 
just  where  the  back  damper  ought  to  be  for  each  output  of 
the    boiler. 

After  you  have  made  the  majority  of  the  operations  auto- 
matic, see  to  it  that  the  fireman,  instead  of  sitting  dowr 
is  busy  looking  for  holes  in  the  fires,  etc.  Proper  weighiii- 
apparatus  should  be  provided  for  keeping  track  of  tli  • 
amount  of  coal  being  burned,  and  checking  it  against  tl 
electrical  output.  So  far  as  the  feed  water  is  concerneil, 
Capt.  Manning  is  absolutely  right.  Evaporators  for  distilling 
water  for  the  make-up  should  be  provided;  such  evaporators 
use  high-pressure  steam  for  boiling  the  makeup  water,  and 
then  pass  the  high  temperature  condensate  back  to  the 
boiler.  Make-up  water  is  seldom  over  15  or  20  per  cent.,  and 
this  can  be  easily  provided. 

AIR  SUPPLY 

E.  G.  BAILEY,  of  the  Fuel  Testing  Co.,  said  that  his  hobby 
was  air  supply.  It  tal^es  so  much  air  to  economically  burn  a 
pound  of  coal  and  the  pound  of  coal  properly  burned  will 
make  so  much  steam;  it  is  a  question  of  relation  between  the 
air  supply  and  the  steam  output.  Automatic  regulators  are 
worse  than  useless.  Draft  recorders  are  more  important  than 
steam  recorders.  The  rate  of  air  supply,  with  a  sensitive 
damper  regulator,  varies  from  50  to  75  per  cent,  for  a  varia- 
tion of  2  or  3  per  cent,  in  the  steam  supply.  The  pressure 
goes  up,  and  the  damper  will  almost  completely  close,  leaving 
the  fire  without  a  sufficient  supply  of  air,  until  the  pressure 
is  dropped,  when  it  will  immediately  fly  wide  open,  admitting 
as  much  of  an  excess  as  there  was  a  deficiency  before. 

The  great  problem  of  today  is  to  supply  air  to  the  furnace 
in  exact  proportion  to  the  demands  for  steam. 
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K.  W.  BEAN,  consulting-  engineer,  of  Hoston,  contiibuteil 
the  following  discussion: 

It  is  now  well  established  that  the  boiler  room  of  a 
power  plant  should  receive  more  attention  than  heretofore. 
Men  of  unusual  skill  and  intelligence  should  be  in  this  de- 
partment, as  here  is  where  lie  the  greatest  opportunities  for 
economy.  With  recent  means  of  indicating-  and  recording  all 
of  the  important  features  of  boiler  room  performance,  one 
can  know  constantly  whether  things  are  going  on  properly. 

Many  people  do  not  realize  what  savings  can  be  made  by 
proper  firing  unless  they  have  had  within  their  experience 
cases  where  it  has  been  shown.  I  remember  one  such  ex- 
perience in  which  the  evaporation  per  pound  of  combustible 
from  and  at  212  deg.  was  increased  from  8.34  lb.  to  9.54  lb., 
and  then  to  12. S4  lb.  This  was  done  by  putting  in  a  new 
grate,  studying  the  case  in  various  ways,  but  chiefly  by  im- 
proving the  firing. 

The  days  of  reciprocating  feed  pumps  seem  to  be  num- 
bered, and  centrifugal  steam  or  motor  driven  pumps  are 
better  in  several  ways.  They  give  no  tiouble  about  pack- 
ing, can  pump  hot  watei-,  make  no  pulsations,  and  render  the 
action  of  feed  water  recording  apparatus  better.  On  the 
principle  that  the  most  economical  steam  engine  is  the  sim- 
ple non-condensing  engine  of  which  the  exhaust  can  be 
utilized,  it  is  best  to  drive  feed  pumps  and  other  auxiliary 
apparatus  by  steam  if  the  exhaust  can  be  used  for  heating 
feed   water  or  otherwise. 

Concerning  stokers  it  is  my  belief  that  they  are  indis- 
pensable in  large  public  service  stations  with  large  overload 
requirements,  but  in  moderate  sized  mill  plants  I  do  not  thinic 
that  they  are  advisable  unless  fiom  condition.?,  overhead 
coal  storage  bins  are  advisalile.  In  such  cases  if  the  plant  is 
not  too  small  a  substantial  saving  in  labor  can  be  made 
because  the  coal  can  be  delivered  into  the  stoker  hoppers 
through  chutes.  There  is  no  economy  of  coal  by  the  use  of 
stokers  If  hand  firing  is  properly  done,  for  the  best  hand  fir- 
ing results  have  not  been  surpassed  by  the  best  stoker  re- 
sults. It  should  be  mentioned,  however,  that  a  high  grade  of 
intelligence  in  boiler  rooms  is  not  as  likely  to  be  obtained, 
if  men  have  to  shovel  coal,  as  would  be  the  case  if  they  di- 
rected coal  to  hoppers  through  chutes.  The  limitations  of 
stoker  and  hand  firing  economy  are  of  the  same  character, 
and  they  are  either  too  much  or  too  little  air.  It  is  easy  in 
hand  firing  to  keep  a  grate  properly  covered,  but  with  some 
kinds  of  stokers  it  is  not  easy.  It  is  here  that  the  underfeed 
type  of  stoker  has  the  advantage  over  other  types,  in  my 
opinion.  I  should  not  forget  that  some  stokers  are  smokeless 
and  that  all  are  more  smokeless  than  hand  firing  is  likely  to 
be. 

LARGE    BOILER    UNITS    AND    ARTIFICIAL    DRAFT 

I  am  glad  to  see  that  the  advantages  of  large  boilers  in 
large  plants  are  at  last  being  recognized.  I  have  been  ad- 
vocating them  for  years,  but  it  is  difficult  to  influence  mill 
men  to  use  them.  They  cost  less  per  horsepower,  take  up  less 
room,  reduce  the  cost  of  brickwork,  reduce  the  size  of  the 
boiler  house,  reduce  the  number  and  cost  of  steam  pipes, 
blow-off  pipes,  valves,  general  piping,  pipe  covering,  etc.,  and 
finally  the  number  of  men  required.  In  addition  economy  of 
fuel  is  promoted,  for  there  are  fewer  losses  from  air  leaks 
and  radiation.  There  are  no  disadvantages,  for  any  boiler  is 
capable  of  working  far  above  its  rating,  and  therefore  if  a 
boiler  is  laid  off  the  others  can  do  the  work. 

Furthermore  I  am  glad  to  see  a  final  recognition  of  the 
advantages  of  artificial  draft  in  large  plants,  and  regarding 
the  chimney  as  a  device  for  carrying  off  smoke  or  invisible 
gases  to  a  harmless  height.  A  chimney  for  draft  purposes 
is  a  relic  of  past  times.  Now  that  it  is  realized  that  boil- 
ers can  be  worked  at  heavy  overloads,  artificial  draft  enables 
this  to  be  done.  In  central  stations  this  reduces  the  invest- 
ment enormously,  and  yet  the  peak  loads  can  be  carried 
without  difficulty.  I  have  long  advocated  artificial  draft  and 
have  installed  it  several  times,  one  installation  being  among 
the  largest  in  New  England.  This,  in  connection  with  large 
boilers  worked  haid,  has  been  one  of  my  hobbies. 

ONE    POWER    HOUSE    TO    A    TOWN 

JOHN  A.  STEVENS,  consulting  engineer  of  Lowell,  Mass., 
said  that  to  install  or  not  to  install  is  a  matter  of  finance, 
ground  aiea,  cost  of  buildings,  coal  in  and  out,  ashes  in  and 
out,  the  cost  of  labor.  How  much  does  it  cost  over  all?  The 
fixed  charges  are  villainous  in  factory  plant  work;  8  hours  a 
day  for  the  use  of  the  plant  and  the  fixed  charges  going  on 
all  the  time.  The  tendency  of  the  times  is  one  power  house  in 
each  city  for  the  generation  of  power  and  simple  heating 
plants,  one  power  house,  one  engineer,  and  one  oil  can.  In 
order  to  determine  whether  there  was  anything  in  feed- 
■water    regulators,    they    ran   a    24-hour   test,    maintaining    the 


water  level  constant,  and  another  test  of  the  same  duration 
with  the  water  line  going  up  and  down  12  Inches.  The 
difference    in    the    results    was    negligible. 

With  regard  to  tall  chimneys  or  forced  draft,  years  ago 
Mr.    Rockwood    said,    "Tall    chimneys    AND    forced    draft." 

HENRY  BARTLETT,  of  the  Boston  &  Maine  R.R.,  spoke 
of  the  automatic  stoker  as  applied  to  locomotives.  It  was 
being  applied,  not  because  there  appears  to  be  any  economy 
in  its  use,  but  because  the  engines  are  getting  too  large  to 
l)e   hand   fired. 
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Hotel  Jefferson,  Reoria,  was  the  headquarters  for  the 
tenth  annual  convention  of  the  Illinois  State  Association, 
which  was  held  on  May  20  to  22  inclusive.  It  was  the  first  <>f 
the  numerous  state  conventions  to  be  held  this  season  and 
was  up  to  the  usual  standard.  Seventy-two  engineers  were 
registered,  although  only  thirty-four  were  delegates,  and 
with  thirty  firms  exhibiting,  the  attendance  must  have 
reached  150.  The  local  committees  are  to  be  congratulated  on 
the  results  of  their  work.  The  exhibit  hall  was  the  Gold 
Room  of  the  hotel  which  offered  excellent  facilities  for  the 
display  of  engineering  specialties,  and  the  meeting  room  ad- 
joining was  convenient  and  of  the  proper  proportions  to  suit 
the  attendance.  The  entertainment  was  of  the  variety  for 
which  Peoria  is  noted. 

Wednesday  was  reserved  for  registration,  the  forming  and 
renewal  of  acquaintances  and  an  inspection  of  what  the 
supply  men  had  to  offer.  The  convention  was  informally 
opened  Thursday  morning.  W.  G.  Zierke,  chairman  of  the  ar- 
rangement committee,  after  a  few  words  of  welcome,  called 
on  Rev.  B.  G.  Carpenter  for  the  invocation.  Mayor  Wood- 
ward officially  welcomed  the  engineers  to  Peoria  and  hoped 
that  they  would  like  it  well  enough  to  select  it  as  a  perma- 
nent convention  city.  He  was  impressed  with  the  great  mo- 
tive back  of  the  organization  and  it  was  his  urgent  request 
that  they  call  on  him  for  any  services  that  the  city  couM 
render. 

In  his  response  State  President  W.  E.  Hill  spoke  of  the 
early  days  when  it  was  the  policy  of  engineers  to  hoard  their 
knowledge  of  the  engine  room.  With  the  formation  of  an 
association  featured  by  educational  work  and  an  exchange  of 
ideas,  the  times  had  greatly  changed.  The  daily  work  and 
experiences  are  now  freely  discussed  and  as  much  help  as 
possible  is  given   one   to   the   other. 

John  F.  McGrath,  past  president  of  the  national  organiza- 
tion, waxed  eloquent  in  an  address  touching  on  state  license 
laws,  industrial  protection  and  compensation  laws  and  a  pen- 
sion for  the  aged.  The  association  wanted  license  laws,  not 
because  it  is  seeking  positions  for  Its  members,  but  because 
it  is  loolcing  for  protection.  A  clean  civil  service  adminis- 
tration is  desired  and  let  the  best  men  take  the  places.  The 
association  is  broad  minded  in  every  respect.  Education  is 
the  watchword  and  eveiy  member  is  willing  to  stand  his 
chance  with  any  other  engineer.  Assistance  will  be  given 
members  to  get  work,  but  everything  will  be  open  and  above 
board.  He  believed  in  home  rule,  but  a  state  license  law 
would  not  interfere.  It  was  his  hope  that  the  Illinois  asso- 
ciation would  have  a  healthy  growth  and  be  as  large  as  any 
in  the  country.  The  members  had  a  happy  faculty  of  stick- 
ing together  at  the  national  conventions  and  were  respected 
for  it.  It  is  the  only  way  to  accomplish  results  and  the  same 
spirit  in  local  matters  will  make  Illinois  one  of  the  great- 
est associations  in  the  country. 

Judge  fUone  impressed  on  the  delegates  the  necessity  for 
persistence  in  their  efforts  to  obtain  a  state  license  law.  It 
is  a  good  quality  and  one  that  is  needed  to  accomplish  things 
worth  while.  It  requires  the  best  efforts  of  an  individual  or 
an  organization  to  be  a  success  in  these  days.  Assistance  is 
the  keynote  of  every  organization  which  has  a  purpose  to 
carry  out.  It  is  needed  individually  and  collectively,  for  no 
one   can    be    independent. 

In  response  to  a  request  made  by  the  chairman,  Fred  W. 
Raven  gave  the  strongest  talk  of  the  morning.  It  had  been 
nine  years  since  the  association  met  in  Peoria  and  a  notable 
Improvement  was  evident,  but  he  often  wondered  if  all  ap- 
preciated the  fact  that  they  were  allowed  to  belong  to  an  or- 
ganization that  is  doing  things.  It  was  his  opinion  that  the 
opportunities  of  the  organization  were  only  half  realized  by 
the  members.  It  was  a  question  whether  the  object  of  at- 
tending was  a  good  time  or  to  help  each  other.  Frequently 
officers  were  selected  at  random.  A  careful  choice  was  neces- 
sary, and  if  the  association  was  to  amount  to  anything  the 
membership  must  take  a  great  interest  In  its  work.  Educa- 
tion is   open  today  and  there  is  no  reason  why   the  members 
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Mhciiild  not  lin  tho  blKKoitt  nni)  ItrlKhtoHt  I'liKlneom  In  ilwi 
c-uuntiy.  Tho  pcoiilo  nf  thi<  orKiiMlmitliin  iin<t  ItH  iinMHllillllli.t 
rorolviul  lirlcf  inontlon.  Tln»  prciHiiuctH  In  iMllwaukxn  wcm 
bi'licht  for  (lu<  lilKKi'Nt  iiikI  Ix-xt  ('onvcnllon  i>vt'r  held.  A 
nnltfil  rITiiit  WDiiliI  InHiiio  mu<1i  ii  iuhuU.  Itilrily,  Mr.  Uaven 
lovli'wcil  llu>  work  of  tho  iiHNoriutlun  for  tht<  |mnt  yoar.  Ttn 
new  loi'iilM  hiicl  liriMi  iidili'd  to  tho  roHtcr,  thi'  IiuIIom'  nuxlllnry 
%vnN  KrowliiK  anil   tli(>  tlniimlal  condltloiiM  \vt<ro   lloiirlHhlnK. 

\V.  K.  Itayniiind.  of  the  local  toolinlcal  xchool.  B|ioko  briefly 
on  thp  work  of  tho  ciiKlnffr,  and  tho  more  KXtomled  knowl- 
ciIko  rcqulrpd  in  thcxo  days.  Ciood  liookH  were  nociii"!  ami 
mei>tln(;   plaocs   for   pleanure   and   mutual    liiMtruction. 

"l>ad"  Itoc'krrlt'ijr  lirouKht  back  the  <la.\«  In  tho  clKhtloa, 
tho  first  if  the  or^'anlzatloM.  It  was  due  buKely  to  It.s  work 
that  today  there  were  better  educated  men,  better  drcHSCil 
men  and  better  euKineors.  His  clo.>iinK  remarks  touched  on 
tho  )>enslon  fund  and  the  life  and  accident  inaurnnce  uf  the 
association. 


A  Hplrlled  conteHt  between  I'ooilu  and  Dei-atur  ndli'ienlM 
roMiilteil  In  a  choice  of  the  latter  for  tho  next  con.'enllin 
city.  In  chooMlnn  olllcerH,  ITesldent  W.  K.  IIIIl,  Kecrctary- 
trcuMUri-r  (ins  AmlcrHon  and  Htati-  li.pnty  ll.nry  MisoHlo\,' 
were  re-elected.  IC.  It.  W<irtnian  was  tna'lo  vice-prctddont. 
Installation  of  otllierM  by  "Had"  Heckeile»{  and  «ho"t  nd- 
dresHeM  by  Charles  Cullen,  j>re>'ldont,  anil  C  H.  Klske,  iicci<- 
lary  and  treasurer  of  tho  Central  Htatea  KxhlbltorM  UM;i<icl:i- 
tion,    dosoil    tho   meothiK- 

Tho  dclcKiites  adjourned  to  tho  exhibit  hall  and  Joined 
heaitlly  In  i>c>pular  melodies  until  train  time.  Soino  stayed 
over  to  tho  smoker  Klven   that  evenluK  by   the  suitplymen. 

The   llinis  exhIbltltiK  at  tho  oonventlon   were  as  followii: 


Aincrirdti  .St^'iini  CJiuikc  &  Viilvo  Cu. 
AiiiierwrnC.  ,  V.  1). 
Arin-.lnii,K   Miicliine  Co. 
CariMiMir  Co.,  (iiofRC  H. 
Cl,lr,.K..   i'.Mn,>C„. 
Crandnll  I'a.kiim  Co. 


Kinwy  A  .\Iidi|.  r  Co. 
I.ilxrly  Mi.il.r  ClianiiiK  Co. 
I.uiilii'iilH'iin-r  Co. 
McMiiHtiT-Carr  .Supply  Co. 
M.y.r  A  llro    C.,..^^. 
Mii.-ll.r  Co.,  II. 


I 


I 


Delegates  and  Guests  at  the  Illinois  N.  A.  S.  E.  State  Convention  at  Peoria,  III. 


President  Hill  then  took  the  chair  and  shortly  after  the 
convention  adjourned.  The  afternoon  was  spent  sightseeing^. 
The  distilleries  and  the  Avf>ry  Agricultural  Implement  Co. 
were  visited,  and  in  the  evening  a  theater  party  was  the 
feature. 

Two  sessions  were  held  on  Friday  and  all  was  bUoiness. 
Reports  of  officers  and  committees  were  presented.  The  re- 
port of  the  educational  committee  was  enthusiastically  re- 
ceived and  the  license  committee  was  highly  commended  for 
its  good  work.  In  another  year  a  state  license  law  is  e-- 
pected.  To  make  the  constitution  consistent  and  to  in- 
corporate the  changes  that  had  been  made  from  time  co  time, 
a  committee  on  revision  had  been  appointed.  The  revised 
sections  were  read  and  passed  upon,  the  principal  chang;es  re- 
lating to  the  arms  of  the  association,  the  time  of  holding  and 
announcing  the  state  convention  and  representation  from  the 
different  locals.  The  smaller  associations  were  given  more 
delegates  so  that  they  would  not  be  so  greatly  outnumbered 
by  the  Chicago  contingency.  One  delegate  for  every  2-5  mem- 
bers was  allowed  and  no  association  was  to  have  less  than 
three   delegates. 


Couch  &  Heyle 
Dearborn  Chemical  Co. 
Garlock  Packing  Co. 
Greene,  Tweed  &  Co. 
Hawkeve  Compound  Co. 
Home  Rubber  Co. 
Indian  Refining  Co. 
Jenkins  Bros. 

Johns-Manville  Co..  H.  W. 
Keystone  Lubricati;-g  Co. 


"National  Engineer" 

National  Refining  Co. 

Peerless  Rubber  Co. 

Peoria  Belting  &  Rubber  Co. 

Perolin  Co.  of  America 

Powell  Co.,  William 

"Power" 

Thayer  &  Lvnn 

White  Star  Refining  Co. 


Investigations  of  dam  sites  on  the  Colorado  River  jnade  by 
private  companies  indicate  that,  in  addition  to  the  land  now 
served  by  canals,  more  than  1,250,000  acres  additional  could 
be  brought  under  irrigation  by  constructing  storage  dams  on 
the  upper  Colorado  and  its  tributaries.  About  1,000,000  acres 
would  be  served  by  gravity  distribution  systems,  while  about 
300,000  acres  would  require  pumping  plants  to  put  water  in 
the  canals,  the  lift,  however,  being  nowhere  in  excess  of  80 
feet. 
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The  sum  of  $50,000  which  was  appropriated  in  March  for 
the  use  of  the  Ileclatnation  Service  in  investigating-  storaRC 
units  and  irrigation  systems  which  might  lie  developed  on 
this  river  is  expected  to  result  in  a  favoraljle  report  on  a 
storage  capacity  at  several  points  totaling  lietwecn  6,000,000 
and  7,000,000  acre-ft.  A  site  on  the  San  Juan  River,  anotiicr 
at  Kiemling  on  (Irand  Itiver,  and  a  third  in  northwestern 
Colorado  on  Green  River,  all  tributary  to  the  Coloiado,  have 
t)een  examined.  Of  these  the  last  named  is  by  fai-  the  larg- 
est, and  is  located  in  what  is  known  as  Ladore  Canon.  Here 
the  river  banks  are  such  that  a  dam  more  than  100  ft.  high 
can  be  built  which  will  have  a  water-level  length  of  500  ft. 
and  yet  will  be  only  between  700  and  SOO  ft.  long  on  the 
crest.     The  storage   available   is  placed   at   3,000,000  acre-ft. 

These  several  storage  units  would  be  independent  of  tlie 
canal  systems  and  would  be  used  only  to  store  water  foi' 
regulating  the  stream  flow.  The  probable  points  of  diver- 
sion would  be  at  Needles,  Parker  and  Laguna,  and  would 
serve  lands  in  the  Yuma  and  Imperial  valleys.  These  dams 
would  malte  it  possible,  in  the  opinion  of  Louis  C.  Hill,  the 
Governinent  consulting  engineer,  who  supplied  the  foregoing 
information,  to  irrigate  considerable  tracts  of  land  in  Mexi- 
can teritory,  altliough  the  acreage  mentioned  is  wholly  with- 
in the  United  States. 


HOW    TO    BUIL,D    UP    FURNACE    EFFICIENCY.      By    Joseph 
W.    Hays.      Published    by    Joseph    W.    Hays.    Rogers   Park, 
Chicago,  1914.     Size  7'4x5  in.;  126  pages.     Price,  $1 
The  purpose  of  this  book   is  to  tell   in  a   simple  and   inter- 
esting   way    why    fuel    losses    prevail    in    boiler    furnace    oper- 
ation;  where   to  look   for  and   measure    these   losses,   and   how 
to   maintain    economy    when    it    has    been    obtained.      The    text 
is    in    the    nature    of    conversation    by    the     author    with    the 
engineer   and   the  manager.      Much   of   it   relates   to   Mr.   Hays' 
experiences  in   many  plants  where  he   acted   in   a  professional 
capacity    as    a    combustion    engineer. 

The  little  bool-t  treats  the  subject  in  a  manner  easily  un- 
derstandable to  the  average  power-plant  engineer  and  such 
men    should,    therefore,    greatly    appreciate    its    contents. 

ENGINEERS'    COSTS    AND    ECONOMICAL   WC'UKSHOP   PRO- 
DUCTION.      By    Dempster    Smith    and    I'hilip    C.    N.    Pick- 
worth.      Two   hundred    and    forty-three    5%xSV2-in.    pages; 
32    illustrations;     20    tables;     numerous    sp.ioiinen      forms; 
cloth    bound.       Price,    4s.    6d.     ($1.12)     Emmot    &    Co.,    Ltd., 
Manchester,   England. 
The    interesting  and    useful   contents   of   this   book   are   not 
indicated    by    the    title.      It    is    a    combined    handbook    of    ma- 
chine-shop practice  and   a   reference  book   on   the  cost  of  ma- 
chine   building    materials.      Combined    with    this    are    chapters 
devoted    to    shop    system    and    organization 

The  book  deals  with  the  costs  of  material,  including  pig 
iron,  wrought  iron  and  steel,  and  copper  alloys;  tables  which 
include  the  price  of  castings  in  specific  districts  of  England; 
prices  for  steel-  and  copper-finished  products,  as  bars,  sheets 
tubes,  castings,  and  the  like.  Specifications  for  materials 
include  the  standard  tests  established  by  the  British  Engi- 
neering Standards  Committee;  wage  systems,  shop  organiza- 
tion and  management,  which  are  very  similar  to  the  treatment 
given  these  same  subjects  in  this  country;  various  methods  of 
wage   payment   and   shop   systems   are   explained. 

The  book  also  deals  with  machine-shop  practice  and  the 
inspection   of  work   and   kinds  of  fits. 

The  balance  is  devoted  to  the  bookkeeping  end  of  shop 
accounting,  taking  up  the  methods  of  applying  the  expense 
burden,  a  discussion  of  selling  e.xpense,  a  chapter  devoted 
to  railway  rates,  with  tables  of  these  rates  for  British  con- 
ditions. This  is  followed  by  a  chai)ter  on  the  shipping  of 
goods,  relating  more  particularly  to  the  matter  of  receipts, 
bills  of  lading,  custom  specifications,  insurance,  etc.,  the  gen- 
eral  features   of   cost   keeping,    and    estimating. 

Much  interesting  and  valuable  matter  is  contained  in  this 
work;  but  the  specific  references  are  to  British  conditions 
and  methods. 

GEAR   CUTTING    IN    THF^ORY    AND    PRACTICE.      By    Joseph 
G.    Horner;    391    BVaxSVi-in.    pages;    367    illustrations.      In- 
dexed.     Cloth    bound.      Price,    7s.    6d.    ($1.80).      Emmott    & 
Co.,  Ltd.,  Manchester,  England. 
The  author   in   his  preface  states  as  his  reason  for  having 
prepared   this   book    that    "Many   books   have   been    written   on 
the    subject    of   gears,    dealing   with    the    design    of    teeth    and 
giving  some  account  of  the   shop  practice  connected  with  the 
formation    of    the    tooth    shapes.     But    none    that    I    know    of 
covers    all    of    the    later    developments    in    a    reasonably    com- 
prehensive    manner.       Either     tlieory     is     treated     apart     from 


practice,  or  the  work  of  the  shops  is  dealt  with  In  a  too  sum- 
mary fashion."  To  overcome  these  difficulties  has  been  his 
aim;  portions  of  the  matter  have  been  previously  published 
as  articles   in   the   "Mechanical  World." 

However,  the  reviewer  fails  to  be  favorably  impressed  by 
the  result.  The  first  108  pages,  comprising  eight  chapters, 
are  devoted  to  a  general  discussion  of  tooth  proportions  and 
design  followed  by  an  analysis  of  the  various  methods  of 
cutting.  The  matter  is  laigely  descriptive  and  contains  far 
too  little  information  to  be  of  final  service  to  the  designer. 
The  balance  of  the  book,  257  page.s,  is  devoted  to  descrip- 
tions of  commercial  gear-cutting  machines,  with  notes  on 
gear-cutting  practice.  This  again,  while  interesting,  seems  to 
be   of  but   little  service   to   anyone   except  a   student. 

In  view  of  the  excellent  works  on  gear  design  and  gear- 
cutting  practice,  already  in  print,  this  work  hardly  seems  to 
add   material  value  to  the  liteiature  of  gear  cutting. 


HEAT.  By  E.  M.  Shealy.  McGraw-Hill  Book  Co.,  New  York. 
Cloth;    262    pages,    6x914    in.;    110   illustrations.      Price,    $2. 

McANDREW'S  FLOATING  SCHOOL.  By  Captain  C.  A.  McAl- 
lister. International  Marine  Engineering,  New  York. 
Cloth;  256  pages,  including  21  pages  of  tables  for  ma- 
line  engineers;  6x8%  in.;  illustrated.     Price,  $2. 


Cincinnati  Joint  Meeting — The  joint  meeting  on  June  4  of 
the  Engineers'  Club,  of  Cincinnati  and  the  Cincinnati  Section 
of  the  Amei-ican  Society  of  Mechanical  Engineers  will  be  ad- 
dressed by  a  representative  of  the  National  Tube  Co.  on  the 
subject,  "The  Manufacture  of  Steel  Tubes."  The  address  will 
be  illustrated  with  motion  pictures.  The  meeting  will  be  held 
at  eight  o'clock  p.m.,  in  the  auditorium,  MrMicken  Hall,  Uni- 
versity of  Cincinnati.  This  will  be  "ladies  night,"  and  the 
last   meeting   of   the   club   until    fall. 

Summer  rfiurxeH  nt  University  of  AViHoonsin — Announce- 
ment is  made  of  the  fourteenth  annual  six  weeks'  summer 
school  of  the  College  of  Engineering  of  the  University  of 
Wisconsin,  which  opens  on  June  22.  Courses  of  instruction 
and  laboratory  practice  are  offered  in  electrical,  hydraulic, 
steam  and  gas  engineering,  mechanical  drawing,  applied  me- 
chanics, testing  of  materials,  machine  design,  shopwork  and 
surveying,  in  addition  to  which  subjects  may  be  taken  in  tlie 
College   of  Letters  and  Science. 

Tlie  Annual  Dinner  of  tlie  New  York  Chapter  of  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers  was  held 
on  the  evening  of  May  IS  at  Reisenweber's  Beef  Steak  Garret, 
57th  St.  and  Eighth  Ave.,  about  125  members  and  guests  at- 
tending. Informal  addresses  were  delivered  by  Walter  S. 
Timmons,  the  recently  elected  president  of  the  chapter,  and 
also  by  several  other  members,  congratulating  the  chapter 
on  the  work  done  during  the  past  year  and  bespeaking  higher 
public  appreciation  of  the  profession  of  heating  and  ventilat- 
ing engineering. 


GEORGE  MILLARD 
George  Millard,   of  Burlington,   la.,  secretary  of  tlie  Citir;ens 
Water    Co.    and    for    many    years    connected    with    the    Murra.v 
Iron  Works  Co..  died  May  4  at  the  age  of  forty-five  years.    Mr. 
Millard   left  a   widow. 

M.  CARELS 
The  death  of  Mr.  Carels  was  announced  at  Ghent  on 
April  27.  Mr.  Carels  was  one  of  the  founders  of  the  firm  of 
Carels  Frfres,  and  the  uncle  of  Messrs.  Charles,  Georges  and 
Gaston  Carels,  who  are  now  conducting  the  business.  The 
deceased  was  born  in  Ghent  in  F'ebruary,  1S39.  He  was  di- 
rector of  the  Hospices  Civils  of  his  native  town,  chairman  of 
the  board  of  directors  of  the  H.auts-Fournoaux  et  I.aminoirs 
de  la  Sambre.  and  Officer  of  the  Order  of  Leopold  and  of  the 
Legion   of  Honor. 
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wnrd,   lulnlinunt  chiirav  M)  ii-nl«  ml         <  ;i>|>v  »hiiul<l  riMili  iisnol    Iiiict   iIkim    1»  A.  M.   I  iimcliiy  (or  i-nmilnit 

wcck'ii  liiNiic.  AiiHwiTii  iulilrf»««-d  Ki  our  tiirr.  SOS  I'l-iirl  Si..  New 
York  or  11J4  Moniiilno»k  Hloik.  Chlcuao  wl"  •><•  forwiird«l  Ivici-pl- 
Intt  (-Irc'iilarH  or  Himllur  Ilivraiure). 

No  liiforniiidon  ftlvcn  by  im  reltiirdlns  ki-ycd  udvcrilHcr'n  nnnu'  or 
nildn-Kh. 

Orlitlnal  (i-llori  of  rcoimmcndiirlon  or  other  piipcrn  of  value-  Nhould 
not   lit'  IntloHcd  to  unknown  corrfnponili-ntM.      Send  coplvn. 
Advcrllsi-nifiitn  lalllna  for  bidr.  S.t.hll  an  Inch  per  Inxcrtlon. 


PoNltlonn  Wamcil.    «  to 

Inncrtloii.  pa.\abU-  In  ai 

PoKltlinH  t)|«-n.  Iinplovinent   AUencb-ii  il.abor  llurt-nuNl,  HuNlnt-Pui 

Onporiiinlilc-i.    Waiin-d    cAiSi-"!"   and    .Saloiinii-n     f.ontract    Work). 

For  .Salv.  .S  ii-nl»  a  word,  nilnlinuni  iharilc  JI.OO  an  loKi-rtlon. 

MlHi-.llan.-ou-    il  duiallonal      Hook-i     10   n-ntH   a    word,    nilnlinuin 

charilt-  »I..SO  an  ln«.-rtlon. 

Count  ihrc-  words  for  k.-v.-d  addr.-Hn  care  of  New  York:  four  for  (  hl- 

caao        \bhrevlaHHl   word»  or  MyniboU  count   im  full  words. 
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POSITHOHS  OPEN 

AV  \NTKn  FOH  PANAMA  CAXAT.,  i-xpcrl.  need  .-r.-ctorB 
for  th.-  .r.ctlon  of  lock  luachln.-ry ;  salary  $140  month;  fij-c 
transportation  from  N.-w  York  or  N.-w  Orleans;  must  bt- 
Aim-r  .•  n  cltiz.-ns  (final  pap.rs).  under  45  years.  ...  sound 
ph.vVlcal  conditio...  Writ.-  IMnama  fanal  Otiic.-,  Washington. 
D. "  C. 

FOSITE0MS   "WANTED 

TECllXU'AL  CKADrATK  in  iiuchanical  .-nKini-eiinK  de- 
sires position  as  apprentice  with  '-'op^'V"  '""""'■"S'Vn"': 
power-plant  apparatus;  location  New  York  City  or  vicinity. 
P.   AV.    236,   I'owei-. 

CHIKI--  KNOlNKKlt-MASTKK  JIECHANIC.  large  experi- 
ence, good  m.-,hanic  and  .-xecutive.  water-works.  ■^•i''tf.V.r';: 
tlon.  office  building:  and  factory  experience;  young,  niaiiied 
and  sober.      1'.   \\'.    234,    Tower. 

STE  VM  AND  KI.KCTUKWL  ENGINEER  is  open  for  posi- 
tion experienced;  technical  education;  first-class  license, 
civil'  SOI  vice  ■.refer.-n.e;  West  or  Middle  West  preferred.  Ad- 
dr.-ss   •■Ensineer,"   Convent   of   Holy   Names.   Oswego.  Ore. 

AIECHVNICAL,  ENGINEEK.  unmarried,  26,  Stevens  grad- 
uat'e.  good  experience  in  power  plant.  ^'fP'''''"''"^-''  """l^^iV 
ecutive  work,  possesses  initiative,  unusual  njathpni''«l/''l  abil- 
ity, desires  change;   will   go  anywhere.      P.   A\  .   230.   lowei. 

SUPERINTENDENT  of  power  of  large  group  of  po\yir 
plants  desires  to  correspond  with  employers  '^'q"""'""^* V^' 
Services  of  a  high-grade  power-plant  engineer;  thoroughly 
Experienced  in  all  branches,  and  can  deliver  results;  only  a 
stric-tlv  hi"h-grade  position,  and  salary  commensurate  with 
same   is  solicited.      1'.   AV.    214,   Power. 

SUPERINTENDENT  of  stations  or  chief  engineer;  10 
veir-^'  .-xperieiir.-  central-power  station,  erecting  and  operat- 
ing steam  turbines  and  engines,  high-tension  transmission 
ines;  lirst-class  Ohio  license;  at  present  employed  as  super- 
intendent of  power  stations;  best  of  references.  P.  M.  23o. 
Power. 

ENGINEER,  technical  graduate.  10  years'  experience  with 
largl-  engines  Cuitis.  Parson  and  Rateau  turbines,  up  to  date 
o^i^electHcal  and  refrigerating  machinery,  forme.-ly  chief 
engineer  in  large  hotel,  would  like  to  correspond  with  a  firm 
where  exceptional  ability  and  low-power  production  .s  ap- 
Dreciated-  can  furnish  first-class  references  from  past  and 
present  employer.     P.  W.   228,  Power. 


WANTED— 100  to  250  H.  S.  fuel-o.l  engine  De  I-i  ^  f  "^J"^ 
?  H  tvpe  preferred;  must  be  in  good  condition  and  cheap 
•or    ca«h-    s  ate    age.    make,    send    number    and    lowest    cash 


P. 

for    cas -,. 

price,  also  when  same  may  be  seen. 


W.   231,   Power. 


FOR  SAILK 


AGENTS     VXD    SALKSMKX 

SALESMAN— Thoroughly  competent  steam  ^J^^Vo^^JVowtr" 
man;  one  that  can  sell  high-grade  goods.  A\  .  l-O.  Power, 
Chicago. 

MR  ENGINEER — If  vou  are  tired  of  the  daily  rut  of  your 
iob'  and  are  ambitious  "to  make  a  way  for  yourself  m  the 
ie  ling  end  of  the  engineering  line,  we.  have  something  un- 
usual to  offer  vou;  become  a  sales  engineer  and  earn  three 
"o  six  times  as  much  as  your  present  salary:  you  can  do 
it  without  anv  risk  whatsoever,  but  you  must  possess  certain 
nunVifie^tions-   write  us  and  we   will   tell   you   if  you   are   elig- 

cago. 

MISCELILAHSOUS 

PATENTS  C  L.  Parker,  patent  attorney,  904  G  St.,  Wash- 
ington.  D.   C'    Inventors   handbook   sent   upon   request.  ^ 

•R-VGTNKFRS Do  vou  want   to  utilize  you--  exhaust  'steam 

for  hc^tin-  or  drving  purposes  without  back,  pressure  on 
vour  en-rne'  Tf  so  address  Jlonash  Engineering  Co..  141, 
West  Jackson  Blvd..   Chicago,   111. 

r\,RR  VENTIL\TED  FURNACE  ARCH  gives  100  to  400 
ner  cc^t  lon"ger  service  than  ordinary  types;  for  nominal 
feJ  T  wi\l  furnish  plans  with  license  to  use  or  will  take  pay 
fn  percentage  of  saving  made.  Elmer  E.  Carr,  411  Hartford 
Bldg.,  Chicago. 


ATLAS  ENGINE — One  11-ln.  by  K.-ln.,  automatic  cutoff, 
ill   lair  eoiiilition ;    may   be  «i-<-ii   in    operation,      F.  S.   233,   Powei 

BUCKEY'lO  ENGINE — One  13-ln.  by  21-ln.,  automatic  cut- 
.iff,  in  tjood  condition;  may  be  .seen  in  operation.  F.  S.  232. 
Power. 

ROILER.S — Two  50-hp.,  54-in.  by  12-ft.  return-tubular  boil- 
iis,  in  excellent  condition;  will  sell  for  $200  each  f.o.b.  cars 
i.ockport.   N.    Y.      F.   S.   218,    Power. 

ENGINE.S— Five  r.built  40-  to  aO-hn.  Straight-Line,  on.- 
rebuilt  75-  to  ,sij-hp,  Straight-Line  engine;  all  modern  ma- 
chines.     ,Stiaight-Line    l';ngine   Co.,   .Syra<:use,   N.   Y. 

CORLLSS  ENGINE— 16x36  Hewes  &  Phillips  Corliss,  with 
wheel  12'xl!t",  perfect  condition,  ov.-rhauled.  $550.  Duzets  & 
Son,   Hudson   T.-rminal.   New   Voi-k. 

ALTERNATOR— 100-kw.  G.  E.  type  "ATB."  rev.  fid.  3  ph. 
60  eye.  240  volt  alternator  with  exciter  and  switchboard.  $550. 
.\lso  17x24  Erie  City  4-valve  engine,  $750,  Duzets  &  Son. 
Hudson    Terminal,    New   York. 

OIL  ENGINE.S — 32-hp,  De  La  V.rgne  oil  engine,  perfect 
condition  (cost  $1900),  $750;  also  30-hi).  Meltz  &  Weiss  oil 
engine  (cost  $1500),  $550.  Duzets  &  Son,  Hudson  Terminal. 
New   York. 

TURBINE  GENER.\TING  SET — 300-kw.  Westinghouse 
Parsons  three-phase,  60-cycle.  220-  or  440-volt  turbine  outfit, 
with  {-ondenscr;  practically  new,  George  Sachsenmaier  & 
Co.,   143   North   Third    St.,   Philadelphia,    Penn. 

COCHRANE  HEATER— One  No,  3.  rebuilt  and  in  excellent 
condition.  $95;  one  American  steel  plate  blower,  three-quarter 
bousing,  bottom  hoi-izontal  discharge.  24-in.  inlet,  first-elass 
shape,  $65.  The  .\ rbuckle-Rynn  Co,.  224-34  Cherry  St.,  Toledo, 
( )hio, 

BOILERS  at  Wilmington,  N,  C. — Battery  of  three  125-hD, 
horizontal  tubular:  insured  12,'i  lb.;  stack,  66  in,  diameter,  90 
ft.  high,  and  breeching;  tn.nnufactured  by  the  E.  Keeler  Co,; 
cost,  $3500  f,o.b,  cars;  will  sell  at  bargain.  McKenzie  Mfg. 
Co.,    765   North   Ave.,   Plainfield,   New   Jersey. 

FOR  SALE  AT  BARGAIN,  after  July  1,  one  Armington  & 
Sims  cross-compound  engine.  150  hp.,  11%  and  18  by  15;  write 
us  for  price  or  make  us  an  offer.  Memphis  Electric  Light, 
Heat    &   Power    Co..    Memphis.    :Mo, 

PATENTS.  PATTERNS,  etc.  for  the  simplest  device  for  pre- 
vention of  smoke  on  the  market:  this  device  is  in  successftil 
operation:  will  sell  outright,  or  on  royalty  basis:  this  device 
can  be  sold  for  less  money  and  at  a  good  profit  than  any 
other  device  on  the  market.     F.  S.  217.  Power. 

INDICATORS  AND  GOVERNORS  FOR  SALE — Steam-en- 
gine indfcators.  standard  make,  at  $25  each:  4-in.  Class  "A" 
Pickering  governors,  at  $20  each:  4^4-jn.  Class  "A"  Pickering 
governors,  at  $25  each.  All  of  the  above  material  is  in  fine 
condition:  full  information  upon  request.  Address  Lyons 
.\tl.TS  Co,.  Indianapolis,  Ind. 


CONTRACTS  T©  BE  ILET 


Bids    re.-eiveil   until   .lune    10,   ]»14. 

Heating   Apparatus,    etc. 

Supervising  Architect's  Office,  University  of  Illinois. 
Urbana,  Illinois. — Sealed  proposals  for  furnishing  and  in- 
stalling all  materials  as  per  dra-wings  and  specifications  for 
heating  apparatus  and  auxiliaries  for  Armory,  will  be  re- 
ceived at  this  office  until  2  P.M.,  June  10,  1914.  Information 
on    application. 

JAMES    M.    WHITE, 
Supervising  Architect. 
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OiVlC< 


MY  son,  consider  the  small  steam  leaks,  how  they  grow.     They  cease  not,  neither  do  they  sleep.     They  hiss 
and  spue  out  in  derision  at  thy  fondest  dream  of  great  things  to  be  accomplished,  verily,  even  while  thou  art 
lj(jastfully  declaring  thy  great  worth  to  thy  employer — which  would  be  even  greater  if  thou  only  hadst  a  chance. 

Consider,  also,  the  invisible  leaks,  perchance,  through  the  brickwork  of  the  furnace.  Surely  thou  knowest 
they  also  are  wasteful.  Say  not,  "the  Old  Man  will  not  supply  material  and  help."  Help  thou  thyself  to  some 
good  yellow  clay  if  nothing  better  be  at  hand ;  are  not  bricks  also  made  of  the  same  ? 

Consider  again  thy  raiment,  which  may  become  thin;  even  more  so  in  that  part  which  cometh  in  contact  with 
thine  easy  chair,  lest  it  afford  thee  scant  protection  should  thine  employer  rise  up  in  just  indignation  at  thy 
slothful  ways  and  apply  his  boot  vigorously. 

If  thou  knowest  not  all  that  which  is  taught  in  the  books,  thou  doest  well  if  thou  doest  thoroughly  all  those 
things  which  thou  dost  know. 

Surely,  thy  employer  can  see.      If  not,  it  is  clear  then  why  thou  art  still  on  his  payroll!     My  son,  get  thou  busy. 


sill 
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§iles\inni=»Electric  Po^^^eir  Pfle\inift  s\tt 
H"     '.too  Pemiinio^-I 


l\\     W.MMilCN     ().     lidlililtS 


S)' XOl'SJS  -'I'hr  /ildiit  is  lomlril  in  llir  (inlliracih'  iiiiii- 
ini)  (lixlricl  to  iitilizv  coal  iliist  aiul  ullicr  ttuiiKuhctalilc 
low-ijradv  fuel  in  the  boiler  fiinmres.  Al  j)re.se.itt  there 
are  eiiiht  lOOO-lip.  water-lube  boilers  and  three  J:i/>()()- 
kir.,  nuuiniuni  ratintj,  horizontal  turbines  serred  bij  Ije- 
hianc  condensers  hunij  from  the  base  of  the  turbines  to 
take  rare  of  contraction  and  crjiansion.  Condensintj  water 
is  tahen  from  the  II auto  reservoir  and,  after  passing 
through  the  condensers,  is  discharged  into  tlie  reservoir 
2St)U  ft.  from  the  liiliilcr. 

V 

A  boilfi'  jiiiil  liiihinc  pliml  which  eventually  will  have 
nt  least  ;5v\()()()  hoiler  liortiepuwer  in  :Vi  miils  and  lOO.OdO- 
kw.  turbine  capacity,  e.\clusive  of  25,(100  kw.  reserve, 
has  recently  been  placed  in  operation  at  Ilauto,  Penn., 
by  the  Lehigh  Navigation  Electric  Co.     So  far,  however, 


^'ineeriiif;  ant!  Hiipervi.'^ion  work  waK  done  by  the  flrni  of 
]j.   15.  Slilhvell,  conHultiiig  enj(irieerK,  New   York   Cilv. 

The  power  houHc  wa.s  built  on  a  hill.side.  It  Ih  priie- 
tically  live  BtoricH  hif(h  from  the  condenKcr  baHcnient  li> 
the  coal-discharging  room  above  the  coal  bnnkerK,  the 
lops  of  which  ar(!  level  with  th(?  boiler-room  roof. 

'i'h(!  building  is  of  heavy  structural  steel  and  brick,  the 
face  work  being  laid  in  te.xtnre  bi-ick.  'i'he  sills,  lintels, 
copings  and  base  of  the  structure  are  of  reinforced  con- 
crete, finished  smooth.  An  unusual  amount  of  window 
area  has  been  ])rovided  in  Jollcd-st(;el  .sashes  with  wire- 
gla.ss  panes. 

Tiu'  smoke  uptakes  are  above  the  boiler-house  roof, 
and  the  sha|)e  of  each.  Fig.  1,  is  due  to  the  provision 
made  for  ])utting  economizers  on  the  roof  at  some  future 
date,  if  desirable. 


Fig.  1.  Gexeral  View  of  the  H.\uto  Power  Plant,  Hauto,  Pexn.,  Contaixixg  at  Present  Eight  1000- 
Hp.  Water-Tl-be  Boilers  and  Three  12,000-Kw.  Steam  Turbines 


eight  lOOO-lip.  boilers  are  in  place,  although  eight  more 
of  equal  capacity  may  be  added  in  the  near  future. 

Throughout  the  anthracite  coal  regions  of  Pennsyl- 
vania there  are  vast  dejjosits  of  culm,  washery  screenings 
and  the  like,  and,  although  much  of  this  fuel  is  of  fair 
calorific  value  it  has  but  little,  if  any,  market  value.  This 
refuse  contains  fine  sizes  of  anthracite,  such  as  buckwheat 
No.  3  and  smaller,  wliich  can  be  burned  in  boiler  fur- 
naces pro])erly  designed  and  handled.  It  is  proposed  to 
burn  this  refuse  near  its  place  of  production,  thereby 
saving  the  transportation  charges  and  transmit  the  elec- 
tric power  generated  to  near-1)y  and  distant  points.  One 
great  electrical  plant  will  supply  power  to  surrounding 
industries  in  place  of  transporting  coal  to  be  consumed 
in  many  more  or  less  uneconomical  steam  plants. 

Building 
To  obtain  an  adequate  supply  of  condensing  water,  the 
plant,  a  general  view  of  which  is  shown  in  Fig.  1,  is  lo- 
cated on  Xesquehoning  Creek.  A  siding  is  provided  from 
the  Xesquehoning  E.E.,  which  connects  with  the  Lehigh 
&  New  England  and  the  Central  1{.R.  of  New  Jersey.  Con- 
struction was  begun  about   1!)  months  ago,  and  the  en- 


The  overall  dimensions  of  the  present  plant  are  41 6x 
195  ft.  The  Iniilding  has  two  main  sections  in  the  form 
of  a  tee.  The  boiler  room  is  08  ft.  wide  and  285  ft.  long, 
and  is  built  at  right  angles  to  the  turbine  room,  which  is 
131  ft.  wide  and  195  ft.  long. 

TuRBO-GeXI  RATORS 

There  are  now  three  10-stage,  turbo-generators,  each 
with  a  maximum  rating  of  12.500  kw.  The  turbine 
blading  is  a  modification  of  the  liateau  form. 

The  generators,  Fig.  2,  are  three-phase,  25-cycle  ma- 
chines, operated  at  11,000  volts.  The  rotors  have  fan 
blades  to  draw  air  for  cooling  through  the  machine  and 
discharge  it  at  the  top  of  the  casing.  This  cooling  air  is 
taken  from  outside  through  air  ducts  into  the  conduit 
room,  thence  through  cloth  screens  to  an  air  chamber 
under  the  turbine  casing.  At  10,000  kw.  the  tempera- 
ture of  the  generators  does  not  exceed  40  deg.  C.  in  a 
24-hr.  run. 

In  each  chamber  are  three  208-kv.-a.  reactance  coils 
which  are  cooled  by  the  air  going  to  the  generator.  These 
coils  consist  of  a  continuous  cable  woimd  on  a  concrete 
core  separated  by  wooden  spacing  stops  with  asbestos-pad 
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insulators  between  tlie  cable  and  the  wooden  stops.  A 
reactance  coil  is  connected  to  each  of  the  three  leads  of 
each  alternator.  Each  reactance  produces  a  4  per  cent, 
drop  with  525  amp.  flowing  per  terminal  of  each  ma- 
chine at  11,000  kw.  and  100  per  cent,  power  factor. 

The  main  generating  units  are  placed  crosswise  of  the 
turbine  room,  and  the  steam  pi])e  to  each  above  the 
strainer  extends  in  a  long-radius  bend  to  the  header 
chamber.  Each  turbine  has  a  14xl4-in.  trip  and  tlirottle 
valve.  The  14-in.  elbow  between  the  throttle  valve  and 
the  strainer  has  a  blind  flange  connection  to  which  a 
U-bend  pipe  is  bolted  and  acts  as  a  support  to  the  main 
steam  pipe.     Between  the  legs  of  the  U-bend  is  a  gage 


Each  main  turbine  exhausts  into  a  No.  24  i.eblanc 
condenser,  Fig.  3,  the  largest  of  its  kind  yet  built.  The 
condenser  is  bolted  to  the  underside  of  tlie  turbine  and 
hangs  free,  with  about  two  inches  l)etween  the  bottom  of 
the  condenser  and  the  basement  floor.  This  gives  the  con- 
denser free  movement  to  expand  and  contract. 

The  double-impeller,  centrifugal  circulating-water 
pump  is  housed  in  the  exhaust  casing  of  the  condenser; 
the  small  dry-air  pump  is  on  the  outside,  as  shown.  These 
pumps  are  mounted  on  the  same  shaft  and  driven  by  a 
single-stage,  44r)-hp.  turbine,  operating  at  TOO  r.p.m.  The 
shaft  connection  between  the  condenser  and  the  turbine 
is  long  enough   to  allow  for  whatever  movement  of  the 


Three  12,500-Kw.  Tukbine  Units;  Maximum  Eating,  12,500  Kw.     Uxdek  Normal  Operating  Con- 
ditions THE  Steam  Consumption  Is  12.3  Lb. 


board  carrying  the  several  gages,  mercury  column  and 
signal  panel  for  stopping  and  starting  the  unit. 

The  operating  platform  of  the  turbo-unit  is  about  two 
feet  above  the  concrete  flooring.  Between  the  first  and 
second  unit  and  between  the  third  turbine  and  the  end 
wall  is  an  opening  above  the  pump  compartment  in  the 
basement. 

Steel  spiral  stairways  lead  to  tlie  balcony  and  the 
basement  from  the  operating  floor. 

Midway  of  the  turbine-room  floor  at  the  generator  end 
of  the  main  units  are  three  300-kw.,  250-volt  exciter  sets, 
two  of  which  are  direct  driven  by  six-stage  turbines,  at 

i'1800  r.p.m. ;  the  other  is  driven  bv  a  450-lip.  induction 
oaotor  at  750  r.p.m. 


condenser  takes  jilace  as  a  consequence  of  the  changes  of 
temperature. 

Priming  water,  supplied  by  a  set  of  reciprocating 
pumps,  flows  to  the  air  pump  until  sufficient  vacuum  has 
been  formed  to  lift  water  from  the  intake  tunnel  by  at- 
mospheric pressure.  With  a  29.1-in.  barometer  the  con- 
denser will  maintain  a  vacuum  of  28.1  in.  wlion  con- 
densing 150,000  lb.  of  steam  per  hour. 

Condensing  Water  Supply 

Enough  condensing  water,  not  only  for  the  present 
but  when  the  total  output  of  the  station  will  be  at  least 
100,000  kw.,  was  necessary.  It  was,  therefore,  decided  to 
construct   a   dam  for  the   enlargement   of   the   existing 
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Fk;.  ;!.  Lkiu.anc    Coxdkxser  Hung  fkou  the  Turbixe 

Casing,  Thts  Eliminating  the  Expansion  Joint 

Frequently  Placed  between  the  Casing 

axd  coxdexsei! 

Hanto  reservoir  to  serve  the  joint  purpose  of  a  coolinc^ 
pond  for  the  condensing  water  from  the  power  plant  and 
the  storage  of  an  increased  water  supply  for  the  collieries 
and  other  customers  of  the  Panthei'  Valley  Water  Co. 
The  new  dam  was  built  across  the  Xesquehoning  Creek 


IhIi.u  ihr  iild  oiii'.  Il  \h  riiadr  nl'  ciirlli  niaiiils  cxcavali'd 
Irriiii  llie  iioucr-hoiihc  nilc,  ami  ix  isiiK  It.  loiij^,  ;t(»  fl. 
Iii;;h  mill  !.'>  II.  wide  on  the  cii-hI  ;  il  slopes  Iwo  to  one  on 
lintli  sides.  'I'lii-  lace  mi  I  In-  ii|istreaiii  side  is  prolrcied 
li\  I  niicretc  slalis.  with  llir  jr)iiils  Ix-lwceu  llieiii  filled  with 
■  ilimirii.  'I'liis  racing  is  fiirried  down  over  the  front, 
I'iniiing  a  (omiclc  iiiloll"  wall  that  jirolects  the  earth 
|i.irl  of  the  dam  Iroin  coiitacl  witli  the  water.  At  tin'  far 
iiid  1)1'  the  i|;iiii  is  a  s|)illwav.  I'ig.  I.  it  is  Iniilt  as  an 
"I""  lliiiiir.  will)  II  ll.il  liiiihiin  and  is  designed  to  carry 
I  III'  iiiaviiiiiMii  iiidiili'd  ||(.(mI.  it  iniist  take  care  of  tiif; 
\\.\\r\-  Iruiii  ilii'  walcislinl  mImivc  ilif  (jiiiii,  which  has  an 
■  iiv:i  of  .iliiiiil  in  s(|iian'  inili's  Mini  riii-nislics  alioiit  4,000,- 
iiiiiijind  m;i|.  ,,r  wilier  ynii-lv.  The  umi.t  is  l're(!  from 
aciil.   siil|)liur.  !■((■..  lis   no  iiiiiic  iliscliai'gc  cinjitii'S  into  it 

:llin\c   I  he    |il;il|l. 

( 'oiidcMsiiig  water  is  tak'cii  from  tlie  lower  end  of  tiiis 
iv>iM\(iir  lliinu^li  II  \'-\.^>-\'{.  s(|iiaic  concrete  intake  tun- 
nel, wliich  emiiiects  willi  a  second  tunnel  running  parallel 
willi  llie  pliiiil  nnd  liaving  manholes  at  convenient  in- 
lervals.  Tiiis  lateral  tunnel  is  «  ft.  wide  and  !»  ft.  liigli. 
Openings  (>  ft.  high  communicate  with  the  intake  wells 
from  which  H2-ft.  lengths  of  ;50-in.  cast-iron  pipe  are 
carried  to  the  three  condensers. 

If  the  water  in  the  reservoir  becomes  so  low  during  the 
Slimmer  months  that  the  head  is  insuflicient  in  the  intake 
luniiel,  such  loss  of  head  will  be  comjiensated  for  by  two 
engine-driven  centrifugal  pumps  housed  in  the  pump 
iiouse  at  the  edge  of  the  reservoir  near  the  dam  and  in- 
take tunnel.  Each  pump  has  a  capacity  of  70,000  gal.  of 
water  per  minute  and  is  driven  l)y  a  2;3xl7-in.  engine. 
The  ."JO-in.  pij)es  leading  to  the  condensers  have  hydraulic- 
ally  operated  gate  valves,  which  can  be  partly  closed  when 
the  turbines  are  running  with  a  light  load.  They  can 
be  kept  at  any  desired  degree  of  opening,  however,  by 
setting  a  controlling  nut  on  the  extended  tail-rod  mech- 
anism of  the  hydraulic  cylinder  of  each  valve. 

The  discharge  from  llie  condenser  is  through  about  30 
ft.  of  30-in.  pipe  which  is  carried  to  the  main  discharge 


Fig.  4.  Spillway  at  the  Exd  of  the  Eeseryoir  Dam, 

Designed  to  Take  Care  of  Maximum  Flood  Stages. 

The  Dam  Is  Showx^  at  the  Left 


Fig.  5.  Discharge  Portal  Where  the  Cox- 
DENSix'G  Water  Flows  to  the  Dis- 
charge Canal 
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tunnol  extending  the  length  of  the  turbine  room  at  the 
back  of  the  condensers  in  the  basement.  It  is  of  con- 
crete and  is  12  ft.  wide,  and  15  ft.  deep  in  the  center. 
The  discliarge  outlet,  Fig.  5,  has  a  weir  with  an  adjust- 
able crest,  wliich  maintains  a  definite  water  level  on  the 
discharge  side  of  the  condensers.  Tliis  serves  to  maintain 
a  height  of  water  back  of  the  crest  sufficient  to  keep  the 
end  of  the  30-in.  discharge  pipes  from  the  condensers 
submerged. 

A  discharge  canal  conveys  the  water  from  the  portal 
of  the  discharge  tunnel  to  a  point  at  the  upper  end  of  the 
reservoir.     The   canal    is   at   present   2800   ft.   long,   but 


pole  piece  of  certain  polarity  are  connected  to  a  bus-ring 
to  which  are  also  connected  all  other  conductors  similarly 
situated  with  regard  to  a  polepiece  of  the  same  polarity. 
On  modern  generators  all  equipotential  armature  conduc- 
tors may  be  found  to  be  equalized ;  on  others,  they  may 
be  equalized  only  at  certain  intervals ;  on  still  others, 
there  may  be  no  equalizers.  In  any  event,  the  full  possi- 
bilities of  equal izhig  connections  cannot  be  realized  un 
less  the  number  of  poles  and  the  taps  and  the  total  num- 
ber of  armature  conductors  involved  are  so  related  that 
the  taps  may  be  exactly  equispaced. 

In  a  case  in  mind,  a  multipolar  machine  that  had  no 


PRINCIPAL  EQl'IPMENT  OK  Tin;  IIAITO  STEAM-ELECTRIC  POWER    PLANT    OF    THE    LEHIGH    NAVIGATION    ELECTRIC    CO. 


No.       Equipment  Kind 

3  Turbines G.E.,  horizontal      .  -  . 

3  Generators Alt.  current 

3  Generators Direct  current 

2  Turbines G.E.,  horizontal 

1   Motor Induction 

3  Condensers Leblanc 

3  Turbines Single  stage. 

8  Boilers B.&W.  low  W 

24  Grates Hand  fired,  dumping. 

8  Grates Automatic  traveling. . 

3  Fans Sirocco 

3  Motors Induction 

3  Turbines Single  stage 


3  Pumps Centrifugal. .  . . 

5  Pumps Reciprocating. 


Size 
12,500  kw. 
12, .500  kw... 

300  kw 

300  kw 

450  hp 

No.  24 

445  hp 

1000  hp 

8x12  ft 

7x12  ft 

0  ft.  No.  12. 

450  hp 

125  hp 


2  Injectors Compound 

16  Meters Venturi 

2  Meters Venturi 


2  Pumps Centrifugal . . . . 

2  Engines Reciprocating. 


2  Motors Induction.. 

9  Transformers. . . .    Oil  cooled. 


48  in 

23xl7-in. 


10  hp 

3350  kv.a. 


9  Switches Oil 

1  Crane Traveling 

1  Pump Vertical,  duplex.. 


110,000  volt., 

1 10  ton 

7x5x12  in 


Use 

Main  units 

Main  units 

Exciter  units 

Driving  exciter  units . 

Driving  exciter  unit .  . 

Main  turbines 

C^ondenser  pumps. . .  . 

S*«am  generators .... 

Boiler  furnaces 

Boiler  furnaces 

Forced  draft 

Driving  draft  fans. .  . 

Driving       boiler-feed 
pumps 

Boiler  feed ,     . 

Feedwater  and  prim- 
ing  

Auxiliary  boiler  feed. , 

On  boilers 

On   boiler   main   feed 
line 

lOmergency     condens- 
ing water 

Driving  emergency 
pumps 

Driving  sump  pump 

Step-up     11,000    to 
110,000  volts 

High-tension  circuits. 

Turbine  room 

Oil  .system 


when  the  plant  is  enlarged  and  more  cooling  surface  is 
required  in  the  reservoir,  the  discharge  outlet  will  be  car- 
ried further  up  the  valley  to  a  point  about  6500  ft.  above 
the  intake  tunnel.  This  will  give  the  water  time  to  cool 
before  it  is  again  used  in  the  condensers. 

The  next  installment  of  this  description  will  deal  with 
the  boilers,  the  forced-draft  system,  and  the  method  em- 
ployed in  handling  the  coal  and  ash. 


Multiple-connected  generator  armatures  have  as  many 
independent  current  paths  from  machine  terminal  to  ma- 
chine terminal  as  there  are  field  poles  in  the  machine. 
The  distribution  of  the  total  current  in  the  several  in- 
dependent armature  paths  is  affected  by  ununiform  dis- 
tribution of  the  air  gap  around  the  armature,  so  that 
part  of  the  armature  conductors  run  in  a  denser  field 
than  another;  ununiform  resistances  of  contacts  between 
the  brusjies  of  different  holders  and  the  commutator,  so 
that  the  resistance  of  one  independent  path  may  be 
higher  than  that  of  another;  and  ununiform  spacing  of 
the  several  sets  of  brush-holders,  so  that  the  e.m.f.  across 
one  set  of  holders  may  be  greater  than  that  across  another 
set  of  holders.  To  minimize  the  effects  of  slight  ununi- 
formities,  armature  conductors  that  should  be  at  the 
same  potential  at  the  same  time  are  sometimes  connected 
by  means  of  conductors  called  "equalizers." 

The  general  plan  of  equalizing  by  means  of  such  rings 
is  indicated  in  the  accompanying  sketch  in  which  part  of 
an  eight-pole  generator  is  shown.  Here  it  will  be  noted 
that  conductors  occupying  a  given  position  relative  to  a 


Operating  Conditions  Maker 

225  lb.  steam,  100°  F.  superheat,  1.500  r.p.m.  General  Electric  Co. 

1500  r.p.m.,  3-phase,  25  cycles General  Electric  Co. 

1800  r.p.m.,  250  volts,  one  750  r.p.m General  Electric  Co. 

1800  r.p.m.,  225  lb.  steam General  Electric  Co. 

7.50  r.p.m.,  250  volt General  Electric  Co. 

28-29  in.  vacuum Westinghouse  Mch.  Co. 

700  r.p.m.,  225  lb.  steam,  100  deg.  superheat. .  Wpstinghou.se  Mch.  Co. 

225  lb.  steam,  100  deg.  superheat Babcock  &  Wilcox 

Hand  firing.  , Acme  Furnace  Equipment  Co. 

Automatic  stoking C^oxe  Travelling  Grate  Co. 

360  r.p.m.,  motor  driven American    Blower   Co. 

360  r.p.m.,  2300  volts,  3  phase,  25  cycles General  Electric  Co. 

2900  r.p.m.,  225  lb.  steam Terry  Steam  Turbine  Co. 

2900  r.p.m.,  turbine  driven Henry  R.  Worthington 

Low  head Henry  R.  Worthington 

Emergency Eynon-Evans  Mfg.  Co. 

Continuous Builders  Iron  Foundry 

Continuous Builders  Iron  Foundry 

In  use  during  low  water Alberger  Pump  &  Condenser  Co. 

In  use  during  low  water Mcintosh  &  Seymour  Engine  Co. 

Intermittent  .service Westinghouse  Elec.  &  Mfg.  Co. 

25  cycles,  3-phasc,  11,000-110,000  volts General  Electric  Co. 

. General  Electric  Co. 

Motor,  operated Whiting  Foundry  Equipment  Co. 

Intermittent. Dean  Bros.  Steam  Pump  Co. 

equalizers  sparked  because  of  unequal  distribution  of  cur- 
rent among  brush-holders ;  the  operator  installed  equaliz- 
ing rings,  but  tJiis  did  not  seem  to  give  any  relief.  Inves- 
tigation revealed  that  the  relation  between  the  number 

of  poles  and  the  conductors  was  such  that  equal  spacing 


a  -a' 

Eql-alizing  Coxnections 

of  the  equalizer  taps  was  impracticable.  Equalization  was 
finally  improved  by  adjustments  of  the  air  gap,  the  brush 
tensions  and  the  brush  spacings. 


Skill  an  an  Asset — As  a  man  remains  in  the  employ  of  a 
firm  so  ills  particular  skill  on  his  job  increases.  This  skill 
docs  not  represent  an  item  of  cost  to  the  firm,  but  it  does 
represent  an  asset;  his  skill  and  knowledge  are  direct  money 
value  to  the  shop  where  he  is  employed,  and  his  departure 
diminishes  the  capital  of  the  firm  by  that  amount.  This 
value  can  never  be  expressed  directly  in  dollars  and  cents. 
If  it  could  be,  many  a  manager  would  think  twice  before 
laying   off   men. — "American   Machinist." 
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SYNOPSfi^ — Prrerhiiiff  area,  starJr  arm  and  hrujhl  and 
llic  iiro/icr  draft  orrr  llir  fire  to  burn  sniohclessUj  West- 
ern hitiiniindus  roals  iir  sli(ioin<js\ 


MUKKCIIINd    AhKA 

Willi  watiT-tiii)!'  l>oil('r,-i  it  is  jrood  practice  to  iiilow  a 
ratio  of  hrcciliiiijj  area  to  {jratc  .■^uri'iuv  of  1  to  -1  Vi;  ">'  ■'>• 
In  large  central  stations  a  ratio  of  1  to  S^/j  lias  been 
used  where  the  lioilers  are  run  haliitiially  at  100  per  cent, 
over  ratinp;.  hut  this  is  a  sjiecial  study  not  considered  in 
the  jM-esent  article.  The  ratio  of  1  to  4Vj  or  5  for  rated 
capacities  is  based  on  a  gas  travel  of  approximately  18  ft. 
per  sec.  with  a  breechinpf  temperature  of  500  deg.  F. 
'i'liis  will  give  a  maximum  gas  travel  of  about  28  ft.  per 
sec.  for  a  50  per  cent,  overload  and  will  provide  sufficient 
area  to  take  care  of  ordinary  fluctuations  in  load. 

Theoretically  the  loss  in  a  horizontal  run  of  breeching 
will  be  about  0.1  in.  of  water  per  100  ft.  of  length.  In 
practice,  this  can  well  be  doubled,  due  to  accumulations 
in  the  breeching,  loss  by  radiation,  leaks,  etc.,  remem- 
bering that  the  designer  should  figure  the  breeching  to 
meet  the  most  adverse  conditions  likely  to  be  encountered. 

Breechings  should  be  well  lagged  to  prevent  radiation, 
and  the  covering  should  be  placed  on  the  outside,  so  that 
it   will   be   in   plain   sight  and   need   for   lepair  can  be 


NO.I     BOILER 

BEFORE 

AFTER. 

Over  Fire 

O.IS" 

0.26  " 

Flue  Cap  Door 

0.26" 

0.39" 

Sfack  Side  of  Damper 

0.34-" 

046" 

N0.2    BOILER 

Over  Fire 

0.20" 

0.52' 

Flue  Cap  Door 

0.55" 

0.45" 

Staci^&ide  of  Damper 

0.45" 

0.51  " 

Base  of  Stack 

0.60" 

0.60" 

^--j.  f 'Yetv  breeching  shown  in  dolhed  lines 
\Olc/  breeching  shorrn  in  ^ol/d  IJnes 
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Fig.   1.   Showing  Detrimental  Effect  of  Drop  in 
Breeching 

easily  seen.     A  lining  on  the  inside  is  difficult  to  repair 
and  deterioration  might  readily  escape  detection. 

The  loss  in  a  right-angle  bend  can  be  taken  as  0.05 
in.  of  water.  Under  no  circumstances  should  the  breech- 
ing take  a  drop  below  the  horizontal.  Fig.  1  illustrates 
the  detrimental  effect  of  such  a  drop  and  gives  the  draft 
readings  before  and  after  making  the  change  M-hich  af- 
fected the  availal)le  draft  over  the  fire  approximately  100 
per  cent.  Sacrifice  everything  to  a  straight,  uninterrfipted 
run  of  breeching.  Do  not  allow  conduits,  ventilating 
ducts,  etc..  to  take  precedence  in  a  matter  w^ich  vitally 
affects  the  plant  during  its  entire  life.     Loss  of  draft 
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•Copyright,  1914,  by  Osborn   Monnett. 
tSmoke  Inspector,  city  of  Chicago. 


Ibiiiiigji  .-I  breeching  should  be  figured  from  the  boiler 
fiwllicsl  liDiii  the  stack.  JMieh  additional  boiler  con- 
nected to  the  breeching  will  caus-j  a  drop,  due  to  the  fric- 
tion or  interference  of  the  gases  as  tluy  enter  the  breech- 
ing, or  to  leakage  through  the  damper  when  the  boiler 
is  out  of  service,  'i'his  additional  draft  loss  may  be  taken 
at   0.0.")  in.  of  water  per  boiler  coniiecteil   to  the  breecli- 
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Draff  Over  Fire  in  Inches  of  Water 

Fig.  1.  Draft  Ixtkxsity  for  Smokelkss  Combustion 


ing.  Any  bends  in  the  breeching  should  be  eased  off  in 
long  sweeps  and  the  stack  connection  should  be  at  an 
angle  of  45  deg. 

Draft  vs.  Rate  of  Combustion 

In  practice,  it  has  been  found  that  tjie  draft  over  tiio 
fire  required  to  burn  Western  bituminous  coals  in  well 
designed  smokeless  furnaces  is  approximately  0.01  in. 
of  water  per  pound  of  coal.  "When  burning  15  lb.  of 
coal  per  square  foot  of  grate  surface  per  hour  this  ratio 
holds  exactly.  As  the  combustion  increases,  the  draft  is 
a  little  greater  in  proportion.  This  is  shovn  in  Fig.  2. 
For  instance,  at  21  lb.  of  coal  the  draft  is  0.205  in.;  at 
30  lb.  it  is  0.33  in.,  and  at  40  lb.  the  draft  is  0.5  in.  It 
must  be  understood  that  the  curve  is  for  the  ordinary 
run  of  bituminous  coal  when  considered  from  the  stand- 
point of  smoke  suppression.  Free  burning  coal  of  this 
character  will  burn  after  a  fashion  with  less  draft;  that 
is,  the  fixed  carbon  will  be  consumed,  but  most  of  the 
volatile  matter  will  pass  off  nnconsumed  and  will  make 
a  great  deal  of  smoke. 

The  draft  curve  shown  has  been  obtained  by  averaging 
thousands  of  draft  readings  in  plants  burning  Western 
bituminous  coals  smokelessly.  While  the  drafts  given 
may  seem  excessive  to  some  engineers,  yet  experience  has 
shown  that  they  are  necessary  to  get  the  best  results. 

Burning  Shavings 

Shavings  will  burn  satisfactorily  with  half  the  draft 
required  for  coal :  that  is,  0.005  in.  of  draft  per  pound  of 
dry  shavings  per  square  foot  of  grate  surface  per  hour, 
provided  they  are  fed  through  a  chute  by  a  blower.  This 
holds  good  up  to  0.6  in.  of  draft  over  the  fire,  which  is 
sufficient  for  120  lb.  of  dry  shavings  per  square  foot  of 
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grate  per  hour.  Wet,  fine  shavings  and  sawdust,  hand 
fired,  or  a  mixture  of  shavings  and  coal  recjuire  approxi- 
nialcly  the  same  draft  over  the  tire  as  coal  alone,  in  de- 
signing a  new  plant  it  is,  therefore,  advisable  to  provide 
for  the  maximum  draft  to  take  care  of  emergencies. 

Stack   DurEXsioNs 

In  analyzing  the  draft  conditions  in  several  Inindred. 
plants  it  was  found  that  a  stack  area  of  one-fifth  of  the 
connected  grate  surface  gave  the  best  results.  This  ratio 
provides  a  gas  velocity  in  the  stack  of  about  30  ft.  ])er 
sec.  at  maximum  loads.  A  ratio  of  1  to  6  has  l)een  em- 
ployed with  success  in  many  installations,  and  with  ex- 
cei)tionally  high  stacks,  such  as  are  found  in  skyscrapers, 
1  to  7  is  allowable.  For  the  ordinary  commercial  plant, 
a  ratio  of  1  to  5  is  much  better  and  will  give  sufficient 
capacity  for  peak  loads  and  smokeless  operation. 

The  following  formula  given  in  "Stirling"  for   draft 
intensity  has  worked  out  well  in  practice: 

1_   1 

r     'j\ 


D  =  0.5'^  //  X  /' 


where 

D  =  Draft  in  inches  of  water  ; 

H  =  Height  of  top  of  stack  above  grate  bars  in  feet ; 

P  =  Atmospheric    pressure    in    pounds    per    square 

inch ; 
T  =  Atmospheric   temperature,   absolute; 
T^  =  Absolute  temperature  of  stack  gases. 
At  ordinary   altitudes,   variations   in   the   atmospheric 
pressure  may  be  disregarded,  but  where  the  plant  is  at 
a  high  elevation  it  is  best  to  use  in  the  formula  the  cor- 
responding air  pressure. 

For  the  usual  sea-level  air  pressure  of  14.7  lb.  and  a 
temperature  of  GO  deg.  F.,  the  formula  may  be  reduced  to 
I)  =  KH  where 

K  =  0.52  X  14.7 /^i,—   V 


This  necessitates  the  computation  of  values  tor  constant 
A'  for  various  flue-gas  temperatures  such  as  are  given  in 
Table  1. 

TABLE  1.     VALUES  OF  CONSTANT  K  FOR  VARIOUS  FLUE-GAS 
TEMPERATURES 


Temperature  of  Stack  Gases 
Deg.  F. 
750 
700 
650 
600 
550 
500 
450 
400 
350 


K 

0  0084 
00081 
0  0078 
0.(1075 
0  (1071 
0  0007 
0 . 0063 
0.0058 
0  00.53 


Tiien  to  find  the  draft  in  inches  of  water  it  is  only 
necessary  to  multijdy  the  height  of  the  stack  in  feet  by 
the  constant  corresponding  to  the  temperature  of  the 
stack  gases.  Conversely,  to  find  the  height  in  feet  of  a 
stack  to  produce  a  certain  draft,  divide  the  draft  in 
inches  of  water  by  the  constant  corresponding  to  the 
flue-gas  temperature. 

A  stack  temperature  of  500  deg.  is  seldom  exceeded 
and  475  deg.  is  a  good  average  figure,  owing  to  the  vari- 
ous losses  which  occur  between  the  boiler  uptake  and  the 
stack. 

Table  2  may  also  l)e  used  to  determine  th"^  size  of  stack 
for  horizontal  tubular  boilers.  The  dimensions  given, 
however,  apply  only  when  the  boilers  are  connected  to  tiie 
chimney  by  a  straight  run  of  breeching  which  has  fully 
as  much  area  as  the  stack  and  in  which  long  narrow  sec- 
tions are  not  used  and  sudden  changes  of  section  are 
avoided. 


TABLE   2 

S 

ZES   0 

F   CHIMNEY 
ULAR 

FOR   HOR 
BOILERS 

IZO> 

ITAL  B 

ETUR 

N-TUB 

Size  of 
Boiler 

One 

Number  of  Boilers  on  Stack 
Two                 Three 

Four 

48"xl4' 
54   xlO 
60  xKi 

2U 
24  i 
28  ji 

"x90' 
x95 
xlOO 

30"xl00' 
34^x105 
40  xUO 

37"xllO' 
42Jxll5 
49   xl20 

425 
49 
57 

'xl20' 
xl25 
xl.30 

34-35 
34-4' 

46-4' 

"  tubes 
tubes 
tubes 

66   xl8 
72   xl8 
78  x20 

31 
35 
39  J 

xllO 
xl20 
xl30 

435x120 
40;xl30 
56  xl40 

535x1.30 
60Jxl40 
68   xl50 

61} 
70 
78i 

xl40 
xl50 
xl60 

54-4' 
70-4' 
84-4' 

tubes 

tubes 

'  tubes 
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By  K,  M.  Gilbert 


SYNOPSIS — Reduction  in  fuel  consumption  resulted 
from  the  use  of  economical  auxiliaries.  A  jet  condenser 
and  cooling  tower  were  replaced  by  an  atmospheric  steam 
condenser;  belt-driven  pumps  were  used  instead  of  duplex 
steam  pumps.  Poiver  for  auxiliaries  is  obtained  from 
the  main  engine.     Steam  trap  for  feeding  boiler. 

m 

The  chief  engineer  of  a  small  refrigerating  plant 
"made  good"  by  giving  much  time  and  study  to  improve- 
ment in  the  efficiency  of  the  auxiliaries.  When  the  en- 
gineer took  charge  of  the  plant,  the  machinery  consisted 
of: 

One  100-hp.  return-tubular  boiler;  130  lb.  ])ressure. 

One  12  and  24  by  21-in.  tandem  compound  Corliss  en- 
gine, directly  connected  to  two  single-acting  14x2 1-in. 
ammonia  compressors. 

One  8  and  12  by  12-in.  vacuum  ])um])  with  jet  con- 
denser. 


One  6  and  7  l)y  6-in.  duplex  pump  for  cooling  water 
to  ammonia  condensers. 

One  41^  and  2%  by  4-in.  feed  pump. 

One  6  and  6  by  6-in.  air  compressor. 

These  pumps  were  all  necessary  for  the  operation  of 
the  plant.  There  were  also  one  or  two  other  small  pumps 
used  occasionally. 

The  amount  of  water  available  was  so  small  that  it 
was  necessary  to  use  two  cooling  towers ;  one  for  the 
steam  condenser  and  the  other  for  the  ammonia  con- 
denser water.  The  main  engine  was  run  condensing,  the 
vacuum  being  obtained  by  means  of  the  jet  condenser 
and  pump  which  discharged  the  condensing  water  to  the 
top  of  the  30-ft.  cooling  tower. 

The  exhaust  from  all  but  the  condenser  pumps  was  dis- 
charged through  the  feed-water  heater  into  the  atmo- 
sphere. The  amount  of  heat  in  the  exhaust  was  more 
than  could  be  used  in  the  feed  water,  so  the  surplus 
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stt'imi  pnssotl  olT  Iti  (he  aliiKisplii'rc  iiinl  lunsKlcralilc  licat 
was  waslcil. 

'i'lic  liiirst'|>ti\MT   and   steam   (0118111111)11(111    per   licmr  of 
the  iiiaiii  ciiL'iiic  ami  auxiliaries  were  as  follows: 


Mniii  I'litfiiH'   . 

Jrt  I'linili'ii'iinu  |>iini|i        .    . 

I-<-<"l  l"""P       .       

Aminiihiit  i-oiiil(>nm>r  pump. 
Air  ooinpnMisor 


1(H)  lip   nt     IS  III    nii'iiiii  |MT  lip  -lir. 
tl  lip   111     MO  111    nicnin  \wi  lip  -lir 
li  lip.  al   KM)  III.  nK'iuii  ix-r  lip  -lir. 
II  hi)    III     III)  III.  nli'iim  piT  lii>   lir.    ' 
II  lip.  lit     10  II).  ntciini  p<T  lip  -lir. 


iHon 

.tHIl 
IS!) 
MO 

Totiil  !it<!nm  ronKuniptiufi  per  lir     -    :)2I0 
ConI  IniriuMl  [wr  lir.   -  alioul  100  lb. 

Tlic  phiiit  was  opcratod  with  tiiis  inachiiiciv  I'or  one 
sea.-^oii,  (iuriiifj;  wliicji  time  the  ehief  cnrefully  studied  all 
the  faults  of  the  plant  and  came  to  the  conclusion  that 
the  high  fuel  consumption  was  due  entirely  to  the  inelTi- 
cient  auxiliaries.  The  management  had  complete  con- 
fidence in  the  engineer,  so  that  when  fall  came  he  was 
able  to  start  in  and  make  all  of  the  changes  which  he 
had  studied  out  to  give  the  best  economy.     The  sketch 
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shows  the  arrangement  of  the  machinery  at  the  beginning 
of  the  second  year. 

The  jet  condenser  was  replaced  by  an  atmospheric 
steam  condenser  made  from  an  ammonia  condenser.  This 
type  of  steam  condenser  gives  pure  water  for  boiler  feed, 
takes  less  horsepower  for  operation  and  does  not  require 
the  use  of  a  cooling  tower.  The  connections  from  the 
condenser  to  the  engine  and  to  the  vacuum  pump  are 
shown.  The  water  for  condensing  the  steam  was  pumped 
by  a  31/^-in.  centrifugal  pump,  w^hich  discharged  the 
water  into  a  2-in.  pipe  placed  over  each  section  of  the 
condenser.  On  the  top  of  these  pipes  were  drilled  %-iu. 
holes  4  in.  apart,  through  which  the  water  flowed  over  the 
condenser  pipes  and  thence  to  the  roof.  A  suitable  gutter 
and  lead  pipe  conducted  the  water  into  a  tank,  as  shown, 
to  which  was  attached  the  suction  of  the  centrifugal 
pump.  The  condenser  was  drained  by  a  6  and  7  by  10- 
in.  single-cylinder  pump,  which  discharged  into  a  4'2-in. 
by  8-ft.  horizontal  feed  tank  placed  above  the  boiler. 

Small  boiler-feed  pumps  consume  a  large  amount  of 
steam  for  the  work  done  and,  in  addition,  require  oiling, 
packing  and  considerable  attention.  T  believe  a  steam 
trap  is  the  cheapest  method  of  feeding  boilers.  The  tem- 
perature of  the  water  and  any  irregularity  in  the  feed 


has  no  elleet  upon  the  jiroper  working  of  the  trap.  \\\ 
reference  to  the  sketch,  the  rclntive  location  of  the  feed 
tank,  the  trap  and  the  boiler  can  be  Been.  The  volume 
of  the  steam  used  by  the  trap  for  eacli  discharge  is  equal 
to  the  volume  of  the  trap,  and  when  the  trap  has  dis- 
iharged  its  contents  into  the  boiler,  the  steam  contained 
111  the  trap  is  discharged  into  the  feed  tank. 

The  6  and  7  by  G-in.  duplex  steam  pump  for  pumping 
water  to  the  ammonia  condensers  required  540  lb.  of 
steam  per  hour.  This  was  a  large  amount  of  steam  for 
the  work  done  and  just  how  to  reduce  this  item  of  ex- 
pense caused  the  engineer  considerable  worry.  Finally,  he 
decided  to  install  a  7x8-in.  triplex  pump.  The  power  for 
driving  this  puini),  and  also  that  for  the  centrifugal 
pump,  for  water  to  the  steam  condensers,  was  derived 
from  the  main  engine.  By  reference  to  the  sketch,  it 
will  be  seen  that  a  6-in.  belt  was  run  over  the  flywheel 
to  a  pulley  on  a  lino  shaft  bacK  of  the  engine. 
It  was  necessary  to  use  an  idler  to  guide  the  pulley 
over  the  engine  bedplate  onto  the  flywheel.  The 
face  of  the  flywheel  was  flat,  about  14  in.  wide 
and  had  the  usual  2-in.  square  holes  for  "pinching 
over"  the  engine.  The  belt  ran  on  one  side  of  the 
center  line  of  the  rim  so  that  there  was  sufficient 
room  to  allow  the  pinching  bar  to  enter  the  holes. 
The  idler  pulley  did  not 
give  the  least  bit  of  trouble 
and,  furthermore,  it  was  use- 
ful in  guiding  the  belt  onto 
the  wheel,  for,  by  simply 
changing  the  position  of  the 
ball-and-socket  bearings  for 
the  idler  shaft  (by  use  of  the 
setscrews),  the  belt  could  be 
made  to  run  on  any  part  of 
the  flywheel  rim.  The  pul- 
ley on  the  line  shaft  was  fitted 
with  a  friction  clutch,  en- 
abling the  engineers  to  stop 
the  line  shaft  without  shut- 
ting down  the  main  en- 
gine, lu  addition  to  the  reduction  in  steam  consump- 
tion, the  triplex  pump  required  less  oil  and  less  packing 
and  repairs  than  were  necessary  to  operate  the  duplex 
pump,  with  its  multiplicity  of  rods  and  valve-gear 
parts. 

The  exhaust  steam  from  the  6  and  6  by  6-in.  air  com- 
pressor and  the  6  and  7  by  10-in.  vacuum  pump  was  more 
than  could  be  used  in  the  feed-water  tank.  In  order  that 
no  steam  should  be  wasted,  the  exhaust  from  the  air 
compressor  was  discharged  into  the  low-pressure  receiver 
to  clo  work  in  the  low-pressure  cylinder,  and  was  ex- 
hausted into  the  main  steam  condenser.  A  1-in.  pipe 
was  run  from  the  receiver  to  the  feed-water  tank  to  sup- 
ply steam  to  the  feed  water  when  the  exhaust  steam  from 
the  vacuum  pump  was  insufficient  to  heat  the  water  to 
about  210  deg.  F. 

After  making  these  changes,  as  illustrated,  the  steam 
consumption  and  horsepower  of  the  various  units  were  as 
follows : 


Main  engine 110  hp   at  18  lb.  steam  per  hp.-hr. 

Vacuum  pump 2i  hp.  at  90  lb.  steam  per  hp.-hr. 

Air  compressor 6  hp.  at  45  lb.  steam  per  hp.-hr. 

Total  steam  consumption  per  hr. 
Coal  burned  per  hr.   =  about  300  lb. 


Lb. 

1980 
225 
270 
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By  comparin^i;-  these  iiiiiwrs  with  the  toref)-oiiig.  both  of 
\.'hich  were  obtained  bv  aetiial  test,  it  is  seen  that  the  new 
system  of  auxiliaries  reduced  the  coal  consumption  100 
lb.  per  hour,  or  24-00  lb.  per  day,  which  at  $3.20  per 
ton  makes  a  daily  saving  of  about  $3.50.  The  plant  was 
Gi)erated  at  full  load  300  days  in  the  year,  so  that  the 
fuel  saving  amounted  to  more  than  $1000.  The  cost  of 
making  the  changes  was  $1200,  so  that  the  interest  on  the 
investment  was  more  than  80  per  cent. 

The  arrangement  of  the  machinery,  as  shown  in  tlic 
sketch  and  described  above,  was,  to  the  writer's  knowl- 
edge, successfully  used  lor  three  years.  During  this  time, 
no  serious  trouble  was  experienced.  The  steam  condensers 
gave  a  vacuum  of  22  to  24  in.  in  the  hottest  weather,  and 
a  supply  of  pure  feed  water  for  the  l)oilers.  The  makeup 
feed  water  amounted  to  about  150  lb.  per  hour.     As  this 


was  the  only  source  by  which  impurities  could  enter  the 
feed  water,  it  is  evident  that  no  trouble  whatever  was 
had  witii  boiler  scale.  The  condensing  water,  in  passing 
o\er  the  condenser  tubes,  was  heated  and  some  of  it 
evaporated.  Tlu;  loss  of  condensing  water,  by  evapora- 
tion, was  just  about  equal  to  the  amount  of  steam  con- 
densed, which,  in  hot  weather,  varied  from  2000  to  2500 
lb.  per  iiour.  Attention  should  be  called  to  the  fact  that 
with  this  type  of  steam  condenser  it  does  not  take  any 
more  water  to  run  an  engine  condensing  than  it  does 
iioucondensing,  with  the  steam  escaping  to  the  atmo- 
sphere. The  amount  of  water  saved  by  condensing  the 
.':team  is,  as  noted,  about  equal  to  the  amount  of  makeup 
water  supplied  to  the  condensing  water  to  replace  that 
loss  by  evaporation,  but  more  of  the  heat  in  the  exhaust 
steam  is  being  returned  to  the  boiler. 


Notable  as  the  first  Diesel  engine  of  American  design 
to  be  put  out  in  sizes  as  small  as  50  hp.,  is  that  recently 
built   by    the    Fulton    Manufacturing   Co.,   Erie,    Penn., 


Power 
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and  shown  in  Fig.  1.  The  engine  is  designed  prinuxrily 
for  marine  service  and  operates  on  the  four-stroke  cycle. 
In  the  50-hp.  size  three  cylinders  are  employed,  four  for 
70  hp.  and  six  for  100  hp.,  all  8x9  in. 

The  arrangement  is  such  that  any  cylinder  head  may 
be  removed  without  disturbing  the  camshaft  which  is 
mounted  on  ball  l)earings  and  is  driven  from  the  crank- 
shaft bv  an  intermediate  vertical  shaft  with  helical  worm 


gears.  The  cam  levers  are  of  cast  steel,  with  hardened 
tool-steel  rollers  and  pins  with  screw  adjustment  for 
clearance  at  the  tappet  ends.     The  suction  and  exhaust 

valves,  in  the  cylinder 
head,  are  of  tungsten 
steel  and  interchange- 
able. 

Air  Compressor 

The  air  compressor 
is  on  the  center  line 
and  at  one  end  of  the 
engine,  being  driven 
directly  from  the  main 
shaft.  It  is  of  the 
two-stage  type,  a.s 
shown  in  Fig.  2.  Free 
air  is  drawn  into  the 
lower  cylinder 

through  the  strainer 
and  duplex  suction 
and  delivery  valve, 
and  is  compressed  to 
about  120  lb.  It  is 
then  delivered  to  the 
intercooler  (the  coil 
at  the  right),  thence 
to  the  high-pressure 
or  upper  cylinder. 
From  here  it  passes 
to  a  second  cooler  aiul 
finally  to  the  receivers 
for  fuel  injection. 
Slightly  more  air  is 
delivered  than  is  nec- 
Cijsary  for  fuel  injec- 
tion and  this  surplus  is  carried  to  two  larger  receivers,  of 
2458  cu.in.  each,  for  starting.  The  pressure  for  fuel 
injection  is  regulated  by  hand  according  to  the  load. 
full  load  requiring  about  975  lb.,  half  load  about 
800  lb.  and  10  per  cent,  overload,  1000  lb.  Both  the 
suction  and  the  delivery  valves  in  the  high-pressure  head 
are  supplied  with  renewable  seats  and  can  be  inspected 
without  dislnibiiig  any  of  the  pipe  connections. 
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Till'  I'licl-injfi'tiim  miIm'  ninl  .••iDiiii/cr  urc  in  thf  <vl- 
iiidcr  lii'iid.  'riu'  liody  is  of  liroiizc  and  tlio  nccillc  valve 
of  iiickfl  rtli'd.  .\  hcavv  comprcHrtion  spring'  cIohck  liii- 
valvo  and  it  iw  forced  open  in  a  cam  Icvor.  licliriiiif,' 
to  V\}i.  '^,  it  will  1)1"  Hccii  thai  (lie  oil  is  dclivi'icd  on  one 
side,    passing   down    lo    the    lower    pail    of    the    iilonii/.er. 


nnit   serves   three  evlindei's.      ifefei  liii}^   lo    |'"i{,'.    ">,   it    will 
he  seen    that    this   iiiiil    hiiH   three   displacement    pluiig(M> 


i? 
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Air  is  admitted  on  the  opposite  side,  but  is  led  to  the 
upper  part  of  the  atomizer  behind  the  oil.  Atomizing 
is  effected  by  the  perforated  disks,  and  when  the  needle 
valve  is  raised  the  oil  is  blown  into  the  compression  space 


Flo.  .1.  V[i:].  Ptmi' 

and  three  separate  sets  of  valves,  one  for  eacii  cylinder. 
On  the  suction  stroke  of  the  plunger,  oil  enters  the  pump 
chamber  through  the  suction  valve  A.  On  the  delivery  or 
downward  stroke  this  fuel  is  bypassed  through  the  con- 
trol valve  B  (shown  in  the  right-hand  view).  When  this 
control  valve  is  closed  the  charge  is  forced  througli  the 
delivery  valve  C  to  the  fuel  atomizer.  The  amount  of 
fuel  fed  to  the  cylinder,  and  hence  the  speed  of  the  en- 
gine, depends  upon  the  action  of  the  control  valve  /'  ; 
that  is,  while  the  stroke  of  the  displacement  plunger  i- 
constant,  the  amount  of  oil  bypassed  through  valve  J: 
determines  the  amount  .supplied  to  the  cylinder.  Tlie 
timing  of  this  valve  is  accomplished  by  means  of  a  slid- 
ing cam  which  rotates  at  a  speed  determined  by  the  en- 


Six-Cylixdkk,  10(1-Hp.  Ex(;ixi: 


of  the  cylinder,  in  finely  divided  particles  where  it  is 
ignited  by  the  heat  of  compression.  The  grooves  at  the 
lower  end  impart  a  whirling  motion  to  the  injection  air, 
which  tends  to  clean  out  all  the  fuel,  besides  having  a 
tendency  to  complete  the  breaking-up  process  begun  by 
the  perforated  disks. 

Fuel  Puirp 
On   the  three-cylinder  engine  shown  in  Fig.   1   there 
are  three  separate  fuel  pumps,  one  for  each  cylinder.     In 
the  later  design,  however  ( Figs.  4  and  5 ) ,  one  fuel-pump 


gine,   but  the  position  at   which  it   becomes  effective  is 
subject  to  the  movement  of  the  governor  arm. 

To  render  the  pump  inoperative,  as  is  required  when 
wishing  to  cut  out  a  cylinder,  means  are  provided  for 
holding  open  the  suction  valve.  The  fuel  pumps  may  be 
operated  by  hand  without  disconnecting  from  the  drive. 
An  inclosed  fly-ball  type  of  governor  is  employed. 

LUBRICATIOX   AX"D   COXTROL 

Forced  lubrication  is  supplied  to  all  of  the  crankshaft 
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bearings  and  wristpins.  Tlie  crankshaft  is  drilled  tiirougli 
its  entire  length  and  a  small,  self-priming  rotary  pump 
circulates  the  oil  from  the  engine  bed  to  all  the  bearings 
inside  the  crank  case  and  up  through  the  hollow  con- 
necting-rod to  the  wristpin.  An  overflow  valve  regulates 
the  pressure,  which  is  normally  held  at  15  lb.  In  addi- 
tion, there  are  attached  to  each  working  cylinder  two 
feeds  and  one  to  the  air  compressor,  from  a  force-feed 
oiler. 

A  handle  and  handwheel  at  the  front  of  the  engine, 
supplemented  by  interlocking  push  bullous,  j)rovide  the 
operator  with  the  necessary  means  for  easy  control.    The 


handle  has  three  positions:  "barring,""  "'air  start"  and 
"running,"  the  buttons  being  so  interlocked  with  the 
handle  that  starting  air  and  fuel  cannot  be  supplied  to  a 
given  cylinder  at  the  same  time. 

The  cylinders  upon  which  the  air  start  is  provided 
must  be  bypassed  before  the  starting  handle  can  be 
placed  in  the  "air  start"  position.  With  the  handle  in 
the  barring  position  all  the  fuel  is  bypassed  so  that 
should  the  engine  be  turned  over  a  number  of  times  the 
cylinders  cannot  l)ecome  flooded  with  oil.  The  handwheel 
serves  to  put  more  or  less  load  on  the  governor,  thereby 
increasing  or  decreasing  the  engine  speed. 


'MFlbiini®°V; 


By  Paul  B.  Prutzman 


The  primary  and  secondary  valves  of  a  Westinghouse 
turbine  need  little  lubrication,  and  this  is  usually  sup- 
plied l)y  means  external  to  the  turbine  itself.  I  have 
found  that  the  force-feed  cylinder-oil  pump,  which  is 
commonly  used  on  the  valves  of  a  reciprocating  engine 
can  be  used  satisfactorily  and  at  a  saving  in  cost  of  oil, 
Mdiich,  if  figured  by  the  year,  will  more  than  ofPset  the 
cost  of  the  pump  and  all  attachments. 

The  idea  of  coupling  one  of  these  pumps  to  a  turbine 
came  to  the  writer  after  having  taken  charge  of  a  cen- 
tral station  in  the  eastern  ]iart  of  Pennsylvania  consist- 
ing entirely  of  AVestinghouse  turbines.  Naturally  the 
condensed  steam  was  used  for  boiler  feed  and  it  was  nec- 
essary to  keep  it  as  free  from  oil  as  possible.  In  this 
respect  the  force-feed  pump  caused  no  trouble.  Hereto- 
fore the  valves  were  lubricated  by  means  of  the  small 
brass  cup  shown  at  A,  which  holds  about  a  quarter  of  a 
pint.  As  soon  as  the  valve  B  was  opened,  admitting  pres- 
sure, no  matter  how  little,  all  of  the  oil  was  immediately 
forced  into  the  turbine  valve,  thereby  wasting  a  large  per- 
centage of  it  without  mentioning  the  damage  to  the  boil- 
ers from  oil  in  the  condensate.  The  cup  was  not  refilled 
i"or  four  to  six  hours,  or  until  the  engineer  thought  the 
valve  might  need  it. 

Considerable  trouble  from  sticking  valves  led  me  to 
try  a  new  method.  A  force-feed  pump  was  obtained  on 
60  days'  trial  and  was  given  a  thorough  test  under  the 
most  trying  conditions.  To  mount  the  pump  a  suitable 
bracket  was  made  and  bolted  to  the  bearing  cap  nearest 
the  governor  gear  case.  It  extended  out  on  the  side  so 
as  to  bring  the  pump  in  line  with  the  oil  pump  supply- 
ing the  turbine  bearings.  It  was  necessary  to  bring  it 
above  the  bearing  cap  about  18  in.,  so  that  the  connecting- 
rod,  when  in  motion,  M'ould  clear  all  parts  of  the  tur- 
bine. The  crosshead  pin  in  the  turbine  oil  pump  was 
drilled  for  a  %-in.  capscrew,  and  this  screw  acted  as  the 
main  driving  pin  for  the  cylinder  oil  pump.  The  operat- 
ing lever  was  made  at  first  6  in.  long,  but  as  this  made 
the  feed  too  fast,  it  was  increased  to  12  in.,  which  proved 
about  right.  The  operating  lever  had  a  120-deg.  throw 
and  the  turbine  oil-pump  plunger  an  8-in.  stroke,  with 
80  strokes  per  min.,  so  that  the  feed  could  be  brought 
down  considerably.  The  connecting-rod  lieing  attached 
to  the  operating  lever  with  an  adjustable  thumb-screw,  it 
was  an  easy  matter  to  increase  the  feed  while  running, 
and  adjustment  was  also  possible  by  means  of  the  small 


thumb-screw  on  the  pump  deck  controlling  the  feed.  The 
former  method  is  preferable  on  account  of  the  size  of  the 
drop  remaining  the  same. 

One  of  the  principal  advantages  arising  from  this 
method  of  lubrication  is  the  regularity  with  which  the 
valve  will  receive  its  supply  of  oil.     [  have  found  that  a 


Oil  Piping  to  Tuiujine  Valves 

drop  al)out  the  size  of  a  match  head  every  3  min.  is  sulli- 
cient  to  keep  the  valve  in  perfect  condition,  regardless  of 
the  changes  in  load.  As  an  indication  of  the  saving  in 
oil  it  may  be  stated  that  heretofore  a  quart  of  oil  usually 
lasted  about  24  to  30  hr.,  while  with  the  pump  in  use  it 
lasts  for  about  110  hr.  of  continuous  running. 

It  is  necessary  to  have  two  feeds  on  the  pump  so  as  to 
lubricate  both  the  primary  and  secondary  valves  of  the 
turbine,  but  as  the  pumps  are  usually  made  with  two 
or  more  feeds,  this  did  not  prove  a  disadvantage.  As  the 
secondary  valve  only  comes  into  play  at  full  load  or  on 
overload,  it  can  be  shut  off  by  means  of  the  small  screw 
on  the  feed  plunger  until  it  is  needed,  and  then  by  a 
half  turn  of  this  screw  it  can  be  easily  brought  into 
action. 

The  photograph  shows  the  sight-feed  pump,  and  the 
l/s-in.  piping  to  the  two  valves.  There  is  a  check  valve  in 
each  line  close  to  the  valve.  As  the  valve  uses  up  about 
all  the  oil  that  is  fed  to  it,  the  condensed  exhaust  steam 
contains  very  little  oil. 
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TemperattLnres  of  fiiglh^Sp^'^^dl   Gemi* 


'ri'iii|ii'niliir('  is  ill)  iiM|)(>i'l!iiil  ilnii  uliirli  i('i|iiiii's  close 
alti'iitioM  in  tlu'  ojU'ration  of  liif^li-.spcc.l  fr,.ii(.|nt()rK,  par- 
ticularlv  of  the  sloam-tmliiiu'-drivcn  ami  larf^'c  lii^rii- 
s|HH>il  watorwlu'cl-drivcii  lypt-s.  This  is  iiccossary  for  tlie 
mison  (liat.  in  llic  dcsij^n  ol'  such  api)aratus,  the  windage 
developed  by  tlie  Iiigh  speed  of  the  rotor  is  depended 
ui)on  hii-fjely  for  the  proper  ventilation  of  the  generator. 

The  ordinary  method  of  reading  temperature  by  plac- 
ing thermometers  in  dilTereiit  jiarls  of  a  generator  seems 
insullicient,  e.\cept  perhaps  to  ascertain  the  ai)i)roximatc 
temperature  of  tlie  iron.  With  the  macliine  in  opera- 
tion, thermometers  ))lace(l  against  parts  of  the  winding 
that  are  accessii)le  register  temperatures  of  air  in  motion 


\U  .1.  M.  I.()N(i 

wiicic  llir  liiglii'sl  lenip(!rutureH  obtain.  It  is  by  measur- 
ing the  resistance  of  these  coils  that  ac<;urate  tempera- 
tures may  be  determinetl  in  the  armature  of  a  high-speed 
generator  under  full-load  conditions. 

The  aeeom|mnying  data,  derived  from  the  temperature 
test  r)f  a  l5J,()()()-kw.,  high-speed  generator,  is  illustrative 
of  the  three  different  methods  employed  in  the  same  iieat 
run.  While  the  sunnnary  <if  results  indicates  that  the 
different  methods  in  themselves  may  be  accurate  and 
check  within  a  few  degrees,  it  will  be  noted,  by  reference 
to  the  column  headed,  "Hate  of  Cooling,"  that  during  the 
one  hour  elapsed  between  the  time  the  generator  was  fully 
loaded   and    the  time  all   tests  were  completed  after  the 


n.Ml'KH.M'rUKS  OBT.MNKl)  HV  TIIEKMOMKTER,  RESISTANCE  AND  TKMI'KUATUKE-COII>  METIIons 

Armalurp — Hot 
Kowistanec  Thcrmoniclcrs 


A  -  » 
A-  B 
A-  B 
A-B 


.\rmature 
Phases 
A  -  B 


Current 
.■\nip. 

3.5(i 
7.(>4 
7.00 
3  92 

5.00 
BOO 
7.70 

5.00 
6.02 
7.70 


Current 
Amp. 
3.1(i 


3.14 
4.98 
7.06 

3.16 
4.98 
6.80 


I)n.,. 
Millivolts 

S3.0 
184.0 
169.  S 

144  2 

120  0 
145.2 
185  8 

120  0 

145  5 


Drop 
Millivolts 
68 . 5 
108  0 
159.0 

69.0 
108.5 
153.0 

69.0 
108.1 
147.0 


Averages 


0  02.331 
0.02408 
0.0242B 
0  02436 

0  02400 
0  02420 
0  02413 

0.02400 
0.02417 
0  02412 


0.02168 
0.02177 
0.02227 

0,02196 
0.02178 
0.02167 

0.02183 
0.02171 
0.02162 

0  02181 
Summary 


UcK.  C. 

65 
63 
65 


Itesistaiire  Temperature  per 
Formula 


.\rmature — C'old 
Thermometers 

No. 


Den.  C. 

*3I  ) 
*30     „ 
*30     ■^ 
*30  1 

36 

38 


1 

71  5 

2 
3 

73.0 
62.8 

t.,   =  (238  +  t,) 

"  *'  -  238 
R  t,        ^^* 

4 

73  5 

5 

62.0 

t,    =  ten  pcratu 

re  cold 

6 

63  9 

t,  =  tempe-ntu 

re  hot 

7 

62  5 

Rt,     =    T,-^ 

Htanee  at  t| 

8 

63  0 

Rt,   =  resi 

stanee  at  t. 

Based  on 

Col.l       Bas<..l  on  Cold  1 

Thermometer 

Bulb 

Keadil 

nes 

Readini^ 

68  5 

64.8 

Coilu 

Rate 

of  Coolinc 

•Jo. 

DcK.  C. 

Conditio 

n 

Time       No.  2  Bulb 

1 

38 

Loaded 

9.20              101 

2 

36 

Load  off 

9  23 

3 

36.5 

Off  line 

9 . 25'               97 

4 

39 

9 . 30                92 

5 

37 

9.35                90 

6 

37 

Stopped 
Fielcfoff 

9.36 

7 

38 

9  .37 

8 

37 
37.3 

9 . 40                87 
9.45                84 
9 .  50                81 
9.. 55                79 
10.00                77 
10.05                76 
10.10                75 
10.15                71 
10.20                66 

Resistanre  temperature  leased  on  cold  thermometer  readings  64  0 

Resistanec  temperature  based  on  cold  bulb  readmgs  64  » 

Temperature  per  hot  thermometer  readings  6^  5 

Temperature  per  hot  generator  bulb  readings  *>>*•'• 

♦Thermometers  1    2   3   and  4  in  same  location  near  air  inlet  with  manhole  cover  off.     Cold  readmgs  figured  as  of  one  thermometer. 


adjacent  to  the  winding  ratlier  than  the  internal  tempera- 
ture of  the   armature   coils. 

Furthermore,  temperature  readings  thus  obtained  with 
the  machine  standing  still  are  too  low,  because  the  rate 
of  cooling  from  a  high  temperature  is  so  rapid  after  the 
load  has  been  taken  off  that  by  the  time  the  rotor  has 
been  brought  to  rest,  it  is  impossible  to  determine  what 
the  temperature  was  under  full-load  conditions. 

The  average  internal  temperature  of  an  armature  wind- 
ing may  be  found  by  measuring  the  resistance  of  the 
armature,  cold  and  hot,  and  applying  a  formula  based  on 
the  temperature  coefficient  of  copper  and  thermometer 
readings  of  the  cold  armature.  But  this  method  is  in- 
sufficient for  the  same  reason  as  given  with  reference  to 
the  rapid  rate  of  cooling  after  the  load  is  taken  off.  It 
is  impossible  to  ol)tain  hot  resistance  measurements  under 
full-load  conditions. 

Another  method,  which  seems  best  adapted  to  measur- 


generator  had  l)een  brought  to  a  standstill,  the  armature 
had  cooled  off  appro.ximately  35  deg.  C. 

This  substantiates  the  contention  that  it  is  practically 
impossible  to  measure  accurately  the  internal  tempera- 
ture of  an  armature  operating  under  full-load  conditions 
by  the  thermometer  and  resistance  methods. 

Eleven  thermometers  were  distriouted  in  different  parts 
of  the  armature  so  as  to  measure  the  average  temperature 
of  the  coils,  except  that  thermometers  1,  2,  3  and  4  were 
in  the  same  location.  The  eight  temperature  coils,  also 
distributed  in  different  parts  of  the  armature,  were  of  a 
standard  make,  were  calibrated  at  a  known  temperature 
before  being  put  into  the  machine,  and  were  connected 
with  a  reliable  instrument  which  registered  the  degrees 
Centigrade. 

The  results  of  temperature  measurements  in  electrical 
apparatus  are  apt  to  be  misleading  when  derived  under 
any  other  condition  than  that  of  full  load;  and  the  only 


ino-  the  temperature  under  full-load  conditions,  is  by  the  way  of  determining  temperatures  under  such  conditions 

emplo>-ment  of  temperature-measuring  coils,   noninduc-  seems   to   be   with  temperature   coils   so   arranged   that 

tively  wound.    These  may  be  placed  between  coils,  or  be-  changes  in  their  resistance,  as  affected  by  heat,  may  be 

tween  the  coils  and  the  iron,  in  the  slots  of  an  armature  measured  and  reduced  to  degrees  of  temperature. 
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By  W.  G.  Gkekni.kks 


SYNOPSIS — Sonic  practical  experience  with  the  burn- 
ing of  fuel  oil,  and  the  varlDiis  methods  employed.  The 
use  of  targets  is  condennwd.  .1  Ijurner  which  will  spread 
the  flame  at  the  front  if.  rrcom mended  and  a  fire  floor 
level  from  front  to  had-. 

WJien  fuel  oil  was  first  discovered  in  Texas  in  large 
quantities,  this  entire  section  of  the  country  was  at  once 
given  the  advantages  of  cheap  fuel.  However,  instead 
of  applying  this  cheap  fuel  in  such  a  way  as  to  oljtain 
a  high  efficiency  in  its  use,  in  many  plants,  especially 
small  ones,  the  simplest  possible  method  of  oil  burning 
was  adopted.  Some  of  these  methods  wore  crude  in  the 
extreme  and  inefficient,  it  was  not  uncommon  to  see  in 
a  laundry,  well  drilling  rig  or  other  small  plant,  a  loco- 
motive-type boiler  with  the  fire-  and  ashpit  doors  entirely 
removed,  the  burner  placed  in  the  center  of  one  or  the 
other  and  aimed  with  geometrical  precision  at  the  cen- 
ter of  the  tube  sheet.  The  burner  itself,  consisted  of  a 
piece  of  pipe  flattened  at  one  end  to  spread  the  blaze 
and  the  other  end  terminated  in  a  tee,  the  oil  line  being 
connected  to  one  side  of  the  toe  and  the  steam  to  the 
other. 

In  defense  of  such  a  j)rimitivo  outfit,  it  may  be  said 
that  like  many  other  things  which  have  come  and  gone,  it 
served  its  purpose.  It  was  easily  applied  and  generated 
the  required  amount  of  steam  at  a  much  lower  cost 
than  would  have  been  ]iossible  with  any  other  fuel. 

Incidentally,  it  may  be  said  that  right  here  is  where 
oil  burning  got  its  "l)lack  eye,"  for  i)€o])le  burning  oil  in 
this  way  or  some  other  way  equally  reckless  are  the 
only  ones  that  ever  found  oil  burning  "hard  on  the 
boiler."  Whenever  a  man  aims  an  oil  l)urner  at  his 
tube  sheet  or  boiler  shell,  he  may  as  well  make  a  stand- 
ing contract  with  the  boiler  maker.  Trouble  is  sure  to 
come  if  the  boiler  is  l)eing  fired  u])  to  its  cajjacity. 

E.\RLY  Inmkfehkxt  Design 

Of  course,  no  pretension  is  made  that  any  such  meth- 
ods of  oil  burning  are  or  were  prevalent  in  the  lai'ge  sta- 
tions. Yet  it  is  true  that  little  enough  was  done  to  in- 
sure economy  in  the  furnace  until  the  almost  general 
adoption  of  oil  as  a  fuel  brought  its  price  up  until  coal 
and  lignite  entered  the  field  as  lively  competitors.  Men 
who  had  been  "cranks"  on  complete  combustion  when 
burning  coal,  stuck  a  burner  or  two  under  their  boilers, 
put  a  torch  to  it,  stepped  outdoors  to  look  at  the  stack 
to  see  that  it  was  not  smoking  and  then  turned  it  over 
to  the  fireman.  They  were  confident  that  it  would  work, 
but  they  did  not  care  how  much  oil  it  burned,  for  oil 
was  cheap. 

The  writer  knows  of  one  plant  whore  a  2r)()-lip.  B.  &  W. 
boiler  is  fired  with  two  burners  in  the  ashpit  aimed  at  a 
brick  target.  There  is  no  way  provided  for  regulating 
the  draft,  and  while  there  is  doubtless  an  excess  of  air 
admitted  to  the  furnace,  anyone  familiar  with  oil  burning 
eould  tell  by  the  sound  of  the  fire  that  the  air  is  not 
properly  mixed  with  the  fuel. 

Oil  is  no  longer  cheap,  and  in  practically  all  plants  of 
any  importance  the  utmost  care  is  being  taken  to  secure 
the  best  results.     Fourteen  pounds  of  water  evaporated 


per  pound  of  oil  burned  is  a  result  froqucntly  obtained, 
(ienorally  speaking,  tlie  princi))los  of  combustion  apply 
to  burning  oil  as  well  as  anything  else.  The  application 
of  the  burners,  arrangement  and  dimensions  of  the  fur- 
nace, etc.,  depend  entirely  upon  the  type  of  boiler.  liut, 
as  intimated  at  the  outset,  great  care  in  all  cases  must 
bo  exercised  not  to  localize  the  intense  heat  on  the  surface 
of  the  boiler,  regardless  of  the  type.  .\  sufficient  amount 
of  air  properly  admixed  with  tlie  fuel  while  at  the  igni- 
tion temperature  is  all  that  is  necessary  to  obtain  com- 
plete combustion.  To  do  this  is  not  always  an  easy  mat- 
ter, and  a  method  that  will  give  excellent  results  with 
one  type  of  boiler  will  fail  utterly  with  another. 

In  one  large  plant  there  are  five  B.  &  W.  boilers  with 
which  a  saving  of  11  per  cent,  was  made  by  changing  to 
the  back-shot  type  of  burner.  .V  manufacturer  of  trac- 
tion engines  having  the  ordinary  locomotive  type  of 
boiler,  uses  the  back-shot  burner,  aiming  the  burner  at  a 
firebrick  wall  erected  just  in  front  of  the  fire-door,  and 
claims  that  three  l)arrels  of  oil  do  the  work  that  it  re- 
quired four  to  do  when  the  oil  was  introduced  at  the 
fire-door,  and  discharged  toward  the  tube  sheet.  'I'he 
writer  equipped  a  return-tubular  boiler  with  a  back-shot 
furnace,  a.ssuring  tlie  owner  that  it  would  be  a  money 
saver,  but  the  results  wore  oxjjonsive  and  humiliating. 

A  Pooh  Ai;i!.\x(;i:.mknt 

There  is  one  method  of  applying  an  oil  burner  to  a 
return-tubular  boiler,  which  at  one  time  was  popular,  but 
cannot  be  too  strongly  condemned,  both  because  of  its 
wastefulness  and  because  it  is  productive  of  serious  ])rini- 
ing  and  expensive  l)oiler  repairs.  The  usual  bridge-wall 
is  constructed,  the  grate  bars  are  omitted  and  the  ashpit 
bricked  up  solid  or  filled  in  to  the  grate-bar  level.  Just 
inside  the  fire-doors,  an  opening  the  entire  width  of  the 
furnace  and  5  or  fi  in.  across  allows  air  to  pass  upward 
from  the  ashpit  doors.  The  burner  is  introduced  through 
a  hole  between  the  fire-doors,  and  is  usually  directed 
against  a  target  placed  about  two-thirds  of  the  way  be- 
tween the  l)oil(>r  front  and  the  b)-i(lge-wall.  The  accom- 
panying sketch  will  make  this  clear.  The  cn-ors  and 
dangers  of  such  a  method  are  obvious.  In  the  first  place, 
it  is  im])ossible  to  obtain  economical  combustion.  Cold 
air  is  admitted  the  entire  width  of  the  furnace  and  the 
first  thing  it  strikes  is  the  shell  of  the  boiler,  converting 
it  into  a  condensing  surface.  A  portion  of  this  air  will 
be  drawn  in  and  mingle  with  the  blast  of  oil  and  steam 
issuing  from  the  nozzle  of  the  burner,  but  conditions  do 
not  at  all  favor  a  proper  admixture  of  air  and  fuel.  To  ob- 
tain a  sufficient  amount  of  air  to  produce  complete  com- 
bustion, a  large  excess  must  be  supplied,  which,  leaving 
the  furnace  at  a  high  temperature,  reduces  the  economy. 

The  second  feature  of  this  furnace  to  attract  atten- 
tion is  the  target.  The  object  of  the  target  is  to  spread 
the  blast  and  cause  the  flame  to  fill  the  furnace,  at  the 
same  time  ju'oviding  an  incandescent  surface  to  assist 
(he  combustion.  Anyone  who  has  ever  used  a  target  in 
this  way  knows  how  impossible  it  is  to  secure  a  uniform 
spreading  of  the  flame  in  the  furnace.  Ever  so  much 
care  may  be  exercised  in  erecting  the  target,  and  it  may 
prove  successful  for  a  short  time  after  the  fire  is  lighted. 
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l>u(  till-  inti-nsi'  liont  mxtn  roducoH  the  lircl)iiik  to  ilic  tnii- 
HisU'iuy  of  piiltv  ami  tlii'V  ln-fjiii  to  gmviliiti'  in  llic  ilini- 
tion  of  till-  li'Hst  ri'sisliinti'.  Iiisidt-  of  an  lionr  or  two 
llio  taigi'l  l(H)ks  like  a  |)ii'i't'  ol"  niulasscs  candy  on  an 
Aujinst  day,  and  tin-  l)lasl  Ironi  tlic  I)UIIut  is  dinrlfd 
ju-rliaps  apiinsi  llu'  sidi-walls,  wliicli  is  bad  cnouj;!!,  or 
apiinsl  llu-  shell  ol'  tlic  lioilor,  wliiili  is  nuicli  worar. 

In  tin-  majority  ol  i  asis  wlioiv  a  laifjft  is  nscil  under  a 
return-luliular  lioiln.  It  will  l>e  found  thai  the  blast 
of  the  burner  ini|iiuf;es  on  a  small  area  of  tiic  boiler 
siiell  at  a  |ioint  almost  direelly  under  the  iloiiic  oi-  sltum 
Jiipe.  The  ellVrt  is  twofold.  I''irst.  it  is  daii^^'roiis  and 
injurious  to  the  boiler,  aii<l,  second,  it  interferes  ma- 
terially with  the  steaming  (lualitios. 

No  nuitter  how  elean  the  internal  surfaces  of  a  boiler 
inav  be,  if  the  full  force  of  an  oil  burner  is  directed 
a,i:ainsl  a  small  area  of  the  slu'll  it  is  certain  that  tlie 
heat  will  l)e  imparted  to  the  spot  faster  than  tlu'  water 
will  carry  it  away.  I  liavo  been  inside  of  boilers  where 
1  could  tell  exactly  where  the  flanu-  struck  the  shell  by 
the  discoloration  of  the  plate.     Besides  the  eiroct  of  such 


One  nefhod  of  Construcfing 
Target 

Effect  of  Tarckt  ix  Oil  Burning 

localized  heat  is  to  set  up  stresses  in  the  plate  that  are 
apt  to  result  in  leakage  at  the  girth  seams,  cracks  and 
possibly  an  explosion. 

On  the  other  liand,  it  is  evident  that  the  water  in  the 
boiler  will  ascend  from  the  hottest  portion  of  the  shell. 
Consequently  if  the  hottest  spot  is  directly  under  the 
dome,  the  water  will  rise  most  rapidly  at  this  point  in- 
stead of  over  the  grates  as  it  is  supposed  to  do.  There 
will  be  a  double  circulation.  Eising  in  the  middle  it  will 
di\  ide,  one  current  flowing  toward  the  rear  and  the  other 
toward  the  front.  Each  will  turn  downward  and  join 
again  at  the  point  of  liighest  temperature,  as  indicated 
in  the  illustration.  As  this  point  is  kept  intensely  hot, 
the  ascent  of  the  water  and  steam  bubbles  will  be  rapid, 
and  bursting  tlirough  the  surface  of  the  water  they  will 
be  certain  to  carry  some  w^ater  into  the  dome  or  steam 
pipe.  It  is  almost  impossible  for  a  boiler  fired  in  this 
way  to  furnish  dry  steam.  Engines  taking  steam  from 
a  boiler  fired  in  this  way  have  primed  badly  even  on 
light  load,  but  the  priming  disappeared  wdien  the  method 
of  firing  was  changed. 

A  target  under  a  return-tubular  Ijoiler  is  always  dan- 
gerous, but  witli  the  ordinary  type  of  burner,  if  a  target 


is  not  UHe<l,  the  lirHl  few  scjuurc  W'vX  of  liealing  Hnrfacu 
at  llio  front  <d'  thi*  l)()iler  will  bt!  of  lillio  use,  fur  tiieru 
will  be  little  lire  at  the  front.  'I'he  heat  will  he  farther 
back,  and  probably  double-circulation  will  n-sult. 

There  are  two  wuyH  of  KUcceHsfnliy  meeting  thcHe  dilli- 
culties.  One  iH  by  the  use  of  a  type  of  burner  which 
Hj>read8  the  lire  at  the  front  of  the  furnace  without  the 
UHC  of  a  target,  'i'he  other  is  by  the  use  of  a  dutch 
oven;  and  in  either  lase  the  air  iniist  be  admitted  belo'v 
the  lirc!  and  introduced  in  line  streams  so  as  to  use  a 
little  as  will  sullice  to  give  complete  combustion.  Tliei' 
are  a  nund)er  of  burners  on  the  market,  which  give  the 
spreading  ell'cct.  In  the  |)lant  of  which  I  have  charge, 
s|)reading  burners  are  used.  There  are  no  bridge-wall 
nor  grat«?  bars.  Two-inch  .scrap  pipe  is  placed  across  the 
furnace,  8  or  10  in.  below  the  usual  grate-bar  level,  and 
supported  on  brickwork  at  the  sides  and  middle.  ThcBc 
are  covered  loosiily  with  firebrick  so  s|)aced  as  to  admit 
the  proper  amount  of  air  and  in  fine  streams  beneaih 
the  fire.  'J'he  fire  floor  is  level  from  front  to  back.  The 
flames  have  nothing  in  their  path  until  they  strike  the 
protecting  wall  in  front  of  thi;  blowolf  pipe.  The  burner 
is  introduced  througli  an  orifice  about  2  in.  above  the 
fire  floor.  With  this  method,  a  maximum  of  steaming 
capacity  is  obtained  without  any  danger  whatever  of 
burning  the  boiler,  there  being  no  blast  effect  and  no  pos- 
sibility of  localizing  the  heat.  Whatever  type  of  burner 
is  used,  however,  a  dutch   oven   is  a  good   investment. 

Mk.xican  Oil 

The  past  year  or  two  there  has  been  a  great  deal  of 
Mexican  oil  burned  in  this  vicinity.  When  this  oil  is 
used,  a  target  of  any  sort  is  out  of  the  question,  as  a 
deposit  rapidly  accumulates  u])on  it  and  ha.s  to  be  broken 
loose  every  30  or  40  min.,  or  it  will  deflect  the  blast  from 
the  burner  against  the  boiler  or  some  other  point  where 
it  is  not  wanted.  Mexican  oil  is  heavy  and  of  a  jet-black 
color.  Heating  it  is  profitable  in  warm  weather  and 
necessary  when  it  is  cold.  But  this  is  accomplished  prac- 
tically without  cost  as  the  exhaust  from  the  oil  pumj)s 
is  ample  for  the  purpose. 

It  is  advisable  with  any  grade  of  oil,  and  especially 
with  Mexican  oil,  to  reduce  the  lift  of  the  pumps  as 
much  as  possible.  If  the  elevation  of  the  unloading 
track  will  permit,  the  storage  tank  should  be  placed  above 
the  level  of  the  pumps  and  a  suction  pipe  of  ample  size 
provided.  Circumstances  might  justify  elevating  the 
tanks  anyway,  and  the  use  of  a  pump  to  unload  the  cars. 

In  our  plant  the  storage  tank  is  located  about  100  ft. 
from  the  pumps  and  about  half  above  ground.  If  the 
tank  is  half  full  or  more,  the  oil  flows  to  the  pump,  and 
never  has  to  be  lifted  more  than  4  ft.  Even  then  the 
pump  does  not  have  to  lift  cold  oil.  A  2-in.  suction  line 
runs  from  the  bottom  level  of  tlie  tank  to  a  small  pit  in 
the  boiler  room  containing  a  heater  made  out  of  a  piece 
of  6-in.  pipe  about  3  ft.  long.  This  is  capped  at  tlie 
ends  and  supplied  with  a  few  coils  of  1-in.  pipe  througli 
which  the  exhaust  steam  from  the  pump  is  passed.  As 
the  oil  flows  through  the  heater  at  a  comparatively  slow 
rate,  it  is  warmed  well  up  toward  100  deg.  by  the  time  it 
reaches  the  pump.  This  suction-line  heater  is  called  the 
secondary  heater.  A  larger  one  in  the  discharge  line 
from  the  pimips  is  called  the  primary  heater.  The  ex- 
haust passes  through  this  one  first  and  then  to  the  sec- 
ondary  heater.      The    oil    leaves   the   primary   lieater   at 
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about  120  (leg.  'Phis  insures  an  even  flow  oi'  thin  oil  to 
llie  burners.  A  relief  valve  is  placed  in  the  discharge 
line,  allowing  all  surplus  oil  to  flow  back  to  the  suction 
line.  Both  heaters  should  be  bypassed  so  as  to  allow 
for  repairs  without  interruption  of  the  service. 

When  continuous  service  is  imperative,  everything,  as 
far  as  possible,  should  be  in  duplicate.  It  is  usually  wise 
to  even  have  two  suction  lines  all  the  way  from  the  stor- 
age tanks,  and  duplicate  discharge  lines  to  a  point  as 
close  as  possible  to  th(>  burners. 

Pieces  of  waste  and  other  trash  will  And  their  way 
into  the  storage  tanks  and  eventually  get  into  the  pump 
valves,  burner  valves  or  the  burners  themselves.  It  is 
well  to  provide  a  strainer  of  some  sort  to  intercept  these 
annoying  bits  of  refuse,  for  it  requires  expeditious  use  of 
the  monkey-wrench  to  change  burners  during  a  peak  load 
without  dropping  the  steam  pressure. 

As  a  rule,  trash  goes  through  the  pump  valves  all 
right,  and  lodges  in  the  burner  valves  or  burners.  There- 
fore, straineis  are  usually  j)laced  in  the  pipe  line  between 
the  pumps  and  burners  and  are  usually  arranged  so  they 
can  be  cleaned  by  merely  opening  a  drip  valve  at  the  bot- 
tom  and    turning  steam   on   at   the  top;   the   oil    hiiviiig 


ing  u])ward,  and  consecpiently  held  shut  by  their  own 
weight.  If  an  explosion  occurs,  these  doors  open  and  re- 
lieve the  pressure,  thus  saving  the  boiler  walls.  But  it  is 
obvious  that  if  such  an  arrangement  is  resorted  to,  it 
should  be  carefully  installed  so  as  to  f)revent  air  leakage. 


Boiler  ex|)losions  in  general  have  a  similar  combina- 
tion of  conditions  preceding  them,  but  the  results  difler. 
In  the  case  of  the  locomotive-type  boiler  of  an  oil-drilling 
rig,  illustrated,  the  contributory  causes  were  as  follows: 
There  was  no  glass  gage.  The  fireman  had  other  duties, 
and  on  i-eturning  he  lound  only  dry  steam  in  the  lower 
gage  cock.  He  started  the  injector  and  returned  to  his 
other  work.  In  a  short  time  the  boiiei'  exploded.  The 
somewhat  unusual  features  are: 

No  one  was  injured. 

There  were  no  sheared  rivets,  the  sheets  tearing  every- 
where, except  where  the  crown  and  flue  sheets  joined, 
where  I  he  rivets  pulled  out  of  both  sheets 
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first  been  cut  ofl".     This  is  the  work  of  but  a  n\oment  and 
insures  a  clear  line  and  good  service. 

To  return  to  the  subject  of  Mexican  oil,  it  may  be 
said  that  it  is  a  great  soot  producer.  If  it  is  used,  the 
boilers  should  be  equip])ed  with  soot  blowers,  and  these 
made  use  of  every  two  liours.  Besides  being  a  soot  pro- 
ducer, it  is  nasty  and  unpleasant  to  handle.  However,  its 
lower  price  justifies  its  use  and  it  is  also  much  less  liable 
to  explode  in  the  furnace  in  case  the  fire  goes  out  and 
then  reignites,  than  are  the  lightei-  Texas  oils. 

AvoiniNG  Furnace  Explosions 

To  avoid  an  explosion  in  lighting  an  oil  fire,  before 
applying  the  torch  open  the  damper  and  ashpit  doors 
and  turn  on  the  steam  to  clear  the  pipe  and  burner  of 
water.  When  dry  steam  comes,  shut  ofl'  the  steam  and 
place  a  piece  of  hurning  waste  a  couple  of  feet  in  front 
of  the  burner;  turn  on  the  oil  a  little  until  it  ignites,  and 
afterward  turn  on  the  steam.  In  case  the  fire  goes  out, 
the  steam  should  be  immediately  turned  off;  the  oil  will 
then  ignite  without  explosion.  But  even  in  doing  this 
the  operator  should  guard  his  personal  safety,  as  an  ex- 
plosion might  occur  just  as  he  reaches  the  steam  valve. 
Some  engineers  have  placed  dooi-s  in  the  side  wall,  open- 


'I'he  stay-bolts  in  the  crown-sheet,  of  which  there  are 
i'oi'ty-two  %-in.,  must  have  all  pulled  loose  at  once,  let- 
ting it  down  evenly  as  it  is  flat  (being  flat  to  begin  with)  ; 
the  edges  are  turned  up,  forming  a  rectangular  tray. 

IVelve  of  these  crown-stays  extended  up  to  the  top  ol' 
the  dome  which  was  flat.  These  jerked  the  top  of  the 
dome  down  gi/o  in.  so  suddenly  as  to  break  all  the  pipe 
connections,  leaving  the  steam  gage,  safety  valve  and  pip- 
ing lying  ai)out  the  immediate  vicinity. 

The  firebox  was  of  the  open-bottom  type,  and  the  force 
of  the  explosion  hurled  the  boiler  about  260  ft.  sidewise 
instead  of  end  over  end. 


HiK'lieNt  Power  I^ocoiuotive — The  most  powerful  locomo- 
tive unit  yet  built  has  recently  been  completed  for  the  Erie 
Railroad  by  the  Baldwin  Locomotive  Works.  It  develops  a 
tractive  force  of  160,000  lb.,  accomplished  by  placing:  eight  of 
the  24  63-in.  driving  wheels  under  the  tender,  makinisy  the 
weiprht  of  the  latter  available  for  adhesion.  The  locomotive 
is  built  after  i)atents  sianted  to  Georse  R.  Henderson,  con- 
sultingr  engineer,  Baldwin  Locomotive  Works.  The  frames 
are  vanadium  steel  castings  of  the  unusual  width  of  6  in. 
The  engine  excels  in  efficiency  for  slow,  heavy  work,  meas- 
ured largely  by  the  proportion  of  the  total  weight  available 
for  adhesion,  90  per  cent,  being  in  this  case  carried  on  the 
driving  wheels  as  against  65  per  cent,  in  a  large  Mallet.  The 
total  weight  of  the  engine  is  S30.000  lb.,  of  which  743,000  lb. 
is  on    all   the   driving  wheels. 
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S)'yOI'SlS — .1  pirn  [or  iiinrr  thorough  .ij/slnns  of  rn- 
tinl  anil  rost  k-cviniuj  in  imlalrd  power  plnnh  so  thai 
injiinrcrs  iiini/  rhnk  Ihr  calntldlions  of  the  lentrol-stn- 
tiun  agents  in  liniet!  of  prupused  rhnngcs  of  the  sonne 
of  power.  A  plant  has  a  rro.ss-com pound  engine  di- 
rectly ronnected  and  operates  in  ronnertion  with  a  vac- 
uum-heating si/steni.  The  engine  is  operated  continuallij 
on  a  compromise  terminal  pressure  hojiis,  depending  on 
the  outside  temperature,  but  is  alwags  under  more  or  less 
vacuum.  The  only  heat  loss  is  through  the  flue  gases  and 
condensing  water. 

K 

'riu'  cfntral  stations  in  all  liirj;(>  cities  arc  of  liigl)  ca- 
])acitios,  nin  at  high  oilicioncics  and  arc  usually  operated 
bv  the  most  skilled  nu'ii  ol)tainal)le.  Their  entire  busi- 
ness is  the  ])ro(hictii)n  of  ])o\ver  at  the  lowest  possible 
cost,  and  their  elVorts  are  united  and  concentrated  to  this 
end.  They  are  assisted  by  a  complete  contracting  and 
selling  force  of  well  organized  men.  keenly  active  and 
intent  on  securing  ail  the  business  in  sight.  Moreover, 
their  hnancial,  jjolitical  and  social  affiliations  constitute 
a  ramification  of  interest  which  freijuently  takes  the 
])roblem  out  of  the  domain  of  engineering  into  one  of 
convenience,  policy  or  business  management. 

The  two  extremes  of  the  central  station  are  not  dc- 
batabl(>.  There  are  some  plants  where  purchased  current 
is  warranted  and  advisable.  There  are  other  plants  where 
central  current  lias  no  possible  advantage.  An  example 
of  the  first  would  he  a  warehouse  in  which  there  is  a 
small  lighting  load  but  occasional  heavy  elevator  loads. 
This  plant  must  l)e  sufficiently  large  to  carry  the  maxi- 
mum load  and  be  in  commission  and  possibly  in  operation 
at  a  small  fraction  of  its  total  capacity.  An  example  of 
the  second  would  l)i'  a  dycliouse  or  bleachery,  in  which 
the  load  is  steady  and  all  exhaust  steam  is  utilized.  Con- 
ditions might  be  such  that  the  plant  could  be  a  complete 
high-pressure  turbine  condensing  installation,  competing 
in  every  detail  with  the  central  station  in  low  power-cost 
l)roduct:ion.  It  is  neither  of  these  two  extremes  that 
are  particularly  interesting  at  this  time,  but  the  vast 
middle  ground,  constituting  probably  95  per  cent,  of  the 
plants  where  there  is  a  coml)ined  load  of  power  and  light, 
several  units  in  more  or  less  good  condition,  where  ex- 
haust steam  is  utilized  or  where  high-pressure  steam  is 
necessary  for  process  work.  There  is  no  hard-and-fast 
rule  for  taking  up  these  questions  and  arriving  at  a 
definite  and  final  answer.  Xo  man  can  walk  into  such 
a  plant  and  make  a  snap  decision  that  will  be  anywhere 
nearly  accurate.  Each  case,  being  peculiar  in  itself,  re- 
quires special  study.  It  is  here  that  operating  engineers 
usually  lose  ground.  Thev  may  have  the  l)est  intention : 
they  may  be  careful,  faithful  and  experienced,  but  if  thev 
are  not  actually  prepared  with  reliable  operating  costs 
and  such  data,  they  cannot  meet  the  central-station 
claims  when  the  question  arises  as  to  whether  the  plant 
shall  continue  to  furnish  power  or  whether  the  power 
shall  be  purchased.  Wild  talk,  nrejudiced  statements  and 
haranarues  are  utterly  valueless. 


'I'aking  an  existing  plant,  one  of  the  first  things  to  de- 
termine is  tiic  h)ad  curve  in  hoisepower-  or  kilowatt-liouiH 
per  day  for  various  seasons.  If  the  load  is  lliictuating, 
tills  sliould  be  <letermined  by  a  recording  wattnicjler  or, 
at  tlie  least,  l)y  ammeter  and  voltmeter  readings  taken 
at  regular  inteivals  of  .">  jnin.  or  so,  for  at  least  an  hour; 
preferably  as  fre(|uciitly  ami  for  as  long  ii  time  as  can  bi- 
8|)ai('(l.  Do  engineeis  accurately  know  thcfir  daily  kilo- 
wall-liour  loads?  Tiiis  iirings  us  at  ome  to  the  (juestion 
of  the  j)ro|)er  size  of  unit  to  u.se  for  each  load  and  re- 
(juires  the  steam  curve!  of  the  engine.  Such  a  curve  i 
shown  in  the  accompanying  figure.  If  electric  elevatoi 
are  on  the  system  with  their  e.vcessive  starting  load,  it 
may  be  necessary  to  run  several  engines  at  light  load  to 
take  care  of  the  maximum,  which  may  come  on  at  any 
minute  and  re(|uire  the  idtimate  capacitv  of  all  units,  or    , 
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one  imit  for  the  elevators,  another  for  light,  etc.  These 
elevators  vary  in  design  and  the  power  depends  on  weight, 
speed  acceleration  and  drive.  Generally  4  to  6  kw.  are 
required  per  ton-mile,  l}ut  this  is  only  approximate.  A'ari- 
able-speed  feed  pumps  are  now  built  of  such  high  effi- 
ciency that  the  old  claim  of  enormous  steam  consump- 
tion for  hydraulic  elevators  is  not  convincing. 

The  latent  heat  of  exhaust  steam,  amounting  to  about 
1000  B.t.u.  per  pound,  carries  an  immense  amount  of 
energy  which  it  will  give  up  in  the  form  of  heat.  A  full- 
stroke  elevator  pump  exhausting  through  a  heater  in 
which  all  the  steam  is  condensed,  the  heat  being  imparted 
to  the  feed  water,  has  a  liigli  tliermal  efficiency. 

There  should  be  means  for  M-eigliing  the  coal  and  ashes 
and  for  measuring,  at  least  by  a  meter,  the  water  required 
by  the  boilers.  These  are  the  three  fundamental  measure- 
ments that  should  be  made  in  any  steam-power  plant. 

An  employer  should  have  no  objection  to  telling  the 
engineer  the  price  paid  for  coal,  and  if  the  engineer  has 
a  method  of  testing  various  coals  on  a  cost  basis,  he  will 
be  interested,  for  any  intelligent  owner  is  usually  in- 
terested in  dollars  and  cents.  For  instance,  M'ith  coal  at 
$4.50  per  short  ton  and  an  evaporation  of  10  lb.  from  and 
at  212  deg.  P.,  the  cost  of  1000  lb.  of  steam  is  about 
22lAc.  If  one  can  obtain  coal  at,  say,  $3.50  per  ton  and 
get  an  evaporation  of  8%  lb.,  the  cost  per  1000  lb.  of 
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»  steam  will  be  about  ^OVoC.,  or  a  saving  of  nearly  10  per 
cent.  This  may  mean  handling  an  inferior  coal  and  more 
aslies,  and  the  use  of  such  coal  might  possiljjy  be  limited 
by  the  capacity  of  the  boilers,  but  changes  might  be  made 
in  the  grates  or  in  tlie  draft  which  would  secure  better 
furnace  and  boiler  efficiency.  In  general,  the  higher  the 
furnace  temperature  up  to  the  fusing  point  of  tlie  ash, 
the  better.  There  is  no  apparent  reason  why  the  em- 
ployer should  not  insist  on  l)uying  coal  on  an  evaporative 
basis  with  a  penalty  for  nonfulfillment,  but  this  requires 
an  engineer  who  knows  how  and  who  will  make  a  test. 

An  engineer  should  be  prepared  to  urge  the  advice  of 
a  reputable  consulting  engineer  whenever  conditions  are 
more  than  the  engineer  can  handle.  He  will  be  helped 
more  than  hurt  by  this  attitude. 

The  central  station  can  produce  current,  so  fai-  as 
power-house  costs  are  concerned,  cheaper  than  the  inde- 
pendent plants,  and  the  reasons  are  obvious.  There  are 
the  advantages  of  high  load  factor,  low  fuel  costs,  due  to 
large  contracts  and  hulk  shijjment;  the  handling  of  coal 
by  mechanical  nu'ans  and  the  use  of  the  most  modern 
and  efficient  e<piipment  throughout.  Power-house  costs 
are  well  below  V2t'.  per  kw.-hr.  In  railway  power  houses, 
the  coal  consumption  is  about  2  lb.  per  kw.-hr.,  every- 
thing included.  Can  engineers  of  isolated  plants  show 
records  of  less  than  4  or  even  5  11).?  When  it  comes  to 
the  distribution  and  utilization  of  the  current,  the  losses 
in  transmission  and  transformation  amount  to  25  or  even 
aO  per  cent.,  increasing  the  cost  to  the  consumers  to  about 
%c.  per  kw.-hr.  There  must  then  be  added  to  this  net 
cost  the  overhead  charges  and  other  expenses  of  the  cen- 
tral station,  and  these  are  often  heavy,  possibly  bringing 
the  charge  for  current  up  to,  say,  l%c.  per  kw.-hr. 
Moreover,  most  central  companies  can  only  sell  current 
at  this  price  during  certain  periods  of  the  day  and  for 
certain  load  characteristics  and  under  certain  forms  of 
contract.  I  believe  the  majority  of  plants  throughout 
New  England  pay  more  than  2c.  net  per  kw.-hr.  for  pur- 
chased current.  1  am  not  now  considering  pul)lis]ied 
schedules  or  the  rates  controlled  by  the  state  authorities, 
but  the  net  costs  known  at  several  city  plants.  The 
question  is,  therefore,  can  the  independent  plant  produce 
power  for  approximately  2c.  per  kw.-hr.,  or  less,  all 
charges  included?  No  definite  answer  can  be  made  which 
will  hold  in  all  cases,  but,  in  general,  this  is  possible. 

The  cost  of  coal  is  constantly  increasing,  while  its 
evaporative  power  is  possibly  decreasing,  due  to  poorer 
grades  and  higher  ash  content.  The  cost  per  thousand 
pounds  of  steam  is,  therefore,  going  up,  all  of  whicli 
iends  to  increase  the  cost  per  kilowatt-hour. 

Few  plants  utilize  all  of  the  exhaust  steam  either  in 
Avinter  or  in  summer,  since  the  heating  and  lighting  loads 
do  not  run  parallel  and  exhaust  steam  is  constantly  be- 
ing lost.  The  central  plant  does  not  opei'ate  this  way, 
but  every  heat  unit  is  caught.  During  cold  weather,  in 
the  morning,  the  heating  load  at  the  plant  may  be  equal 
to  or  even  greater  than  the  lighting  load,  but  in  the 
late  afternoon  the  lighting  load  runs  far  above  the  heat- 
ing load  and,  in  general,  is  higher  throughout  the  day,  so 
that  steam  is  constantly  wasted  to  the  atmosphere  with 
all  its  latent  heat  not  utilized.  A  recent  high-class  in- 
stallation in  a  department  store  in  Boston  exhausts  a 
great  amount  of  steam  throughout  the  day,  even  in  the 
coldest  weather,  and  it  is  a  waste  which  in  future  will  not 


be  permitted.  Even  tliis  plant  is  generating  current  for 
less  than  it  can  be  purchased.  Eventually,  isolated  plants 
will  be  run  condensing  in  summer,  fall  and  spring,  even 
when  natui'al-draft  cooling  towers  on  the  roofs  are  neces- 
sary, and  run  noncondcnsing  only  when  all  the  steam  is 
needed  foi'  heating. 

There  is  a  plant  in  whicli  the  engineers  have  carefully 
worked  out  this  problem  and  where  no  exhaust  steam  is 
wasted  at  any  tiiiu>  of  the  year.  The  plant  consists  of  a 
com])oun(l  direct-connected  condensing  Corliss  engine. 
The  vacuum  steam-heating  system  may  be  connected  in 
with  the  condenser  by  means  of  a  dift'ercntial  bypass 
valve  which  takes  cojidensing  water  from  the  bay.  There 
is  a  prinuiry  heater  in  the  main  exhaust  and  a  secondary 
heater  to  take  the  exhaust  from  the  pump.  During  the 
summer  the  engine  exhausts  directly  to  the  condenser  and 
full  vacuum  is  used.  As  cold  weather  approaches,  the 
steam  is  exhausted  through  the  heating  system  and  the 
vacumn  is  reduced  to  aliout  20  in.  The  steam  still  gives 
ample  heat  for  two  buildings  which  have  many  floors, 
totaling  several  acres.  During  the  winter  weather,  the 
engine  runs  under  a  vacuum  of  only  10  or  even  5  in., 
and  on  certain  days,  fortunately  few,  when  the  tempera- 
ture is  around  zero  and  thei'e  are  high  winds,  the  engine 
operates  at  atmospheric  back  pressure;  that  is,  the  engine 
is  operated  continually  on  a  comjiromise  terminal  pres- 
sure basis,  depending  on  the  outside  temperature,  but 
always  under  more  or  less  vacuum.  The  only  heat  lost 
is  through  the  flue  gases  and  the  condensing  water.  Lynn 
has  a  most  efficient  central-station  service,  but  the  plant 
referred  to  produces  current  and  heat  for  far  less  than 
this  station  can  supply  it. 


J.  T.  Milton  in  a  recent  paper  before  the  Institution 
of  Naval  Architects  gave  a  brief  account  of  the  perform- 
ance of  the  Diesel -engine  ships  that  have  been  built  to 
date,  only  those  troubles  being  mentioned  that  were  at- 
tributable directly  to  the  engines.  In  all,  twenty-four 
vessels  were  mentioned,  of  which  fifteen  have  reported 
troubles  of  more  or  less  serious  nature,  the  remaining 
nine  apparently  having,  so   Far  at  least,  a  clean  record. 

Air-compressor  troulilcs  head  Die  list,  next  to  which 
comes  cracked  pistons  due  1o  faulty  cii'culation  of  the 
cooling  water  as  a  result  of  scale  or  restricted  passages. 
There  were  two  of  three  cases  of  cracked  cylinder  heads 
and  water  jackets,  due  to  the  same  cause;  the  scale  de- 
posits on  the  liners  permitting  them  to  become  over- 
heated, the  expansion  cracking  the  outer  jackets.  Two 
rather  serious  accidents  were  caused  by  b\irsting  air  re- 
ceivei's.  In  another  instance  there  was  trouble  with  the 
exhaust  valves,  and  in  still  another  the  cast-steel  cylinder 
covers  were  replaced  with  cast-iron  ones. 

One  of  the  air-c(mipressor  accidents  hap])ened  on  the 
Swedish  vessel  "Sueeia"  when  ofl"  the  coast  of  Brazil.  In 
this  vessel  the  air  is  first  compressed  to  '^0{)  pounds  by  a 
two-stage  air  com])ressor,  driven  by  an  auxiliary  Diesel 
engine,  and  is  delivered  to  large  receivers.  At  this  pres- 
sure the  air  is  used  for  starting,  but  for  fuel  injection 
it  is  taken  from  the  receivers  and  further  compressed  to 
about  1000  pounds,  at  which  it  is  cooled  and  stored  in 
^mall  receivers. 

It  was  noticed  during  the  voyage  that  an  abnormal 
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i|iiaiilit_v  ol'  liiliiuiiliii;,'  oil  WHS  imssiiij,'  lliiini^'li  tlif  ruin- 
)>i-«<SK()r  mill  liciii);  lilowii  mit  tliroii;;!)  Ilir  lirniiis  in  lln- 
receivers.  .\l.><o  the  ((Miler  pipes,  (lintiij^ii  winch  (lie  iin 
liiid  to  pii.-^s,  IdkI  oil  several  occiisioiis  hecoino  partly 
( luiked  witii  ;;reasy  matter.  They  liad  hecii  cienn-d  hy 
di.scoiiiieetiii;;  and  lieatiii<r  red  hot,  tlitis  Itiiriiiii^  tlie 
fjfien.M',  then  hlowinj,'  out  the  residue  with  compressed  air. 

An  examination  after  tlie  accident  siiowed  that  an  e\ 
plosion  had  occurred  first  in  th(>  pipe  leading  from  the 
air  cooler  to  the  hijjli-pressiirc  receiver,  this  |)ipe  boiiif,' 
liurst  in  two  places.  The  ilaine  (lien  pas.^sed  the  vahe 
connectini::  the  pijie  to  the  receiver,  meltiiiu;  a  f^roove  in 
it,  and  entcri'd  (lie  receiver  which  in  turn  imrsl.  The 
engine  room  was  lillcd  with  smoke,  wiiuli  imlicalcd  rmn- 
Imstion  of  oil  and  was  evidence  tliii(  (lie  acciilcnl  had 
not  heoii  due  merely  (o  oveipressure  as  a  re,<iilt  oT  i>uinp- 
ing  too  much  air  iido  (he  icceivcr. 

Another  ca.<e  of  iiarticiilar  in(eiest  was  cited.  The 
"Christian  X,"  on  her  third  voyage  (o  Baltimore,  en- 
countered heavy  weather  and  was  forced  to  slow  down, 
during  wiiicli  time  (lie  fuel  valves  bocame  damaged.  .\s 
the  oil  used  was  easily  ignitahle.  the  valve  setting  suit- 
able for  running  at  full  power  with  slower-burning  oil 
gave  too  much  lead  when  running  slowly,  and  damage  to 
the  fuel  valves  resulted. 

These  troubles  are  such  as  might  be  expected  in  the 
ai)j)lication  of  a  comparatively  new  type  of  prime  mover 
into  a  field  heretofore  given  up  almost  exclusively  to  an- 
other form  of  power,  'i'hey  should  not  be  construed  as 
necessarily  detrimental  to  the  progress  of  the  Diesel  en- 
gine in  marine  work  as  these  problems  will  work  them- 
selves out  in  time,  and  it  is  only  through  such  troubles 
that  ])('rfecti()n  is  a])nroacliahle. 
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The  sjjeed  variation  of  an  engine  that  drives  a  single 
generator  is  not  ordinarily  a  souri-e  of  trouble,  because 
under  such  circumstances  it  is  the  practice  to  keep  the 
voltage  normal  l)y  adjusting  the  field  rheostat.  Where 
compound-wound  generators  operate  in  ])arallel  but  are 
driven  from  different  engines,  one  of  which  governs  much 
more  sluggishly  than  the  other,  equalization  of  the  total 
load  t)etvveen  the  two  is  apt  to  lie  affected  temporarily, 
and  where  the  speed  decreasi',  due  to  load,  is  a  greater 
]»ercentage  of  normal  s])eed  on  one  engine  than  on  the 
i.tlier.  equalization  will  lie  permanently  affected. 

An  insi)ector  was  called  to  find  out  why  two  generators 
failed  to  divide  the  load  jjroportionally  Avithin  guarantees 
at  all  loads.  Compounding  curves  were  run  on  both  ma- 
chines and,  roughly  plotted  as  they  were,  they  compared 
deceivably  well  with  each  other  and  speed  variation  was 
not  suggested  ;  but  on  comparing  the  curves  with  the 
original  compounding  curves  run  at  the  factory  one  of 
them  was  found  to  be  nnich  flatter  than  it  should  have 
been.  At  this  juncture,  the  operating  engineer  imparted 
the  welcome  tip  that  he  did  not  think  that  the  speed 
held  up  on  one  engine  as  well  as  it  did  on  the  other ;  a 
test  proved  this  to  he  true.  The  total  variation  on  one 
from  no  load  to  full  load  was  about  3  per  cent,  aird  that 
of  the  other  exceeded  7  per  cent,  but  was  easily  improved, 
after  which  equalization  was  satisfactory  at  all  loads.  In 
other  cases,  however,  a  difference  in  the  percentage  speed 
variations  of  two  engines  has  actually  improved  the 
equalizing  characteristics. 


Adoinm  Centrifuffal  Oil  Purifier 

Tins  iiiiiclinic,  by  ccidrifngal  forc«',  separates  iiii|)iiri- 
(ics   from   thick  or  thin  oil,  also  water  from  oil. 

'I'lie  |)iirifier  has  a  cylinder  .\f  which  conlaiiis  (he  nec- 
essary filtering  Hiirface  for  removing  (he  coarser  particlcH 
in  (he  oil  (o  be  purified,  'j'hc  clean  oil  (hen  runs  out  of 
the  pi|)c  .1   at   (he  (op  iil    llii'  iiiaeliine,  (he  foreign  ma(((  r 
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being  discharged  from  the  casing  B  through  liic  jiipe  iV. 

The  inner  cylinder  is  revolved  at  5000  r.p.m.  and  a 
pressure  of  118  lb.  on  the  oil  is  created  during  the  op- 
eration. Dirty  oil  is  fed  in  through  the  top  ('  of  the 
purifier  from  a  small  tank  into  which  the  oil  is  returned 
after  being  used  in  the  engines,  pumps,  etc. 

This  purifier  is  made  by  X.  A.  Sansteby,  213  Lloyd  St., 
(ii'ass  ^'alley,  Calif. 
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Tests  have  recently  been  conducted  l)y  the  American 
Metal  Co.,  Pittsburgh,  Penn.,  to  determine  the  efficiency 
of  a  bronze  journal  bearing  co)ii])osed  of  65  per  cent, 
copper,  30  per  cent,  lead  and  5  per  cent,  tin,  treated  in 
crucil)les;  they  are  solid-bronze  castings  requiring  no 
babbitt  surface. 

In  one  test  a  22-lb.  bearing  was  placed  under  the  tender 
of  a  Pacific-type  locomotive.  After  the  engine  had  run 
51,000  miles,  the  bearing  showed  that  it  had  worn  ^  of 
an  inch  without  becoming  heated  at  any  time.  Other 
iiearings  on  the  tender  were  rebabbitted  six  times  each 
during  the  same  run. 

A  test  was  made  at  the  Soho  works  of  the  Jones  & 
Laughlin  Steel  Co.,  Pittsburgh,  where  two  75-lb.  mill 
brasses  were  used  under  the  rolling  table  of  an  108-in. 
plate  mill,  the  minimum  weight  of  which  is  estimated 
at  10,000  lb.  The  superintendent  of  the  mill  stated  that 
the  two  brasses  gave  continuous  service  for  four  weeks, 
or  twice  as  long  as  the  ordinary  phosphorus-bronze  bear- 
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ing.  On  account  of  the  position  of  tiic  l)ciiring,  it  was 
impossible  to  lubricate  the  brasses  (luiiiiL;-  tiie  test,  other 
than  by  the  graphite  in  the  lead. 


The  valve  shown  herewith  has  been  designed  for  the 
automatic  control  of  water  levels  in  open  or  elevated 
tanks  or  gxavity  systems.  It  is  installed  at  the  bottom 
of  the  tank  and  its  construction  permits  water  being 
pum])ed  into  or  drawn  from  the  tank  through  the  same 
pipe.  In  operation,  it  combines  the  features  of  a  float 
and  check  valve,  and  in  closing  it  tends  to  cushion  itself, 
so  that  the  movement  is  slow  enough  to  obviate  water- 
hammer  and  the  sudden  stopping  of  the  pump. 


75  Pump-'}' 


CiiKCK  AND  Float  Tank   Valvk 

The  spring  tends  to  seat  the  valve  against  the  down- 
ward thrust  of  the  weighted  lever,  and  the  pressure  in 
the  pipe  line  opposes  the  head  of  water  in  the  tank. 
When  the  water  has  reached  the  desired  level,  pulling 
the  float  with  it  and  raising  the  lever,  the  spring  seats 
the  valve.  Back  pressure  immediately  builds  iip  in  the 
pipe  line  sufficiently  to  stop  the  i)um]>  through  the  ac- 
tion of  the  pump  governor. 

Water  may  be  drawn  from  the  tank  through  the  same 
pipe.  As  soon  as  the  pressure  is  relieved  the  pump  starts, 
su])plying  the  demand  until  consumption  is  stopped  and 
then  refilling  the  tank  to  the  desired  level.  When  the 
tank  is  full,  fire  i)ressure  may  be  carried  on  the  mains 


v/ith  no  danger  of  overflowing  the  tank,  as  the  pressure 
in  the  pipe  line  tends  to  close  the  valve.  The  Fisher 
CJovernor  Co.,  Marshalltown.  Iowa,  has  recently  added 
IJiis  de\'ice  to  its  power-))hnit  s])ecinlties. 


Wlhieira    Morse    Seimse  airadl  Horse 
Po^y^^er  Were  ILs^cI&nia^ 

The  engine(!r  of  this  narrative,  whom  we  will  call 
Keuben,  had  before  him  tlie  task  of  moving  a  oxKJ-ft.  hori- 
zontal-tubuhir  boiler  from  a  flat-car  in  the  railroad  yard 
to  the  plant.  Ii(!uben  was  poorly  paid — in  a  word,  he 
was  a  "('heap"  man. 

The  opening  exercises  consisted  in  getting  a  wagon, 
that  was  wholly  inadequate  for  the  ])urpose  intended, 
parallel  with  the  flat  car.  The  wheels  were  blocked  fore 
and  aft,  and  the  horses  detached  and  swung  around  to 
take  a  rolling  liitch  on  the  boiler  to  roll  it  from  the  car 
to  the  wagon. 

Here  Reuben's  lack  of  meclianical  knowledge  asserted 
itself  in  a  somewhat  amusing  way.  An  ordinary  flat  car 
stands  about  31/2  feet  above  the  surface  level,  and  the 
five-foot  boiler  on  the  car  made  the  chain  hitch  about 
81/2  feet  above  the  ground  level.  The  team  hitch  was 
made  of  such  length  that  the  line  of  pull  was  at  some- 
thing like  -±5  degrees. 

After  two  or  three  unsuccessful  attempts,  Reuben  saw 
the  point  ancl  lengthened  out  the  hitch  to  avoid  lifting  the 
team  off  the  ground.  The  boiler  was  then  rolled  on  the 
wagon  and  its  movement  toward  the  power  station 
started.  It  was  soon  stalled,  however,  beyond  all  ett'orts 
of  gods,  men  and  horses  at  a  point  where  the  wagon 
way  crossed  the  private  side  track  to  the  ])ower  station. 
This  "plugged"  the  switching  service,  so  that  coal  could 
not  be  delivered  if  Reuben  did  not  get  out  of  the  way 
with  his  "biler"  and  wagon.  It  was  a  common  dirt  road 
and  in  its  worst  condition  at  that. 

On  the  highway  a  steam  road  roller  was  at  work,  and 
it  was  suggested  that  perhaps  he  could  negotiate  for  its 
use;  it  might  answer  as  a  traction  engine. 

The  outcome  was  successful.  The  steam  roller  had 
all  that  it  could  do,  and  its  big  flat  drivers  went  around 
and  around  without  making  much  material  progress.  Then 
one  of  the  wagon  wheels  began  to  exhibit  symptoms  of  col- 
lapse, aud  a  man  with  a  pail  of  water  was  delegated  to 
keep  the  hub  well  wet  down  to  hold  the  wheel  together 
if  possible  to  the  journey's  end.  The  quarter  mile  to 
the  power  station  was  traversed  in  about  six  hours.  Not- 
withstandijig  the  many  exciting  events  on  the  way,  the 
wagon  and  its  burden  arrived  right  side  up. 

This  shows  that  it  is  not  merely  time  and  energy 
that  are  wasted  when  work  is  done  by  men  who  have 
no  idea  of  what  method  is.  There  is  a  considerable  risk 
attending  the  careless  handling  of  heavy  apparatus,  but 
it  does  not  seem  to  appeal  to  the  employer  who  hires 
only  men  who  will  work  for  small  money ;  "cheap"  men. 

Incompetence  in  or  about  a  power  station  should  not 
be  tolerated.  An  engineer  should  be  able  to  reason 
quickly  and  logically.  In  case  of  emergency,  he  should 
be  able  to  rise  to  the  (x^casion  and  render  good  service. 
When  employers  learn  the  meaning  of  the  term  efficiency 
as  applied  to  men  as  they  now  understand  the  term 
when  it  is  applied  to  apparatus,  there  will  be  a  decided 
improvement  in  the  ranks  of  the  engineering  profession. 
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Views  (jk   1'u\vei:-Plaxt  Txst.vi.latioxs  in   Soith  Afkioa 

A.  The  switchboard  at  the  Rocherville  power  station,  Victoria  Palls  Power  Co.,  Ltd.  B.  Rocherville  power  station 
boiler  house,  automatic  stokers  feedinpr  small  nut  coal.  C.  View  of  Vereeniging  station  of  the  Victoria  Palls  Power 
Co.,  90  miles  from  Johannesburg  on  the  Vaal  River.  D.  View  of  the  Robinson  central  station  of  the  Victoria  Palls  Power 
Co.  The  nearer  machines  arc  4000-hp.  rotating  air  compressors  with  the  cover  removed  to  show  the  cooling  arrange- 
ment of  the  water-tube  jackets.  E.  Kngine  loom  at  the  FJocherville  station,  Victoria  Falls  T'ower  Co.,  showing  the 
500n-hp.    rotary    generators    with    air    compressors    at    the    far    end. 


The  \'ittoria  Falls  &  'I'ransvaal  Power  Co.,  Ltd.,  was 
organized  in  1906  to  supjily  power  for  South  Africa  and 
Ehodesia  and  acquire  tlie  concessional  rights  to  develop 
the  Victoria  Falls.  In  1908  the  grou])  of  mines  con- 
trolled by  the  Eand  Mines,  Tjtd.,  and  Eckstein  &  Co. 
changed  over  to  electric  drive  and,  in  addition,  com- 
pressed air  was  required.  This  led  to  the  foi-mation  of 
the  Eand  ]\Iincs  Power  Supply  Co.,  and,  although  these 
companies  are  working  under  separate  license,  they  are 
practically  one  organization. 

The  peak  load  of  the  combined  undertaking  has  reached 
88,000  kw.  The  power  supplied  is  at  2100  and  525  volts. 
The  necessary  step-down  transformers,  etc.,  are  provided 
by  the  power  company,  the  consimier  supplying  the  sub- 
station building  and  paying  the  power  company  a  sum 
eqtial  to  2  per  cent,  of  the  power  bills  to  cover  the  losses 
in  the  transformers.  The  area  supplied  is  confined  with- 
in  a  strip   about  two  miles   broad   and   50   miles   long. 


running    cast    and    west    through    the    mining    district. 

At  all  the  stations  steam  turbines  and  alternating  gen- 
t'rators  are  used,  producing  50-cycle,  three-phase  current; 
step-up  transformers  raising  the  pressure  to  10,000,  20,- 
000  and  40,000  volts.  The  main  transmission  system  in- 
volves 40.000  volts  overhead  lines,  and  where  the  load  is 
most  dense,  the  system  has  two  rows  of  towers,  each  l)e- 
ing  arranged  to  carry  two  circuits. 

There  are  two  central  air-compressing  plants  serving 
the  mines,  and  are  built  about  14  miles  apart;  the 
total  length  of  the  pipe  line  is  about  20  miles,  varying 
from  9  to  24  in.  in  size.  The  rotary  compressors  are^ 
rated  at  about  3500  krw.  each  and  'are  said  to  be  the 
largest  yet  constructed.  The  delivery  pressure  of  the 
air  has  to  be  about  100  lb.,  the  average  drop  from  the 
compressors  to  the  consumer  being  not  over  6  lb.  There 
are  4000  joints  designed  to  allow  for  contraction  and 
expansion  of  the  pipe  lines. 
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Ws^tt©iF   M-nglhtts 

The  Constitution  of  Cnlirornia  (Ifciiii-cs  that  water  n\)- 
propriated  for  sale  is  ap])ropriate(l  to  a  public  use.  By 
statute  the  County  Boards  of  Su|)ervis()r>;  aix'  autiiorized 
to  fix  rates  so  that  tlie  returns  to  tiie  companies  furnish- 
ing the  water  siiail  not  be  less  than  (j  per  cent,  upon  the 
value  of  the  canal,  ditches,  flumes,  chutes,  and  all  other 
property  actually  used  and  useful  to  the  appropriation 
and  furnishing  of  such  water. 

Some  of  the  companies,  not  content  with  a  profit  of  not 
less  than  G  per  cent,  on  the  money  actually  invested, 
claimed  that  they  were  entitled  to  an  eiiual  percentage 
upon  the  value  of  their  water  rights,  and  the  Supreme 
Court  has  just  issued  a  decision  upholding  that  conten- 
tion. As  this  decision  will  apply  to  water  rights  granted 
for  ])ower  purjjoses,  it  will  be  of  wide  effect,  and  sho\ild 
stiifen  the  conditions  under  which  such  water  rights  are 
surrendered  to  private  or  corporate  control. 


isaj 


Commenting  on  getting  tho  habit  of  reading,  the 
Saturilai/  Evening  Post  says:  "Hardly  any  other  habit 
will  stand  a  young  man  in  better  stead  than  a  reading 
habit,  both  for  what  it  includes  and  what  it  excludes. 
Of  all  habits  it  is  the  pleasantest,  the  cheapest  and  the 
most  dependable.  You  can  indulge  it  regardless  of 
weather,  seasons  and  location.  For  almost  any  intelligent 
young  man  it  is  an  easy  habit  to  form.  That  and  a  haliit 
of  physical  exercise  will  make  nearly  any  man  fircj)roof 
against  chronic  dissipation." 

Tf  all  this  may  be  said  of  a  habit  of  general  reading, 
now  much  more  might  be  added  for  a  habit  of  reading 
along  the  lines  of  one's  work — reading  that  is  akin  to, 
if  not  quite,  studying.  The  first,  a  general  reading  habit, 
may  i)e  "the  jjleasantest,  the  cheapest  and  the  most  de- 
pendable." The  habit  of  selected  reading  or  studying 
is  all  of  that  and  more — it  is  the  most  profitable. 

By  general  reading  one  may  acquire  culture,  ivay  make 
him.self  so  well  informed  on  miscellaneous  topics,  that 
he  is  a  delightful  conversationalist  and  an  agreeal)le  com- 
panion. On  the  side  of  the  things  excluded,  he  may 
avoid  habits  that  are  extravagant,  and  even  positively  in- 
jurious. Again  we  say,  he  may  equally  do  so  with  read- 
ing to  improve  his  knowledge  of  his  calling,  and  all  those 
traits  that  make  him  comi)anional)le  to  his  fellows  inter- 
ested in  the  same  field  of  effort  will  be  incidentally  devel- 
oped. 

(General  reading  of  a  proper  kind  is  elevating  and  does 
make  the  reader  a  better  man,  but  technical  readin'.: 
makes  him  a  better  engineer.  Entirely  apart  from  the 
nwaid  of  a  more  responsible  position  at  a  higher  salary 
.'  s  a  consequence  of  greater  knowledge,  technical  reading 
jinv-;  when  it  brings  a  man  a  better  understanding  of  all 
that  )iertains  to  the  place  he  is  now  filling,  when  it  en- 
ables him  to  take  part  intelligently  in  discussions  on  en- 


gineering subjects.  The  resjiect  of  others  and  liis  self- 
respect  both  increase. 

The  other  habit  recommended  in  the  cpiotation,  physi- 
cal exercise,  needs  no  endorsement  to  engineers.  They 
automatically  get  ])lenty  of  exerci.se — or  most  of  them  do. 
So  we  would  concentrate  on  the  plea  for  the  reading 
habit  even  if  we  do  apjiear  to  be  actuated  by  a  motive  of 
self-inlerest.  To  lie  sure,  if  the  reading  habit  became 
extinct  lliere  would  be  little  use  foi-  either  papers  or  edi- 
tors. Our  service  can  never  a\ail  niueh  if  what  we  priiil 
is  not  read.  "You  can  lead  a  Ikjisc  to  water,  but  you 
can't  make  him  drink."  We  can  scour  the  field  and  corral 
in  these  jiages  what  we  believe  it  is  for  the  readers'  goo.l 
(o  know.  That  is  as  far  as  we  can  go.  You  must  take 
the  receiver  off  the  hook  to  get  our  message  over  the  tehi- 
phone;  yon  must  lake  off  the  wrapper  and  open  the  paper 
to  get  our  message  thrcnigh  l'owi:it.  The  same  is  true 
of  those  books  on  your  shelf  and  any  other  literature  you 
neglect. 

P.  S. — Since  we  wi'otc  the  abo\'e.  it  has  dawned  on  us 
that  those  who  will  read  this  editorial  do  not  need  it  and 
those  who  need  it  will  not  read  it.  Then  what  did  we 
write  it  for  ?  Perhaps  it  was  in  the  hope  that  those  who 
read  it  will  show  it  to  those  who  need  it.     Will  you? 


In  a  short  time,  thousands  of  boys  and  young  men 
will  have  been  graduated  from  the  grammar  and  the 
high  schools,  the  great  majority  of  whom  will  have  to 
seek  work  at  once.  How  many  iiave  been  fitted  by  what 
they  have  learned  foi'  any  kind  of  work?  How  many 
know  what  they   i-eally   want    to  do? 

Thei'e  are  a  few  cities  in  wliieli  the  "continuation- 
school"  method  is  ill  vogue,  and  it  has  proved  its  prac- 
ticability.  By  this  method,  the  young  employee  is  allowed 
time  during  his  working  hours  to  inirsue  those  studies 
which  will  arouiid  bim  in  his  rli.iseii  vocation,  will  create 
a  desire  of  iindei-standing  what  he  is  doiim',  wliv  he  is  do- 
ing it  and  will  show  bim  thai  his  advancenient  greatlv 
depends  upon  a  sound  knowledge  of  ]:is  work. 

While  we  look  to  the  boards  of  education  for  the  in- 
stallation of  the  continuation  school,  its  ado|ition  mostly 
depends  upon  the  interest  taken  bv  the  employers  and  the 
iniblic,  as    it    will    be   snp)iorted   by   tliem   jointly. 

But,  says  Arthur  0.  Call,  a  w(>ll  known  educator,  the 
boy  must  be  studieil  as  well  as  the  vocation  if  the  schools 
and  the  worksho)-)  are  to  properly  dovetail.     AVe  quote: 

The  one  outstanding'  lactt  in  our  Ameriran  education  is 
the  g:eneral  failure  to  take  into  consideration  the  person.iI 
e(|uation.  Pupils  are  educated  in  a  haphazard  way.  with  no 
effort  to  deteimine  in  which  direction   their  talents  may  Ue. 

Their  qualifications  now  can  be  determined  with  scientific 
exactness.  Educatois  generally  fail  to  recognize  even  the 
broad  and  easily  determined  facts  about  a  child.  For  in- 
stance, it  is  generally  known  that  theie  are  two  great 
classes  of  children,  the  object-minded  and  the  idea -minded. 
One  class  thinks  in  objective  teinis,  the  other  class  thinks  in 
word  55. 
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'rii(>  Ci'nsus  Hiirniii  stad's  tluii  Inil  ri>iir  per  cciil.  nf 
our  pcDpIo  arc  in  iirorcssioiinl  si'rvicc,  sixlctii  per  cfiil. 
follow  tilt'  trailc8,  ll>irly-si\  per  ci'iil.  aro  farmers,  and 
twonlv-fonr  per  irnt.  arc  nianiilachircrs.  TlicHc  ligurcs 
show  roughly  that  the  i)rcscnt  siliooi  syHlcm  is  training 
over  eighty  per  cent,  of  the  pupils  for  about  four  ])er 
cent,  of  the  oi)|)ortunities.  This  is  a  inosl  convineing 
nrguinent  that  tiie  sehools  are  not  doing  the  greatest  good 
to   tile  greatest    iiuiiiher. 

'I'o  jnovide  vocational  training,  one  state  alone  s])ends 
$50,000  a  year  on  'iM  cliildren  in  its  trade-school  work. 
Wisconsin  has  '2.">.000  in  its  "lontinuiition"'  sciiools,  and, 
owing  to  their  popularity,  this  state  will  have  ahout  10,- 
000  scholars  next  year.  If  the  continuation-school  idea 
wore  more  generally  understood,  it  would  undoubtedly 
be  more   widely   adopted. 

The  conditions  under  wbiiii  uiiniy  operating  engineers 
now  labor  for  the  education  denied  them  as  boys,  should 
prompt  thciu  to  help  devise  ways  whereby  the  young 
helpers  in  the  ])lant  can  arrange  with  their  employer  to 
get  time  olf  to  study.  It  can  be  done  in  many  plants,  and 
it  is  up  to  the  engineer  of  today  to  interest  his  employer 
in  this  matter  and  iind  the  means  to  make  it  possii)le 
for  tlie  engineer  of  the  future  to  properly  equip  himself 
for  his  vocation. 

The  amount  above  normal  I'ating  at  which  a  well  de- 
signed boiler  may  be  safely  operated  depends  cliieliy  upon 
the  scale-forming  solids  and  the  suspended  matter  in  the 
feed  water.  In  his  i)aper  treating  of  the  operation  of  tlie 
hirgo  boilers  in  the  Del  ray  station  of  the  Detroit  Edison 
Co.,  and  read  before  the  American  Society  of  Mechanical 
Engineers  at  its  December  meeting,  J.  AV.  Parker  stated 
that  one-sixteenth  inch  of  scale  on  the  hot  front  lubes 
caused  overheating  at  high  ratings.  It  was  brought  out 
in  the  discussion  of  Mr.  Parker's  paper  that  scale  of  egg- 
shell thickness  and  covered  with  mud,  in  tubes  of  a  boiler 
driven  at  moderate  ratings,  caused  serious  overheating. 
In  this  latter  case  the  feed  water  was  taken  from  the 
Allegliany  Eiver  and  contained  from  six  to  ten  parts  per 
Imndred  thousand  of  incrustating  solids. 

In  large  central  stations  or  other  steam-power  plants 
where  modern  practice  dictates  that  the  ratio  of  installed 
prime  mover  capacity  to  boiler  capacity  shall  be  high  to 
minimize  investment  and  overhead  charges,  the  reliability 
of  the  boilers  must  of  necessity  be  high,  especially  in 
))lants  where  the  imits  are  very  large,  as  at  Delray. 

In  the  hope  of  increasing  the  reliability  factor  of  the 
large  boilers  under  his  charge,  Mr.  Parker  stated  in  his 
paper  that  he  seriously  contemplated  using  distilled  make- 
u])  water,  believing  that  there  is  a  lack  of  evidence  that 
distilled  water  is  of  itself  corrosive.  To  safeguard  against 
against  possible  corrosion,  however,  it  is  intended  to  feed 
in  with  the  water  enough  soft-scale-forming  material  to 
cover  the  heating  surfaces  with  a  thin  protecting  scale. 
In  his  recent  talk  before  the  Engineers  Club  of  Boston, 
Captain  Manning  said  of  the  scaling  of  boiler  tubes : 

"...  but  the  correct  solution  is  to  use  water  that 
makes  no  scale,  purifying  the  water  before  it  is  -fed  to 
the  boilers." 

In  the  discussion  that  followed  Captain  Manning's 
talk,  James  D.  Andrews,  of  the  Edison  Illuminating  Co., 
of  Boston,  agreed  that  evaporators  for  distilling  makeup 


water  shiiuld  lie  provided.  We  understiiiid  lliat  11.  (t. 
Slott,  of  the  Inteiborougli  lfa|)id  Transil  Co.,  is  con- 
siilering  the  uho  of  dislillcd  makeup  water  for  the  re- 
modeled Seventy-fourth  St.  plant,  where  the  hoilerH  will 
be  driven  at  four  hundred  and  fifty  per  cent,  rating  at 
limcH  and  three  hundred  per  cent,  regularly  on  tin'  jiKiiii- 
ing  and  evening  peaks. 

.Ml  this  activity  shows  tlu;  trend  in  boiler  practice  in 
large  plants.  Whether  distilled  makeup  water  will  be 
advantageous  or  disadvantageous  in  such  plants,  remainn 
to  l)e  proved  by  the  results  of  its  use  in  some  of  the 
plants  now  contemplating  it. 

'i'he  first  thought  that  comes  to  one  considering  it  is 
that  it  has  been  used  in  marine  jiractice  for  years  with- 
out giving  really  serious  trouble.  The  cost  of  distilling 
makeup  water  is  not  an  imjmrtant  consideration,  for, 
even  in  extreme  cases,  the  (juantity  of  water  will  not 
exceed  fifteen  per  cent,  of  the  total  and,  in  well  con- 
ducted plants,  where  leakage  is  closely  watched  and 
minimized,  it  will  be  as  low  as  five  per  cent. 

After  nearly  a  year  from  the  time  the  engineers'  license- 
law  bill  passed  the  New  Jersey  legislature,  that  body  has 
appropriated  a  sum  to  put  the  licen.se  bureau  in  opera- 
tion. A  state-wide  license  was  a  mighty  long  time  com- 
ing in  Jersey,  and  because  of  this  and  the  industrial  im- 
poi'tance  of  that  state  there  is  all  the  more  reason  for 
rejoicing.  The  Commissioner  of  Labor  under  whom  this 
work  will  be  done  requests  that  engineers  do  not  write 
for  applications  until  the  license  bureau  is  organized, 
which  fact  will  be  announced  at  the  proper  time. 

m 

The  "how"'  and  the  "why"  should  more  largely  govern  J 
our  contributors  and  correspondents  when  writing  for  i 
the  ])aper.  Complaint  is  made  occasionally  that  the  "blue 
pencil"'  has,  in  the  words  of  a  recent  writer,  "sadly  muti- 
lated" an  article  or  letter.  It  is  clearly  impossible  for 
Power  to  publish  all  our  contributors  would  write.  The 
best  and  most  highly  trained  writers  stop  when  they  have 
said  their  say.  We  hope  that  some  of  our  writers  will 
strive  to  imitate  them.  Be  brief,  and  to  the  point,  and 
you  will  better  interest  the  readers,  and  make  your  con- 
tributions all  the  more  acceptable. 

Our  Sunday  supplement  writers  would  do  well  to  con- 
sider the  power  plant  as  a  peg  on  which  to  hang  a  good 
"human-interest"  stor'^f.  Handled  skillfully  and  under- 
standingly,  it  would  apjjcal  strongly  to  the  lay  reader,  and 
incidentally  give  him  a  knowledge  of  the  power-plant  en- 
gineer's responsibility  and  of  the  public's  great  depend- 
ence upon  him  for  its  many  necessities  and  its  safety. 

The  smoke-abatement  movement  in  England  is  mak- 
ing but  slow  progress,  chiefly  owing  to  the  inability  of 
its  advocates  to  introduce  a  bill  into  Parliament  this  year. 
At  times,  we  fret  because  of  the  "red  tape"  of  our  state 
legislatures,  but  we  are  not  further  hindered  by  the 
"private  bill" — meaning  a  bill  not  proposed  as  a  govern- 
ment measure.  As  gas  is  cheaper  than  coal,  notably  in 
London  and  in  many  provincial  towns,  the  apparent  in- 
difference of  Parliament  to  the  abatement  of  smoke  may 
be  thus  explained.  The  advocates  of  such  a  bill  are  hope- 
ful, however,  and  intend  making  another  effort  next  year. 
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The  stuffing-box  on  the  steam  end  of  a  pump  was 
broken  by  frost  as  shown.  The  pump  was  made  service- 
able (and  operated  for  10  days  until  a  new  part  was  re- 
ceived)   by  inserting  g'^-in.  sheet  packing,   con  ted   with 


Bolts  in  Position 

shellac  on  both  sides,  between  the  broken  parts.  Pres- 
sure was  applied  by  means  of  two  bolts  and  nuts  fitting 
snugly,  then  backing  out  the  nuts  a  few  turns. 

Fred  W.  Schneider. 
Clay  Center,  Ohio. 


A  certain  plant  had  two  54-in.  return-tubular  boil- 
ers. The  40-ft.  horizontal  flue,  30  in.  in  diameter,  was 
connected  directly  to  the  bottom  of  the  32-in.  stack  with- 
out any  settling  chamber  for  the  soot.  We  had  difficulty 
in  keeping  it  clear  enough  to  insure  a  good  draft,  es- 
pecially in  winter. 

The  usual  method  had  been  to  clean  the  elbow  through 
a  small  hole  in  the  bottom  every  few  weeks  and  once  or 
twice  a  year  have  the  whole  crew  spend  a  Sunday  clean- 
ing out  the  entire  flue.  This  was  a  very  disagreeable 
job  for  the  men,  besides  depriving  them  of  their  Sun- 
day; moreover,  our  draft  was  constantly  changing.  After 
participating  in  this  event  several  times,  I  did  the  work 
with  a  blower. 

I  cut  a  piece  of  114-in.  pipe  long  enough  to  reach  from 
the  front  of  the  flue  back  to  the  damper.  Then  I  heated  and 
flattened  one  end  until  it  formed  a  -^-in.  nozzle  about 
2  in.  wide.  Every  4  ft.  of  its  length  I  made  jets,  as 
shown,  in  groups  of  three,  one  on  each  side  and  one  on 


tlie  bottom,  staggering  them  so  as  not  to  weaken  the 
I)ipe.  To  make  the  jets,  I  first  sawed  into  the  pipe  to 
the  depth  of  a  hacksaw  blade,  then  hammered  down  the 
front  side,  forming  a  jet  to  throw  the  steam  at  about  30 
deg.  with  the  pipe.  In  action  the  steam  jet  would  dig 
the  soot  off  the  walls  of  the  flue  and  carry  it  toward  the 
stack  and  out  of  the  hole  in  the  elbow.  I  put  a  sec^ond 
section  between  the  damper  and  the  stack,  arranging 
valves  so  that  they  could  be  blown  independently. 

When  the  blower  was  installed  the  soot  was  nearly  a 
foot  deep  in  the  flue  as  I  had  allowed  it  to  accumulate 
as  a  test.  With  the  plant  in  operation,  two  men  cleaned 
tlie  flue  thoroughly  in  less  than  an  hour,  using  steam  at 
70  lb.  We  always  have  the  damper  open.  By  opening 
a  smoke-box  door,  we  could  get  draft  enough  to  carry 
the  soot  out  of  the  top  of  the  stack,  but,  of  course,  that 
was  not  advisable  in  the  city. 


Flue  Cleaner 

This  outfit  was  made  of  old  stock  and  the  work  was 
done  by  the  regular  force  so  that  the  cost  was  practically 
notliing.  The  improved  combustion  and  the  ease  of  clean- 
ing were  greatly  appreciated  by  all  concerned. 

H.  K.  Wilson. 

Xew  Bedford,  Mass. 

W. 

Mr.  Alien's  aiticle  on  page  487,  April  7,  1914,  should 
be  of  great  service  to  m.any.  That  a  well  balanced,  lead- 
based  metal  will  meet  all  ordinary  cases  is  not  generally 
known,  but  in  many  cases,  it  will  give  far  better  results 
than  expensive  babbitt. 

Salesmen  are  always  calling  one's  attention  to  tlie  low 
coefficient  of  friction  of  their  wares,  but  is  not  this  point 
under  running  conditions  (as  the  shaft  should  not  be 
touching  the  metal)  governed  by  the  lubricant? 

As  to  pouring  bearings,  I  prefer  to  use  either  soap  01 
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ii.>.lic>lii>,  ill  tlic  loriii  dl'  ji  liiiiw  ^lit'rt  (ir  s(niiiii'  ri>|n'.  I" 
1  lav.  as  tluTt'  is  less  clwiiicc  ol'  a  Itoil  tliioiij^li  moisture. 
Ill  lii'iiiiii;,'s  lo  lie  run  in  «|iiiikly  mid  ^'ol  liack  iiitu  sc-r- 
\  uc,  I  list"  a  |>i('ft'  of  lliiii  liaciii^  paper  t'asteiinl  arniiiMJ 
llie  ^lial't  l)V  sdoii^j  threads,  l('ttiii;f  the  ends  oM'rIap  li\ 
idnMil  |',i  in.  'i'liis  is  then  well  rnhlird  wiih  linwdcrrd 
i;rapliile  {il'ler  stri|)s  of  ashestos  lime  Imcii  l',i>lciird  <>ii 
lor  (iilways.  'I'lie  shaft  is  lined  up  iiiul  I  lie  liiiii-in;.j 
wanned  with  a  Mow  toreii.  .hisl  lieloie  pouring;,  a  lillle 
powdeii'd  rosin  sprinkU'tJ  inlu  the  uali'  \\ill  eii^nre  a 
-soiiiiil  enstin;:.  As  soon  as  tiie  metal  is  set  llie  papei-  and 
jishestos  strips  are  .scraped  awav  and  tlie  hearinji;  siiiface 
is  well  oiled  and  liherally  sprinkled  with  ,i;ia|)liile.  In 
three  mil  (>r  I'oiir  eases,  it  will  not  heat   I'lum  the  start. 

10.    I{.    I'K.VliCK. 

I.'o.hdale.  Kn-land. 


Sinmssifil  Watleff'  Modos'S 

Willi  ji  view  to  assist  those  intoiested  in  sueli  prohloms. 
the  u  liter  ollVrs  a  lew  simplo  rulos  of  hydro-power  de- 
velopment on  a  small  seale.  which  also  ap|)ly  to  the  lai'g- 
ost   developnieuts. 


-1^       = 
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to 


G.UiE  Attached 

The  foot-ponnds  of  energy  in  water  is  equal  to  the 
weiglit  of  the  water  multiplied  by  the  distance  in  feet 
through  which  it  falls,  or  ]")ounds  weight  multiplied  by 
feet  fall  equals  foot-pounds,  which  divided  by  33,000 
equals  the  gross  or  total  horsepower.  This,  however,  is 
never  realized  in  practice,  on  account  of  various  losses. 
The  average  mechanical  efficiency  of  waterwheels  is  about 
75  per  cent. 

To  ascertain  the  power  in  a  small  jet  of  water,  place 
a  pressure  gage  in  the  pipe  immediately  behind  the  jet, 
as  shown  in  the  illustration,  and  while  discharging  ob- 
ser\e  the  pressure  in  pounds  per  square  inch.  This  will 
be  the  effective  pressure;  that  is.  the  total  pressure  due 
to  the  head  minus  the  loss  in  overcoming  pipe  frict'ion. 

Iilultiply  the  effective  pressure  by  2.3,  which  will  give 
the  effective  head  in  feet.  Collect  and  ascertain  the  weight 
of  water  from  the  Jet  in  one  minute.  If  measured  in 
gallons,  multiply   the  number   of   gallons   by   8.34    (the 


wei;;|it    of    I    gal.),    which    will    ;.'ive    ihe    lotal    weight    in 
pounds. 

Miillipl\  the  wci^hl  of  water  in  poiiinlH  discharged  in 
I  nun.  li\  ihe  ell'eclive  head  in  feet  as  aKcerlniiied  ahovt; 
,ind  <li\ide  Ihe  prcxliict  hy  33,1)110:  the  (piolicrit  will  lie 
ilic  hursepower  that  Ihe  Jet  delivers  lo  the  wheel.  Multiply 
I  his  last  (plant  ily  hy  O.ir),  wliicii  is  a  fair  degree  of  elli- 
<  ieiii  y  lor  a  small  water  motor,  and  this  final  product 
\\  \\\   lie   ihi-   iiseful   horsiipower. 

it  should  he  noted  that  the  larger  the  ji!t  UHed  for  a 
given  sized  pipe,  the  less  the  cUVctive  pressure  will  he  and 
even  if  a  larger  (inal  |)roduct  is  obtained,  it  will  he  with 
great   extravagance   in  the  use  of  waler. 

T.    II.    i{i;.\ni)().s. 

I'liislicld.   .Mass. 


Water  'CoiraftroS   for  TanKs  or 
IHIeatlers 

The  illiisl ration  shows  a  senii-ii(imc-madc  water  con- 
trol, which  is  (•ai)al)le  of  niimerons  modifications.  'I'he 
principle  is  that  of  the  hoiler-feed  regulator.  In  this 
instance  the  float,  or  pilot,  valve  was  an  ordinary  closet 
ball  cock.  The  pilot,  being  of  the  smallest  size,  does  not 
rcipiire  a  large  float  and  therefore  is  not  likely  to  collapse. 

The  tank  was  drilled  at  about  the  ma.ximum  level  for 
the  water;  then  the  pilot  valve  inserted  therein,  and 
connected  to  the  pressure  water  main  by  a  %-in.  pip«'. 
one  liranch  of  which  was  connected  to  the  l)onnet  of  a 
l-in.  diaphragm  valve  on  the  main  return  line.  In 
action,  when  the  water  in  the  tank  raises  the  float,  and 
the  pilot  valve  closes,  the  water  pressure  will  then  close 
the  diaphragm  valve  on  the  main  supply.  If  it  is  desired 
to  close  the  diaphragm  valve  for  any  i)urpose  without 
regard  to  the  water  level,  it  may  be  done  by  closing  the 


Pilot  axd  Di.vphi!.vg.ai   V.m.vk.s 

ii])]icr  <x\o\)(}  vahc.  Likewise,  if  this  valve  is  to  be  held 
open,  that  on  the  pressure  water  may  be  closed  and  tlie 
pressure  released  from  the  diaphragm. 

AAlien  two  sources  of  supply  to  a  tank,  such  as  heating 
system  returns  and  makeup  water  are  to  be  regtilated, 
the  makeup  pilot  valve  should  be  located  at  the  mini- 
mum level  and  the  other  at  the  maximum.  A  better  form 
of  construction,  with  the  advantage  of  having  all  parts 
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exterior  to  the  tank,  can  l)c  made  l)y  using  a  boilci*  feeder 
of  the  type  used  on  cast-iron  hoating  boilers  or,  still 
better,  a  regular  high-pressure  boiler-feed  regulator  for 
the  pilot. 

All  of  the  parts  entering  into  this  construction  are 
standard  and  procurable  at  sup])Iy  houses.  It  is,  there- 
fore, not  a  makeshift  or  an  apology  for  something  else. 

Leon  Lewis. 

New  York  City. 

W. 

A  boiler-compound  ieeilcr  to  be  connected  to  the  dis- 
charge line  of  the  feed  pump  is  shown  in  the  ilhistra- 
tien.     It  should  be  set  above  llie  feed  line  to  get  enougii 

Filling  Pipe 
Vent 


boiler  Compouncf  Feed 

Feedkr  Connected 

static  head,  which,  plus  the  pump  pressure  will  be  suffi- 
cient to  discharge  the  contents.  Perhaps  this  is  not  a 
w^v!  idea.  l)ut  it  may  be  of  value  to  someone. 

C.  T.  Baker. 
Jacksonville,  Fla. 


)ti©S^2Ha 


fflffiS^  ana 


The  article  on  the  auxiliary  economy  in  steam-power 
plants,  on  page  436,  Mar.  31  issue,  is  timely.  We  liave 
consistently  fought  for  high  economy  in  auxiliary  ap- 
paratus, both  as  to  high-vacuum  and  low-steam  consumj)- 
tiou.  The  editorial  on  page  458  is  also  appreciated.  The 
following  is  the  substance  of  a  letter  on  feed-water  heaters 
which  we  are  sending  to  consulting  engineers.  There  are 
many  enginoei's  who  will  not  have  an  open  heater  because 
of  oily  water,  and  while  this  objection  is  disappearing 
with  turl)ine-driven  auxiliai'ies,  this  only  aj^plies  to  large 
plants. 

The  letter  reads  as   Follows: 

As  manufacturers  of  feed-water  heaters  of  the  closed  type, 
wo  wish  to  call  the  attention  of  consulting  ensineers  to  the 
question  of  rating,  or  the  amount  of  surface  offered  by  va- 
rious bidders  to  secure  specified  results  with  given  conditions. 
The  situation  has  been  going  from  bad  to  worse  in  the  past 
few  years  and  the  present  confusion  is  not  creditable.  Ileat- 
<;rs  are  rarely  tested  to  determine  satisfaction  of  guarantees, 
r,o    that    misleadng    statements    continue   unchecked. 


On  a  horsepower  basis,  the  surface  is  stated  as  low  as 
0.2  of  a  square  foot,  and  as  high  as  0.5.  the  smaller  amounts 
being  claimed  sufficient  because  of  improved  transmission 
rates  due  to  increased  water  velocity  (on  which  there  is  no 
patent),  better  conductivity  (although  with  practically  the 
same  metal  in  all),  molecular  movement,  stream  lines,  etc. 
While  there  may  be  a  slight  difference  with  various  designK, 
we  contend  that  this  is  not  enough  to  warrant  250  per  ccn" 
variation  in  surface,  on  which  cost  primarily  rests.  We 
estimate    the   surface    as    follows: 

W  =  Pounds   of   water   per   hour; 
K  =  The    constant    of    transmission,    250; 
T  =  Temperature   of  steam; 
ti  =  Temperature   of  entering   water; 
to  -  Temperature    of    depaiting    water. 
The    loimula    is: 

\V  T  —  t, 

S    =    _    log 

K  T  —  t; 

Tlie  results  from  this  formula  confirm  experience,  that  an 
approximation  to  within  5  or  7  degrees  of  the  steam  tem- 
perature can  be  reached  with  commercially  reasonable  sui- 
face,  and  that  this  is  practically  all  that  is  usually  obtained 
in  any  event.  There  is  not  enough  final  temperature  differ- 
ence between  steam  and  departing  water  to  warrant  tiie 
necessary  excessive  surface  to  work  to  within  2  or  3  degrees 
of  the  steam.  .\  recent  case  required  .'!0  square  feet  for  7 
degrees  and  3500  square  feet  for  2  degrees  approach  to  the 
steam    temperature. 

This  same  problem  has  been  developed  in  surface  con- 
densers, where  heat  transfer  depends  largely  on  the  same 
elements  as  in  closed  feed-water  heaters,  and  a  safe  and 
sane  basis  has  been  reached.  We  are  therefore  suggesting 
that  it  is  well  within  the  province  of  consulting  engineers 
to  specify  the  minimum  surface  allowed,  with  the  correspond- 
ing guarantees  which  manufacturers  will  make  for  a  given 
set  of  conditions.  This  is  a  usual  procedure  in  surface  con- 
denser tenders,  and  we  respectfully  urge  you  to  apply  it  to 
feed-water  heaters.  It  will  standardize  practice  and  insure 
better   sustained   results. 

W.   G.    STARKWEATHER, 
C.    H.    WHEELER    MFG.    CO. 
Boston,    Mass. 


During  extremely  cold  weather  a  sprinkler  system,  if 
called  into  use  on  account  of  fire  or  testing,  may  become 
frozen  at  exposed  points  before  it  can  be  drained  and  re- 
filled with  air.  This,  of  course,  applies  to  the  "dry  pipe" 
system  in  which  the  air  excludes  the  water  until  allowed 
to  escape  by  the  action  of  the  heat  on  the  "automatics" 


Steam  Connection 

in  case  of  fire.  I  have  found  a  steam  connection  with  a 
drain  at  the  lowest  point  the  most  convenient  means  of 
thawing  it  out.     The  points  of  caution  are  not  to  use 
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inoiv  tliaii  T)  11).  of  slcnm  prcHsiirc,  and  (Imt,  lor  bliort 
iiitrrvals.  ami  to  drain  lrc(|ncnt!y  to  avoid  watcr-lianiincr. 
'I'lif  I'ondcnsation  will  l)c  nipid  and  the  nicllin;^  ice  will 
imrcasi'  the  amount   of   walir. 

Wlii'n  tlio  svstfni  is  cleared  and  a;;ain  filled  with  air. 
allow  it  to  stand  Cor  an  hour  hel'oro  turnin>,'  on  ih.'  walrr 
valve  iu  order  to  test  tor  leaks.  II'  the  pressmv  dinps  il 
is  a  sure  sign  of  leakajje. 

1  find  a  snndl  amount  of  ether  or  oil  of  pepprrminl  in 
the  svstem  helps  lo  loi'ate  small  leaks  wliiih  cannut  l)e 
delected  1)V  .-^ound   or  otherwise. 

IIakoi.I)    HiKiiii.i.. 

Middleville.  \.  V. 


A  l()XM-in.  cast-iron  drivinj,'  pulley  Im-  a  forced-draft 
blower  hroke  in  four  places  on  tiie  rim  at  the  |)oints  a,  h, 
(  and  (/  in  the  sketcli.  'I'liree  of  the  sjxikes  were  also 
hroken  olV  at  the  points  1,  'i  and  :!.     Repairs  were  made 


BkOKEN    WhKKL    IvKI'AIItKl) 

in  10  hr.  by  making  two  rings  of  y2x2-in.  fiat  steel  and 
riveting  one  ring  on  each  side  of  the  spokes  with  %-in. 
rivets.  The  rings  were  heated  slightly,  then  riveted  in 
place  quickly.  When  cold,  the  contraction  drew  the 
broken  spokes  together  securely.  We  then  riveted  a  flat 
sheet-iron  ring  j^jjxG  in.  on  each  side  of  the  spokes  with 
i/j-in.   rivets,   which  completed   the  jol). 

S.  E.  Eaymoxd. 

Trenton,  N.  J. 


5paiae  Tesimpes'svfttyis'e 


i'lxeclient  insi  riK  I  ions 
ill  the  house  and  I  cinild 
llii'  >itiiali<>ii  and  maije 
thing  went  all  ri^^hl,  am 


Wlh5^  ^Ih® 


When  I  was  hired  as  assistant  engineer  on  the  night 
shift,  I  told  the  chief  that  I  knew  nothing  about  an  ice 
machine.  He  said  he  would  show  me  how  to  operate  it 
and  I  would  soon  learn,  so  I  went  to  work.  His  instruc- 
tions were  about  as  follows : 

"When  that  pressure  gage  (pointing  to  one  of  several 
on  a  board)  goes  over  a  certain  limit,  close  this  valve  a 
little ;  when  the  pressure  drops,  open  it  again ;  when  the 
liquor  in  that  gage-glass  goes  up  or  down  from  a  string 
tied  around  the  glass),  either  start  up  the  pump  a  little 


or  slow  il  down.  That  is  idl  yon  will  have  lo  do,  and  if 
you  let  the  rest  of  the  syHleni  alone,  you  will  not  have  any 
trouble." 

lint  as  I  he.  other  aHAJHtant  sle|)t 
all  him  if  neecKHury,  I  accepted 
no  (  omniont.  llowt-ver,  evcry- 
there  wa.s  no  trouble  that  night, 
Imt  the  next  nioiiiing  I  went  after  (he  other  assistant  for 
some  information  about  the  ice  machiiu".  lie  willingly 
answered  every  qiu-siion,  and  in  a  few  days  I  had  learned 
a  little  more.  Wo  went  along  all  right  for  a  month  or 
so;  then  the  tx'mperatnre  at  the  brine  pump  began  lo 
ri.se  gradually  and  we  eoidd  not  get  it  down.  We  wc^re 
carrying  it  at  about  zero  and  it  began  to  go  up,  ami 
stay  up.  This  continued  for  about  a  week  when  it  got 
up  to  about  i()  (leg.  F.  Every  morning  the  chief  would 
ask,  "Did  you  get  the  temperature  down  last  night?" 
My  answer,  of  course,  was  always,  "No." 

One  morning  he  sluwk  his  head  and  said:  "I  don't 
.see  why  you  can't  get  it  down."  I  promptly  a.sked  him 
why  he  didn't  get  it  down  as  he  knew  more  about  it 
than  I  did,  but  he  didn't  answer.  That  day  they  wen- 
going  over  the  system  to  try  to  locate  the  trouble,  when 
somebody  put  a  stick  down  in  the  brine  tank  and  dis- 
covered that  it  was  ])artly  frozen;  then,  of  course,  the 
trouble  was  found.  The  brine  was  strengthened,  and 
when  I  came  in  at  night  the  temperature  was  down  to 
zero,  where  it  belonged. 

Simple,  but  there  may  be  others  who  are  beginning  to 
operate  ice  nnuhines. 

WiLi.lA.M    .\.    Wl.VG. 

Brooklyn.  X.  V. 

The  illustration  shows  a  wedge  bolt  removed  from  the 
crosshead  end  of  the  connecting-rod  on  a  large  cross- 
compound,  vertical  blowing  engine.  The  bolt  broke 
through  at  the  root  of  the  thread, 
the  thread  forming  a  sort  of 
sjiring.  This  thread  was  strong 
enough  to  permit  the  bolt  being 
backed   out  of   the   wedge. 

This,  as  well  as  other  bolts,  was 
made  of  machine  steel.  Xonc  of 
them  gave  any  similar  trouble  on 
the  other  engines.  An  examina- 
tion showed  no  shoulder  on  the 
strap  or  brass  against  which  the 
wedge  could  have  been  pulled 
Brokex  Wedge  Bolt  solid.  The  bolt  was  replaced  by 
one  of  vanadium  steel  and  it  is 
still  satisfactory  and  in  daily  service. 

W.  W.  PETTIBOyE. 

Ludlow,  Ky. 


F.  E.  Albrecht's  letter  and  photograph  in  the  issue  of 
Apr.  7  are  very  interesting.  The  writer  has  had  turbo- 
generators in  the  Southern  states  where  during  the  day 
the  exhaust  end  of  the  turbine  was  cooler  than  the  gen- 
erator, but  he  has  never  seen  such  a  case  of  frosting  be- 
fore. I  should  like  to  know  if  this  frosting  had  any  effect 
on  the  insulation,  as  one  would  expect  a  certain  amount 
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of  moisture  on  the  inside  of  the  casing.  It  would  also 
be  interesting  to  know  how  the  field  excitation  at  the 
time  the  photograph  was  taken  compared  with  that  dur- 
i!ig  the  summer. 

E.  K.  TuAUCE. 
lioehdale,  England. 

It  is  the  pride  of  every  man  in  v^'harge  of  a  generator  or 
motor  to  keep  it  clean  and  free  t'n)m  dirt  for  it  saves  him 
a  lot  of  trouble.  It  is  also  his  desire  to  have  a  good  gloss 
on  the  commutator  and  to  keep  it  that  way.  On  some 
machines  the  brush-holders  are  in  line  with  one  another, 
causing  the  commutator  to  wear  in  ridges  and  finally 
produce  bad  commutation.  xVs  a  result  it  becomes  neces- 
sary to  turn  down  or  grind  the  commutator. 

After  a  commutator  has  lieen  trued  up  the  best  thing 
to  do  is  to  stagger  the  brush-holders.  This  is  done  by 
moving  one  holder  to  the  outside  as  far  as  desired  and  the 
next  one  to  the  inside,  thus  every  other  one  is  out  at  the 
edge  of  the  commutator  and  every  other  one  is  at  the 
inside.  Care  must  be  taken  to  allow  for  the  end  play 
in  the  machine,  so  that  the  brushes  do  not  strike  the 
armature  or  go  out  over  the  end  of  the  commutator  bars. 
Some  operators  stagger  half  the  holders  in  line  to  the 
outside  and  the  other  half  to  the  inside.  Thus  on  a  six- 
pole  machine  the  three  top  brush-holders  would  be  moved 
to  the  outside  and  the  bottom  throe  to  the  inside  or  I'iVe- 
versa. 

We  have  tried  most  every  kind  of  a  lubricant  for  the 
commutator,  and  have  found  a  little  vaseline  on  a  clean 
rag  to  give  excellent  results.  Beeswax  and  paraffin  are 
liable  to  make  the  brushes  stick  in  the  holders  if  too  much 
is  used,  as  it  collects  on  the  brushes  and  cakes  in  the 
holders. 

In  case  vaseline  is  not  available  a  little  engine  oil  on 
a  clean  rag  gives  good  results,  but  care  must  lie  taken  not 
to  use  too  much  as  it  will  soften  the  mica. 

A.  G.  CuRRK.v,  Ju. 

Kittanning,  Penn. 


When  I  first  began  to  keep  published  articles  of  par- 
ticular interest  to  me,  I  noted  on  the  cover  with  blue 
jiencil,  "Preserve."  But  to  find  an  article,  it  was  neces- 
sary to  look  through  all  the  copies,  and  filing  useless  mat- 
ter was  also  an  added  objection  to  this  method. 

My  present  method  is  to  take  from  a  journal  only 
such  pages  as  are  wanted,  and  to  file  each  in  suital)le 
folders  and  place  in  a  case.  The  folders  are  indexed  un- 
der the  following  headings :  Steam  engines,  oil  engines, 
gas  engines,  steam  turbines,  boilers  and  fittings,  con- 
densers, superheaters,  water  heaters,  pumps,  air  com- 
pressors, intercoolers,  shop  methods,  foundry  methods 
and  appliances,  cutting  tools,  machine  tools,  small  cut- 
ting tools,  design. 

Figs.  1  and  2  show  the  folder,  which  was  made  of  heavy 
drawing  paper,  folded  and  shellacked  on  the  outside,  this 
gives  it  a  hard,  smooth  surface,  and  prevents  soiling.  On 
each  folder  is  printed  in  black  ink  the  class  which  it 
covers.  The  inside  of  the  cover  is  ruled  with  two  double 
columns;  the   narrow  columns   for  the  number  of   the 


article,  and  the  wide  for  the  name  and  description,  if 
any. 

The  filing  case.  Fig.  .'],  is  inade  of  seasoned  wood, 
or  paper  board,  painted  and  varnislied,  or  of  metal,  and 
is  not  much  larger  than  an  ordinary  letter  file.  The 
cover  is  2  in.  deep,  and  Avhen  throvv'n  back  exposes  the 
folders  with  their  classification  heads  to  full  view,  thus 
making  it  easy  to  pick  out  the  folder  desired. 

When  an  article  is  composed  of  two  or  more  pages, 
they  are  fastened  together  at  the  upper  left-hand  corner 
with  a  clip  aiul  the  number  of  the  article  is  placed  in  the 
upper  right-hand  corner.  This  number  is  also  entered 
in  the  narrow  column  of  the  index.  It  is  not  necessary 
to  enter  dates,  as  each  page  is  dated. 

'I'o  show  how  simple  the  system  is,  suppose  you  wish 
to  know  something  about  a  gas  engine,  of  piston  design. 
You  pull  out  the  folder  marked  "Design,"  and  glance 
down  the  index  until  you  find  the  article.  If  you  were 
looking  for  types  of  gas-engine  pistons,  instead  of  some- 
thing strictly  on  designs,  you  would  look  through  the 
index    of   the   folder    marked    "Oas    Engine."      The    in- 


FJ6.1.  FOLDER    OPEN 


FIG.  2   AFTER   FOLDING 
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formation,  if  you  have  it  at  all,  will  surely  be  found 
either  in  the  "Gas  Engines"  or  "Design"  folder.  It  is 
seen  that  if  care  has  been  exercised  in  classifying,  the 
articles  desired  can  be  quickly  found. 

New  folders  can  be  added  from  time  to  time.  .Vt  the 
end  of  a  year  you  will  have  a  valuable  collection  with 
which  you  would  not  care  to  part. 

C.    R.    COURTENAY. 

Watertown,  N.  Y. 


After  making  a  drawing  board  and  triangles  for  my- 
self, I  bought  two  12-in.  rulers  to  make  a  tee  square.  I 
cut  one  in  half  and  fastened  one  of  the  pieces  to  the  full- 
length  ruler  with  small  brass  screws.  Care  was  taken  to 
get  the  head  square  and  true.  I  now  have  a  neat,  gradu- 
ated tee  square  which  cost  only  a  trifle. 

E.   G.   CURREN. 

Kittanning,   Penn. 
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£leiiiemtciiry  MeclheiiiniBCSo^Xfil 

M  \(1iim:s 

A  iinitliiiir  is  ii  ilcvin-  hv  mciiiis  i>\'  wliiili  sniiic  rmiii  nl' 
(•ncr^jv  is  roiivcrtiMl  into  iiscfiil  iiu'ilumical  work,  or  il 
itiav  1)0  a  (lovii'c  wlicivUv  a  small  force  may  he  used  lo 
Italaiitv  a  greater  forci'  willioul  v.ny  work  hcin;?  done  l)V 
I'illu'r  i'orre.  Only  mailiitifs  of  liic  latter  type  will  he 
•  iiseiissed  at  j)reseiil. 

At  some  iwiiit  of  l!ic  iiiai  liinc  a  fon-e  is  applied  wliicli 
is  iilili/.ed  in  liahnicinji  a  ureater  force  at  some  olhcr 
point  in  llie  machine.  The  force  applied  is  n-ciierallv 
spoken  of  a.-  ih.'  />nii-rr  or  ihe  rfforl.  and  Ihe  force  which 
i>  hahnuvd  is  called  the  ii-ri;/lil  oi-  Ihe  rrslsldinr.  'I'll" 
leini  power,  >trictlv  s|)eakin,i;'.  mciins  the  lime  rate  of  do- 
inji'  work  and  as  work  does  not  cnti'r  into  the  present  <lis- 
eussioii  the  term  clloil  will  lie  n<cd  in  the  consideration 
of  those  eknnculary  foims  of  machines. 

liKVKlJS 

Perhaps  tlie  simplest  form  of  a  nuichine  is  tlio  Ievei% 
wliiili  consists  of  a  har  resting  nn  a  fixed  point  or  axis. 
The  llxcd  axis  is  called  the  fiihrinii,  and  tlie  distaiicc 
fi-om  the  fulcrum  to  the  points  of  a))plieation  of  the 
clforl  and  the  wei.uiil  are  called  the  arms  of  the  lever. 
Thus  Fi.u'.  I.")  repi-esents  a  lever  couunonly  known  as  the 
crowhar  or  pinch  har.  In  this  i-ase  the  line  />/•/  repre- 
sents the  lever;  the  point  ('  is  the  fidcrum  ;  the  force  J' 
is  the  effort  and  11'  is  the  weij^ht  or  the  resistance  to  he 
balanced.  To  find  the  relation  between  the  effort  /'  and 
the  weight  IF,  take  moments  ahout  the  fulcrum  C.     Thus 

P   X   /^  =   11'   X   -1 
or 


P  = 


H'  X  A 
B 


(U) 


The  reaction  B  on  the  fulernm  of  the  lever  is  equal  to 
the  sum  of  the  effort  and  the  weight,  or  expressed  as  an 
equation, 

/?  =  /'+  ir  (1.-)) 

I-:.r'iiii/ilf':     In  Fig.  4.-).  if  the  distance  .1  =  4  in.  and 


k... 


—  B 


-<-A  ->i 


Fig.  45. 


the  distance  J5  =  48  in.,  what  weight  IF  may  l)e  Ijalaneed 
by  a  man  exerting  an  effort  of  75  lb.  at  the  point  E? 
This  problem  is  solved  bv  applving  equation  (14).  Thus. 

P  =  rX^  or  ir  =  ^><^  =  ^^^  i?  =  900  lb. 

The  reaction  7?  on  the  fulcrum  C  is  the  sum  of  P  and  IF 
or  equals 

900   -f   T.")  =  97.5  lb. 


The    ratio    of    the    lengths    of    the    ;irir]>    of    the     levr'r    is 

called  the  ni(<  liiiiiii  til  mirniiliii/c  of  the  lever,  wliicli.  in 
the  iihove  case,  is  *j^  =  ]2.  If  the  leiiglli  //  wero  Kinalh-r 
than  the  length  .1  there  would  he  a  nin  luiniial  ilisml- 
iiiiilmir. 

Levers  are   usuallv    divided    into   three   classes,   (]epend- 


■1 


A-  >i 
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iiig  upon  the  location  of  the  ell'ort  and  the  weight  rela- 
tive to  the  fidcrum.  In  a  lever  of  the  fir.it  Hnsn  the 
I'tJort  I'  and  the  irclf/ht  IF  are  on  opposite  sides  of  the 
fulcrum,  as  shown  in  Fig.  45. 

Tn  a   lever  of  tlie  .<>erond  rlnfis  the  pffort  P  and   the 
vrnjht  IF  are  on  the  same  side  of  the  fulcrum,  the  effort    1 
being  the  furthest   from   the   fulcrum,  as  shown  in    Fig. 

K;,  where  /'  is  tl Il'oit.    IT  is  the  weight  and  R  is  the 

reaction  at  the  fidcrum.  wliich.  in  tliis  case,  is  the  differ- 
ence hetween   the  weight   and   the  effoil,  or, 

//  =^  ir  —  ]>  (ir,) 

In  a  lever  of  the  third  chi^s  the  cffnrt  and  the  wfifjlil 
are  on  the  same  side  of  the  fulcrum,  the  weight  being 
the  furthest  from  the  fulcrum,  as  shown  in  Fig.  47. 
where  IF  is  the  weight,  /'  is  the  effort,  and  the  reaction  R 
is  the  difference  between  the  effort  and  the  weight  or, 
R  =  P—W  (IT) 

Illustrations  of  levers  of  the  first  class  are  the  crowbar, 
a  pair  of  shears,  the  oar  of  a  boat,  a  claw  hammer,  ct( . 
A  good  illustration  of  a  lever  of  the  second  class  is  the 
wheelbarrow.  FTere  the  axle  supplies  the  fulcrum:  the 
effort  is  sup])lied  by  the  man  at  the  liandles:  the  weight 
is  the  load  plus  the  weight  of  the  wheelbarrow  assumed 
concentrated  at  the  center  of  gravity  of  the  two.  A  safetv 
valve  of  the  form  shown  in  Fig.  48  is  an  example  of  a 
lever  of  tlie  third  class,  for  in  this  case  the  effort  is  the 
total  ])ressure  of  the  steam  on  the  valve  and  the  weight 
oi'  resistance  is  the  ball  placed  at  the  end  of  the  lever. 
If  the  weight  of  a  lever  is  smaTl  com. pared  to  the  force- 
acting  on  the  lever,  it  may  be  neglected,  but  in  cast- 
such  as  a  safety-valve  lever  its  weight  must  be  taken  into 
account.  This  may  best  be  illustrated  by  an  example. 
Thus  in  Fig.  48  assume  the  diameter  of  the  valve  lo  be 
3  in.  and  let  /.  =  30  in.,  T  =  3  in.,  the  weight  of  tli 
hall  IF  =  70  ]b„  the  weight  of  the  lever,  u\  =  ^2  Ih. 
=  10  in.  and  the  weight  of  the  spindle  and  valve,  ir  =  i' 
lb.  "What  steam  pressure  will  be  required  to  raise  the 
valve  from  its  seat  ? 

Let  p  be  the  desired  steam  pressure  in  pounds  per 
square  inch.  The  area  of  the  valve  equals  0.7854  X  -^^ 
=  7.07  sq.in.  and  hence  the  total  steam  pressure  P  acting 
en  the  valve  equals  7.07  X  /'•     l^o''  equilibrium  to  exist 
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the  algchrair  sum  of  the  iiiniiicins  of  all  the  forces  about 
the' point  .1   must  i'(|ual  zero.     Thus, 

ir  X  ('  +  "',  X  /  +  IV  X  J^-=  P  XC  (18) 

or 

(i  X  •■!  +  T^  X  li>  +  :<)  X  30  --^  7.07  X  /'  X  3 
or 

'^l.2\  jj  =  2'-i'<iH  and  jj  =   lOo.-j  llj.  per  sq.iii. 


500  X  4 
2U 


100 
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Hence  a  pressure  of  not  less  than  10.5  lb.  per  sq.in.  will 
be  ref|uirecl  to  raise  the  valve  from  its  seat.  In  this 
problem  the  pressure  or  reaction  at  the  pin  A  equals  P  — 
//;  —  /('i  —  17  =  74G  —  (J  —  18  —  70  =  652  lb.  As  a 
general  rule  the  distance  l  will  be  about  Jj  the  distance  L. 
However,  if  desired,  the  distance  /  may  be  determined  by 
taking  the  lever  apart  and  finding  the  point  D  at  which 
tlie  lever  will  balance. 

Still  another  illustration  of  a  lever  of  the  third  class 
would  be  the  rocker-arm  of  the  Corliss  valve-gear  ol'  a 
horizontal  type  of  engine.  Here  the  fulcrum  is  located 
at  the  pin  bearing  of  the  lower  end  of  the  rocker-arm,  the 
eil'ort  is  the  thrust  of  the  eccentric  rod,  and  the  weight 
is  the  pull  in  the  reach  rod. 

The  various  forms  of  bell  cranks  illustrate  types  of 
bent  levers  and  the  relation  between  the  effort  and  the 
weight  may  be  hgured  as  above. 

WiiKEL  AND  Axle 

Another  connnon  form  of  machine  is  the  ivhcel  and 
axle,  an  example  of  which  is  the  ordinary  hoisting  drum 
used  in  various  kinds  of  construction  work.  Thus  in 
Fig.  49  let  a  force  P  be  applied  at  the  handle  A  of  the 
drum  or  Avlieel  to  overcome  the  weight  W  acting  at  the 
circumference   of   the  axle  whose   radius  equals  R.     To 


Fig.  18. 


find  the  relation  between  P  and  IT,  t 

ake  moments 

about 

the  center  0  of  the  axle. 

Thus 

p  X  i:  =  ir  X  R  or  p  = 

W  X  R 
L 

(10) 

Exam  pip;  What  force  P  must  be  applied  to  overcome 
a  weight  W  of  500  lb.  acting  at  the  circumference  of  a 
drum  8  in.  in  diameter,  if  the  distance  from  the  handle 
to  the  center  of  the  axle  is  20  in.?  In  this  case  L  =  20, 
//  =  4  and  W  =  5()() ;  therefore 


Study  Qhkstions 

51.  What  weight  may  be  balanced  by  the  use  of  a 
crowbar  if  the  fulci'um  be  located  3  in.  from  the  e.g.  of 
the  weight,  and  a  man  exerts  a  force  of  75  lb.  at  a  dis- 
tance of  48  in.  from  the  fulcrum? 

52.  The  distance  From  the  axle  of  a  wheclban'ow  to 
ihc  ('.(J.  of  ihc  total  load  tm  llic  wheelbarrow  is  12  in.  The 
distance  from  the  ctj.  of  llie  load  to  a  point  on  the  handle 
whce  a  man  applies  a  null  of  (iO  lb.  is  4()  in.  What  load 
can  be  balanced  by  the  man? 

53.  In  the  above  problem,  find  the  pressure  of  the 
wheel  on  the  ground  when  the  nuiii  su|)j)orts  the  handles. 

54.  In  Fig.  IS  ('  =  41/2  i".,  /  =  1-5  in-,  ii\  =  25  lb., 
//'  =  10  lb.  and  the  diameter  of  the  valve  is  4  in.  If  the 
steam  jiressure  in  the  boiler  is  80  lb.  jjcr  sq.in.,  at  what 
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point  must  a   ball   weighing   100  lb.   be   i)laced  so  as  to 
prevent  the  valve  from  lifting? 

55.  What  weight  W  may  be  balanced  by  the  applica- 
tion of  a  force  P  of  80  lb.  when  L  =  18  in.  and  B  ^  3 
in.   (see  Fig.  4!)).     Neglect  all  losses. 


A  gage  glass  on  a  steam  separator  connected  up  as 
illustrated  cannot  have  a  current  of  steam  through  it. 
If  the  readers  of  PowF.it  who  have  separators  in  which 


POWEH 

GaoR-OlASS    CoXNECTIOK.g 


it  is  dinicult  to  keep  a  glass  would  try  this  and  report 
results,  it  would  help  to  decide  if  it  is  the  current  of 
.steam  which  causes  them  to  break.  The  lower  end  of  the 
glass  is  water-sealed. 
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OVER  THE  SPDIUILWAY 

J  tST  JKSTS,  J  A  IIS.  JOS  II  i;S  AND   J  i:  M  II  l.l'.S 


Tli«  \V«>NtliiKhi>u«o-('<>oii«r  lli'witt  t'o.  Ltil..  of  LkiuIoii  Im 
iidvi'i'tlMliiK  Its  Mlllfii  liiiii|>  "iiH  II  Htlimiliinl  l<>  i-nK-luyliiK."  I« 
thiM  ail  Inionllvi'  lo  Hlilily  to  "hoo  whoio  hIiu'h  Kollig,"  or  uti 
iitttMiipt  to  liri'iik   ii|>  llif  <li>(>i'-kn<il>  trUHt? 

y. 

Tli(iHi«  Why-I-Woik-ln-a-I'owor-riiint  coiitoHt  poutnlH  are 
ooiiiliiK  I"  iai>lilly--an(l  tlipy'ro  Ki-oat!  Ymi  ft'llowH  who  are 
hoUlhiK  back  luxl  l)i>ttrr  speed 'or  up  n  bit  or  you'll  never  Ket 
that  nve-dollar  Koldpleee  to  buy  one  of  thoHe  Iwo-ijuurt  straw 
kollys  to  make  a  hit  In  your  home  vlUane.  Come,  now,  climb 
<lown  off  the  cracker  barrel  (or  take  your  foot  off  the  brass 
rail)  lonB  oiiouKh  to  do  yourself  proud.  The  contest  will 
close  on  June  9.  The  winner's  name  will  ai>pear  In  the  Issue 
of  June   23. 

':*■' 
rresident  Wilson  !s  credited  with  the  admission  that 
there's  a  slump  in  business.  He  says  there's  no  Rood  reason 
for  It;  the  depression  is  merely  psychological.  What  are  those 
old  thinprs  we  used  to  hear  about  innocuous  desuetude,  mean- 
iiiKless   platKudes   and   sHtterinK   generalities'? 

This  year's  report  of  the  National  Lighters  (meaning  elec- 
tric) committee  on  progress  is  a  Jimdandy — there's  no  other 
word  for  it.  It  sways  with  rhythm,  bulges  with  human  in- 
terest, and  just  tangoes  with  fructification.  Of  course,  it 
must  have  been  the  handiwork  of  our  old  friend,  T.  Com- 
merford   Martin.      May   his   days    be   long   in   the   land! 

X 
As  a  kid,  your  Uncle  Billy  was  some  keen  for  history;  read 
all  the  Rollo  books.  Deadwood  Richard,  Prescott,  Terman's 
Boilers  (Printer;  Don't  set  this  "Broilers"),  Creasy's  Decisive 
Battles  and  Lydia  Pinkem,  but — when  was  Abraham  Lincoln 
a  past  president  of  the  New  Jersey  State  Association?  Got  a 
photograph  here  now  showing  Lincoln,  with  Marty  Hickey  of 
Jersey  City,  minus  his  new  three-pint  kelly;  Jack  McMorrin, 
of  Newark,  Lonely-Road  Inspector  Calahan.  Passaic  Krauss 
and  Home-Run  Sears  artistically  grouped  al)out  Old  Abe.  Is 
this  according  to  the  statoots? 

Sir  William  Willcocks,  the  Goethals  of  the  Assuan  dam, 
in  Egypt,  says  that  in  the  East  graft  is  respected  rather  than 
despised.  Too  bad  the  epidemic  ever  spread  to  our  shores. 
It's  been  dammed  by  many  of  our  engineers,  but  something's 
evidently   wrong    with    the    structure   somewhere. 


SinvstalHin^if  tl^e  First  Exlhibitl  eitt 
Sam   Fran^cisco 

The  nrm  exhilill  of  the  I'liniima- I'lK-llb-  Inlerniillonal  ICx- 
posltlon,  a  SOO-hp.  Di-lnel  engine  manufactured  by  the  Huach- 
SulzcT  MroH.  Co.,  of  St.  Louis,  wiiB  InHlallcd  In  the  I'aliice  of 
Machinery  on  May  27  with  linpreUBlve  cerenionleH,  In  which 
stale  and  city  olllclals  anri  executives  of  the  expoHillon  par- 
tl<-lp,ileil.       Several     hundred    gueslH    attended. 

When  Miss  Ileger,  daughter  of  W.  H.  Heger.  I'acinc  CoaHt 
iiiiinager  of  the  HuHch-.Sulzer  Hriis,  (!o.,  pulled  the  lever  which 
set  in  motion  the  machinery  of  the  giant  pile-driver,  cheer 
after  cheer  rent  the  air  and  united  with  the  reverberations 
from  the  Impact  of  the  steam  hammer  upon  the  top  of  the 
(Irst   pile   to   bo   driven    In   Ihi-    I'alaci^   of   Machlni-ry, 

Mr.  Heger  opened  the  ceremonies  by  a  short  address  of 
wel<:ome,  and  was  followed  by  ("apt.  Asher  Carter  Maker, 
I'.  S.  N.  (retired),  director  of  the  division  of  exhibits,  who 
formally  accepted  the  exhibit  and  presented  a  deed  to  Mr. 
Ileger  granting  the  company  the  right  to  the  central  space  In 
the  palace. 

"We  have  had  many  ceremonies  here  on  many  various  oc- 
casions since  the  day  President  Taft  broke  ground  for  the 
<'xpositlon,  but  none  that  was  more  important  than  this," 
said  Captain  Baker.  "There  are  three  phases  In  the  life  of  an 
exposition:  the  construction  work,  the  installation  of  exhibits 
and  the  period  during  which  both  the  buildings  and  the  ex- 
hibits are  displayed  to  the  world. 

"Today,  nine  of  the  principal  exhibit  palaces  are  com- 
pleted and  are  accepted  by  the  division  of  works.  This 
marks  the  near  close  of  the  construction  period,  and  the  in- 
stallation of  this  exhibit  at  this  time,  nine  months  before  the 
opening  day,  demonstrates  the  unparalleled  progress  of  the 
exposition.  It  is  eminently  fitting  and  decidedly  appropriate 
that  the  first  exhibit  to  be  installed  should  be  a  Diesel  engine, 
the  product  of  an  American  manufacturer,  and  a  marvel  of 
mechanical  science,  which  has  opened  up  a  new  field  for  the 
marketing  of  an  important  California  product,  crude  oil.  It 
was  onl.v  recently  that  the  first  transoceanic  ship  equipped 
with  a  Diesel  engine  was  launched  and  on  her  initial  voyage 
made  San  Francisco  a  port  of  call,  loading  with  California 
oil." 

Lieutenant-Commander  Clark  Howell  Woodward,  U.  S.  N., 
delivered  an  interesting  talk  on  the  "Use  of  the  Diesel  Engine 
in  the  Navy."  He  called  attention  to  the  fact  that  two  sister 
ships  are  now  being  built  at  the  Mare  Island  Navy  Yard,  the 
"Maumee,"  to  be  equipped  with  a  Diesel  engine,  and  the  "Kan- 
awha," with  a  steam  engine,  and  that  this  would  be  an  excel- 
lent test  of  the  comparative  advantages  of  the  two  types  of 
engine. 


Kleven  years  ago,  Samuel  Langley  witnessed  the  failuie  of 
his  flying  machine.  The  ridicule,  the  sneers  and  the  insults 
heaped  upon  this  man  of  splendid  courage  and  faith  broke  hi.s 
heart.  Today,  Glenn  Curtiss,  at  the  request  of  the  Smith- 
sonian Institution,  has  demonstrated  that  "Langley's  Folly" 
embodied  principles  of  construction  that  make  successful 
flight  possible — it  flew!  All  honor  to  Curtiss  for  his  vindica- 
tion of  Professor  Langley! 

The  pumps  in   the  anthracite   mines   pump   more  than  3400 

tons   a   minute,   or   nearly    1,800,000,000   tons   of   water   a   year. 

If    this    supply    were    diverted    to    those    promoters    who    are 

selling  "gold  mines"  at  59c.  on  the  hoof — good  evening,  Ignatz! 

;*' 

"Professor,  we'll  have  to  send  this  coal  down  to  Georgia 
and  have  it  weighed,"  said  the  student  at  work  on  a  coal- 
analysis  test. 

The  professor's  batting  average  on  humor  was  about  0.030. 
"Certainly  not!"  he  declared.  "We  have  the  best  balances  in 
the  country  in  our  laboratory." 

"Well,  it's  written  here  plainly  enough:  'Coal  must  be 
weighed   in  a   dry   state.'  " 

An  English  correspondent  in  "Power  User"  says  the  follow- 
ing clipping  is  the  last  word   in   steam-plant   management; 

SAVED  BY  A  ONE-LEGGED  MAN — At  a  meeting  .of  the 
Dunmow  Guardians,  the  workhouse  master  reported  that 
owing  to  the  spring  season  all  the  able-bodied  men  had  left 
and  a  man  of  73,  who  has  a  wooden  leg  and  is  subject  to  fits, 
had  been  called  on  as  the  most  active  male  inmate  to  take 
charge  of  the  steam  boiler  and  stoke   it  ten   hours  a  day. 

Evidently,  the  able-bodied  men  believed  in  safety  first — 
ind   skipped! 


The  sixth  annual  convention  of  the  National  District 
Heating  Association  was  held  at  the  Hotel  Seneca.  Rochester, 
N.  Y.,  on  May  26,  27  and  28.  It  was  attended  by  about  150 
members,  representing  district  heating  plants  of  many  local- 
ities. A  notable  feature  of  the  convention  was  the  large 
number  of  papers  presented  by  men  who  are  actively  engaged 
in  district  heating  engineering,  the  character  of  the  ad- 
dresses, papers  and  discussions  signifying  that  the  problems 
of  district  installations  and  operation  are  being  met  with  a 
high  order  of  engineering  intelligence,  skill  and  persever- 
ance. 

The  first  session  was  called  to  order  by  President  S.  Mor- 
gan Bushnell,  Chicago,  111.  In  the  absence  of  the  mayor  the 
members  were  welcomed  to  Rochester  by  Commissioner  of 
Public  Safety  Charles  E.  Owens.  A  report  presented  by 
Secretary-treasurer  D.  S.  Gaskill  showed  the  organization  to 
be  in  good  financial  condition.  The  applications  which  were 
favorably  acted   upon   increased   the  membership  to   300. 

In  his  address  to  the  association.  President  Bushnell  com- 
mented on  the  fact  that  central-station  heating  was  at  first 
regarded  as  an  unwelcome  consideration  by  managers  of  cen- 
tral light  and  power  stations,  who  were  inclined  to  avoid  the 
heating  problem.  It  is  only  within  a  comparatively  few 
years  that  there  has  been  an  organized  effort  to  collect  and 
s.vstematize  information  on  central  steam  and  hot-water 
heating  projects,  to  place  them  on  a  scientific  basis  compat- 
ible with  their  economic  importance.  Figures  were  quoted 
showing  that  it  is  highly  improbable  that  central  steam  and 
hot  water  systems  would  be  outrivaled  by  other  methods  of 
heat  distribution,  and  especially  by  electricity,  as  the  cost 
was  about  eleven  times   the   cost   which  has   been   established 
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for  distribution  by  steam  find  hot  water.  Referring  to  gas  as 
a  competitor,  the  president  thought  this  was  a  negligible 
consideration  excepting  in  those  districts  which  are  favored 
by  a  supply  of  natural  gas.  The  president  also  stated  that 
the  comfort,  convenience,  cleanliness  and  actual  economy  of 
central  heating  are  already  appreciated  by  thousands  of 
satisfied  customers,  and  benefiting  by  the  experience  of  the 
plants  already  in  existance,  it  is  safe  to  predict  a  rapid  in- 
crease in  the  number  of  installations.  The  statement  was 
made  that  the  capital  invested  in  central  station  heating  now 
runs  into  the  millions  and  the  number  of  companies  engaged 
has  been  estimated  at  from  300  to  400. 

The  leading  papers  and  discussions  were:  Report  of  Meter 
Committee;  Hot  Water  Heating  Under  Forced  Circulation; 
Expense  of  Operating  Centrifugal  Pumps,  vs.  Double  Acting 
Pumps;  Some  Effects  of  Utility  Regulations  as  Affecting  Dis- 
trict Heating;  Effect  of  Superheated  Steam  on  Heating  Sys- 
tems; District  Heating  for  Small  Towns  and  Cities;  Heat 
Losses  from  Buildings  of  Latest  Construction;  Which  is  IVIore 
Profitable,  to  Shut  Off  Steam  at  Night  or  Keep  It  on  Continu- 
ously?; Economic  Advantages  to  Consumers  of  Central  Sta- 
tion Heating  Service  over  Individual  Heating  Plants;  Re- 
port of  Rate  Committee;  Customers'  Steam  Heating  Systems; 
Commercial  Steam  Heating  in  New  York  City;  Report  of  Edu- 
cational  Committee;    Report    of   Station    Operating    Committee. 

The    officers    elected    for    the    coming    year    follow:      Presi- 


dent, H.  R.  Wetherell,  of  Peoria,  111.,  first  vice-president,  D.  S. 
Royden,  of  Ro«ton;  second  vice-president,  H.  T.  Gifford,  of 
Grand  Rapids;  third  vice-president,  G.  W.  Martin,  of  New 
York  city;  secretary  and  treasurer,  D.  L.  Gaskill,  of  Greene- 
ville,  Ohio;  excutive  committee,  S.  Morgan  liushnell,  of  Chi- 
cago;   H.  Almert,   of  Chicago,   and  C.   P.  Oehlmann,   of  Denvei 

Professor  James  D.  Hoffman,  M.  E.,  past  president  of  A.  S. 
H.  and  V.  E.,  Mem.  A.  S.  M.  E.,  formerly  of  Purdue  Uni- 
versity and  now  professor  of  mechanical  engineering.  Uni- 
versity of  Nebraska,  was  elected  an  honorary  member  of  the 
association,  in  recognition  of  his  contributions  to  the  science 
of  district  heating 

Special  entertainment  for  ladies  was  provided  in  auto 
tours,  a  trip  on  Lake  Ontario  and  card  parties.  A  theater 
party  on  Wednesday  evening  and  an  informal  reception  on 
Thursday  evening  were  largely  attended  by  members  and 
guests.  On  Thursday  afternoon  a  visit  of  inspection  was 
made  to  the  factory  of  the  Taylor  Instrument  Co.  and  on 
Friday  the  entire  convention,  as  a  guest  of  the  American  Dis- 
trict Steam  Co.,  went  by  special  Pullman  train  to  Niagara 
Falls,  stopping  en  route  at  Lockport,  where  the  first  district 
heating  plant  was  installed.  After  spending  Friday  after- 
noon in  sightseeing  at  Niagara  Palls,  the  members  and  guests 
returned  to  Rochester  and  the  convention  was  brought  to  a 
close. 
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SYA^OPSIS — There  appears  to  be  a  wide  dhcrepancii 
between  acliuil  performances  and  the  alleged  possibilities 
of  the  blast-furnace  gas-engine  driving  alternating-cur- 
rent generators.  Some  of  the  deficiencies  are  pointed  out 
and  comparisons  are  made  with  a  steam-turbine  plant. 

'M 
Before  a  joint  meeting  of  the  Chicago  section  of  the  Amer- 
ican Institute  of  Electrical  Engineers  and  the  electrical  sec- 
tion of  the  Western  Society  of  Engineers  on  April  27,  F.  G. 
Gasche,  mechanical  engineer  of  the  Illinois  Steel  Co.,  de- 
livered an  interesting  lecture  on  the  blast-furnace  gas  en- 
gine as  a  prime  mover  for  driving  alternating-current  gen- 
erators. Due  to  the  discrepancy  between  actual  perform- 
ances and  the  alleged  possibilities  which  is  now  agitating 
steel  mill  engineers  the  subject  is  timely.  It  was  discussed 
by  Mr.  Gasche  under  the  following  subdivisions;  The  laws 
of  thermodynamics,  the  direct  commercial  problem  and  the 
serviceability  of  the  equipment. 

THEORETICAL  EFFICIENCIES 
Among  other  things  it  is  known  that  the  limit  of  thermo- 
dynamic efficiency  is  expressed  by  the  difference  of  the 
initial  and  final  temperatures  of  the  working  fluid  divided  by 
its  initial  absolute  temperature.  In  the  entire  domain  of 
prime  movers  there  is  available  a  temperature  range  of  3000 
deg.  F.,  approximately.  The  conversion  of  heat  into  work 
throughout  this  range  in  any  one  prime  mover  is  physically 
impossible. 

The  lower  limit  of  temperature,  for  average  steam-turbine 
practice,  is  approximately  80  deg.  P.  The  exhaust  from  gas 
engines  is  rarely  under  1000  deg.,  notwithstanding  the  enor- 
mous water-cooling  effect  applied  to  cylinders,  ports  and 
valves,  but  the  final  temperature  of  expansion,  as  the  incident 
of  conversion  of  heat  into  work  by  expansive  use  of  the  gas. 
can  seldom  be  less  than  1200  deg.  F.  The  limit  of  thermo- 
dynamic efficiency  of  this  type  of  prime  mover,  which  can- 
not be  approached   by  a  wide  margin,   is 

100  X g^jTjj =  52  per  cent. 

Modern  steam  turbines  of  suitable  design  and  capacity 
may  be  successfully  operated  with  initial  steam  tempera- 
tures of  700  deg.,  which  with  a  condenser  temperature  of  Hi) 
deg.,   gives  a   maximum    thermodynamic   efficiency   of 

ynn   of) 

100  X       ,,°     =  53.5  per  cent. 
1  IbO 

This  cannot  be  approached  on  account  of  practical  limita- 
tions. 

It  will  be  noticed  that  the  temperature  range  for  the  gas 
engine  is  incapable  of  material  extension  without  the  indulg- 
ence of  expansions  and  cylinder  dimensions  already  prohibi- 
tive because  of  mechanical  and  commercial  limitations.  Con- 
sequently,   no    material    improvement    of    inherent    thermody- 


namic efficiency  is  a  possibility  for  the  gas  engine.  On  the 
other  hand,  there  is  a  wide  gap  in  the  temperature  range 
(700  to  1200  deg.)  not  at  present  utilizable  by  any  type  of 
prime  mover,  and  which  is  the  exclusive  prerogative  of  the 
turbine  if  speculation  is  made  on   the  tendencies  of  design. 

During  the  early  days  of  the  gas-engine  much  emphasis 
was  placed  on  the  assertion  that  with  the  new  type  of  prime 
mover  no  steam  boilers  would  be  required.  But  the  enormous 
jacket-water  heat  losses  were  unpopular  as  a  subject  of  com- 
ment. Much  stress  was  laid  on  the  high  initial  tempera- 
tures of  working  fluid  to  which  the  gas  engine  would  be  de- 
voted, but  no  comment  on  probable  high  temperatures  of 
exhaust  could  be  Indulged.  Many  dissertations  appealed  con- 
cerning use  factor,  load  factor  and  efficiency  without  a  sug- 
gestion of  the  hospital  recoids  of  sick  gas  engines,  and  the 
long  periods  of  convalescence  after  an  exhibition  run.  Nor 
was  there  a  suspicion  of  the  disastrous  effects  on  every  other 
prime  mover  by  the  injection  of  the  hit-or-mis.s,  impactive. 
threshing  influence  on  a  whole  power  circuit  in  the  name  of 
an   exponent  of  high   thermal   efficiency. 

ACTUAL  PERFORMANCE 

In  comparing  the  actual  performance  of  blast-furnace  gas 
engines  driving  alternating-current  generators  with  the 
actual  performance  of  turbine-driven  units,  Mr.  Gasche  had 
personal  knowledge  of  the  performance  of  four  2000-kw.  ga.s 
engines  operating  for  a  period  of  three  months  with  the  most 
favorable  conditions  for  a  constant  and  rated  load.  Mean- 
while, all  of  the  peak  loads  and  variations  were  assumed  by 
a  large  turbine  in  the  vicinity.  All  the  fuel  gas  was  meas- 
used  by  a  large  venturi  meter.  Statements  of  the  thermo- 
dynamic efficiency  of  larger  installations  have  been  uniformly 
pure  fancies  of  interpietation  in  the  absence  of  any  means 
for  measuring  the  aggregate  gas  supply.  The  coefficient  of 
flow  of  this  venturi  meter  is  known  within  one  per  cent, 
error.  Under  such  circumstances  the  energy  at  the  switch- 
board  was   19.2  per   cent,   of  the  energy   supply  of  the  gas. 

A  recent  publication  ("Stahl  und  Eisen,"  No.  51,  1913) 
shows  an  over-all  thermal  efficiency  of  boilers,  turbine  and 
generators  of  13.63  per  cent,  with  long  continued  service  and 
extremely  variable  loads.  With  conditions  of  load  as  favor- 
able as  that  recited  for  the  gas  engine  plant,  the  over-all 
thermal  efficiency  would  be  at  least  14..'')  per  cent.  On  the 
basis  of  19.2  per  cent,  and  14  per  cent,  the  relative  fuel  de- 
mands of  gas  engines  and  turbines  for  steel  mill  loads  would 
stand  approximately  in   the  ratio  of 

J4_ 1_ 

19.2       1.371 

that  is,  the  steam  turbine  would  require  37  per  cent,  more 
fuel  for  the  same  output.  Whether  this  quantity  is  more 
or  less,  a  deliberate  examination  of  the  contemporaneous  per- 
formances of  different  types  of  plant,  or  of  their  relation  even 
ten  years  ago,  will  show  that  the  extravagant  claims  con- 
cerning the  fuel  savings  by  gas  engines  were  never  justified. 
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TIk'  HliiltMiii-iit  WMH  ninili>  iiboiit  the  tinio  of  Itio  IiinI;i  ll.il  inn  nf 
till'  liii'K<'i'  kiih-oiikIiio  plaiitN  tliat  tlii<  tiirliliii*  would  uhu  iit 
IfiiHt  J ',D  tImoH  tlio  furl  i'<>(|uli'c'<l  liy  tlu'  fnrnnr,  and  Iriday  ox- 
ponf-nlM  of  gnH  i>mkIii<'h  aNHci  i  dial  the  latlo  Is  at  louMt 
■-■  to  1, 

INVKST.MKNT 
Till'   illicrt    commoiclal    inidilciii    of    liivCMtment    Ih   rontcm- 

pOI  alKMIUH,     hIDI'O     HOIIir      Illlpl'OVflllflll      ill      liolll     KHH     fllKllM'H     all<l 

Ntcaiii  tiii'IdiiCH  in  to  III'  cxpoctfd.  A  proiiilHiiiK  ilfvolopiiicnt 
of  the  former  coiiHlHtM  in  the  ho  culled  .scaveiiKlnK  pioci-SH. 
helUK  essentially  the  more  complete  removal  of  biiint  icuhom 
by  nn  Injection  of  air  Into  the  nan  cyllnilers  prevloiiH  to 
the  entry  of  the  explosive  charge.  The  rapid  advances  In 
the  use  of  hinh  pressures  and  hinh  suiierhentinK  of  steam  i.s 
responsible  for  turbine  perfoniiiiiices  which  iironilse  thermal 
elllciencles  fully  as  hlKh  as  the  lust  peiforiiiaiice  of  Kiix  eii- 
Klnes.  Steam  boilers  and  their  e(|iiiiinient  are  receiving  n 
concentration  of  attention,  such  that  the  attainable  iierfoiin- 
nnces  of  nas   producers   will   be   permanently   surpassed. 

Attempts  have  been  made  to  Incicase  the  capacity  of  Kas 
engines  by  the  indUlKeni'e  of  high  piston  speeds,  and  thereby 
decrease  the  unit  cost.  The  inertia  stresses  on  laige  jrns 
enKines  aie  .ilready  high  and  ,iny  movement  for  their  in- 
crease in  this  manner  will  meet  with  oiiiiosition.  Takin>i 
the  records  of  the  past  iis  some  indication  of  th6  prices  that 
may  be  demanded  in  the  future,  and  with  the  additional  con- 
sideration that  the  overload  capacity  of  the  gas  engine  U 
limited  to  about  2r>  per  cent.,  the  investment  situation  may 
be    summarized    as    follows: 

A  steel  mill  power  plant  of  g;as  euKines  will  lequire  sucli 
an  installation  adequate  for  all  peak  loails  that  the  cost  per 
kilowatt  based  on  avcraKe  mill  load  will  be  at  least  $1()<>. 
Turbine  installations  for  the  same  character  of  mill  load,  and 
adeiiuate  for  all  peak  loads,  will  cost  not  more  than  $.')").  The 
relative  fixed  charges  will,  therefore,  be  in  the  latio  of  nr. 
to  100,  or  1  to  1.82.  TakiuK  the  cost  of  fuel  for  the  steam 
turbine  plant  at  $0,003  per  kvv.-hr.,  and  a  6000-hr.  service  per 
year,    the   fuel   cost   would    be   as   follows: 

Steam    turbines    $18.00 

Gas     engines     15.00 

The  difference  in  favor  of  gas  engines  is  $4.90  per  kilo- 
watt per  year.  Taking  the  fixed  charges  of  both  plants  at 
l.";   per  cent.,   the   annual   charge  per   kilowatt   would   be 

Steam   turbines    $8.25 

Gas  engines    15.00 

The  difference  in  favor  of  the  turbine  is  $6.75.  The  advant- 
age of  the  turbine  plant  over  the  gas-engine  plant,  con- 
sidering simply  fuel  demands  and  fixed  charges,  amounts  to 
$1.85  per  kw.  per  year.  A  consideration  of  operative  expense, 
supplies,  etc..  will  further  widen  the  gap  between  turbines 
and  blast-furnace  gas  engines  to  the  advantage  of  the 
former. 

The  iron  and  steel  business  has  been  called  the  "barometer 
of  trade."  with  the  implication  that  periods  of  depression  and 
good  times  alternate.  A  power-plant  equipment  sufficient  for 
the  maximum  demands  of  business  must  of  necessity  exhibit 
a  number  of  idle  prime  movers  in  periods  of  depression 
Leaving  aside  the  reasonable  provision  of  spare  units  for  re- 
pairs and  maintenance  conditions,  it  is  manifest  that  a  type 
of  prime  mover  requiring  a  heavy  investment  constitutes  a 
serious  encumbrance  to  the  business  during  times  of  de- 
pression, because  of  the  heavy  fixed  charges.  A  power  plant 
having  an  additional  investment  of  one  million  dollars  over 
th«  requirements  of  another  type  of  equipment  will  cause  a 
loss  at  the  rate  of  $150,000  per  year,  approximately.  Periods 
of  business  depression  can  easily  be  encumbered  with  inter- 
est losses  which,  in  the  aggregate,  would  buy  much  of  the 
fuel   required   by  steam  equipment  during  jirosperous  times. 

SERVICE 
If  infatuation  for  the  supposed  thermal  advantages  of  the 
gas  engine  had  not  disarmed  all  discretion,  there  would 
not  be  the  array  of  incongruities  now  displayed  in  the  at- 
tachment of  a  four-stroke-cycle  gas  engine,  even  of  the  four- 
cylinder,  double-acting  type,  to  an  alternating-current  gen- 
erator. This  service  by  all  industrial  and  commercial  con- 
siderations should  give  emphasis  to  uniformity  of  speed,  mo- 
mentary as  well  as  for  average  conditions.  Take  an  engine 
operating  at  S3  r.p.m..  with  the  four-stroke-cycle  action.  On^ 
stroke  in  four  is  effective,  and  the  three  preceding,  represent- 
ing a  time  lag  of  2.7  seconds,  must  attend  any  attempted  re- 
adjustment of  valve  gear  to  suit  a  change  of  load,  -assuming 
an  instantaneous  movement  of  a  governor.  The  movement  of 
a  governor  throughout  its  range  can  scarcely  occur  in  less 
than  half  a  second,  such  that  with  perfect  adjustment  and 
design  of  the  gas  engine  as  a  whole  it  cannot  respond  to  a 
change  of  load  beyond  the  small  capacity  of  a  flywheel  in 
less  than  3  seconds. 


II  may  be  i  rindldered  that  I  .le  mullipllclty  of  lyllndeiB  and 
ciiiiiliN  ulvliiK  an  impiilHii  Iwlce  for  each  revolution  woiilil 
alleviate  thiH  trouble,  but  reference  In  made  to  chaiiKeM  of 
load,  lit  which  lime  nil  eyllndorM  lire  Hubject  to  the  Hiimn 
time  hiK  due  to  the  four-cycle  action.  The  HiKnIfii'nneo  of 
IIiIh  lime  biK  will  be  a|ipiirenl  to  the  electrbal  eiiKlneer  when 
the  character  of  load  ImpoHed  on  ii  Hteel-iiilU  power  plant 
Ih  realized.  An  InHtallatlon  of  any  maKnItudo  would  ONten- 
slbly  contemplate  Hervlei-  to  motor-ilrlvvn  rolllnfc  mills  poii- 
HCHHlng  peak  load  characterlHtlcH  the  severity  of  which  is 
without  precedent  or  duiillcatlon  In  any  other  IndUHtrlal  ap- 
plication of  electric  power.  Single  operations  on  a  roll 
train  may  require  eiierKy  delivered  at  a  rale  of  KOOO  hp.  for 
three  secondH  or  Ichh.  A  iiiiiltipliclty  of  m"t«r-ilrlvcn  millB 
may,  by  noiiHy nchronoUH  operatloiiH,  inlnimize  the  time  and 
iiiagnltuile  of  peak  load  requlrementM  on  the  power  plant,  but, 
iiiiforlunately,  there  Ih  nothing  to  prevent  the  HuperpoHlng  of 
peak  loads  on  the  power  plant  and  In  very  iihort  intervalH  of 
time.  Knder  such  clrcuniMtances,  the  time  lag  characteristic 
of  the  four-stroke-cycle  gas  engine  renders  it  Incapable  of 
maintenance  of  reasonable  uniformity  of  speed,  and  there 
results  disastrous  effects  on  the  whole  electrical  power  sys- 
teni.  As  to  providing  sufllcient  (lywheel  effect  on  the  gas 
engines,  it  may  be  stated  that  the  peak  loads  In  such  a 
plant  could  be  sustained  by  energy  from  flywheels  for  about 
one  second  after  which  additional  effort  is  required  of  the 
gas  engine  and  probably  beyond  the  capacity  of  any  practic- 
able  number   of  power   units. 

CRANK    EFFORT    DIAGRAM 

In  crank  effort  diagrams  of  steam  engines  there  is  more  or 
less  deviation  from  an  average  value,  which  is  properly  pro- 
vided for  in  a  suitably  large  flywheel.  In  the  four-stroke- 
cvcle,  double-tandem  and  quarter-crank  blast  furnace  gas 
engine,  operating  with  a  constant  load  on  the  generator  anJ 
with  eiiual  and  iiractically  jierfect  gas  distribution  on  both 
sides  of  each  piston,  the  crank  effort  diagram  is  of  the 
remarkable    form    here    shown. 

The  ideal  crank  effort  diagram  as  thus  developed  is 
seriously  distorted  in  any  actual  gas  engine  of  this  type  be- 
cause of  the  inabilit.v  of  the  engine  to  produce  such  indicator 
diagrams  under  "man  jiower"  regulation  is  startling  in  the 
100 
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Angular  Advcince  of  Crank, Degrees 
Crank  Effokt  Diagkam 

absence  of  any  possibility  of  automatic  regulation  with 
change  of  load.  There  are  four  large  torque  values  and 
two  minimum  values  which  are  less  than  zero.  In  other 
words,  the  ideal  adjustment  of  the  ideally  perfect  construc- 
tion still  imposes  that  twice  in  each  revolution  the  flywheel 
must  drag  the  crank  and  reciprocating  parts,  and  at  tho 
same  time  carry  the  load   on   the  engine. 

Flywheels  of  suitable  capacity  to  accomplish  these  extra- 
ordinary results  must  be  so  large  that  the  structures  are 
physically  and  commercially  preposterous,  since  they  cannot 
be  selected  alone  from  consideration  of  inertia  effects.  In 
all  cases,  prior  consider.'vtion  must  be  given  to  the  natural 
and  forced  frequencies  of  the  gas  engine  and  generator  com- 
bined, such  that  the  natural  periods  of  oscillation  of  the 
wheels  do  no  lead    to  resonance  effects. 

The  mechanical  efliciency  of  the  double  tandem  gas  engine 
at  fractional  loads  has  proved  a  disappointment,  while  even 
for  full  load  it  is  seldom  as  high  as  85',;.  The  enormous 
friction  loss  has  a  serious  effect  at  fractional  loads  such  that 
a  load  factor  of  70  per  cent,  will,  in  all  probability,  be  at- 
tended by  an  over-all  theimal  efficiency  not  exceeding  15 
per  cent,   for  the  plant. 
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There  is  now  ;iii  opportunity  for  the  optimism  with  which 
the  engineer  should  approach  such  a  discouraging  outlootc. 
The  "legacy"  of  the  gas  engine  installations  is  on  hand  with 
the  one  fortunate  circumstance  that  they  are  not  of  sulli- 
cient  capacity  for  the  plants  which  they  serve.  Additional 
equipment  of  gas  engines  will  not  correct  inherent  defects 
of  the  type  of  prime  mover,  but  a  suitable  addition  of  steam 
turbine    equipment    will    minimize    their    influence. 

In  ijiactically  every  steel  plant  of  the  magnitude  where 
gas  engines  became  a  habit,  there  are  immense  quantities  of 
heat  fiom  open  hearth  furnaces,  heating  furnaces,  etc.,  which 
can  be  effectively  applied  to  steam  generation.  Delivery  of 
this  to  steam  turbines  of  a  suitable  type  will  favor  the  pro- 
duction of  enough  electrical  energy  to  rehabilitate  the 
power-plant    service. 

DISCUSSION 

In  the  discussion  following,  all,  with  two  exceptions, 
were  in  accord  with  the  author  of  the  paper. 

W.  B.  JACKSON  had  not  had  occasion  to  figure  on  gas 
engines  of  such  large  capacity,  but  on  units  rated  at  several 
thousand  kilowatts  he  would  recommend  a  steam  plant.  In 
his  opinion,  the  development  of  the  gas  engine  had  been 
worth  while,  because  it  is  a  deviation  from  the  steam  cycle 
and  one  step  toward  the  great  improvement  that  must  be 
made  in  the  conversion  of  heat  into  electrical  energy.  The 
day  must  come  when  instead  of  getting  from  3  to  22  pet- 
cent,  of  the  energy  in  the  coal,  the  electrical  output  will 
closely   approximate   the    initial    energy. 

R.  \V.  ALLION  stated  that  the  product  of  the  gas  engine 
did  not  compare  favorably  with  that  of  the  steam  turbine 
plant.  He  had  looked  into  the  records  of  a  large  gas-engine 
plant  and  found  that  the  fluctuations  from  a  normal  load  of 
45,00(1  kilowatts  were  as  high  as  15,000  kilowatts.  These  de- 
viations in  load  resulted  in  a  change  of  speed  which  effected 
the  frequency.  Such  service  might  perhaps  do  for  steel 
mills  but  not  for  other  plants.  Better  lesults  would  be  ob- 
tained with  the  more  uniforin  frequency  attained  in  steam 
plants.  A  storage  battery  would  tend  to  relieve  the  situation, 
but  the  cost  of  a  battery  to  handle  more  than  30  per  cent,  of 
the   load    would    be    excessive. 

T.  MILTON,  a  representative  of  a  storage  battery  com- 
pany, had  observed  the  operating  conditions  of  a  plant 
having  %  mile  of  gas  engines  and  in  his  opinion  the  solu- 
tion of  the  problem  was  to  put  in  enough  storage  batteries 
to  give  the  gas  engine  a  steady  load.  Within  3  seconds  he 
had  seen  a  battery  swing  from  30,000  amperes  discharge  to 
13,000  amperes  charge.  A  battery  will  care  for  sudden  and 
heavy  changes  of  load,  and  if  there  were  enough  battery  ca- 
pacity in  the  plant  the  change  in  load  could  be  handled  in 
1/10     seconds. 

O.  H.  WEST  referred  to  the  Gary  plant,  in  which  there 
are  43  gas  engines  ranging  in  capacity  from  3500  to  4500 
kilowatts.  The  power  cost  in  this  station  is  less  than  any 
other  plant  of  the  United  States  Steel  Corporation.  One  of 
the  advantages  of  the  gas  engine  unit  is  the  rapidity  with 
which  it  may  be  started.  He  had  seen  them  brought  up  to 
speed  and  synchronized  on  the  bus  bars  in  30  seconds.  In 
operation  the  regulation  has  been  greatly  improved.  With 
the  improved  governor  the  speed  can  be  maintained  closer 
than  S  per  cent.  When  a  gas  engine  is  thrown  from  no  load 
to  full  load  and   vice-versa. 

MR.  GASCHE,  in  reply,  admitted  that  a  steady  load  ap- 
plied to  a  gas  engine  by  an  alternating-current  generator 
with  storage-battery  service  would  be  ideal,  but  no  steel 
plant  has  a  steady  load  nor  can  it  be  prescribed  when  the 
peak  loads  will  come.  If  this  were  possible,  more  units 
could  be  put  on  to  handle  it.  With  such  variable  loads  from 
the  mill  trains  on  and  off  so  quickly  a  storage  battery  would 
be  seriously  embarrassed,  and  unless  it  had  a  capacity  be- 
yond all  reasonable  proportions  to  the  load,  it  would  be  of 
little  use.  As  to  the  time  of  putting  these  large  gas  engines 
into  service,  he  had  seen  it  done  in  1%  min.,  but  the  usual 
time  was  2%  min.  In  reply  to  a  question  as  to  the  proper 
capacity  of  steam-turbine  plant  to  handle  the  peak  loads  of 
1  gas-engine  plant,  the  proportions  of  30  and  7C  per  cent., 
respectively,    were   given. 
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From  Thursday,  May  28,  to  Sunday,  the  30,  N.  A.  S.  E.  men 
>f  New  Jersey  and  the  vicinity  enjoyed  the  twenty-third 
innual  convention  and   e.\hibit   in   Elks   Hall,   Jersey  City. 

State  I'resident  Jenkinson  called  the  eleven  associations  in 
lie  state  to  order  for  the  opening  business  session  at  3:00  p.m. 
Saturday.      At    this    time    the    various    committees    presented 
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tlH>lr  r«<|>ortii,  most  linportimt  of  which  \vi-n<  the  rrpmlH  of 
Itio  (Mlurittloiin)  ami  IcKUhilivo  coiiinill ti'OH.  Thv  foriiiiT  cotn- 
liilltcu'M  ri'iHii't  Hhowoil  iiioHt  coiiiiiioiKlaliln  icNUltH  for  lh» 
yi'iir,  filthoiiKh  oi.ly  lhi«-i'-fourthn  of  Ihi-  inon«>y  npiiroprlii- 
lloii  wiiM  u««>(l.  The  U'Klxlatlvi'  coiniiiltU'O  ic-poitud  thiit  Ihii 
liiiK-iui  which  will  cxninliip  ciincllilulon  mid  Ihmuc  IIcuuhcm 
umliM-  tho  new  «taU>  ciihIiiocmm'  IIc<>ii«o  liiw  wiih  liolnif  pro- 
piircd    for  oi'KiiiilKnt Ion    by    the   ('oninil»Hloii   of   Labor, 

The  l>i'(>fnli'ak  HuppiM'  Satuiihiy  evening  waH  thorouKhly 
••njoycil  liy  everyone.  It  Ih  not  often  that  InilluH  partlcl|)ato 
In  a  licefHteak  niii>per,  where  "llnnerM  before  forka"  Is  tho 
rule,  but  hero  tho  fair  oiiea  In  lar^u  white  aprons  and  comie 
headKear  found  pleasure. 

On  l'"rlilay  evening  n  BPioker,  InoludInK  eabnret  talent  and 
refreshments,  was  ^Iven  by  tho  exhibitors,  who  also  fur- 
nished   the   refreshments   after   ."Saturday's   sesHlon. 

Tho  speakers  of  the  evenluK  weic:  National  President 
James  It.  Coe;  Assemblyman  Cirlllln;  Charles  II.  Hromley, 
chairman  of  tho  eilucatlonal  committee;  Henry  V>.  Cozens. 
First  National  President  and  National  Trustees  Joseph  Carney 
and  William  Ueynolds.  ICntertalnment  was  furnished  by 
Jenkins  Hros.  and  Jack  Armour  of  "l'(>w<'r."  under  the  di- 
rection  of   Frank    Martin. 

On  Sunday  mornliifr  the  business  was  resumed,  the  fol- 
lowlnpr  olllccrs  beliift  elected:  President.  Charles  Summer, 
Iloboken;  vice-president,  Dennis  V.  Hartley  Jersey  City;  sec- 
retary, James  S.  Heath,  I'^Iizabetb;  treasurer,  Thomas  Brown, 
Newark;  conductor,  Arthur  Truman,  Atlantic  City;  door- 
keeper. Willi.ini  T.   Brown,  Jersey  City. 


Master  Boiler  Makers'  EigHtlK 

Amiimujial  Convention 

The  elKhlh  jiiiiiiial  cnriv<  ntlon  of  tlii'  .Master  ilolbr  Makers' 
Ansoi'lallon  and  the  ll(dl<-r  Milkers'  Supply  .Men's  AHNoelatlmi 
was  held  In  Plilhideliihla,  Penn.,  May  \iU  to  2K,  InduHlve,  with 
hi'adiiuarters  at  tho  Hotel  Walton;  the  convention  hull  was 
on   the   tenth   Itoor. 

The  convention  was  called  to  order  at  2:30  p.m.,  on  Monday, 
the  (Irst  day,  and  after  the  Invocation  by  Illshop  Joseph  F. 
Herry,  addroHses  were  made  by  Mayor  Hlankcnburx,  H.  M. 
Vauclain,  vice-president  and  general  nianaKer  of  the  Baldwin 
Locomotive  Works,  and  Ivy  1).  I.ee,  chief  executive  aHHlstanl 
to  the  presldi^nt  of  the-  Pennsylvania  It. It.  HesponseH  wcro 
made  by  M.  f)'Connor,  iiast  jiresident,  ('.  P.  I'jitrick,  fifth  vice- 
president,  and  fJ.  W.  Heniictt.  past  president.  Tliesir  were 
((diowed  by  the  president  of  the  association,  T.  W.  Lowe, 
with  his  annual  address.  The  rest  of  the  session  was  Klven 
up  to  reports  and  miscellaneous  business.  During  fhe  after- 
noon a  joint  meetluK  of  the  Supi)lymen'8  Association  and 
the  Philadilphia  committee  of  arrangements  was  held.  In 
the  eveniii*;  the  elKhth  annual  reunion,  ri-cepiion  and  dance 
was   held    in    the    ballroom    of   the    hotel. 

The  second  day's  session  was  devoted  to  addresses  by  S.  G. 
Thompson,  supc'rintendent  of  motive  power  and  railway 
(■(luipment  of  the  Philadelphia  &  Iteading  U.K.,  and  Frank 
McManamy.  chief  l)oiler  inspector,  Interstate  Commerce  Com- 
mission.     Mr.   McManamy   ui^ed    that   a   closer   cooperation   and 


Ukuui'  01'  -MAsrEK  BoiLEU  Makkks,  Supply  Men  and  Guests  on  the  Lawn  of  the  Kesiden 


The   next   convention  of  the  .State  Association   will  be  held 
in   Trenton   in   May,    1915. 

The    exhibits   were   most 
ins  well  arranged.     The  exl 


commendable,    all    the    booths   be- 
thibitors  were: 


Republic  Flow  Meters  Co. 

Dearborn  Chemical  Co. 

John  A.  Rocblings  Sons  Co. 

Qualvcr  Citv  Rubber  Co. 

Charles  V.  Hoffman 

The  Philadelphia  Grease  Mfg.  Co. 

Standard  Regulator  Co. 

Donepan  &  Swift 

The  Fairbanks  Co. 

Voorhees  Rubber  Mfg.  Co. 

A.  &  F.  Brown  Co. 

Ross  &  Taggart 

Strong.  Carlisle  &  Hammond  Co. 

The  Tfxa.s  Co. 

Garlock  Packing  Co. 

Armstrong  Cork  <S:  Insulation  Co. 

Greene,  Tweed  &  Co. 

Pitts  &  Kitts  Mfg.  &  Supply  Co. 

William  Van  Keuren 

Consolidated  Safety  Valve  Co. 

McLeod  &  Henry  Co. 

Ladies'  Auxiliary  of  N.  J. 

Goldschmidt  Thermit  Co. 

Hazard  Mfg.  Co. 

Clipper  Belt  &  Lacer  Co. 

Gibson  Iron  Works 

A.  B.  See  Electric  Elevator  Co. 


W.  B.  McVicker  Co. 
R.  &  J.  Dick,  Ltd. 
Jenkins  Bros., 
"POWER" 
Griscom-Russell  Co. 
Theodore  Smith  &  Sons  Co. 
Buhne  Metal  Packing  Co. 
The  Lunkenheimer  Co. 
Greenpoint  Fire  Brick  Co. 
F.  W.  Webb  Mfg.  Co. 
H.  W.  Johns-Manville  Co. 
Cherry  Chemical  Co. 
Smooth-On  Mfg.  Co. 
C.  I.  Coe  Co. 
John  Simmons  Co. 
O'Rourke  Sheet  Metal  Co. 
Mueller  Mfg.  Co. 
Keystone  Lubricating  Co. 
Albany  Lubricating  Co. 
De  La  Vergne  Machine  Co. 
Otis  Elevator  Co. 
Homestead  Valve  Mfg.  Co. 
Belmont  Packing  Co. 
I.eBaron  B.  Johnson 
Peerless  Rubber  Mfg.  Co. 
The  Richardson-Phenix  Co. 
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Where  Dirt  Has  Its  Use — Don't  try  to  keep  the  melted 
babbitt  clean,  no  matter  if  there  is  dirt,  coal  and  other  refuse 
on  the  surface.  Let  such  dirt  stay  there.  Ofttimes  it  is  well 
to  throw  in  a  little  dirt  of  this  sort  if  the  metal  is  clean.  This 
Is  for  the  purpose  of  preventing  oxidation  of  the  babbitt. 
Oxidation  causes  a  lot  of  dross  to  form  and  uses  up  a  corre- 
sponding weight  of  babbitt.  Covering  the  top  of  the  babbitt 
pot  to  keep  the  air  from  the  hot  metal  will  prevent  consider- 
able of  the  dross  forming. — "Gas  Review." 


more  amiable  relations  between  the  officials  and  inspectors 
of  the  Interstate  Commerce  Commission  and  the  manufactur- 
ers of  steam  boilers  be  brought  about,  so  that  a  more  intel- 
ligent understanding  of  the  requirements  of  the  Federal  law 
might  obtain,  which  would  reduce  the  fatalities  and  casual- 
ties due  to  faulty  boiler  construction 

The  trend  of  the  speakers  in  discussing  the  question  was 
to  the  effect  that  boiler  makers  should  change  their  attitude 
toward  the  Federal  inspectors  and  to  either  obey  the  Gov- 
ernment inspection  law  and  the  orders  of  the  commission,  or 
present  to  the  Government  good   reasons  for  not  doing  so 

Mr.  McManamy  emphasized  the  fact  that  the  interests  of 
the  railroads,  the  manufacturer  and  the  Government  officials 
are  common,  and  that  they  are  all  working  for  increased  effi- 
ciency in  serving  the  public.  No  law  for  safeguarding  life, 
said  the  speaker,  had  been  so  successful  as  the  present  inspec- 
tion law,  which  during  the  first  year  of  its  enforcement  de- 
creased the  loss  of  life  60  per  cent,  on  railroads,  and  in  the 
last  nine  months  compared  with  the  nine  months  of  last  year 
the  reduction  has  been  48  per  cent. 

Then  followed  the  committee's  reports  on  the  following 
subjects: 

"What  Are  the  Advantages  or  Disadvantages  of  Using 
Oxyacetylene  and  Electric  Processes  for  Boiler  Maintenance 
and    Repairs?" 

"What  Benefit  Has  Been  Derived  from  Treating  Feed 
Water   for   Locomotive   Boilers   Chemically,    etc.?" 

"AVhat  Can  the  Association  Do  to  Get  a  Uniform  Rule 
Regarding  the  Load  Allowed  on  Staybolts  and  Boiler  Braces?" 

"The  Advantage  or  Disadvantage  of  Combustion  Chambers 
in  Large  Mallet  or  Pacific  Type  Engines  Other  than  a  Shorter 
Flue." 

In  the  afternoon  the  committee  reported  on  the  following: 

"What   Shape    and   Size   Head   of  a  Radial   Staybolt   In  the 
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Crown  Sheet  of  Oil  Burnini^  Engines  Gives  tiie  Most  Elllcient 
.Service?" 

"noes  the  Method  of  Flue  Cleansing  or  Rattling  Have  Any 
Effect  on  the  Further  Scaling  up  of  Flues?" 

"Combustion    and    Fuel    Economy." 

"The  Proper  Inspection  of  a  Boiler  while  in  Service." 

While  the  convention  was  in  session,  an  automobile  trip 
and  luncheon  were  given  to  the  ladies.  In  the  evening  a 
theater  party  was  held  at  Keith's  Theater. 

All  business  was  suspended  on  Wednesday,  the  third  daj 
of  the  convention,  to  accept  the  invifation  extended  to  the 
members  of  the  convention  and  Supplymen's  Association,  and 
to  their  ladies  and  guests  to  visit  the  plants  of  the  Parkes- 
burg  Iron  Co.,  Parkesburg,  Penn..  and  the  I^iljens  Iron  &  Steel 
Co.,  Coatesville,  Penn.  About  500  persons  made  the  trip  in  a 
special  train.  Lunch  was  served  in  a  large  tent  on  the  lawn 
at  the  residence  of  A.  F.  Huston,  president  of  the  "Lukens  Co. 
An  address  of  welcome  was  delivered  by  Mr.  Huston,  to 
which  T.  W.  Lowe,  president  of  the  Master  Boilermakers' 
Association,  responded.  After  inspecting  the  plant  the  party 
left  on  the  return   trip  at  5:30   p.m. 

In  the  evening  there  was  an  entertainment  consisting  of 
vaudeville  and  a  lecture,  illustrated  by  motion  pictures,  on 
Panama,  by  Frederick  Poole. 

The  session  of  the  fourth  and  last  day  was  opened  by  an- 
address  by  Henry  T.  Hartley,  past  president  of  the  American 
Boiler  Manufacturers'  Association  and  superintendent  of  the 
boiler  department  of  the  William  Cramp  &  Sons  Ship  &  Engine 
Building  Co.     He   contrasted   modern   l)oil(r   construction   with 
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Service  RateM  in  Arixoua — The  law  enacted  at  the  1912 
special  session  of  the  Arizona  Legislature  requiring  electric 
companies  to  afford  service  on  the  meter  basis,  was  lately 
held  by  the  state  supreme  court  to  be  invalid,  as  violating 
the  provision  of  the  Arizona  constitution  which  vests  power 
in  the  Public  Service  Commission  to  fix  rates  for  such  service. 
(State  vs.  Tucson  Gas,  Electric  Light  &  Power  Co.,  138  "Pa- 
cific Reporter,"  781.) 

Cancellation  of  I'atentH  to  I'uhlic  I.,anilH — Patents  granted 
by  the  United  States  covering  public  lands  entered  as  min- 
ing claims  are  subject  to  caticellation  on  proof  that  the 
lands  were  actually  entered  on  account  of  water  power  there- 
on, and  not  for  mining  purposes,  according  to  the  decision 
of  the  United  States  Circuit  Court  of  Appeals,  Ninth  Circuit, 
in  the  recent  case  of  Multnomah  Mining,  Milling  &  Devel- 
opment  Co.    vs.    United    States,    211    "Federal    Reporter." 

West  Virfcinia  Public  Service  ConiniiNNion — The  scope  of 
the  powers  of  the  West  Virginia  Public  Service  Commission 
was  lately  the  subject  of  consideration  before  the  supreme 
court  of  the  state,  in  the  case  of  United  Fuel  Gas  Co.  vs. 
Public  Service  Commission,  80  "Southeastern  Reporter,"  931. 
It   was   decided    that,    although    the   supreme   couit   of   appeals 
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that  of  several  decades  ago  and  pointed  out  the  improvement 
and  advancement  in  the  construction  of  steam  boilers. 

The  election  of  officers  for  the  ensuing  year  concluded  the 
convention,  at  about  one  o'clock.  They  are  as  follows:  James 
T.  Johnston,  Los  Angeles,  Calif.,  president;  Andrew  Greene, 
Indianapolis,  Ind.,  first  vice-president;  D.  A.  Lucas,  Havelock, 
Neb.,  second  vice-president:  John  B.  Tate,  Altoona,  Penn., 
fhird  vice-president;  Charles  T.  Patrick.  Cleveland,  Ohio, 
fourth  vice-president,  and  Thomas  Lewis,  Sayre,  Penn.,  fifth 
vice-president.  Harry  D.  Vought,  of  New  York,  was  reelected 
.secretary,  and  Frank  Gray,  of  Bloomington,  111.,  reelected 
treasurer.  The  members  elected  to  the  executive  board  were 
Harry  Winterstein,   Harry   Weldin   and   Thomas  T.   Powers. 

Secretary  Vought  reported  that  48  new  applications  had 
been  made  for  membership  during  the  convention,  and  that 
23  members  had  been  received  into  the.  association  since  the 
last  annual  convention,  a  gain  for  the  year  of  71  in  new 
members. 

Thursday  afternoon  was  given  over  to  an  automobile  trip 
for  the  ladies  to  points  of  interest,  and  to  a  visit  to  the 
Baldwin  locomotive  works  by  the  members  and  guests  of  both 
associations.  The  trip  was  made  in  automobiles  to  the 
works,  where  an  interesting  afternoon  was  spent.  A  ban- 
quet was  tendered  to  the  Master  Boiler  Makers'  Association 
by  the  Supply  Men  in  the  banquet  hall  of  the  hotel  as  a  fit- 
ting closing  of  a  successful  gathering  in  convention  of  boiler 
makers  from  various  parts  of  the  United  States  and  Canada. 

m 

The  Largest  Piimpin;!:  Station — It  is  stated  that  the  pump- 
ing station  for  the  Jefferson  and  Plaquemines  Drainage  Dis- 
trict in  Louisiana  will  be  the  largest  in  the  world,  having  an 
ultimate  capacity  of  900,000,000  gal.  in  24  hours.  There  will 
be  installed  four  76-ln.  pumps  of  192,000,000  gal.  capacity  each 
and   two   48-in.   pumps   of   64,000,000   gal.   each   per  day. 


has  jurisdiction  to  review  an  order  adopted  by  the  commis- 
sion, in  an  original  proceeding  brought  for  that  purpose,  no 
order  may  be  disturbed  unless  it  appears  to  be  beyond  the 
statutory  or  constitutional  powers  of  the  commission,  or  that 
it  was  based  upon  a  mistake  of  law  made  by  that  body. 
An  order  based  upon  what  the  commission  deems  to  be  best 
for  the  public  interests  is  final  and  not  reviewable  by  the 
courts.  The  supreme  court  of  appeals  will  not  disturb  an 
order  prohibiting  discrimination  in  fuel  gas  rates  based 
solely  upon  the  question  of  whether  the  consumer  has  con- 
tracted to  take  service  for  a  period  of  five  years  or  is  not 
committed   to   take   it   for  any    definite   time. 

Warranty  of  Power  Plants — Two  important  legal  princi- 
ples applicable  to  sales  of  power  machinery  were  involved 
in  the  case  of  the  General  Electric  Co.  vs.  Alderson,  210 
"Federal  Reporter,"  77.'),  recently  passed  upon  by  the  United 
States  Circuit  Court  of  Appeals  for  the  Fourth  Circuit.  One 
point  is  that  the  plaintiff,  in  contracting  to  manufacture  and 
install  in  a  building  at  Charleston,  W.  Va..  a  power  and 
lighting  plant,  in  accordance  with  definite  specifications,  did 
not  impliedly  warrant  that  the  plant  was  adapted  to  the 
particular  building.  The  other  point  is  that,  where  a  con- 
tract to  sell  machinery  contains  express  warranties  con- 
cerning it,  the  parties  will  be  presumed  to  have  expressly 
stipulated  all  the  warranties  that  were  intended  to  be  made 
and  none  will  exist  by  implication.  Incidentally,  the  court 
concludes  in  the  same  case  that  a  warranty  "that  the  turbine 
and  generator  connected  therewith  will  run  continuously  at 
its  normal  rated  capacity  without  undue  heating,  undue 
noise  or  vibration,"  relates  only  to  the  performance  or  be- 
havior of  the  particular  machinery  as  such,  and  not  to  the 
effect  of  its  operation  upon  the  building  in  which  it  was 
placed. 
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Two  Serious  Explosions  at 
Detroit 

f>ii  May  9.  two  iiu'n  wor<'  riidilly  liijiiri'il  by  tlic>  cxpliiHlon 
..r  M  l.i.llcr  lit  Ni-w  Hiilllmorc,  Ml(h.  iil  lli.-  Ix-troll  United 
I!y.     (Shore    Lino)     i>owi>r    hoiiMt'. 

'I'lio  l>ollor  In  (lucHtlon  In  a  Hul)Oook  Jt  Wilcox  horizontal 
watoi'  tube,  anil  is  rated  at  .100  hp.,  havinK  nine  hori/.ontal 
r.ivvs   of   Ifi   ttilii'N.   rach    I    In     In   illaniotir 

A  now  steel  mud  drum  %  In.  thick,  havinK  an  Internal 
croM.s-sci-tlon  of  lixti  In.,  was  rciently  Installi'd,  taking  the 
place  of  tt  cast-iron  mud  drum.  This  was  attached  to  the 
.si-rpcntlnc  hcadi-r.s  at  the  rear  by  slxtein  4-ln..  extru-henvy 
nipples,  414  •"•  lon«j.  Fifteen  of  these  nipples  were  firmly 
retalnt'il  In  the  heaib'rs  of  the  boiler  and  one  In  the  new 
mini  drum.  The  tube  holes  In  the  new  header  were  fairly  uni- 
form in  size,  but  tiipored,  belnj;  ,'3  in.  larger  at  the  outside 
of  the  hole.  This  was  probably  the  prime  factor  in  caiisiiiK 
the     failure. 

11  is  evident  that,  in  maehinint^  the  tube  holes,  a  cutter 
was  used  that  had  worn  somewhat  tapered.  This  condition 
would  m.nke  it  difllcult  to  expand  the  tubes  so  as  to  make  the 
Job  safe  and  secure.  The  boiler  otherwise  was  in  first-class 
condition,  and  the  general  maintenance  of  the  plant  was 
excellent. 

On  May  13.  one  life  was  lost  in  the  plant  of  the  Detroit 
Copper  it  Brass  Co.  One  of  the  front  tubes  of  u  Wickes 
boiler  became  obstructed  by  pieces  of  scale,  which  blocked 
the  tube  about  1%  ft.  above  the  lower  drum,  and  when  the 
water  evaporated,  the  tube  fused  and  the  contents  of  the 
boiler  were  discharsed  into  the  dutch  oven  furnace,  having 
a  Murphy  stoker.  The  front  lubes  were  overheated  and 
their  elongation  put  a  severe  stress  on  the  tube  sheet,  the 
stay-rod  construction  belnp  ricid  the  stress  caused  the 
failure  of  more  than  half  of  the  crow  feet  in  both  drums, 
breaking  them  at  the  bends  and  dishing-  the  tube  sheet  top 
and  bottom  about  Vt  in.  The  row  of  tubes  in  front  of  the 
furnace  was  pushed  through  the  tube  sheet  about  %  in.,  and 
one  tube  was  found  to  be  entirely  pulled  out  of  the  lower 
tube   sheet    upon   cooling   the    boiler. 

It  will  thus  be  seen  what  heavy  stresses  can  be  caused 
by  long  tubes  and  rigid  construction.  A  similar  accident 
would  not  have  occurred  under  the  same  circumstances  had 
the  present  construction  of  the  Wickes  company  been  used, 
which  provides  for  a  minimum  section  of  stays  throughout 
the  major  part. 


The  National  Asxiielatioii  of  Corporation  S>chooI.«i  will  hold 
its  second  convention  in  Pliiladelphia.  June  9,  10,  11  and  12. 
The  association  was  organised  in  New  York,  Jan.  24,  1913,  "to 
aid  corporations  in  the  education  of  their  employees,  (1)  by 
providing  a  forum  for  the  interchange  of  ideas  and  (2)  by 
collecting,  and  making  available,  data  as  to  successful  and 
unsuccessful  plans  in  educating  employees."  Arthur  Williams, 
Xew  York  Edison  Co.,  is  president.  The  membership  ap- 
proaches  150   in   all   classes,   covering   32   different   industries. 

Preparing  for  the  Boiler  Jl.-inufaeturers'  Convention — The 
Supply  Men's  Association  of  the  Ameiiean  Boiler  J.Ianufac- 
turers"  Association,  which  has  in  charge  the  social  features 
of  the  program  for  the  convention  to  be  held  in  New  York 
City.  Sept.  1  to  4,  has  the  plans  for  it  pretty  well  worked  out. 
Two  meetings  have  been  held  in  New  York  and  an  executive 
session  in  Philadelphia  to  arrange  for  the  program  and  the 
financing  of  the  entertainment.  At  a  meeting  June  2  in  the 
Waldorf-Astoria,  Chairman  Thomas  -Mdcorn.  Secretary  T.  B 
Sloeum  and  Treasurer  D.  J.  Champion  reported  on  the  work 
already   done   and   a   tentative   program   was  adopted. 

The  Seventh  Annual  Picnic  and  Field  Day  of  the  combined 
associations  of  the  N.  A.  S.  E..  of  Brooklyn.  N.  Y.,  took  place 
at  JunipiM-  Park,  Maspeth,  L.  T.,  on  Sunday,  May  31.  The 
associations  comprising  the  combination  are  the  Modern  Sci- 
ence Club,  Brooklyn  Council  No.  8,  U.  C.  C.  of  E.,  Melville 
Council  No.  9.  XT.  C.  C.  of  E..  Brooklyn  Association  No.  S. 
N.  A.  S.  E.,  Brooklyn  Association  No.  27,  N.  A.  S.  E.,  Brooklyn 
Association  No.  41,  N.  A.  S.  E.,  Brooklyn  Association  No.  57, 
N.  A.  S.  E.  Outdoor  sports  of  various  kinds  were  indulged 
in,  with  appropriate  prizes  to  the  winners.  A  feature  oT  the 
event  was  the  baseball  game  between  the  Robert  Gair  Club 
and  the  "Bunch."  which  resulted  in  a  victory  to  the  former 
by  the  score  of  10  to  6.  Dancing  brought  to  a  close  a  very 
enJo\able    day. 

Connecticut  X.  .\.  S.  E.  Convention — The  annual  state  con- 
vention of  the  Connecticut  N.  A.  S.  E.  will  be  held  in  Bridge- 


port, on  .Iun>-  2n  and  27,  In  i:aKl'H  Mull.  .MiidlHon  Av.  Th.- 
exhibllioii  (hlH  .\ea;  will  be  on  >  larKer  Hcale  than  llial  held 
I  Wo   yearn   ago,   when   Colonial   Hall    waH   taxed   to   ItH   iiipiielly. 

The  IntereHt  nhown  by  the  Hupply  houMes  and  the  HuppiN 
men's  aHHoclatlon  In  the  coming  convention  anil  exhlbllliiM 
made  It  m-cesHiiry  for  the  committee  In  charge  to  engiiKi-  He 
entire  lloor  space  of  Kaglen  Hall.  The  expense  Is  borne  by  iln- 
engineers  and  Hupjily  men.  consequently  the  exhibition  Mhoiild 
be  one  of  the  dni-Bt  and  largest  exhibitions  of  power  plan! 
and  engine  siippllrH  ever  produced  In  the  stale.  The  gi-neiiil 
commlltee  of  arrangement  Is  as  follows:  F.  J.  Cjulnlan,  ehali- 
nian;  PMward  S.  Illrge,  (,'.  I).  Osborn,  W.  (loodlck,  I*.  J.  ';raci-. 
Jos.  liellwood.  A.  .McNIel,  Jr.,  K.  Anderson,  K.  S.  Huckley,  N.  8. 
lleiish.-m.    10.   .).   Ornce,  C.   M.    Dowd. 

Internatlouni  lOniclnprrlnK  ('wnicrrNN — The  general  BubJectH 
to  be  treated  befori'  this  body  at  San  Krnnclsco,  Sept.  20  to  25, 
1915,  will  include  these  topics:  Timber:  Preservative  Treat- 
ment of  Timber:  SubHlitutes  for  Timber  in  Engineering  Con- 
struction: I'.ilek  in  ICngineeiliig  Structures:  Clay  Products  In 
lOngineeriiig  .Structures;  Probable  and  PriHiimptive  Life  of 
Concrete  Structures  Made  from  .Modern  Cements;  Aggregates 
for  Concrete;  Slag  Cement;  Waterproof  Concrete;  Cements 
Containing  .Additions  of  Finely  (Iround  Foreign  Material; 
Economics  of  the  World's  Supply  of  Iron;  The  Life  of  Iron 
and  Steel  Structures;  The  Employment  of  Special  Steel  In 
Bnginei'ring  Construction:  The  Place  of  Copper  in  the  Present 
Engineering  Field,  and  the  Economics  of  the  World's  oupply 
Thereof;  Alloys  and  Their  Use  in  Engineering  Construction; 
Aluminum  in  Engineering  Construction;  The  Influence  of  the 
Testing  of  Materials  upon  Advances  In  the  Designing  of 
Engineering  Structures  and  Machines;  Cement  Testing;  Test- 
ing of  Metals;  Testing  Full-Sized  Members;  Proof  Testing  of 
Structures. 

The  papers  to  be  presented  from  the  United  States  have 
already  been  arranged  for  from  the  recognized  leading 
authorities  on  the  various  topics.  Arrangements  for  the 
papers  from  foreign  authors  are  being  rapidl.v  concluded,  and 
the  aggregation  of  papers  which  will  be  presented  will  con- 
stitute a  broad  review  of  the  field  and  be  of  the  highest  value. 
Marked  interest  in  the  congress  from  foreign  countries  con- 
tinues, and  there  Is  every  evidence  that  the  attendance  from 
abroad  will  be  large.  It  is  hoped  that  all  engineers  In  this 
country  who  have  not  yet  subscribed  as  members  of  the 
congress  will  give  the  matter  their  immediate  attention  and 
favorable  action.  Full  information  concerning  the  congress 
may  be  obtained  by  addressing  the  International  Engineering 
Congress,    1915,   Foxcroft   Building,    San    Francisco,   Calif. 


F.  N.  Kollock,  Jr.,  of  the  Westinghouse  Electric  &  Manu- 
facturing Co.,  has  resigned  his  position  as  district  manager 
of  the  Seattle  office  to  accept  the  position  of  treasurer  and 
assistant  secretary  of  the  Westinghouse  Lamp  Co.,  Bloom- 
field,  N.  J.  W.  D.  McDonald,  formerly  branch  manager  of  the 
Minneapolis  office,  has  been  appointed  to  succeed  Mr.  Kollock 
as  district  manager  at  Seattle,  and  C.  C.  Curry  is  acting 
branch   manager   at   Minneapolis,   succeeding  Mr.   McDonald. 


JOSEPH    W.    SWAN 

Sir  Joseph  Wilson  Swan,  the  inventor  of  the  incandescent 
electric  light  and  of  the  rapid  dry  plate,  used  in  photography, 
died  on  May  27.  He  was  85  years  old.  Sir  Joseph  was  born 
in  Sunderland  on  Oct.  31,  1S2S.  He  served  an  apprenticeship 
with  .1  chemist  in  Sunderland  and  became  a  member  in  .a 
manufacturing  chemists'  firm  in  Newcastle.  The  firm  made 
photographic  plates  and  Swan's  experience  resulted  in  tha 
first  rapid  dry  plate  and  in  the  first  commercially  practicable 
process  for  carbon  printing  in   photography. 

He  was  one  of  the  first  to  attempt  the  construction  of  an 
electric  lamp  using  a  filament  of  carbon.  His  first  lamp  of 
this  kind  was  made  in  1860,  the  filament  being  of  carbonized 
paper.  Thomas  A.  Edison  adopted  a  similar  method  nearly 
twenty  j'ears  later.  Sir  Joseph  also  conducted  experiments 
and  developed  new  methods  in  connection  with  the  measure- 
ment of  electric  currents  and   improved   accumulators. 

He  was  elected  a  fellow  of  the  Royal  Society  in  1894  and 
was    knighted   in    1904. 
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The  operating  engineer  is  constantly  faced  with 
the  admonition  "Learn  more  to  earn  more."  Look- 
ing at  matters  from  the  engineer's  standpoint,  we 
might  well  ask  the  question  "What  shall  we  learn?" 
The  adviser  promptly  answers  "More  about  your 
work  as  an  engineer."  We  then  answer  "Our  know- 
ledge of  engineering  has  increased,  as  is  proved  by 
the  list  of  plants  from  which  we  hold  endorsements 
showing  that  we  have  competently  operated  different 
types  of  engines,  many  types  of  boilers  and  electric 
equipments.  We  are  now  in  charge  of  the  same  work 
that  we  took  hold  of  at  the  beginning,  only  in  larger 
proportion — in  a  larger  plant,  but  still  responsible  for 
the  operation.  We  are  confined  to  exacting  hours  of 
duty — expected  to  give  attention  to  extra  work  at  all 
times  if  necessity  requires  it — usually  without  extra 
pay.  Vacations  are  not  known  because  there  must  be 
no  loss  of  time  due  to  an  inoperative  plant. 

"Our  progress  is  represented  only  in  the  difference  in 
the  amount  of  responsibility.  Therefore,  'What  shall 
we    learn?'  " 

When  we  first  enter  as  the  oiler  or  fireman  in  the 
power  plant  our  constant  aim  is  the  higher  position 
occupied  by  our  superiors.  When  we  ultimately 
reach  this  position,  are  we  then  to  stop  and  be  con- 
tent?— But  the  preceptor  answers  "Learn  more."  The 
public,  therefore,  puts  itself  in  a  very  peculiar  posi- 
tion. It  lays  down  advice  for  the  operating  engineer, 
but  utterly  fails  to  clarify  the  situation,  so  that  the 
engineer  may  intelligently  be  benefited.  No  one 
would  suggest  to  the  engineer  that  his  studies  be  along 
different  lines,  such  as  languages  or  chemistry.  We 
must  then  ask  ourselves  is  there  any  truth  in  the  pub- 
he's  statement,  and  if  so,  where  does  it  apply?  To 
this  point  I  will  attempt  an  answer: 

If  the  engineer  is  in  a  place  wherein  he  is  congenially 
situated,  would  it  not  be  logical  for  him  to  pay  specific 
and  careful  attention  to  the  details  of  the  business  for 
which  he  is  daily  producing  power,  and  thus  be  in  a 
position  to  not  only  protect  power  production  but  to 
co-operate  with  its  actual  management  and  thus  prove 
himself  capable  of  handling  more  than  one  special 
line  of  work?     An  engineer  who  has  already  estab- 


lished by  service  that  he  is  capable  and  to  be  depended 
upon  should  be  able  to  build  on  such  a  platform  a 
further  step  of  progress  by  learning  the  details  of  the 
business,  and  there  are  many  plants  where  it  is  has 
been  my  pleasure  to  find  that  as  the  years  progressed 
the  engineer  progressed,  ultimately  leaving  the  details 
of  his  engine  room  to  men  whom  he  could  rely  upon 
under  his  general  direction,  whereas  he  became  the 
superintendent  of  the  whole  plant  and  thus  had 
reached  the  goal  wherein  he  could  secure  for  himself  . 
the  time  to  take  a  vacation  by  having  organized  the 
departments  under  capable  subordinates  who  could 
carry  the  details  for  a  period  during  his  absence,  and 
enable  him  to  enjoy  the  results  which  hard  work 
should  have  wrought.  , 

Another  line  of  study :  Let  the  engineer  become  so 
conversant  with  the  details  of  the  equipment  that  he  is 
operating  that  he  is  an  authority  as  to  its  efficiency. 
His  opening  then  is  to  work  for  the  manufacturer  of 
those  particular  machines,  be  they  engines,  motors 
or  any  kind  of  operating  machinery,  and  by  his  knowl- 
edge secure  that  remuneration  so  long  sought  for.  I 
think  both  of  these  outlets  are  the  two  logical  broad 
avenues  over  which  an  engineer  should  ultimately 
hope  to  travel,  selecting  the  one  to  which  he  is  most 
adapted.  Those  of  us  who  have  had  the  pleasure 
of  dealing  with  the  engineering  salesman  who  thor- 
oughly knew  the  subject  which  he  was  representing — 
who  could  tell  us  clearly  and  quickly  the  things  we 
wished  to  know,  and  which  we  would  be  most  likely 
to  ask,  without  making  us  do  the  cross-examining — 
have  placed  our  confidence  with  the  man  who  knew. 
Who  should  be  better  qualified  to  know  than  a  man 
who  has  had  the  training  with  the  actual  operation  of 
machinery  ? 

Engineering  salesmen  should  be  capable  operating 
engineers  in  these  days  of  modern  economy.  Who 
should  be  more  competent  to  keep  down  operating 
costs  or  ably  represent  operating  equipment  than  the 
man  who  not  only  knows  every  detail  of  manufacture, 
but  understands  all  the  details  of  the  power  plant  and 
its  requirements? 

{W'riUcn  by  Charles  H.  Parsons,   New  York  City.] 
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IR©Sdl,  MuairdlocIhi''s  N©\^  Flainitt 


llV      I  IlliM  \s    W  II.SON 


t<)'\()rSlS — .1  JfdO-kir.  ilritriid'  /ilniil  siiiiiili/iiiii  r.r- 
htiiisl  sti'diii  for  liciiliiii)  tiiiil  irfi't/rnilion.  hi  (ircnitje 
fiiiitrr  Wfdiliir  llir  sii/i/ili/  iinil  (IciikiikI  far  r.rliniist  slrain 
hnldiirr.  (iiiil  in  .siiiiinirr  there  is  not  enouijU  e.rlniusi 
stenin  in  e.rcess  to  irarriinl  n  i-onttrnsini/  insldllitlion. 

K 
Ono  of  the  most  convonicnt  iiiul  iiplodatc  Imildiiifis 
for  the  wholcsalc-fxroc'orv  iradc  1ms  just  lu-cn  orccti'd  l)y 
J{c'itK  Munloili  iS:  Co.,  of  C'liitii<jo.  It  has  a  rivur  frontago 
of  '.\2r)  ft.  and  tlu'  main  portion  oxtcnds  back  200  ft.  to 
North  Wator  St.  East  and  west  tlic  biiiUling  is  Iwiindod 
by  (Mark  and  La  Salk^  Sts.  With  its  nino  stories  of  brown 
brick  and  a  towor  containing  clocks  with  l.")-fl.  dials,  it 
is  attractive,  and  might  well  .sorvo  as  an  cxainiilc  to  others 


Fig.  1.    Ueid,  MuiiDOCn's  Xi:\v  Wakehousi- 

wlio  wish  to  conform  to  Chicago's  latest  slogan,  "Beautify 
the  river."' 

For  shipping  and  receiving,  the  building  has  botli  water 
and  rail  facilities.  The  sub-basement  is  somewhat  below 
the  dock  level  and  the  basement  is  above  at  the  level  of  a 
freight-car  floor,  with  the  ears  at  the  Xorth  Water  St. 
grade.  All  shipjiing  is  done  from  the  basement.  Two 
railroad  tracks  occupy  the  north  portion,  the  entire  west 
face  is  given  over  to  wagon  shipments,  and  the  south  side 
to  transportation  by  water. 

For  handling  freight  there  are  foiir  electric  elevators 
of  the  winding-drum  type,  with  provision  for  a  fifth, 
and  one  traction  passenger  machine,  with  i-oom  provided 
for  a  second.  Motors  of  40  and  30  hp.,  respectively,  with 
the  accompanying  apparatus  Avere  installed  in  penthouses 
over  the  shafts  by  the  Pitt  Engineering  Co.  In  addition 
to  the  elevators,  there  are  one  double-  and  one  single- 
spiral  chute  extending  the  full  height  of  the  building 
and  a  power  conveyor  with  a  system  of  secondary  gravity 
conveyors  designed  to  receive  freight  in  carlots  and  de- 
liver it  to  various  locations  on  the  warehouse  floors  with- 
out handling  any  package  from  the  time  it  is  lifted  in  the 
ear. 

Although  the  building  is  mainly  warehouse,  on  the  up- 
per floors  there  is  some  machinery,  including  a  complete 
coffee-roasting  plant,  labeling  and  dried-fruit  rooms,  bak- 


ing-powder (icparlmcnt,  etc.  All  ol  liic  inacliinciy  is  op- 
crated  electrically,  and  in  general  ('rocker-Wheeler  motors 
are  used,  'i'here  are  aiiout  10,  lliese  for  tlie  nioHt  part 
being  T)-  and  10-hp.  machines  with  a  few  ITj-hj).  motors 
on  the  large  ventilating  fans.  For  illumination,  tlie 
electrical  installation  is  unnsually  complete,  including 
direct  lighting  for  the  entire  warehouse  and  indirect 
lighting  in  the  onices.  The  stairs,  halls  and  lire  escapes 
are  from  iiulependeiit  circuits  whicii  may  be  controlled 
from  the  engine  room.  For  heating,  ;iO,0()()  H(|.ft.  of  di- 
rect radiation  has  been  installed  :i'id  for  v(!ntilation  3000 
sq.ft.  of  "\'ento"  radiation  in  connection  with  the  fans 
which,  in  effect,  is  CMpiivalent  to  !)00()  s(|.ft.  of  direct  sur- 
face. There  is  also  a  40-ton  Carijondale  absorption  re- 
fiigerating  jjlant,  although  the  present  requirements  will 
not  call  for  much  more  than  three-quarters  of  the  rated 
(•a|)acity. 

To  fulfill  these  various  demands  an  iiptodate  private 
])lant  was  installed.  Five  hundred  horsepower  in  boilers 
serve  two  200-kw.  generating  units  made  up  of  a  17x22- 
in.  Ball  four-valve  engine  connected  directly  to  a  Crocker- 
Wheeler  three-wire,  110-220-volt  generator  running  at 
200  r.p.m.  E.xhaust  steam  from  these  engines  is  sup- 
plied to  the  heating  system  and  to  the  absorption  re- 
frigerating plant.  Although  the  plant  is  on  the  river,  a 
condenser  was  not  provided,  as  there  is  little  exhaust  steam 
in  excess  of  the  heating  and  refrigerating  demands. 

During  April  the  load  on  the  generating  units  averaged 
KiOO  to  1800  kw.-hr.  per  day  of  11  hr.  With  a  uniform 
load  this  would  call  for  a  generator  capacity  of  1()4  kw., 
but  fluctuations  gave  peaks  of  ov"r  200  kw.  In  the  win- 
ter months  the  load  will  probably  exceed  the  April  de- 
mand, and  run  close  to  200  kw.,  or  24,200  kw.-hr.  per 
day.  The  guarantee  on  the  engine  was  22  lb.  per  indi- 
cated horse])ower-hour,  so  that  in  operation  the  rate 
should  average  about  35  lb.  per  kw.-hr.  On  the  maximum 
winter  load  there  would  be  available  per  hour 

200  X  35  =  7000  lb. 
of  exhaust  steam,  whereas  in  zero  weather  the  heating 
and  ventilating  systems  would  require 

(30,000  +  9000)  X  0.3  =  11,700  lb. 
There  are  only  a  few  days  of  zero  weather  during  the 
season,  so  that  but  little  live  steam  will  be  required  for 
heating  except  at  night,  when  the  engines  are  not  run- 
ning. Ordinarily,  the  heating  demand  will  not  be  much 
more  than  half  of  the  al)ove  figure,  and  there  will  be 
plenty  of  exhaust  steam  in  addition  to  furnish  whatever 
refrigeration  is  needed  during  the  heating  season.  In 
the  five  warmer  months  the  refrigeration  will  run  about 
30  tons.  With  cooling  water  at  70  deg.  F.  and  exhaust 
steam  at  1/2  lb.  pressure,  each  ton  will  require  35  lb.  of 
steam,  or  a  total  of  1050  lb.  per  hour.  The  electrical  load 
will  probably  be  somewhat  lighter  than  in  April  and  it 
may  not  exceed  150  kw.  With  a  uniform  load,  there 
would  be  available  about 

150  X  35  =  5250  lb. 
of  exhaust  steam  per  hour  from  the  main  units  to  help 
the  auxiliaries  supply  the  refrigerating  system  and  to 
heat  the  water  for  boiler  feed  anrl  house  purposes.  Not 
more  than  3000  lb.  per  hour  would  be  exhausted  to  at- 
mosphere, and  for  130  days  of  11  hr.  the  total  would  be 


June  16,  1914 


]'  0  W  E  K 


841 


4,290,000  lb.     At  20c.  per  1000  lli.,  tliis  quantity  might 
be  valued  at  $858. 

A  condenser  in  an  installation  of  this  size  would  not 
increase  the  efficiency  more  than  20  per  cent.,  so  that 
the  annual  saving  thus  effected  would  not  exceed  $171, 
which  would  limit  the  investment  to  $1368,  figuring  121/2 
per  cent,  for  interest  and  depreciation.  If  the  refrigerat- 
ing load  increases  to  rating,  as  is  (!xpected  in  time,  or  if 
steam  is  produced  for  less  than  20c.,  the  margin  would 
be  still  smaller,  so  that  a  condenser  would  not  save  enough 
to  pay  the  usual  interest  and  depreciation  on  the  invest- 
ment, not  to  mention  the  complication  of  the  piping  and 


two  boilers;  the  lined  steel  stack  rises  16.')  ft.  above  the 
boiler-room  floor,  and  30  in.  less  above  the  grates.  It  is 
5  ft.  in  diameter  and  on  the  stack  side  of  the  damper 
produces  a  draft  of  0.87  in.  of  v/ater.  Over  the  fire  the 
draft  reduces  to  0.4  in.  The  ratio  of  heating  to  effective 
grate  surface  is  58  to  1.  '^^rhe  sectional  area  of  the  breech- 
ing bears  a  ratio  to  the  connected  grate  surface  of  1  to 
3.18,  and  to  the  stack  area  a  ratio  of  1  to  0.73.  For  every 
square  foot  of  sectional  area  in  the  stack  there  is  4.37 
sq.ft.  of  grate. 

The  working  pressure  is   125   lb.   gage,   although   the 
safety   valve   is   set   to  pop   at   140   lb.     Each   boiler   is 


Fig.  2.    The  200-Kw.  Generating  Units 


the  additional  equipment  that  would  be  needed  Witii  a 
condenser  it  would  be  necessary  at  times  to  use  live  steam 
for  the  refrigerating  plant;  this  would  tend  to  counter- 
act any  advantage  from  the  former. 

Boil  Kit  Eooji 

There  are  two  boilers  and  jirovision  is  made  for  a  third, 
of  the  B.  &  W.  steel-header  type,  horizontally  ballled,  and 
each  containing  2500  sq.ft.  of  heating  surface.  They  are 
equipped  with  Green  chain  grates,  5  ft.  wide  and  9  ft. 
long,  having  an  effective  area  of  4'2.9  sq.ft.  A  lined,  steel 
breeching  with  a  uniform  section  of  4i/>x6  ft.  servos  the 


equipped  with  Vulcan  soot  cleaners.  The  usual  dusting 
doors  have  been  omitted  and  the  entire  boiler  setting  has 
been  made  air-tight  by  means  of  2-in.  "Vitroliestos" 
covering  outside  of  the  brickwork. 

One  feature  is  a  system  of  galleries.  On  the  main  gal- 
lery is  a  Cochrane  open  heater  with  a  recording  Y-notch 
meter.  On  the  front  of  the  boilers  is  mounted  a  washout 
gallery  from  which  the  front-tube  caps  are  accessible. 
The  gallery  structure  also  supports  the  stoker  shaft,  which 
is  belt  driven  by  either  a  motor  or  a  small  vertical  engine 
mounted  on  the  main  gallery.  The  main  header,  which 
is  6  in.  in  diameter,  is  apjiroxiuiately  4  ft.  from  the  ceil- 
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iiij;.  iiiiil   \»  iicft'SHihlc  from  an  iijipi-r  pillcrv  so  iirniii^'iij 
thai   all   iMi|>(irtant  valvfs  an-  within   rracli. 

Anoihi'i'  IVatiirc  is  an  i'lclipsc  sniokt-  indicator  drHi^^'nci! 
l»v  '!".  W.  MiNi'ill,  rhici'  cn^^iiicrr  o|  the  |)lant.  It  has  an 
incandt'srcnt  lamp  with  an  X-rav  rcllcctor  nionntcd  in  a 
skrvo  oil  Uu!  rear  siik'  of  llio  hri-crhing.    The  iif^ht  shines 


Fig.  :5.   Boilkk-I^oom  Equipmknt 


llimn^h  the  hrceehin^  and  a  glaHH-f'iKi'd  slcixi'  inoiinti^d 
opposite  a  si;;hl  hox  visihie  Ironi  the  front  of  the  hoil- 
iis.  In  this  hox  the  ii^ht  strikes  a  I'l-ilr^.  mirror  and 
I-  nllccti'ii  at  rij^ht  anjiies  onto  a  ;;round-glass  screen. 
W  hen  smoke  passes  through  tlie  hreechinf^  it  cuts  off  tlu' 
li^iiit.  and  the  derisiiv  of  the  smoke  may  he  pij^'ed  hy  tlic 
color  of  the  screen.  With  no  smoke  it  is  white,  with 
dense  smoke  it  is  hiack,  and  with  various  densities  of 
smoke  the  sciceii  is  shaded  acc(H'dinf^ly.  It  is  thus  poB- 
sihle  for  the  lireman  to  ohserve  the  immediate  effect  of  his 
work,  and  hy  continued  ohseivatiou  he  can  leai-n  how  to 
avoiil    nuiking   smoke. 

Ill  rrnnf  of  (lie  hollers  there  is  sloraf^e  for  150  tons  of 
coal,  wliieh  is  received  from  the  railroad  ears  ahove  and, 
after  hoiiifj  weighed,  is  shoveled  into  the  stokers.  The 
ashos  are  discharged  directly  from  the  ashpits  into  a 
shaft  leading  to  the  Illinois  tunnel,  which  is  Chicago's 
underground  suhway  for  liandliiiL'  freight.  Water  for 
feed  purposes  comes  from  the  heating  system  in  winter 
and  the  makeup  from  the  city  mains.  At  210  deg.  it 
Hows  from  the  heater  to  either  one  of  two  8  and  5  by  12- 
iu.  Warren  pumps  and  is  forced  to  the  boilers.  A  venturi 
meter  measures  the  supply  and  eheeks  the  results  obtained 
i)y  the  Lea  reeorder  in  the  heater,  the  pumps  are  piped 
to  supply  the  ()0,0()0-gal.  tank  of  the  sprinkler  system  in 
the  tower.  The  pumps  are  at  one  end  of  the  engine  room, 
where  are  grouped  an  Alherger  3-in.  turbine-driven  house 
pump,  an  Alherger  ;3-in.  brine  pump,  a  Warren  7y2\\0- 
in.  direct-acting  l)rine  pump,  a  Westinghouse  air 
])ump  for  the  sprinkler  system  and  two  American  8 
and  12  by  12-in.  vacuum  pumps  used  on  the  heating 
system. 
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Tlie  size  ol'  the  generating  units  lias  been  previously 
given  as  ;^()0-kw.  Each  engine  is  supplied  with  steam  by 
a  4-in.  pipe  which  leads  into  a  large  separator  drained 
to  the  heater.  This  diameter  gives  a  sectional  area  of 
().0()3()  St]. in.  per  kilowatt  of  rating  and  an  average  veloc- 
ity for  the  steam  of  4^00  ft.  per  niin.  The  e.xhaust  pii)e, 
which  is  10  in.  in  diameter,  has  on  the  same  basis  0.3943 
sq.in.  and  an  average  velocity  of  ."jTOO  ft.  The  two  ex- 
hausts unite  into  a  common  12-in.  ])ipe  running  to  the 
oil  separator  of  the  heater.  From  this  point  a  10-in  pipe 
supplies  the  heating  system  and  a  4-in.  tap  from  it  feeds 
the  hot-water  tank.     Provision  is  also  made  to  supply  the 


with  Weston  ammeters  and  voltmeters  and  four  Duncan 
watt-hour  meters,  one  for  power,  one  for  the  lighting,  one 
for  the  elevators,  and  a  totaling  m.eter  which  records  the 
output.  For  the  motors  the  voltage  is  220  and  for  the 
lights  110.  For  emergency  night  lighting  there  is  an 
Edison  throw-over  switch. 

A  gage  board  in  the  engine  room  is  well  supplied  with 
instruments  to  indicate  the  various  pressures  in  the  plaviu 
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Fig.  5.    Piping  Coxvkctions  of  the  Plant 
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heating  system  with  live  steam,  and  a  4-in.  branch  tapped 
from  the  12-in.  exhaust  pipe  supplies  the  refrigerating 
system  with  steam.  This  pipe  is  also  fed  with  the  exhaust 
from  the  steam  pumps. 

The   switchi)oard,    which   has    iive   panels,    is   equipped 


There  are  gages  for  high-pi-essure  steam,  city  water,  river 
water,  sprinkler  system,  brine  and  air;  combination  pres- 
sure-vacuum gages  for  the  heating  system  and  house  re- 
turns ;  combination  pressure  and  temperature  gages  for 
the   aciici'ntdi-  and  cooler  of   the   refrigcratinir  svstem,  a 
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giip-  to  indicnio  the  hcml  in  tlit-  iiouflo  tnnk,  a  icoinlin^,'      lniii^'  on  the  wnllH  nnfl  snpplird  from  down-feed  pipinp; 

ciicii    radiator    \n  ecpiipped    with    liliMois    vaciiiuii    vaiven. 
'I'lii'  ritiirnH  are  run  to  tlie  vaeiniMi  piinipH  and  l)y  tliein 


uteain-pressnre  ^'a^'e  nnd  an  eij;lit-day  cioel' 
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To  Ileal    llie  Itiiildinj,'  in  zero  \M',itlier   reiiuires  ;?(t,(M)() 

sii.lt.  of  direct  radiation,  wliieli  in  ''eneral  in  in  radiators 
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are  fed  to  tlie  Coelirane  heater.  On  the  lirHt  floor,  whieli 
in  mainly  oIliceH  and  KaleHrooniH,  lIic  <lire<t  radiation  iH 
.supplemented  hy  a  ventilalin>;  syKlem.  A  Hhaft  from  llic 
roof  |c)  the  .suli-haseiru'iit  furniHJies  the  KUj)ply  of  fresh 
iiir.  Till'  air  is  led  into  the  fan  room  adjoinin/^  tlie  en- 
^iiiie  room  wliere  it  cneounttTB  a  set  of  lieatinj^  coils,  a 
Webster  air  waslier  and  a  set  of  reheatinj^  coils;  this 
waslier  is  (■ipiipped  with  slieel-ziiic  cliininalor  plates  to 
|in'\('nl  corrosion. 

Provision  has  been  made  for  humidity  control,  and  it 
IS  intended  to  8up])ly  the  air  at  !)0  deg.  in  winter  with 
I  he  humidity  averaging  close  to  t).!  per  cent.  Two  motor- 
driven  fans  handle  the  treated  air;  one  (iO  in.  in  diam- 
eter 8ii])i)lies  30,()U()  cu.ft.  per  min.  to  the  offices.  This  is 
based  on  al)oiit  si.v  air  changes  per  hour.  The  smaller  fan 
supplies  10,()()()  cu.ft.  from  the  Iiumidifier  without  re- 
heating to  the  engine  and  boiler  rooms  in  the  sub-base- 
iiieiit.  Foul  air  from  the  offices  is  collected  in  a  second 
system  of  ducts  and  is  discharged  at  the  second  floor  by 
the  main  exhaust  fan,  which  is  in  the  sub-basement.  With 
this  system  in  operation  the  office  floor  is  independent  of 
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No.        Equipment  Kind 

2  BoUers Water-tube 

2  Stokers Chain-grate 

1  Heater Open 


Size 
250  hp..  .. 
42.5  sq.ft. 


2  Engines Four-valve 

2  Generators Direct-current. . .  . 

4  Elevators Electric 

1  Elevator Geared  tr.ictions. . 

1  Refrigerat'g  system  Absorption 

2  Pumps Single-cylinder.. . , 

1  Pump Centrifugal 

1  Pump Centrifugal 

1  Pump Duplex 

2  Pumps .Single-cylinder 

1  Pump r)uplex 


1  Pump Centrifugal. 


17x22  in. 


1  Pump Double-acting 

1  Pump Single-cylinder 

1  Pump Duplex 

Warren  Webster  air  washing  apparatus, 


:CIPAL  EQUIPMENT  OF  REID,  MURDOCH  &  GO'S  POWER  PLANT 

Use  Operating  Conditions  Maker 

Steam  generators. .  .  .    125  lb.  gage,  stokers Babcock  &  Wilcox  Co. 

Boiler  furnace Mechanical Green  Engineering  Co. 

Heating    boiler    feed 

water Metering  heater,  temperature  210  deg Harrison  Safety  Boiler  Works 

Main  units 200  r.p.m.,  125  lb.  initial.  J  lb.  back  pressure.  .  Ball  Engine  Co. 

200  kw Main  units Three-wire,  1 10-220-volt Crocker- Wheeler  Co. 

Freight Pitt  Engineering  Co. 

Passenger Pitt  Engineering  Co. 

40  ton Cooling  storage  rooms  Exhaust  steam  §  lb.  press Carbondale  Machine  Co. 

8x5x12  in. .  .    Feed  to  boilers 125  lb.  press.,  water  supplied  under  head Warren  Steam  Pump  Co. 

3-in.  suction    House  pump Motor-driven,  2400  r.p.m Alberger  Pump  &  Condenser  Co. 

3-in.  suction.  Brine  pump Motor-driven Alberger  Pump  &  Conden.ser  Co. 

7^xlO-in Brine  pump 125  lb.  pressure Warren  Steam  Pump  Co. 

8x12x12....    Vacuum  pumps 125  lb.  pressure American  Steam  Pump  Co. 

75x6x10. . . .   W'ater  to  refrigerating 

condenser 125  lb.  pressure Henry  R.  Worthington 

3-in.  suction  Water  to  refrigerating 

condenser Motor  driven Alberger  Pump  &  Condenser  Co. 

10x4J Aqua  pump Power  driven Carbondale  Machine  Co. 

10x4  Jxl2.  .  .    ."iqua  pump 125  lb.  pressure Carbondale  Machine  Co. 

18x10x12. . .    For  fire 125  lb.  pressure Fairbanks,  Morse  &  Co. 

-American  Blower  Co.  fans,  Power's  System  of  humidity  control. 
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any  wiiulow  ventilation  and  the  windows  are  pernuuient- 
1}'  fixed.  A  sniali  indei)endent  ovliaust  system  removes 
air  from  the  lirst-floor  toilets. 

Kefiugekatixg  System 

This  is  a  standard  40-ton  Carbondale  plant  using  e.\- 
haiist  steam  at  V2  lb.  pressure  to  refrigerate  the  storage 
rooms  in  the  sub-basement,  and  the  fifth  and  sixth  floors. 
There  are  a  dried-fruit  room,  (iOxlSO.xll  ft.  high,  to  be 
maintained  at  40  deg. ;  a  fish  room,  60x80x11  ft.,  at  20 
deg. ;  a  cheese  room,  00x12x11  ft.,  at  32  deg.;  a  nut  box, 
which  is  cooled  slightly,  and  a  drinking-water  cooling 
system  with  a  centrifugal  circulating  pump.  The  rooms 
are  constructed  entirely  of  block  cork  and  finished  with 
cement  plaster.     The  brine  piping  is  insulated  with  Non- 


pareil cork.  About  12,000  -^  .  of  brmc  is  circulated 
per  hour;  its  tempc.ati.- :  .:.^s  is  to  be  5  deg.  The  brine 
pipe  in  111';  /  •i.'^orating  rooms  is  1  in.  in  diameter,  and 
there  IS  a  toial  o^  :.C/!00  lin.ft. 

The  plant  has  both  steam  and  motor-driven  aqua  and 
brine  pumps  The  condenser,  which  is  of  the  shell  type 
and  contains  1000  sq.ft.  of  surface,  is  supplied  with  river 
water  by  either  a  Worthington  duplex  steam  or  an  Al- 
berger  motor-driven  centrifugal  pump,  the  former  being 
for  iiight  service.  There  is  an  intake  well  in  the  dock 
to  which  arc  connected  the  two  circulating  and  a  1000- 
gal.   Fairbanks-Morse  fire  pump. 

W.  L.  Fergus,  consulting  cngiiuHM-,  and  T.  W.  McXeill, 
chief  engineer  of  Ueid,  Murdoch  &  Co.,  are  responsible 
for  the  layout  and  installation  of  the  plant. 


Dear  Chief: 

Since  you  have  been  away  on  your  vacation  I  have  been 
reading  some,  but  I  must  write  and  ask  questions :  In 
the  booklet  entitled,  "Valve  Setting,"  which  I  received 
with  my  subscription  to  Powek,  I  notice  it  says  that  in 
making  a  half  stroke  of  the  piston  the  crank  does  not 
quite  reach  the  perpendicular  in  a  horizontal  engine. 
Now,  it  does  not  go  any  farther  in  the  explanation. 

If  the  piston  is  past  halfway  of  the  stroke  when  the 
crank  is  at  the  quarter,  what  would  prevent  the  piston 
striking  the  cylinder  head  before  the  crank  got  to  the 
center?  When  the  piston  is  in  the  center  of  its  travel 
and  the  crank  has  not  yet  reached  a  qura'ter  of  its  travel, 
how  is  the  crank  to  gain  twice  the  distance  which  it  lacks 
from  the  perpendicular  before  it  reaches  the  other  center 
or  before  the  piston  finishes  its  travel  ?  If  you  can  ex- 
plain this,  I  wish  you  would.  I  can't  find  a  solution  of 
it  in  any  of  my  books. 

Hojiing  to  hear  from  you  soon,  I  am 
Respectfully  yours, 

Will  Quizz,  Jis. 
Dear  Will: 

I  am  glad  to  note  that  you  have  been  delving  into  your 
new  booklet.  "Valve  Setting"  does  not  enter  into  the  dis- 
cussion of  the  question  you  asked  at  length,  because  it 
is  a  book  of  instruction  on  setting  valves  of  various 
kinds.  It  could  not  properly  digress  to  discuss  other  sub- 
jects, even  though  closely  related. 

This  question,  like  a  great  many  other  similar  ones, 
either  has  been  or  must  be  learned  by  every  enterprising 
young  engineer  at  some  time,  and  I  am  glad  you  asked 
it.  Take  that  pair  of  dividers  which  has  a  pencil  on  one 
side  (the  two  sides  M-ill  be  referred  to  as  point  and  pen- 
cil) and  do  just  as  follows,  and  you  will  have  the  whole 
story. 

First  draw  a  horizontal  and  across  it  a  vertical  line. 
Set  the  dividers  2  in.,  and  place  the  steel  point  where 
the  lines  intersect,  and  with  the  pencil  describe  a  circle 
which  will  be  4  in.  in  diameter.  Let  this  represent  the 
crank  circle.  Now  set  your  dividers  8  in.,  and  do  not 
change  it  as  it  now  represents  the  length  of  a  connecting- 
rod  which  in  this  case  is  twice  the  length  of  the  stroke. 

Place  the  point  on  the  horizontal  line  at  the  left  where 
the  circle  crosses  it  and  make  a  short  mark  on  the  line 


with  the  ])eiicil.  This  we  will  call  the  end  of  the  travel 
of  the  crosshead  pin  toward  the  cylinder.  Now  make 
a  similar  mark  on  the  horizontal  line,  using  the  opposite 
side  of  the  circle.  This  will  represent  the  end  of  the  pin 
travel  toward  the  crank.  Now  we  have  the  equivalent  of 
the  crosshead  travel  (4  in.)  which  is  identical  with  the 
piston  travel. 

From  the  center  of  the  circle  make  a  third  mark  which 
will  be  midway  between  these  two  points  of  travel.  Then 
with  the  point  on  this  last  mark  make  a  mark  on  the 


Why  the  Pistox    Reache'^  Cexter  First 

upper  side  of  the  circle  and  also  one  on  the  lower  side, 
which  you  will  find  fall  short  of  the  vertical  line. 

Since  you  see  the  slant  distance  is  greater  than  the 
horizontal  and  the  connecting-rod  does  not  lengthen,  then, 
of  course,  when  the  crankpin  has  reached  the  vertical 
line  the  crosshead  must  have  traveled  beyond  the  mid 
poi^ition.  With  a  constant  speed  of  rotation  the  piston 
travels  faster  on  the  first  and  fourth  quarters  of  the  revo- 
lution than  on  the  second  and  third.  In  other  words,  it 
travels  further  in  a  given  time. 

The  handy  old  rule  0,  8  and  10  for  getting  two 
lines  at  right  angles  to  one  another  will  clear  this  up  for 
you.  Take  a  carpenter's  square  and  measure  across  from 
the  8-in.  mark  on  one  side  to  the  G-in.  mark  on  the  other,' 
you  will  find  the  distance  is  10  in.  These  distances  are 
referred  to  simply,  because  they  are  easy  to  remember  and 
to  verify.  Any  others  may  be  used,  but  do  not  always 
give  the  result  in  even  numbers.  The  rule  is  that  when 
the  horizontal  distance  is  multiplied  by  itself  (8X8  = 
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til)  iiiul  tlu»  vortiial  also  iinilli|ilii'(|  hy  itHcIf  ((i  X   '•  "-  (^).  llic  K(|Uai(' oT  tlic  oilier  will  Ik- tin-  ililVcnfiicc  l)C'tw»'<'ii 

.•{(1)    and    lli.'Bf   two  aildcd    lop'llicr    ((II    +   3()   —    10(1)  llu-  s(|iiaii'H  of  tln-M'  Iwu,  ho   K)  X    1<>  ^    1<>",  «  X  «  — 

the  sum   will   iM|iiaI   tin-  slant    distaiiic  tniiltiplicd   hv   it-  (il.    Ktn         HI         ;<(|,  wliicli  is  tlic  sijuan'  of  soiric  mini- 

sclf  (10  X   1()  °^-"   I""),  as  yon  can  sec  il  does.  Inr   (wlmli  imiins  it  is  criual  to  some  nniidicr  Miullijiiii'd 

Tins    nilf   will    work    onl    llic  sanii-    \\i\\    lor   a    ri^dit-  liy  ilscll),  wiiidi  in  this  case  yon  can  easily  see  is  (i  X  '' 

niifile  trianf,de  oi"  any   projiorlion.      Now,   U  ill,  don'l   j;ct  —  -Wi.  How  lo  gel  the  results  \t\  sijiiare  root  can  la*  (jasily 

nlarnied,  tliis  is  no  Walloon  trip.     The  s(|uan'  of  the  hase  hliown.     If  you  want  more  of  lliis  at  a  later  dale,  all  you 

plus  the  sijuare  of  llie  |)erpendicvdar  etpnds  the  s<|nare  of  have  lo  do  is  to  write  and  ask    for  il.     This  will   la-  all 

the   hvpolennse.      It,   llierefore,    follows    that   if  any   two  Iliis  time. 

distances   are   known    the   other   may    he   ohtained.      For  V<jur  old  chief, 

instance,  if  vou   have  the  hypotenuse   (10)    and  the  ha.se  Ti:i,i,Ki(. 

>:  :*" 
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SYNOPSIS — Methods  of  uhlaiiiiiifi   dimensions  d/ijiUrd 
to  a  phmt  hiivintj  five  irater-tube  boilers. 

m 

To  illustrate  the  methods  given  in  previous  articles,  a 
set  of  calculations  to  detei'niine  the  dimensions  of  a  di- 
rect-connected breeching  and  stack  will  be  carried  out 
for  a  plant  containing  live  410-lip.  water-tube  boilers 
equipped  with  the  conventional  vertical  baffling  and 
cliain  grates.  A  sectional  view  through  one  of  the  boiler 
settings  is  shown  in  Fig.  1,  and  Fig.  2  gives  full  di- 
mensions for  the  breeching  and  stack. 

The  heating  surface  i)er  boiler  is  4100  sq.ft.  and  at  a 
ratio  of  r»0  to  1  the  grate  surface  would  be  82  sq.ft.  The 
nearest  commercial  size  of  grate  to  give  this  surface  is 
9x9  ft.,  or  81  sq.ft.  of  actual  area. 

With  ordinary  Western  l)itiiminous  coal  it  has  been 
found  that  5  lb.  of  coal  per  boiler  horsepower  is  a  good 
tigure  upon  which  to  base  calculations,  and  a  good  aver- 
age evaporation  for  this  kind  of  coal  is  6.9  lb.  of  water 
from  and  at  212  deg.  F. 

The  plant  will  be  laid  out  on  the  l)asis  of  50  per  cent, 
overload,  or  an  output  of  (ilS  hp.  per  boiler.  This  means 
that  each  grate  must  burn  3075  lb.  of  coal  per  hour  or  a 
maximum  of 

per  square  foot  of  grate  surface  per  hour.  According 
to  the  curve  shown  on  page  808  of  the  June  9,  1914  is- 
sue, it  will  require  a  draft  of  0.46  in.  over  the  fire  to 
burn  the  38  lb.  of  coal  per  square  foot  of  grate  surface 
per  hour.  On  the  basis  of  24  lb.  of  flue  gases  per  pound 
of  coal,  burning  3075  lb.  of  coal  will  produce 
24  X  3075  =  73,800  lb. 

of  gas  per  hour. 

To  find  the  velocity  of  the  gases  and  the  proper  size 
of  breeching  the  volume  of  the  above  weight  of  gas  at  the 
temperature  in  the  flue  must  be  determined.  For  con- 
venience the  weight  of  1  cu.ft.  of  air  at  different  tempera- 
tures is  given  in  Table  1,  and  as  the  difference  in  density 


TABLE   1. 


WEIGHT   OF   1    CU.FT.    OP   AIR   AT   DIFFERENT 
TEMPERATURES 


Deg.  F.                                          Lb.  DeK.  F. 

400  0.046223 

425                     0.04492  550. 

450                        0.043fi86  575. 

475 0.04252  600. 

500. ::::'. 0.041414 


♦Copyright,  1914.   by  Osborn   Monnett. 
tSmoke  inspector,  city  of  Chicago. 


Lb. 

525 0.040364 


0.039365 
0.038415 
0.03751 


between  air  and  flue  gases  is  so  slight  as  to  be  negligible 
in  practice,  the  values  in  the  table  will  be  used  in  the 
present  design. 

.Vssume  that  thw  temperature  nl  the  gases  at  the  boiler 
uptake  is  500  deg.  F.  'i'he  weight  of  a  cubic  foot  of  gas 
at  500  deg.  is  0.0414  lb.  Therefore,  the  volume  of  73,80(V 
lb.  of  gas  at  a  temperature  of  500  deg.  is 

73,800^  1,7H2,6(.K  ./../•/. 
0.(J414 


Fk;.    1.    Type  of   Settivg   Employed 

This  is  the  flow  per  hour  and  per  second  it  would  be 
1,782,608 


3600 


=  495  cti.ft. 


At  50  per  cent,  overload,  the  velocity  in  the  breeching 
should  not  be  more  than  28  ft.  per  sec,  and  at  this  veloc- 
itv  the  area  of  the  breeching  per  boiler  will  be 

ij"/  =  17.67  sq.ft. 
For  five  boilers  tliis  gives  an  area  at  the  stack  of 

.^  X  17.67  =  88.35  sq.ft. 
The  total  connected  grate  surface  is 

81   X   5  =  405  sq.ft. 
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so  that  the  ratio  ol'  breeching  area  to  total  grate  surface 
is  88.35  to  405,  or  nearly  1  to  4.5. 

Area  of  Stack 

A  velocity  of   30  ft.  per  sec.   in  the  stack  at  50  per 
■cent,  overload  would  give  an  area  of 
-Vo^  =  16.5  sq.ft. 


\&oilerN}l  Bcilerl^Z 
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Fig.  2.    Layout  of  Breeciiini;  of  tuk  Five  Boilers 

per  boiler,  or  82.5  sq.ft.  as  the  total  area  of  the  stack. 
This  calls  for  a  diameter  of  10.25  ft.  and  a  ratio  of  stack 
area  to  connected  grate  surface  of  approximately  1  to  5. 

Height  of  Stack 

In  finding  the  height  of  stack  it  is  necessary  to  make 
an  analysis  of  the  boiler  setting,  dampers,  uptake  and 
breeching  connections  to  arrive  at  the  loss  of  draft  oc- 
casioned by  the  design  selected.  Starting  with  the  grate 
surface,  a  draft  of  0.46  in.  will  be  required  over  the  fire. 
Referring  to  Fig.  4  on  page  768  of  the  June  2,  1914  is- 
sue, it  will  be  noticed  that  the  loss  of  draft  for  this 
type  of  setting  is  50  per  cent.,  indicating  that  there  must 
be  0.92  in.  of  draft  at  the  stack  side  of  the  damper  on  the 
boiler  farthest  from  the  stack.  From  this  point  there  is 
a  run  of  88  ft.  to  the  stack,  and  for  ordinary  practice 
the  drop  through  this  length  of  breeching  can  be  taken 
as  approximately  0.2  in.  Besides,  there  are  four  other 
boilers  connected  into  the  breeching  which  interpose  an 
additional  draft  loss  of 

4  X  0.05  =  0.2  in. 
making  a  total   draft  loss   in   the  breeching  of   0.4   in. 
and  necessitating  a  draft  at  the  stack  of 

0.92  +  0.4  =  1.32  in.  of  water 

The  temperature  at  the  stack  will  be  approximately 
475  deg.,  and  the  problem  is  to  determine  for  this  tem- 
perature the  height  of  stack  which  will  provide  1.32  ia. 
of  draft  where  tlie  l)reeching  enters  the  stack.  Interpolat- 
ing between  the  constants  for  450  and  500  deg.  given  in 
the  table  on  page  809,  June  9  issue,  a  constant  of 
0.0065  is  obtained  for  475  deg.     Then 

^:^  =  203  ft. 

0.0065  •' 

will  be  the  theoretical  height  of  stack  required.  Or- 
flinarily,  this  is  taken  to  indicate  the  height  of  the  stack 
above  the  ground  level.  However,  no  stack  or  breeching 
layout  gives  the  theoretical  draft.  There  is  always  loss 
due  to  skin  friction,  leakage,  etc.  These  losses  are  usual- 
ly taken  into  consideration  by  using  some  empirical  for- 


mula based  on  a  number  of  assumptions.  It  is  simpler 
in  lliis  case  to  assume  that  the  height  of  303  ft.  is  the 
height  of  the  stack  above  the  breeching  connection,  and 
as  this  is  20  ft.  above  the  ground  level,  the  total  heiglit 
of  the  stack  will  be 

203  -f  20  =  223  ft. 
This   automatically   furnishes   a   correction  for   friction, 
leakage,  etc.,  without  the  use  of  any  empirical  formula 
and   gives   leeway   to   compensate    for   unexpected   draft 
losses. 

'J'he  above  design  will  care  for  heavy  fluctuations  of 
load  on  individual  boilers.  One  or  more  boilers  will  gen- 
erally be  down  for  cleaning  or  repairs,  but  with  the 
liberal  gas  passes  provided,  the  remaining  boilers  can 
easily  be  run  above  the  designed  50  per  cent,  overload 
without  trouble.  In  a  plant  erected  according  to  these 
iigures  and  now  running  successfully,  the  last  boiler  in 
the  line  has  easily  carried  at  intervals  over  200  per  cent, 
of  ratinjj. 
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When  the  plans  were  pre])ared  for  additions  to  Ma- 
chinery Hall,  the  Woman's  School,  the  Applied  Design 
Building  and  the  Administration  Building  of  the  Car- 
negie Institute  of  Technology,  bids  were  asked  from  three 
engine  builders  for  a  direct-flow  engine,  M'hich  type  was 
invented  by  J.  Stumpf,  professor  of  steam  engineering 
at  the  Eoyal  Institute  of  Technology,  at  Charlottenbcrg, 
Berlin,  Germany.  The  bid  accepted  was  that  of  the 
Mesta  Machine  Co.,  which  guaranteed  a  steam  consump- 
tion of  27  lb.  per  kilowatt-hour. 

The  engine  was  delivered  early  in  1913.  It  is  equipped 
with  the  type  of  valve-gear  regula?'ly  built  by  the  Mesta 
Co.,  but  worked  unsatisfactorily  when  started  up.  The 
Tartan  of  the  institute  states  the  cause  as  follows : 

On  account  of  the  short  cut-off  with  which  the  direct-flow 
type  of  engine  regularly  works,  the  pressure  disappears  so 
quickly  in  the  cylinder  that  the  valve  becomes  unbalanced 
before  the  force  of  the  vacuum  pot  has  time  to  move  it 
through  its  travel.  This  results  in  the  valve  gearing  striking 
hard  blows  against  the  parts  connected  with  the  valve. 
Larger  and  more  effective  vacuum  pots  were  Installed,  but 
after  the  engine  had  fsmished  power  for  the  exhibition  night 
of  the  school  it  was  found  that  the  piston  had  worn  itself 
and  the  cylinder  considerably.  Careful  study  of  the  condi- 
tion showed  that  the  piston  as  originally  designed  was  un- 
balanced. To  overcome  this  trouble  a  new  type  of  piston  and 
.1    new    cylinder    bushing    were    made. 

A  new  and  stronger  rear  cylinder  head  was  also  furnished 
to  make  doubly  sure  that  no  injurious  deformation  could 
occur   in    the   valve   seats. 

Nothing  was  done  toward  starting  the  engine  during  the 
summer,  for  the  steam  plant  of  Carnegie  Tech  is  regularly 
shut  down  during  the  summer  months.  'When  the  steam 
plant  started  up  again  i-n  October  there  was  not  load  enough 
to  test  out  the  engine  to  its  capacity.  It  was  not  until 
Christmas  that  a  rheostat  was  provided  for  loading  the  en- 
gine, the  work  of  placing  the  rheostat  in  commission  being 
done  by  an  erector  of  the  builders  of  the  engine.  'U'hile  the 
engine  furnished  power  for  the  schools  during  November  and 
December,  it  was  Quite  noisy,  and  it  developed  that  the  quick 
passing  of  the  piston  over  the  exhaust  ports  slammed  the 
valves  against  their  seats.  Shoes  were  then  provided  which 
hold  the  valves  on   their  seats  continuously. 

In  December  the  Mesta  Machine  Co.  requested  the  Car- 
negie Institute  to  run  tht?  engine  regularlj'.  It  was  arranged 
that  as  a  matter  of  precaution  the  interior  of  the  cylinder 
should  be  inspected  before  the  engineers  of  the  Institute 
would  undertake  operation  of  the  engine.  To  the  surprise 
of  everybod.v  it  was  found  that  the  cylinder  had  been  slightly 
oit,  due  to  fleam  blowing  through  a  split  in  the  piston  rings 
for   which    no    brass    keeper   had    been    provided,   on    the   basis 
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thnt  *  nut  u  Htiltiiblo  iiiiiti'i  liil   fin    iini<   wIIIi  Hii|>i'rli<'iiti->1 

aitf  :    ciii'K    It    wair    iii'ri>HHiii'v    t al(u    iiiiil    liiMtall    Ihi'    hd 

liuittiviine  type  of  plutoii   rliiK,  which   la  pvrriiclly   to'iili-il 
'..i;       xrcvoiitH    li-itkuKo    of    Mti'iim    without    n    ki>t<pi>r, 

'.nco  I'urly  In  .lannury  tliu  unKlno  huH  littcn  In  n-Kiiliir 
c  vrutltin  (in  tlii<  ncIkmiI  liiad  iiractli-jilly  i-v<-ry  ilay,  pIcklnK 
.p  the  load  at  about  10:30  in  thi*  inunilnK  nn<l  carrylnK  It 
until  10  at  niKht  Krou)  7  until  10:»0  In  tho  morning  and 
l.oni  10  until  t'losluK  llnx'  at  nlKht  tho  IlKht  load  l8  carried 
by    u    Hnuillcr    ciiKlno. 

A  test  which  waH  run  on  the  Mcstu  cnKino  Indicated  that 
the  steam  conMuniptlon  Ih  below  the  Kuarnntee — that  1h  to 
vaj.  less  than  -'7  lb.  per  kw.-lir,  mo  that  the  steani  economy 
ti    Defter    than    I  In-    ^uarantic    (ailed    for. 


Cai-ncKle  Tech  IH  tho  flrst  technical  InHllliillon  In  the  world 
to  have  an  euKlne  of  the  direct-flow  tyiic  The  troubles  which 
alleiided  the  early  operation  of  the  euKlnu  were  not  wholly 
unexpicted,  since  uny  dopi,rture  from  exIslInK  practice,  In 
spite  of  most  carifful  study,  iiHually  re(|ulres  sonic  exporl- 
mentlUK. 

The  Mt'Hia  ("o.  Ih  mI  work  (Icsmiiinj^  a  |)o|)|H't  valvi'- 
Kcar  for  lliis  t'li^^ino  wliicli  will  he  IIiomiif.'lily  tcslcd  out 
Ix'Torc  any  clianj^c  is  iiiadc.  Furtlit  iiiiorc,  tlu-ic  in  no  ne- 
cessity for  liastc  as  (lie  cni^'inc  carrict;  its  load  rcoiioiiiical- 
ly  ri;,dit  aloii^  willi  tiir  Corli.ss  ty|)i'  oC  valvc-f,'car. 


A^tloinmattnc^  C^tl© 


l\\    .\i.ii;i  I)    Hi  iciii:!! 


^li'si  ciiiiiiU'i'is  arc  iiili'icstcd  in  liiu;li-s|)cH'(l,  automalic-  Tlic  most  impoilaiil  item  is  llic  cvpaiision  of  the  steam. 

I'liiolT  I'lijriiU's,  and   wish   to  loam   moiv  about   tlicm.  cs-  The  fjain  l)y  expansion  consists  in  the  admission  of  sleam 

pccially   tile  governing;  device.     To  be<^in  witii.  \vc   will  at   boiler  pressure  much  al)ovc   the  average  jjressure  re- 

o-o  hack  .0  the  ordinary  slide-valve  engine  with  the  throt-  quired  to  do  the  work.     An  early  cutoir,  then,  allows  it 

tling  goNcrnor  and  observe  the  dillerence  in  the  two  types  to   expand   to  a   lower   pressure   toward   the   end   of  the 

•)f  governing  mechanism,  their  speed  in  action  and  econ-  stroke.     The  reason  steam  is  so  valualile  to  us  is  because 

o:ny.     With  100  lb.  pressure  on  a  throttling  engine,  the  of  its  expansive  power. 


C'OMrAKISON     OF    Fli'ED    AXU    A"AI!IAI5LK    t'UTOiF 


^^overnor  would  regulate  the  pressure  of  steam  admitted 
to  the  cylinder  with  a  constant  cutoff.  It  can  be  seen 
that  steam  has  been  raised  to  that  pressure,  but  util- 
ized at  a  lower  pressure,  as  determined  by  the  governor 
according  to  the  load. 

The  diagrams  .1  and  B  are  drawn  to  make  these  state- 
ments clearly  understood,  where  the  height  of  the  dia- 
grams represents  the  pressure.  The  throttling-engine 
valve  cuts  off  at  the  same  part  of  the  stroke  at  full  as  at 
friction  load.  The  automatic  engine  at  full  load  cuts 
off  at  about  one-third  the  length  of  the  stroke,  Hut  with 
a  friction  load  the  cutoff  takes  place  early  in  the  stroke. 
The  average  pressures  of  both  full-load  diagrams  Y  and  A 
are  the  same,  and  the  same  is  true  at  Z  and  B  at  friction 
load. 


In  a  throttling  engine  when  the  cutoff  takes  place  at 
five-eighths  or  three-quarters  of  the  stroke,  it  allows  only 
three-eighths  to  one-quarter  of  the  stroke  for  expansion 
before  the  exhaust  takes  place,  and  the  expansion  is 
wasted  into  the  atmosphere;  whereas  in  the  automatic- 
cutoff  engine  we  get  the  advantage  of  the  expansive  prop- 
erties of  the  steam  in  the  engine.  Supposing  the  cutoff 
takes  place  one-fifth  of  the  stroke,  we  get  four  expan- 
sions, or  at  one-sixth  cutoff'  we  get  five  expansions,  etc. 

We  will  now  consider  the  governing  of  both  types  of 
engines.  At  one  time  the  majority  of  electric  plants 
had  belted  dynamos  and  throttling  engines.  With  this 
type  of  governor,  there  is  an  instant  of  time  lost  before 
the  engine  will  respond  to  the  increase  or  decrease  in 
load;  conser|uently  a  flicker  in  the  lights  will  be  observed. 
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Later  years,  there  has  been  more  demand  for  direct- 
connected,  high-speed  engines  with  an  automatic  cutoff. 
The  advantages  claimed  are  more  horsepower  per  floor 
space,  better  efficiency  and  close  regulation.  A  small 
automatic-cutoff'  engine  running  at  high  speed  can  de- 
velop the  same  horsepower  as  a  slow-speed  engine  of 
larger  size. 

When  a  locomotive  engineer  is  about  to  open  the 
throttle  of  his  engine  to  haul  a  train,  he  first  observes 
that  his  reversing  lever  is  in  the  gear  in  which  he  wants 
his  engine  to  run,  such  as  "forward,  or  back  gear";  when 
the  train  moves  ahead  at  a  desired  speed,  he  has  his 
throttle  wide  open,  but  he  pulls  his  reversing  bar  a  few 
degrees  toward  the  reverse  position.  By  doing  this,  as  in 
all  reversing  engines,  the  valve  travel  is  shortened;  in 
other  words,  he  is  giving  it  a  shorter  cutoff,  and  using 
the  steam  more  expansively.  The  result  is  less  coal 
burned,  quiet  running  and  less  water  consumption,  but 
still  retaining  the  speed. 

Although  a  locomotive  is  a  throttling  engine,  and  the 
engineer  acts  as  the  throttling  governor,  at  the  same  time 
we  may  say  that  a  locomotive  is  an  adjustable-cutoff  en- 
gine. The  amount  of  shortening  the  cutoff,  however,  is 
at  the  discretion  of  the  engineer. 

With  the  automatic  engine,  the  speed  is  governed  by 
the  length  of  time  the  steam  is  admitted  to  the  cylinder 
at  full  pressure.  The  reverse  is  true  of  the  throttling- 
governor  engine,  which  admits  steam  for  the  same  length 
of  time  but  at  less  pressure.  Fig.  1  shows  a  balanced 
type  of  flywheel  governor.  The  center  of  the  shaft  is  A, 
and  B  is  the  theoretical  center  of  the  eccentric.  The  dis- 
tance from  A  to  B  is  termed  the  radius  of  eccentricity. 
In  this  position  the  valve  is  at  its  longest  travel.  If  the 
radius  of  eccentricity  is  2iA  in.,  then  the  travel  of  the 
valve  would  be  5  in. 

One  end  of  each  spring  is  secured  to  the  arms  D,  and 
the  other  end  to  the  wheel  proper.  Limit  stops  are  se- 
cured to  the  wheel  to  limit  the  travel  of  the  arms  D. 
Fig.  1  shows  the  springs  holding  the  arms  against  the 
stops  E,  which  are  the  longest  travel  stops,  and  Fig.  2 
shows  the  arms  D  against  the  limit  stops  F,  which  are  the 
shortest  travel  stops.  This  figure  represents  the  position 
of  the  governor  when  the  engine  is  at  its  highest  speed. 
The  governor  is  actuated  by  the  centrifugal  force  of  the 
weights  W  in  motion,  which  have  a  tendency  to  fly  away 
from  the  axis  of  the  shaft  A  as  the  speed  of  the  engine 
increases.  The  coil  springs  can  lie  adjusted  so  that  a 
certain  speed  is  maintained,  or,  to  be  riore  exact,  the 
position  of  the  governor  determines  the  point  of  cutoff 
of  the  valve  to  maintain  a  given  speed. 

The  opposing  forces  are  the  springs,  so  that  should 
a  sudden  load  be  thrown  on  the  engine,  the  wheel  has  a 
tendency  to  slow  up.  The  springs  at  this  moment  take 
charge  of  the  lost  centrifugal  force  of  W,  and  bring  the 
governor  back  toward  the  position  in  Fig.  2.  Whatever 
load  is  on  the  engine,  the  radius  of  eccentricity  AB  is 
varied  as  the  governor  varies,  so  that  the  valve  travel  is 
measured  by  the  position  of  the  governor.  The  sleeve  of 
the  eccentric  is  independent  of  the  shaft  of  these  engines. 
In  Fig.  1  the  valve  would  travel  5  in.,  and  in  Fig.  2  it 
travels  2  in.  The  relations  as  to  position  between  the 
crank  and  the  eccentric  are  the  same  as  on  the  ordinary 
slide-valve  engines. 

The  crank  would  be  in  this  diagram  at  the  top  half 
stroke ;  the  angular  advance  of  the  eccentric  can  be  seen 


in  Fig.  1.  All  governors  of  this  type  are  the  same  ia 
principle.  One  may  differ  a  little  from  the  other  in  de- 
sign— plate  springs  may  be  used  instead  of  coil  springs, 
and  an  eccentric  pin  or  shank  instead  of  an  eccentric — 
but  in  all  kinds  the  principles  involved  in  governing  re- 
main the  same. 


By  Jamics  E.  Xoblk 

There  are  many  different  ways  to  drain  a  steam  header, 
but  the  methods  shown  in  Figs.  1  and  2  are  the  best  that 
the  writer  has  seen  in  use. 

Fig.  1  is  a  good  method  if  there  are  several  boilers  in 
the  battery  and  it  is  desired  to  tap  the  header  in  one 
place  only.  If  Fig.  2  is  used,  the  header  must  be  tapped 
for  each  boiler;  if  only  one  boiler  was  tapped  and  it  was 
out  of  commission  for  repairs,  etc.,  there  would  be  no 
way  to  drain  the  header. 

When  a  drain  is  connected  straight  down  from  the 
header,  as  shown  by  the  dotted  lines   (in  which  case  the 


FIG.  I  f'S-2  P<7WCB 

Two   Kinds  of  IIeadku   Connections 

two  elbows  and  check  valve  C  are  not  used),  there  is 
likely  to  be  a  break  in  the  connections,  caused  by  expan- 
sion; therefore  it  is  not  good  practice  to  make  connec- 
tions in  this  manner,  although  it  is  sometimes  done. 

In  Fig.  1,  A  is  a  tee  from  which  a  pipe  is  run  behind 
the  battery  of  boilers  and  a  connection  taken  off  at  each 
boiler  with  a  valve  and  connections  l)elow  it,  as  shown. 

For  a  single  boiler,  the  drain  pipe.  Fig.  2,  should  be 
of  %  in.  diameter,  but  if  there  are  several  boilers,  noth- 
ing smaller  than  1  in.  should  be  used. 


The  Dexii^ning  Engiueer  Coming  to  His  Own — A  thought 
that  has  long  been  in  the  minds  of  many  engineers  was  ex- 
pressed recently  in  the  statement  that  "the  day  is  coming 
when  the  engineer  will  occupy  the  position  now  held  by  the 
architect."  The  speaker  said  that  the  public  or  office  build- 
ing is  primarily  an  engineering  problem  in  which  the  archi- 
tect "farms  out"  75  per  cent,  of  the  work.  Moreover,  this 
percentage  is  constantly  increasing.  Ho  took  the  ground 
that  the  design  of  such  buildings  really  belongs  to  the  engi- 
neer who  should  be  in  charge  and,  if  necessary,  "farm  out" 
the  architecture.  It  is  easy  to  see  how  this  proposition  will 
strike  the  architects,  yet  its  accomplishment  is  not  such  a 
remote  possibility  as  might  be  imagined.  In  more  than  one 
engineering  office  at  the  present  time  there  is  maintained  a 
distinct  "architectural"  department,  so  that  the  office  which 
is  primarily  that  of  a  designing  engineer  for  heating,  venti- 
lating, electrical  and  sanitary  equipment,  is  at  the  same  time 
fully  prepared  to  handle  the  other  structural  features,  in- 
cluding the  architecture. — "Heating  and  Ventilating  Maga- 
zine" 
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S)  .\()1'SIS  'i'll  lidiiilli'  llir  r.iiid  Iikk/  i)ii(t.si()iit(l  hi/  nil  Hlciiin  (•(|iii|)iiii'iil  is  run  lo  liciit  tlic  watur  l)y  c.vIiuukI 
ttildilioii  to  till-  Fori  rm  lloti-l,  <i<is-i!ii;iiiii'  units  wrrr  .steam  iiiiil  in  cold  wcallicr  (o  Ileal  the  itiiildiiif,'.  In  Huni- 
iiislallfil.      Tlivij  lire   run   nlnmsl   cnlusii'i-lji  diirin;/   tlir      nier   the    piiriijw   and    the   iee   niaehiiie    liirniHh   HnllicienI 


Minnnrr  nntt  juiit  of  tlir  tiiiir  iliirini/  tlw  irinlci:  Willi 
innnisnl  ontjnit.  tlir  lolal  rost  luifi  Itrrii  rnliiml  lit)  this 
cumtiinntion. 

'I'lic   l''<Hl    I'm    lldlcl,  (.r   rillsl>ui;;li.  hiis  its  own   |)(i\vcr 
|il;iiit,  wliuli   i>  a  coiiiliiMatioii  of  steam  and  fx"><  engines, 


exhaust  steam  and  the  Ihree  {(as  onj^inoH  are  run  almost 
continiiall.v.  In  winter  tlu'  steam  eiij^MiieH  are  run  lo- 
;,'etlier  with  one  iir  I  wo  of  the  ;,'a.s-(!iij(ine  units. 

For  comiiarison  of  the  stiaif,dit  sleain   plant  with   the 
eoinhination  steam  and  f^as  plant,  two  months  are  seiecUid. 
.laniiarv  and  .June.  V.)\'i,  and   the  eorrespondin/,'  months 
the   latter  heiiiL;   inslalled    in    the   rail   of    WW'i   when   tiiu      of  l!»i;{  after  the  jras  engines  had  heen  added.      During 


Oa.s-Exgixe  Units  ix  Foist  Pitt  Hotel 


second  addition  to  tlie  hotel  was  made.  The  mechanieal 
equipment  consists  essentially  of  three  31(i-hp.  Heine 
boilers  equipped  with  TJoney  stokers ;  two  250-hp.  Erie- 
Ball  four-vaJve  engines;  three  100-hp.  slide-valve  engines 
of  the  same  make;  and  three  150-hp.  Bruce-Macbeth, 
four-cylinder  gas  engines.  Each  of  the  engines  is  directly 
connected  to  a  12o-volt  direct-current  generator.  Be- 
sides the  generating  units  there  are  tM'o  Frick  ice  ma- 
chines, an  air  compressor  for  operating  pneumatic  tubes 
and  air  lifts,  and  the  usual  pumps,  etc. 

The    three    slide-valve    engines    -were    in    the    original 
equipment  and  are  now  seldom  used.  At  all  times  enough 


these  periods  the  30-ton  ice  machine  ran  almost  con- 
tinuously with  an  average  of  five  tons  of  ice  daily,  the 
balance  being  refrigeration.  The  air  compressor  ran  24 
hr.  daily  and  the  vacuum  cleaner  12  hr.,  the  two  con- 
suming about  200  lb.  of  steam  per  hour.  The  steam  used 
in  the  kitchen  averages  about  20  boiler  horsepower  per 
hour  for  24  hr. ;  that  used  in  the  laundry  averaged  75 
boiler  horsepower  per  hour  for  12  hr.  a  day  in  1912  and 
100  boiler  horsepower  for  the  same  months  in  1913. 

The  coal  costs  $1.70  per  ton  delivered  and  the  natural 
gas  20c.  per  1000  cu.ft. 

The  labor  in  1913  was  the  same  as  for  1912,  but  there 
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was  au  iiicrrasc  from  5  K)  to  ?()()  in  tlic  nuinhcr  of  rooms 
served. 

A    COMPARISON    OF    FUEL    COSTS    DURING    TWO    MONTHS 
OF    1912    AND    litis 

January lunc 

1912  1913  1912  1913 
Kilowatt-houis        de- 
livered               133,l!B(i  149, 3SI)  106.220  125,480 

Gallons        of        water 

pumptHi    8.139,276  11,176,506  9,366.464  10,420,590 

Cost    of   coal $1,733.81  $1,474.07  $1,328.01  $885.95 

Cost   of  KUS 157.80  315.60 

Oost  of  oil S4.1(;  94.06  89.95  103.64 

Total      cost       (coal, 

gas.    oil) $1,817.97      $1,725.93      $1,417.96      $1,305.19 

From  the  above  figures  it  will  be  FouikI  that  in  January 
and  June,  1912,  239,8S0  kw.-lir.  were  generated.  The 
same  months  in  1913,  when  the  gas  engines  were  in  use, 
274,860  kvv.-hr.  were  generated,  an  inerease  of  34,980 
kw.-hr.,  or  15  per  cent. 

The  water  piunped  in  January  and  June,  1912,  was 
17,505,740  gal.;  during  the  same  months  in  1913, 
21,596,09(5  gal.  were  pumped,  an  inerea.^e  of  4,909,356 
gal.,  or  3(i  per  tent. 

m 


The  coal  chaiges  for  January  and  June,  1912,  were 
$3061.82  and  oil,  $174.01,  making  a  total  of  $3235.83. 
For  the  same  months  in  1913  the  coal  charges  were 
$2360.02,  gas  $473.40  and  oil  $197.70,  making  a  total 
of  $3031.12,  which  represents  a  decrease  of  $204.71,  or 
().4  per  cent. 

The  percentage  of  inerease  of  steam  used  in  the  kitchen, 
laundry,  for  refrigeration,  etc.,  could  only  be  dcitermined 
l)y  exhaustive  tests,  but  it  is  presumed  that  they  have  in- 
creased in  somewhat  the  same  proportion  as  the  current 
generated.  However,  the  figures  show  that  the  current 
generated  has  increased  15  per  cent.;  there  is  an  increase 
in  number  of  rooms  of  29.5  per  cent. ;  the  water  pumped 
has  increased  3()  per  cent.,  and  the  fuel  used  has  de- 
creased 6.4  per  cent.  On  a  comparative  basis  of  units  of 
service,  there  was  a  decrease  in  cost  of  power,  light,  heat 
and  water  in  1913  over  1912  of  27.8  per  cent.,  or  a  sav- 
ing of  27.8  per  cent,  of  the  total  cost  of  power  by  the  ad- 
dition of  the  gas  engines.  The  cost  of  the  gas-engine 
units,  complete  with  foundations,  piping,  etc.,  was  about 
$21,000. 


By  Warren  0.  Rogers 


SYNOPSIS — Each  double-ended,  lOOO-hp.  boiler  has 
four  furnaces.  Forced  draft  of  J  in.  of  water  presstire 
is  furnished  by  three  6-ft.  motor-driven  fans.  The  coal 
is  switched  over  and  discharged  into  coal  bunkers,  and 
the  ashes  and  cinders,  loaded  into  standard-gaye  ash  cars, 
are  hauled  awai/  by  a  locomotive  kept  expresslg  for  lliis 
work  and  for  liauling  coal. 

As  stated  in  the  first  article  on  the  Hauto  plant,  the 
boiler  house  is  built  at  right  angles  to  the  turbine  house, 
the  ground  floor  being  about  2  ft.  below  the  level  of  the 
gallery  in  the  turbine  room. 

The  firing  floor  is  at  the  level  of  the  crane  track  in 
the  turbine  room,  and  above  this  'Aoov  is  the  water-tender 
gallery  along  the  fronts  of  the  boilers. 

Bo  ILK  Its 

At  present  there  are  eight  lOOD-bp.  water-tube  boilers, 
the  superheaters  superlieating  the  steam  100  deg.  F.  The 
double-end,  five-drum,  bent-tube  boilers  are  designed  to 
carry  225  lb.  pressure,  and  the  heating  surface,  exclusive 
of  the  superheaters,  is  somewhat  in  excess  of  10,000  sq.ft. 
The  center  steam  drum  is  48  in.  and  the  two  outside 
steam  drums,  and  the  two  mud  drums  are  42  in.  in  diam- 
eter and  23  ft.  long;  all  are  double-butt-strap  jointed  and 
double  riveted. 

The  boilers  are  in  a  row  on  the  stall  system  lengthwise 
of  the  boiler  room.  In  the  case  of  the  six  boilers,  pro- 
visionally provided  with  hand-fired  grates,  the  furnaces 
are  8  it.  wide  and  12  ft.  long,  giving  a  grate  area  of  96 
sq.ft.,  a  total  of  384  sq.ft.  per  boiler,  or  approximately 
26  sq.ft.  of  heating  surface  per  square  foot  of  grate  area. 
The  adjoining  furnaces  are  separated  by  a  firebrick  wall 
35  in.  thick  and  reach  to  the  arches  at  the  top  of  the 
furnaces.     The  Itridgc-wall   separnting  the  four  furnaces 


at  the  center  of  the  setting  is  31i/o  in.  wide  and  extends 
3  ft.  1  in.  above  the  roar  end  of  the  grates,  which  are  1  ft. 
lower  at  the  back  than  at  the  front.  The  bridge-wall  is 
ventilated  by  means  of  air  ducts,  arranged  as  shown  in 
Fig.  6,  air  being  supplied  from  a  main  intake.  The  air 
ducts  are  3  in.  in  diameter  and  extend  through  the 
bridge-wall  to  the  outside  of  the  setting. 

Furnace  Arches 

Between  the  boiler  drums  and  the  grates  there  are 
three  sets  of  arches  for  each  hand-fired  furnace.  The 
bottoms  of  the  mud  drums  are  protected  from  the  direct 
action  of  the  furnace  heat  by  firebrick  walls.  Fig.  6.  The 
boilers  are  designed  with  tubes  six  rows  deep  from  the 
mud  drum,  running  to  the  center  steam  drum.  The  out- 
side steam  drums  are  connected  with  the  mud  drum  by 
tubes  five  deep.  Baffles  are  placed  between  the  larger 
bank  of  tubes  and  the  superheater,  and  between  the  super- 
heater and  the  outside  l)ank  of  tubes  for  each  half  of 
the  boiler. 

Heated  gases  from  all  four  furnaces  pass  to  the  center 
of  the  boiler  and,  striking  the  inside  bank  of  tubes  and 
baffle  walls,  go  to  the  second  pass,  where  the  superheater 
is  located,  and  then  to  the  last  section  of  the  l)oiler,  escap- 
ing to  the  stack. 

Each  mud  drum  is  7  ft.  9  in.  above  the  grates.  Between 
the  brickwork  and  the  supporting  I-beams,  insulating  ma- 
terials i)rotect  the  metal  from  the  furnace  heat.  The 
supporting  arch  is  nearest  the  mud  drum  and  is  9  in. 
thick,  as  are  the  other  two  arches;  the  lower  one  is 
curved  to  an  8-ft.  radius ;  they  are  connected  to  the  side 
walls,  as  in  Fig.  7,  which  gives  details  of  construction. 
The  bottom  arch  extends  7  ft.  lOVo  in.  into  the  furnace, 
the  other  two  9  ft.  4i{.  in.,  whicli  brings  them  just  be- 
yond the  inside  brickwork  around  the  mud  drum.     The 
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iipili'ts  IhIwi'i'M  tlu-  iinlii'.'^  arc  lilliil  miiIi  sinlalilc  iiackiii^' 
Tdi'  n  ilcjilli  of  I  I  ill.  Iroiii  llicir  irar,  aiiil  a  liiiiitfil 
lunoiiMl  of  air  is  allowed  lo  rirciila'c  tliroii^li  tlir  KjiaccH 
rroiii  ti|iciiiiii.'s  III   llic   rmiiaic  rroiil. 

I   1  M)|;i!    wit    Asm     I  M-  f(is\l. 

.\  pair  of  iiiM'ilcil  lin|i|ii'is  at  llii'  liothaii  ol' 
oarli  rt'iir  jiass  lake  care  ol'  ilic  riiiilcrs  dcposilcd 
ill  till-  iasi  pa.-^s  ol  tlw  lioilcr.  'riic  liiidcis  scltliii;; 
on  tile  iioppi-rs  run  \)\  ^'ravitv  lo  llic  discliargi-  cliiilcs 
o.\li'iidiiii;  to  till'   lioik'i-room   Imsenii'iit,  aloiif;  the  sides 


Fig.   ().    Six'Tiox  Tiiiioroii   Oxk  ok  tiii-;   1()()0-ITi>. 

BOILKHS,   SlIOWINt!    THE   Al!H.\N(JKJIEXT   OF   TUK 

FrnxACK  AiiciiKs  axd  Biudgk-Wall 


III'  I  lie  ahli  lioppi'i's,  w'liere  lli"v  diH''iiai>;e  mio  llie  asli  ears, 
l''i;;s.  s  and  I  I.  I'liK  li  of  tli<>  'A'i  aHlipits  liaK  a  |^|-in.  lliiek 
iiielal  hopper.  HlilTeiied  with  aii^'le  iron  uiid  lined  willi 
lii'iek  placed  upon  reinrorceiiieiit  liars  carried  ihroii^^h 
holes  molded  in  the  hriek.  I'jieh  ash  car  is  air  diiiiipiiif.; 
and  ri;;liliii;,'.  This  is  accoiiiplished  hy  eitiior  of  two  air 
cvlindci's,  one  on  each  side  of  llit  car,  iisin^  air  from 
llie  locomotive  haiidliiif,'  llie  ashes  and  coal.  Tlif  «ar  hodv 
rests  on  pivot  points  aloii^  the  center  from  en<l  to  end. 
.\  chain  attacliecl  to  llie  piston  on  each  end  of  each  <\vl- 
inder  is  al.so  hooked  lo  a  liif,'  at  each  end  of  the  car.  WlicM 
llie  ashes  have  licni  iiauled  lo  ihc  desired  dumping  jtlaci; 
(ashes  arc  used  loi-  liliiiijr  in  ai  present),  air  pressure 
IS  iidiiiillrd  Iron;  I  he  locomotive  lank  to  one  set  of  cyl- 
inders and  ihc  load  is  dumped,  the  piston  and  chain  tip- 
pin;,^  llic  car  lo  one  .'-ide.  A  reverse  motion  of  the  piston 
in  llic  npposilc  c\liiiilcr  nslorcs  Ihc  car  body  to  its 
orijiiiial   posilioii. 

Fr KXACK  (Ji<  \  I  i:.s 

Six  of  the  boilers  have  hand-lircd  dumping  grates  de- 
signed for  burning  antiiracite  coal  of  tlie  finest  practicable 
size.  Four  of  tiiese  grates  have  slotted  lops  ^'^j  in.  wide 
and  two  are  pinhole  toj)  grates,  willi  (5  ])er  cent,  air  spaces, 
'i'liese  are  at  the  bottom  of  the  grooves  formed  acrcss  the 
tops  of  the  grates  at  right  angles  to  each  other. 

The  otliei'  two  boilers  will  be  etpiipped  with  traveling 
grates,  one  with  removable  piano-key  grate  tops  supported 
on  carrier  bars,  the  other  with  removable  pinhole  grate 
plates.  The  lateral  expansion  of  the  piano-key  tops  is 
compensated  for  by  expansion  ]jlates  supported  at  each 
end  of  the  carrier  bars,  as  are  also  the  grate  tops.  In- 
clined springs  attached  to  the  plates  pulling  from  the 
sides  toward  tlie  center  force  tlie  tops  of  the  plates  to- 
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^;ether.  Botli  types  of  grate  top  overlap  each  otiier  in  llic 
direction  of  travel  to  prevent  tlie  fuel  from  sifting 
tlirough  to  the  ashpit.  Fuel  will  be  fed  by  gravity  from 
the  bunkers  to  a  hopper  above  tlie  grates. 

FUUXACK 

Eaeli  hand-tired  furnace  has  three  sliding  firing  doors, 
Fig.  !).  or  12  for  eacli  boiler.     At  ibi-  (op  of  eaeii  door  a 


I)    i»l>t  liAltCK    Pll'KS   FKOM    (.'iXDlil!   lioi'l'KliS 

rod  extends  u]nvard  and  is  attached  to  a  tilting  arm 
pivoted  on  the  girder  shown.  On  tlie  outer  end  there  is  a 
balancing  weight  so  adjusted  that  tlie  door  will  remain 
in  any  position.  A  pull  rod  of  suitable  length  enaljles 
the  fireman  to  manipulate  the  furnace  fire-doors. 

As  the  sliding  doors  i)revent  the  escape  of  steam  and 
walei'  in  case  of  a  bursting  tube,  three  explosion  doors 
ba\e  been  provided  in  eacb  sidi'  of  tlie  boile)'  setting.  They 


Fig.  !t.    \'iKw  Alonc;  'I'lii':  Kiiiixd  Aislk  on  One 
FXI)  OF  TJIK   Hiciir  BulLMi.S 
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connect  witli  the  first  pnss  oT  tlic  boiler,  iUid  are  IS  in. 
wide  ami  14  in.  liigh.  The  two  lower  ones  are  2  ft.  S  in. 
above  the  mud  drum  and  are  opposite  each  larfje  bank  of 
tubes.  The  top  doors  are  IT)  in.  below  tlie  center  stvani 
■drum,  and  central  between  the  two  inner  banks  of  tubes, 
Fig.  G.  In  case  a  tul)e  bursts,  tliese  doors  arc  l)lown 
open  and  damage  to  the  setting  is  prevented. 

Four  water  columns  on  each  boiler,  two  above  each 
firing  aisle  and  at  opposite  ends  of  the  boiler,  are  con- 
nected to  the  center  steam  drum,  although  the  bottoms 
of  the  three  steam  drums  are  on  the  same  level.  By  this 
arrangement  the  water  tender  cnu  determine  the  water 
level  from  each  end  of  tlic  lioiler.  The  drums  are  tied 
below  the  center  line  by  two  sets  of  3-in.  tubes  and  above 
the  center  line  by  one  set.  The  lower  tubes  are  baffled 
above  the  top  tubes  and  between  the  top  and  lower  ones. 

The  steam  drum  and  top  tie  tubes  are  covered  by  o 
in.  of  brickwork,  over  which  I14  ^^-  of  asbestos  cement 
is  placed.     Besides  the  four  safety  valves  on  tlie  drums 


of  each  boiler  theix-  is  also  a  valve  on  the  discharge  side 
of  each  superheater. 

Flkl  Sri'i'LY 

Above  llic  firing  aisle  is  the  water  tenders'  gallery. 
l''ig.  10,  and  in  the  foreground  mav  be  seen  the  coal  chiit'' 
to  the  firing  floor  below.  The  six  vacant  spaces  are  I'm 
the  spouts  tliat  will  lead  to  the  lioi)pers  of  the  traveliTi;^ 
grates. 

There  are  four  bunkers  on  each  side  of  tlie  boiler  room, 
each  bunker  serving  two  boilers  and  holding  .S()7  tons,  or 
a  total  of  6936.     These  are  single  riveted  and  unlined. 

Coal  is  hauled  direct  from  the  washeries  to  the  bunk- 
ers, the  cars  being  handled  by  a  logging  type  of  locomo- 
tive equipped  with  three  cylinders  on  one  side  of  iIh 
boiler,  next  to  the  cab.  The  crank  rods  drive  a  shaft 
geared  to  the  driving  wheels,  a  sliding  coupling  perniif- 
ting  the  train  to  run  over  extremely  sharp  curves.  Fig. 
11   is  a  view  of  the  engine  aiid  two  emptv  coal  cars.  Y\^. 


Fig.    13.    Two   of   thk   Tiiuee   4oO-Hp.    Induction 
Motors  Driving  the  Forced-Draft  Fans 


Fig.  14.    Air  Ducts  Lioauing  to  Boiler  Ashpits  from 
Main  Underground  Duct 
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]-l  sliows  a  coal  ear  above  the  Ininkors  ready  to  lie  nii- 
loiided.  The  rails  are  secured  to  heavy  I-beams  iiiid  I  he 
(oal  is  dumped  from  hopper  cars  into  the  bunkers,  'i'he 
arrangement  for  handling  coal  and  ash  does  away  with 
:ill  coal-  and  ash-conveying  apparatus  other  than  the  lo- 
comotive which  was  used  for  handling  material  during 
llie  construction  period. 

All  the  boiler  furnaces  liavc  forced  draft,  which  is  ob- 
tained from  two  of  the  three  motor-driven  fans  in  two 
fan  rooms  on  a  level  with  the  turbine-room  balcony  and 
b(>tween  the  header  room  and  the  boiler-room  basement. 

Each  fan  is  (i  ft.  in  diameter,  6  ft.  long,  and  has  a 
capacity  of  532,900  cu.ft.  of  air  per  minute  at  360  r.p.m.. 
or  a  total  of  68.700  cu.ft.:  each  is  driven  by  a  450-h)i. 


serving  tlie  remaining  boilers,  which  arc  8  ft.  wide  at  the 
l)ottom.  At  the  top,  however,  Ihe  width  of  the  ducts  in- 
creases to  19  ft.,  and  reduces  to  2  ft.  8  in.  across.  Each  has 
four  outlets,  two  to  each  furnace,  wliich  enter  the  ashpit 
at  right  angles  to  the  l)ranch  duct  and  have  dampers 
operated  by  the  liicmcn  by  means  of  a  lever  and  connect- 
ing-rods. The  ducts  entering  each  ashpit  are  of  two 
sizes,  one  iieing  2  ft.  7  in.  and  the  other  4  ft.  1  in.  wide ;. 
both  are  17  in.  high,  thus  giving  a  total  duct  area  at  the 
ashpit  of  1360  sq.in.,  a  total  for  each  boiler  of  544:0  sq.iii. 

I^jmei'gcncy  provisions  have  been  made  for  supplying 
Ihe  furnaces  with  forced  draft  l)y  means  of  air-jet  blow- 
iMs.  two  l)eing  provided  for  each  furnace. 

'i'iie  furnace  gases  escape  from  each   last  pass  of  each 


Km;.  15.   Showing  Connkctions  or  Uptakes  to  Cnni- 
NEY,  Tracks  and  Rk.sbrvoir  at  the  Left 

induction  motor.  Fig.  13.  directly  connected  to  the  fan 
>liaft.  Sufficient  air  can  be  supi)]ied  by  two  blowers  for 
I  lie  eight  boilers  under  full  load.  .\ir  is  taken  from  out- 
Inors,  from  the  top  of  the  boiler  room  or  else  from  the 
iiiibine  room  through  the  pipe  "gallery. 

Air  from  the  fans  is  blown  into  two  nuiiu  concrete  air 
ducts  placed  under  the  floor  of  tho  boiler-house  basement 
i)eneath  each  firing  aisle.  These  ducts  are  cross-connected 
at  the  end  nearest  the  blowers,  and  any  blower  may  l)e 
used  to  supply  air  to  botli  tunnels.  One  serves  all  of  the 
furnaces  on  the  ends  of  the  boilers  to  which  it  is  con- 
iT'cted.  the  other  connecting  with  the  furnace  on  the  op- 
p.)site  ends.  The  ducts,  14  ft.  high  and  2  ft.  6  in.  wide, 
e.xtend  the  length  of  the  boiler  rom. 

The  first  two  boilers  are  served  by  a  single  Y-branch 
duct,  (Fig.  14)  12  ft.  wide  and  3  ft.  6  in.  across,  the 
latter  is  also  the  dimensions  of  the  single-branch  duct.-. 


Fk;.  16.     One  ok  tiik  Uptakes,  Showing  Connec- 
I'lONs  FOR  Future  Installations  of  Economizers 

boiler  to  a  vertical  smoke  line  of  sheet  metal,  lined  with 
insulating  material  below  the  rooT  line.  They  are  of  pe- 
culiar design.  Figs.  15  and  16,  to  permit  installing  econo- 
mizers at  some  future  date  by  removing  the  side  plates. 
Fig.  U),  which  will  allow  of  connecting  with  the  intake  of 
the  economizer;  the  outlet  will  connect  with  the  opening 
now  sealed  by  the  top  horizontal  plate.  The  connection 
to  the  chimneys  is  sho\vn  in  Fig.  15,  also  the  tracks  to 
tlie  coal  bunkers ;  the  reservoir  is  shown  at  the  left. 

Thei-e  are  four  steel  stacks  157  ft.  above  the  grates  and 
12  ft.  inside  diameter,  or  an  area  of  113.1  sq.ft.,  a  total 
of  452.4.  Each  stack  takes  the  furnace  gases  from  two 
boilers,  thus  serving  768  sq.ft.  of  ?rate  area.  The  chim- 
neys are  supported  by  the  roof  trusses;  the  stack  cindots 
are  collected  at  the  bottom. 

The  third  installment  will  deal  with  the  piping  system 
of  (he  Tlauto  plant. 
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Testis  of  Vs\ini°Stoinie  JoSrmils 


'I'o  (li'trriMiiif  tile  rcliilivc  iiH'iils  (if  kIi'cI  |>i|'<'.  miii- 
Btoiu-  joints  and  ai'i't\  Icnc  wt-lils,  a  scricH  of  Icsls  vmti' 
iiniliTtakcn  by  tlu'  Sininums  l'i|H'  Ui'inlin;,'  Works  at  tlicir 
plant  at  Nowark,  N.  .1..  'rncsdav.  .M.iv  IV,  hcfori'  a  ;,'atli('i- 
injj  of  cnjfinoors. 

A  liydrostatii-  test  was  made  •>n  a  H>-in.  Iull-\v('ij,dit 
stivl  pipo,  •")  It.  I'  III.  \in\<x,  one  end  of  wliicli  was  ('(inippccl 
willi  an  oi'dinai'v  van-stone  \u\>  ji  inl  witli  spt.iidiv  dc- 
si,L;n- d  last-iron  licads,  Kijr.  I  :  llir  (plhcrrml  lind  n  di.-licd 
lu'iid,  wt'ldi'd  in  l),v  the  oxyacctyU'iic  process.  A  watiT 
pressure  of  'MWO  Ih.  per  s(piare  imli  was  apjjlied  to  tiie 
pipe  witliont  eausin};;  nnv  percept d)le  clian^e  to  tlie  sec- 
tion. 'I'liis  test  is  to  be  repeated,  earrvintr  it  to  tlic  biirsl- 
iiiLi-  |iiiinl. 

A  li-in.  fiill-wcijxiil  steel  pipe,  I  I'l.  (i  in.  lon^^  was  ne\t 
siiimiittcd   lo  a   beiidiiis,^  sIit^-.    llif  load   licioi^  appli<'d   ■,i\ 


the  center.     'I'liis  pipe  jailed  at  a  I'ad  (d'   ID  (ons,  with  a 
dcllcclion  of  •.'   in.,    Kij,'.  a. 

Two  (i-iii.  Iull-wcij;lit  Hteel  pipes,  4  ft.  (i  in.  over  all 
and  welded  in  the  center  by  the  o.wacetylene  process, 
were  siilije(  led  lo  a  central  load  applied  at  tiie  weld.    'I'iu- 
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weld  failed  under  a  load  of  18  tons,  with  a  deflection  of 
2Vi>  in.;  at  IC  tons  the  deflection  was  2  in.  The  piece 
failed  at  the  weld  on  the  tension  side,  the  weld  opening 
jjV  in.  for  a  length  of  2  in.,  Fig.  3.  The  type  of  weld  is 
shown  in  Fig.  8. 

The  next   test  was  of  two  piwes  of  6-in.,  full-weight 
steel  pipe,  4  ft.  G  in.  over  all,  one  having  an  extra-heavy 


Fici.  S.     'i'vn-:  oi-  W'ki.d 

rolled-steel  llange  screwed  up;  tli"  nther  piece  was  lifted 
with  an  extra-heavy,  higli-liiil),  rolli'd-steel  flange  with 
ordinary  van-stone  lap.  These  Iwo  flanges  were  bolted 
together,  and  load  applied  at  the  center.  One  pipe  failed 
under  12  tons  pressure,  breaking  at  the  threads.  The  de- 
flection at  the  instant  l)efore  Ijreaking  was  1  in.  Fig.  5 
shows  the  result  of  the  test,  the  vun-stone  lap  being  bent 
1/4  ill.  out  of  line. 

The  fifth  test  was  with  a  (i-in..  full-weight  steel  pipe, 
one  end  of  which  was  plugged  with  a  dished  head  welded 
in  by  oxyacctylene;  the  other  had  an  ordinary  van-stone 
joint.  This  piece  was  inserted  in  the  test  press,  and  pres- 
sure was  applied  tending  to  drnw  the  lap  through  the 
flange.  The  lap  started  to  straighten  at  20  tons;  the 
pressure  was  then  carried  to  60  tons  without  further 
change   (see  Fig.  6). 

The  same  test  was  nuide  on  a  pipe  with  a  reinforced 
van-stone  joint,  a  la])  turned  l)a(k'  upon  itself.     The  lap 
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started  at  20  tons  pressure  and  was   then  carried  to  (iO 
tons  when  the  dished  head   faileil  at  the  weld.  Fig.  7. 

Another  interesting  test  to  ])r()ve  tlutt  the  van-stone 
joint  is  strong  enough  for  any  nonnal  service  was  run 
in  March.  The  van-stone  flange  on  a  10-in.  pipe  was 
hammered  flat,  cold ;  the  outside  diameter  of  the  pipe 
and  lap  was  141,4  in.  The  pipe  was  placed  against  a  14- 
in.  pipe  and  pressure  applied.  The  van-stone  lap  on  the 
10-in.   pipe   was   bent   back   and   the   pipe   pushed   cold 


111  rough  the  1  t-in.  piece  under  .5.3  tons  pressure.  The  lap 
was  not  fractured.  The  final  condition  of  the  lap  is 
shown  ])y  F'ig.  9. 

Facilities  were  also  given  to  see  bending,  welding  and 
van  stoning.  The  tests  were  in  charge  of  M.  Wesney 
A\'ard.  mechanical  engineer,  Kcw  York  representative  of 
the  Simmons  Pipe  Bending  Works.  30  Church  St.,  New 
York  Citv. 


i)V  T.  (i.  TinitsTov 

-V  large  two-stage,  ci'oss-com pound  air  compressor,  the 
discharge  ])ressure  being  12')  lb.  and  the  receiver  or  in- 
tercooler  pressure  normally  about  ."in  lb.,  was  hurriedly 
installed.  For  a  few  weeks  it  ran  well,  then  a  knock  de- 
velo]ied  in  the  high-pressure  cylinder.  The  knock  came 
at  irregular  intervals  and  the  receiver  jiressure  began  to 
gradually  increa.se  week  by  week. 

A\'hen  the  high-pressure  discharge  and  inlet  valves 
were  taken  out  they  were  corroded  and  badly  gummed, 
and  a  large  amount  of  grit  and  dirt  had  accumulated  on 
them  and  in  the  discharge  ports. 

'Jlie  valves  and  ports  were  cleaned,  the  valves  replaced, 
and  upon  starting  the  compressor  worked  a  little  better, 
although  the  receiver  pressure  did  not  come  down  to 
where  it  should.  X  few  days  lattr  the  knock  again  an- 
nounced itself  and  the  receiver  ]iressui-e  gradually  in- 
creased to  ()0  lb. 

The  low-pressure  journal  bearings  pounded  badly,  due 
to  the  excessive  receiver  pressure.  Then  tlu>  high-pres- 
sure cylinder  was  opened  and  tb*^  piston  taken  out.  A 
piece  about  3  in.  long  was  found  broken  out  of  each  ring 
and  the  rings  were  worn  down  t)  l/g  in.  in  places.  The 
air  passages  from  the  discharge  side  were  filled  with  a 
gritty,  gummy  substance  resembling  brick  dust  mixed 
with  oil,  and  some  of  it  was  baked  quite  hard. 

The  intercooler  was  placed  horizontally  across  the  two 
air  cylinders,  as  shown  in  the  illustration.  Much  water 
accumulated  and  found  its  way  into  the  jiockets  .1.1, 
ai'ound  the  air  passages  leading  to  the  aii-  cylinders.  These 
wei'e    pi'ovided    with    pipes    and    \alves    for    drawing    the 
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water  off  regularly,  but  this  had  not  been  done  as  often 
as  necessary,  and,  consequently,  the  water  got  into  the 
high-pressure  cylinder.  Added  to  this,  the  air  had  been 
taken  from  the  basement  directly  under  the  compressor, 
which  was  damp  and  full  of  dust  from  the  construction 
work  going  on. 

Two    new    rings    were    made    for    the    piston,    the    air 
intake   was   pi]ied   to  the   roof   and    a    tiaj)   connected   to 
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tl>o  two  pipo»  7?^  to  insiiro  \]\o  wnlor  Itcmj;  lakm  jiway 
lit)  liiHt  as  ronnctl.  Wlirii  ||i<>  conipicsHtir  wiis  Hlarlcil  tlx* 
nnvivor  prcssurt'  nliowcd  only  2T  11)..  mid  the  iiiacliiiic 
rail  (|uiflly  and  has  not  ctiuscd  any  fuiiln'r  1roiil)li>. 

:« 

SellT-Sy-ncHronizinc^  Rotary 
Converters 

A  new  nicllioil  of  Miakiii;;  rotary  converters  sell'-syn- 
flironizinfj  is  lieinjj  adopted  extensively  liy  liritisli  niann- 
laetiirers.  Witii  it  tlic  eoinplieationi'  of  a  synelironi/.in^' 
•jear  and  startiiifj;  taps  on  the  transt'orniers  are  avoideil. 
and  the  deliiate  o])eration  of  synehronizinji  is  dispensed 
witli.  'i'lie  starling  eiirrent  re(|iiii'ed  is  also  reduced  to 
the  lowest  pi-acticahle  limit.  'Pliere  is  a  s(piiiTeI-oafje 
starting  motor  with  each  tonverter.  its  slalor  heing  wound 
for  the  voltage  of  the  main  transroriner  secondaries.  The 
cUn'trical  connections  are  shown   in   the  diagram. 

It  will  be  seen  that  each  of  the  three  phases  ol  the 
stator  of  the  starting  motor  can  ))o  connected  in  series 
with  the  converter  slip  rings.  The  gear  consists  of  the 
usual  tliree-pole.  high-tension  switch  on  the  primary  side 
of  the  transformers,  a  three-pole,  low-tension  switch  in 
the  main  alternating-current  circuit  to  the  converter,  a 
smaller  three-pole  switch  for  tiie  starting-motor  stator 
circuit,  a  central  zero  direct-current  voltmeter,  and  a  tield 
cJumge-over  switch.  At  starting,  all  these  switches,  in- 
cluding the  field  switch,  are  o])i'iied  and  the  oil  switch 
on  the  high-tension  side  of  the  main  transformers  is  then 
closed.  Now,  upon  closing  the  motor-starting  switcli,  the 
low-tension  alternating-current  circuit  is  completed 
through  the  starting-motor  stator,  and  the  macliine  starts. 
Owing  to  the  high  impedance  of  the  starting-motor  wind- 
ings, the  starting  current  is  reihiced  to  a  small  amount, 
with  the  result  that  no  sparking  takes  place  at  the  com- 
mutator, and  none  of  the  disturbances  incidental  to  heavy 
starting  currents  is  created  in  the  alternating-current 
system.  These  two  are  most  important  points  and  con- 
stitute the  chief  advantages  claimed  for  the  new  method 
of  synchronizing. 

\Mien  the  converter  passes  through  the  synchronous 
speed,  the  voltmeter  pointer  will  oscillate  between  a  small 
positive  and  a  small  negative  indication,  or  vice  versa, 
every  time  a  pole  is  slipped.  If  the  converter-field  switch 
is  closed  when  the  voltmeter  indicates  the  proper  polarity, 
the  converter  will  excite  and  remain  steadily  in  syTichron- 
ism.  After  adjusting  the  field  so  as  to  show  approxi- 
mately the  correct  normal  voltage,  it  is  necessary  only  to 
short-circuit  the  starting-motor  stator  by  closing  the 
main  low-tension  alternating-current  switch.  The  con- 
verter being  in  synchronism  before  this  switch  is  closed 
and  excited  to  full  normal  voltage,  the  closing  of  the 
switch  causes  neither  a  heavy  rush  of  current  nor  any 
sparking  at  the  commutator. 

An  indicating  lamp  is  sometimes  connected  across  the 
main  low-tension  switch.  This  lamp  will  flicker  before 
synchronism  is  reached,  and  will  be  dark  after  synchron- 
ism. However,  since  complete  indication  of  synchronism 
is  given  by  the  voltmeter,  this  lamp  is  not  essential.' 

Moreover,  the  three-pole  switch  in  the  starting-motor 
circuit  is  not  essential ;  it  is  provided  merely  for  con- 
venience. If  this  switch  were  not  provided,  the  con- 
verter would  start  as  soon  as  the  high-tension  switch  was 
closed.     If  the  latter  is  in  close  proximity  to  the  con- 


vener. lliiM-r  ih,  (if  ciiurHe,  no  oliJcctKiii  to  this  iirrange- 
mcnt.  It  should  also  be  not^'d  that,  under  certain  condi- 
tions, the  licld  circuit  nniy  be  chwcd  before  the  starting 
operation  commeticeK.  Then;  is  no  danger  of  the  ma- 
chine loming  up  with  the  wrong  polarity  under  these 
conditions,   because  the  starting  current    is  too  stnall   to 
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interfere  with  the  residual   magnetism   already  existing 
in  the  machine. 

Tests  on  actual  machines  show  that,  with  this  new 
method,  rotary  converters  of  1500  kw.  and  above  can 
be  started  and  synchronized  in  from  30  to  50  seconds. 


One  Dollar  per  Kilowatt  per  Month — The  electric  current 
used  in  the  Rupert  High  School,  Rupert.  Idaho,  comes  from 
the  government  power  house  at  Minidoka  Dam,  14  miles 
above  Rupert,  on  the  Snake  River.  It  is  distributed  by  th-» 
Rupert  Electric  Co.,  and  sold  at  $1  per  kilowatt  per  month, 
for  heat,  flat  rate.  The  current  passes  through  a  transformer 
of  300  kw.  capacity,  three-phase,  Westinghouse  self-cooling 
type,  filled  with  oil.  This  transformer  will  stand  an  overload 
of  one-third,  so  that  a  maximum  of  400  kw.  is  available.  The 
transformer  is  fed  from  the  4000-volt,  four-wire  distributing 
system  of  the  Rupert  Electric  Co.  by  underground  cable.  This 
school  is  said  to  be  the  first  large  building  in  the  world  to 
be  heated  by  this  system  of  electric  heat.  The  board  of  edu- 
cation and  the  superintendent  of  schools  had  such  faith  in 
the  feasibility  and  economy  of  the  system  that  the  building 
was  erected  with  absolutely  no  provision  for  the  installation 
of  any  other  heating  system. — "Heating  and  Ventilating 
Magazine." 
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Does  Strnpeplraesiftedl  Steg^sm 

Are  there  different  kinds  ol'  suii'Tlieatcd  steam? 

We  do  not  now  refer  to  the  possibility  of  the  existence 
of  unevaporated  moisture  in  a  mass  of  superlieated  stcniii, 
the  temperature  of  which  is  above  the  boiling  point  of 
t}ie  moisture.  It  has  been  demonstrated,  if  it  needed 
demonstration,  that  water  can  exist  for  a  limited  time  in 
an  environment  the  temperature  of  which  is  above  its 
boiling  point  just  as  a  cake  of  ice  can  endui'e  for  a  time 
on  the  curb  in  the  sweltering  sunshine  of  a  summer's 
afternoon. 

This  discussion  points  in  the  other  direction — up  the 
scale,  to  dissociation. 

E.  A.  Geogliegan  claims  to  have  a  sujjerlieater  the 
product  of  which  is  so  much  ditfe.''''nt  from  the  steam  put 
out  by  the  garden  variety  of  supoi-heater  that  it  can  be 
used  at  over  nine  liundred  degrees  with  impunity  and  oil 
hemp  packing,  whereas  the  degree  of  su])erheat  which 
can  ordinarily  be  usefully  a])])lied  is  limited  by  its  ef- 
fect upon  the  lubrication,  packings,  fittings,  etc.,  to  from 
one  hundred  to  two  hundred  degrees. 

The  reason,  according  to  Mr.  Geogliegan,  lies  in  the 
fact  that  in  his  supcrlieater  the  temperature  of  the  steam 
is  brought  up  gradually,  avoiding  any  tendency  to  decom- 
position, while  with  most  other  types  a  thin  sheet  of 
steam  is  impinged  against  surfaces  at  almost  a  red  heat, 
affording  ample  o]iportunities  for  local  lieating  above  the 
thirteen  hundred  degrees  needed  for  decomposition  in 
the  presence  of  iron  or  steel  of  that  temperature.  The 
oxygen  eats  up  the  superheater  and  the  liberated  hydro- 
gen goes  on  to  play  lieck  with  tlie  engine  and  piping. 

If  this  condition  exists,  it  would  l)e  well  to  establish 
the  fact  and  cori'cct  it.  Cases  have  occurred  where  super- 
heaters have  oxidized  badly,  but  tboy  have  been  excep- 
tional. Mr.  Geogliegan  claims  that  if  a  torch  be  held 
in  front  of  a  two-  or  tliree-inch  outlet  in  a  pipe  leading 
from  some  types  of  sujierheaters  carrying,  say,  two  hun- 
dred and  fifty  degrees  su]K'iheat,  and  the  valve  controlling 
the  outlet  be  opened  and  closed  quickly,  there  will  be  a 
very  noticeable  explosion  of  the  hydrogen  present  in  the 
steam.  If  this  is  so  it  ought  to  be  easily  capable  of  posi- 
tive demonstration,  and  even  the  amount  and  composition 
of  the  gas  determined. 

The  dissociation  of  steam  at  thirteen  hundred  degrees 
is  not  a  spontaneous  agreement  between  the  atoms  of 
hydrogen  and  oxygen  that  things  have  become  too  hot  for 
them  to  get  along  together,  but  ro  the  interference  of  the 
interloper  steel  or  iron,  for  which,  at  thirteen  hundred 
degrees,  the  oxygen  has  a  greater  affinity  than  for  the 
hydrogen.  If  decomposition  does  take  place  in  this  way 
it  is  a  serious  matter,  for  each  jiound  of  steam  so  decom- 
liosed  would  eat  up  more  than  two  ])ounds  of  superheater. 
Dr.  Augustus  H.  Gill,  of  the  Massachusetts  Institute 
of  Technology,  in  an  article  discussing  the  decomposition 
of  steam,  in  Pow^ek  of  Jan.  28,   191.3.  cites  I.owenstein 


and  Wartenburg  as  having  shown  in  1906  that  at  two 
thousand  and  sixty  degrees  Fahrenheit  (about  the  melt- 
ing point  of  average  cast  iron)  steam  was  I)ut  ().()08(j  ])er 
cent,  decomposed,  and  even  at  a  temperature  but  little 
above  that  of  melting  wrought  iron  (twenty-nine  hun- 
dred degrees  Fahrenheit)  only  one-third  of  one  per 
cent,  was  dissociated.  This  means  that  in  cast-iron  oi 
wrought-iron  containers  practically  no  steam  can  be  de- 
composed into  hydrogen  and  oxygen;  and  if  there  were 
any  of  these  gases  formed,  inasmuch  as  the  reaction  by 
which  they  are  formed  is  under  the  conditions  a  reversible 
one,  that  they  will  recombine  the  moment  the  temperature 
is  lowered. 

In  view  of  this  a  demonstration  of  the  existence 
of  the  conditions  claimed  by  Mr.  Geoghegan  is  es- 
sential to  lh(!  serious  consideration  of  the  merits  of  his 
system.  Such  a  demonstration  is  easily  possible,  but  so 
far  as  we  know  is  yet  to  be  made. 

:*: 
§Tjjis!ffiBimsiff'asnia^    Po'yy®'2'°PIlsxini^ 

It  is  widely  believed  lliat  in  large  j)lants  only  is  it 
worth  while  to  maintain  exhaustive  records  of  opera- 
tion. This  is  a  mistake.  Besides,  the  fundamental  data 
relating  to  fuel  consum])tiou,  labor  costs,  supplies  and 
repairs  recorded,  there  is  a  field  for  analysis  which  of- 
fers a  sure  reward  to  the  student  of  station  economics. 
In  this  branch  few  are  more  interesting  than  summaries 
of  ojieration  upon  a  weekly,  monthly  and  yearly  basis. 

Engineers  prefer  to  make  up  their  own  forms  of  log- 
sheet,  l)ut  the  good  j^oints  in  others  may  lie  profitably  in- 
corporated insofar  as  they  fit  the  conditions.  Power-sta- 
tion accounting  varies  as  much  as  does  that  of  other  de- 
partments, but  the  opportunity  for  the  standardization 
of  summaries  within  the  jilant  and  for  comparisons  with 
other  stations  of  similar  or  different  types  is  sometimes 
overlooked. 

The  summary  sheet  of  a  large  turbiiu'  plant  in  which 
more  than  usual  attention  is  ])aid  to  record  keejiing  con- 
tains about  fifty  items  and  nearly  seven  hundred  entries 
in  the  course  of  a  year.  The  items  need  not  be  enumerated 
in  detail,  l)ut  an  outline  is  suggestive,  not  only  because  it 
shows  the  care  wilh  which  the  large  station  is  studied^  but 
because  many  of  the  items  can  be  applied  to  the  small 
jilant  at  a  nominal  cost. 

The  sheet  contains  space  for  itemized  totals  by  the 
month  and  for  the  year  for  fuel,  water,  oil  and  waste,  etc., 
labor  and  material  costs  by  months,  with  rejiairs  upon 
major  equipmeul:  units,  kilowatl-liour  essential  costs,  and 
the  cost  of  coal  per  ton  in  the  bunkei-.  These  items  are 
supplemented  by  average  monthly  barometer  readings, 
average  vacuum,  steam  ]iressure  and  superheat  at  the 
throttle.  Going  deeper  the  sheet  shows  for  each  month 
and  for  the  year  ihv  total  kilowatt-hours  output  of  each 
generating  unit  and  of  the  station  as  a  whole,  the  hours 
each  unit  was  operated  and  the  maximum  load  carried  by 
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viuli  \iiiil.  ns  w.'ll  UK  tin-  slaliim  |iciikH.  To  coMiiilcif  ilu- 
rt'iiird.  till'  Hiiiiimiirv  slmwH  llic  miiiiln'r  of  lioilcr  lioiiirt, 
stt'iiiniii);;,  Imnki'd  mid  lif^litcd.  Tin-  load  factor  in  fijriircd 
in  two  ways:  First,  liy  dividinjj  tlio  avt'ra;,'o  load  bv  tlio 
avi'nip>  iiia.xiimini.  and,  second,  l»y  dividin;^  llio  avoraj,'L' 
liy  tlic  maxiiiiinii.  Tlic  last  itciii  is  of  fjicat  valiio  ns  it 
liliows  tlio  relation  lictwccn  tlic  diiiiaml  upon  tlu>  c'qni|)- 
liu'iit  for  regular  service  and  the  ei|iiiiinienl  which  niusl 
he  carried  to  meet  extreme  calls  ii|k)ii  the  station  for 
service. 

Data  of  tiio  1'ore>,'oinj,'  character  represent  hut  little 
work  when  merely  transcrihed  from  daily  lofj  sheets,  ami 
tliose  which  reipiire  averajiinfr  m't'  onsily  ))rociire(l  if  car- 
ried forward  from  day  to  day;  if  left  until  the  enil  of  n 
month  the  task  is  likely  to  he  hurdensome.  From  the 
operatinji  standpoint,  the  value  of  bein,!;:  able  to  sec  all 
the  "high  spots"  by  the  month  and  foi-  a  year  at  a  time 
need  not  be  emphasized.  'I'he  more  these  side  lights  are 
heeded,  the  better.  Daily  log  sheets  are  essential  to  pro])er 
service,  but  summaries  of  plant  operation  extending  over 
substantial  jx-riods  are  important  aids  to  its  real  behavior 
and  many  irregularities  are  smoothed  out  or  may  start  an 
inquiry  of  ultimate  benefit.  In  the  course  of  a  year,  every 
station  passes  through  a  complete  long  cycle  of  perform- 
ance, a  record  of  which  is  the  best  means  of  analysis 
available  to  the  engineer. 

A.  Mas^aMe  Avoidledl 

Years  ago  a  condensing  engine  was  (and  in  iMigland 
to  a  large  extent,  still  is)  considered  the  only  kind  to 
install,  because  it  is  the  most  economical  of  steam.  Then 
engineers  came  to  ai)])reciate  that  under  certain  condi- 
tions an  engine  is  a  first-rate  reducing  valve  and  the 
power  it  generates  really  a  bonus,  if  low-pressure  steam 
is  required  anyhow.  Condensers,  where  they  belong. 
are  among  the  most  important  parts  of  plant  equipments, 
but  they  are  decidedly  out  of  place  in  any  ])lant  that 
has  use  for  all  of  its  exhaust  steam  ;  such  a  plant  is  that 
of  Eeid,  Murdoch  &  Co.,  described  on  other  pages  of 
this  issue. 

It  is  enlightening  to  follow  the  reasoning  as  set  forth 
in  the  article  referred  to  for  not  installing  condensers. 
If  all  consulting  engineers  would  nse  as  much  sense  in 
analyzing  the  requirements  of  their  clients  before  they 
put  in  unwarranted  equipment,  there  would  be  more  satis- 
faction all  around.  Incidentally,  it  would  be  a  mighty 
good  thing  in  the  end  for  tlie  manufacturers  of  the 
equipment  omitted  under  such  conditions.  Fruitful  soil 
is  the  only  kind  worth  cultivating. 
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The  foreword  this  week  holds  out  two  directions  in 
which  an  operating  engineer  may  hope  to  progress.  One 
is  quite  obvious;  advancing  to  a  position  of  greater  re- 
sponsibility in  the  plant  where  he  is  engaged,  as  the  sup- 
erintendeney  of  the  works.  Xot  so  common  is  the  other, 
that  of  salesman  for  the  manufacturer  of  some  line  of 
equipment  that  he  has  been  handling.  Probably,  it  will 
come  to  many  operating  men  as  a  new  thought  that  there 
is  a   future  for  them   in  the  selling   field. 

This  idea  appeals  to  us,  and  for  some  reasons  besides 
+hose  cited  by  the  author  of  the  foreword.  As  he  says, 
Vie  have  a  tendency  to  put  confidence  in  the  engineering 


salesman  who  shows  a  knowledge  of  his  product  in  iifC. 
lie  is  exjiected  to  he  versed  in  the  ex<;ellence  of  his  goods 
HO  far  ns  its  nianiifacture  is  concerned  and  the  nialerial 
(iitering  into  it,  but  it  is  seldom  that  he  ran  Bpeak  from 
ex])(>rienco  as  to  its  performance  in  operation.  What  he 
knows  about  what  it  doea  is  usually  second-hand  knowl- 
edge picked  up  from  his  customers. 

It  has  been  the  habit  of  iiianiifacturerK  to  recruit  their 
selling  force  from  the  ranks  of  tliose  who  iiavc  the  selling 
knack — and  this,  all  too  often,  is  based  on  the  possession 
of  a  |)ersonality  that  wins  friends,  or  a  gift  of  persuasivo 
s])eech.  Not  to  discount  thest;  qualities,  for  they  are 
highly  important  in  any  salesman,  we  maintain  that  they 
should  be  secondaiy  and  not  primary  considerations 
where  the  goods  to  lie  sold  are  of  a  nature  such  that  the 
average  individual  cannot  understand  all  that  they  involve 
in  a  short  accpiaintance  with  them.  Anv  good  salesman 
from  his  general  knowledge,  may  <|ui(kly  come  to  appre- 
ciate what  distinguishes  the  good  from  the  bad  in  cloth, 
or  groceries,  or  a  thousand  other  common  commodities. 
Xot  so  with  anything  so  complicated  as  a  piece  of  ma- 
chinery, or  even  lubricating  oils  or  fuel,  .\ctual  handling 
of  these  in  use  gives  a  man  the  customer's  point  of  view 
as  nothing  else  can.  Where  he  can  go  to  the  prospective 
buyer  forearmed  w^th  a  knowledge  of  what  his  difficul- 
ties have  been  and  how  they  nuiy  be  overcome,  the  sales- 
man's chances  of  a  cordial  rece])tion  are  sure  to  be  vastly 
increased. 

.lust  as  surely  as  the  time  has  passed  wdien  the  salesman 
needed  to  be  a  good  mixer  and  stand  treat  generously  to 
get  orders,  just  so  surely  is  the  practice  dying  out  of 
engaging  men  for  their  ability  in  the  use  of  words.  There 
is  no  denying  the  psychological  eifect,  akin  to  hypnotisn 
in  some  cases,  of  a  flow  of  language  that  can  sweep  away 
doubts.  This  may  make  a  first  sale,  but  when  the  sale:?- 
nian  has  departed  the  goods  must  stand  on  their  merits. 
If  the  buyer  has  been  persuaded  to  take  something  ill- 
adapted  to  his  needs,  more  harm  than  good  has  beeii 
done. 

Let  the  next  salesman  who  comes  be  a  real  engineering 
salesman.  lie  can  explain  why  the  last  trial  was  a  failure 
and  how  to  use  his  wares  with  success ;  thus  a  permanent 
user  has  been  acquired.  It  goes  without  saying  that  the 
product  sold  must  be  deserving,  but,  given  a  worthy  line 
and  a  salesman  who  is  expert  in  the  use  of  't,  then  tlie 
mere  spellbinder  has  no  chance. 

Speed  the  time  when  more  real  engineers  become  ens.  i- 
ueering  salesmen ! 

m 

That  likeable  character,  Chief  Teller,  who  figures  vn 
the  Will  Quizz,  Jr.,  articles,  has  been  discovered  in  real 
life.  Read  the  letter  "When  Ignorance  is  Folly,"  on  page 
864,  and  you  will  find  that  the  writer  once  worked  under 
such  a  chief  and  is  now  that  kind  of  a  one  himself.  "May 
their  tribe  increase." 

m 
The  highly  commendable  action  of  the  Swedish  govern- 
ment  in  making  an  appropriation  whereby  Swedish  engi- 
neers may  be  enabled  to  visit  the  Panama-Pacific  Ex- 
position, could  be  profitably  imitated  by  other  nations. 
The  engineering  congress  alone  has  aroused  the  interest 
of  forty-two  countries,  and  will  be  of  broad  educational 
value.  The  trip  would  also  afford  the  visiting  engineers 
an  opportunity  to  visit  the  great  industrial  works  in  this 
country. 
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'riie  writor  has  obtained  yoo,!  results  l)y  the  nso  of 
settling  trays  inside  oF  return-tubular  boilers.  'I'liey  are 
esj)eeially  good  in  sections  of  the  country  wliere  the  water 
is  muddy.  One  tray  hung  near  the  water  line,  with  the 
I'eed  pipe  extended  so  as  to  empty  into  it,  will  arrest  a 
large  part  of  the  solids.  A  tray  suspended  below  the 
tubes  from  the  through  stays  or  supported  from  the 
bottom  will  also  catch  that  sediment  which  would  other- 
wise settle  on  the  fire  sheets,  for  the  reason  that  the  cur- 
rent of  circulation  is  upward  at  the  sides  of  the  boiler 
and  downward  in  the  center. 

F,   AY,   SCHXEIDKR, 

Clay  Center,  Ohio. 

W. 


Last  summer  1  worked  in  a  power  plant  which  was 
undergoing  a  general  overhauling.  The  care  of  the  ma- 
chinery is  equally  divided  among  the  engineers  and  each 
is  held  responsible  for  the  units  allotted  to  him. 

While  the  machinery  is  in  operation  the  engineer  on 
duty  keeps  it  in   service  as  long  as  he  sees  fit,  and   in 
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cases  of  emergency,  he  is  allowed  to  make  minor  repairs, 
which  he  enters  on  the  daily  report  sheet.  'J'his  rule 
works  well  as  one  man  cannot  blame  the  other  for  tamj)er- 
ing  with  his  machines,  and  it  also  enables  the  nuuiage- 
ment  to  place  the  responsibility  where  it  belongs. 

Shortly  before  one  of  the  engines  was  taken  out  of  ser- 
vice for  general  repairs,  the  crankpin  box  got  hot  and 
melted  the  babbitt  metal  just  enough  to  fill  the  oil  grooves 
and  allow  the  brasses  to  come  together.  The  engineer 
took  the  brasses  down,  cleared  the  oil  grooves  and  re- 
placed them,  but  without  filing  a  clearance  l)ecause  new 
brasses  were  to  be  put  on  soon. 

The  new  set  was  of  a  bronze  composition,  with  babliitt 
buttons  equally  distril)uted  over  the  bearing  surfaces.  The 
engineer  objected  to  them.  He  said  that  the  bronze  boxes 
would  get  hot  and  ruin  the  crankpin;  they  would  always 
be  a  source  of  trouble.  His  superior,  however,  said  he 
would  take  the  responsibility  and  told  him  to  put  the 
brasses  on. 

Vv'lien  the  repair  work  was  com])leted  and  the  engine 
put  back  into  service,  it  ran  for  only  a  short  time  before 
the  brasses  got  hot.  They  were  taken  down  and  refitted, 
but  in  two  days  liiey  got  hot  again.  The  engine  was 
then  taken  out  of  service  for  several  days  while  the  old 
brasses  were  being  rebabliitted. 

I  wanted  to  ask  tlie  engineer  why  iu'  did  not  chip  the 


edges  of  each  lialf  of  the  old  brasses  for  clearance  and 
put  a  liner  behind  them.  This  would  have  raised  the 
wedge  and  made  the  rod  its  original  length. 

The  brasses  contained  one-fourth  inch  of  babbitt  metal 
when  they  came  together  and  the  only  thing  tliey  needed 
was  the  above  treatment.  However,  as  it  was  against 
the  rules  to  ask  questions  or  take  suggestions  from  any- 
one, I  decided  not  to  ask.  The  management  claimed  that 
the  bronze  boxes  were  those  that  the  builder  furnished 
with  the  engine,  and  that  they  ought  to  have  been  put 
on  before;  but  why  did  they  heat? 

I  know  of  brass  boxes  that  are  in  service,  and  of  en- 
gineers who  will  not  have  anything  else.  They  keep  them 
keyed  up  brass  to  brass,  and  go  to  the  trouble  of  taking 
them  down  and  filing  off  the  edges  every  time  it  is  nec- 
essary to  key  them  u]).  This  is  good,  as  it  decreases  the 
wear  between  the  brasses  and  the  straf). 

The  sketch  shows  the  type  of  stub  end  referred  to.  1 
would  like  to  hear  from  some  of  the  engineers  who  are 
running  brass  boxes  on  crankpins. 

IJOBKRT   P.    HaKUIS. 

Washington,  1).  C. 

.Vs  the  engineer  is  not  only  responsible  for  his  own 
woi'k  but  also  for  that  of  others,  it  is  up  to  him  to  de- 
vise ways  of  eliminating  the  risk  of  forgetfulness  on  their 
part  during  his  absence.  The  more  extensive  the  plant, 
the  greater  the  possibility  that  something  may  be  for- 
gotten. 

When  the  new  wing  of  a  certain  trade  school  was 
erected  with  the  basement  one  story  lower  than  that  of 
the  main  building  the  vacuum  pump  for  the  heating  sys- 
tem had  to  l)e  i)laccd  over  200  ft.  from  the  engine  room. 
It  was  necessary  to  use  a  jet  of  cooling  water  in  the  re- 
turn to  the  pump. 

It  was  a  common  occurrence  for  the  night  man  to  for- 
get to  close  this  water  valve  after  shutting  off  the  steam 
in  the  engine  room.  Then  the  whole  heating  system 
would  be  filled  with  water,  causing  leaks  and  a  delay  in 
heating  the  building  in  the  morning.  To  avoid  this 
nuisance  and  to  make  the  system  entirely  automatic,  the 
following  device  was  attached  to  shut  oil'  tlu'  water  when 
the  steam  was  ofi'. 

To  a  ^-in.  angle-valve  body  //  with  the  stem  removed 
there  was  screwed  a  (J-in.  piece  of  %-in.  brass  pipe  L 
for  a  cylinder.  A  jiiston  M  was  fitted  in  this  ])ipe  and 
attached  to  a  'Ys-hi.  steel  rod  N  having  a  toothed  rack 
several  inches  long,  which  meshed  with  the  gear  B.  This 
gear  re])laced  the  handwheel  of  the  valve  on  the  cooling 
water  pipe  A.  From  the  side  of  the  valve  body  //  a 
pipe  was  attached  to  the  exhaust  pi])e  E  of  the  ])ump.  so 
that  any  steam  leakage  ])ast  the  piston  would  go  into  the 
heating  system. 

Back  of  the  piston  M  there  is  a  spring  P  of  the  proper 
tension  to  resist  about  80  lb.  steam  pressure.     A  small 
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|)i|H'  l\  is  led  from  tlic  pump  sIciim-Kiipply  pipe  /■'  In  ii 
rfiliu'iiij^  coiipliiif^  on  tlic  cvlimlcr  /..  In  tliis  pipe  tlxTf 
IS  II  Viil\t'  (I  iiml  a  ('(H'k  (>  lor  tut  tin;;  tlic  (Icvicc  mit  of 
use.  'riif  iinioiinl  of  opcninj,'  of  tin-  coolinfi-wahT  valve 
is  jjovcniod  l)v  the  pin  on  rack  X  coniiti;,'  in  inritMcl  witli 
tin-  stop  ./,  wliich  nniy  1k'  a<ljnsti'(l  to  tlir  iri|miciiniils 
for  ontsiiii'  ti'ni|>i'ratniTS. 

'I'lio  operation  is  as  follows:  \\  lien  the  steam  is  liiineil 
on  slowlv  in  tlie  enj^'ine  room  and  the  pressnre  readies 
1.")  (»r  *^0  11)..  lilt'  vaeuuni  pump  starts.     l?y  tlie  time  the 
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steam  prcssuro  iu  the  pipe  /''  is  lii<rh  enougli  to  compress 
the  spring,  the  returns  will  he  hot  and  ready  for  tlie 
cooling  jet. 

The  pressure  on  the  piston  .1/  compresses  the  si)ring  /' 
operating  the  rack  N,  and  gear  B  opening  the  cooling- 
water  valve,  in  which  position  it  remains  as  long  as  the 
steam   is  on. 

In  shutting  down,  the  spring  will  close  the  valve  before 
the  vacuum  pump  stops,  thereby  allowing  the  system  to 
be  cleared  of  water.  It  is  not  necessary  for  the  engineer 
to  make  a  trip  to  the  pump  pit  to  operate  this  valve,  and 
it  is  impossible  to  open  the  valve  or  leave  it  open  when 
the  steam   is  shut  off. 

W.   \i.  8i:wAKu. 

A\'orcester,  Mass. 

■M 

Oil  flsa   tllhve  CH^tcfei 

An  induction  motor  which  starts  under  load,  on  split 
phase,  has  a  clutch  which  automatically  engages  with 
the  shaft  at  speeds  exceeding  a  certain  predetermined 
value.  The  speed  at  which  the  clutch  throws  in  and  starts 
the  shaft  depends  upon  the  adjustment  of  a  spring 
against  which  centrifugal  force  acts.  If  the  tension  of 
this  spring  is  too  weak,  the  clutch  will  operate  too  soon, 
with  the  result  that  the  drag  due  to  the  load  will  slow 
down  the  armature.  On  the  other  hand,  all  spring  ten- 
sion above  that  required  will  work  against  centrifugal 
force  and  decrease  the  force  with  which  the  core  grips 
the  shaft  at  synchronous  speed.  In  any  event,  oil  in  the 
clutch  will  render  it  inoperative  for  sustaining  appre- 
ciable loads. 

An  operator  claimed  that  his  motor  heated  and  that 
it  was  not  big  enough  for  the  work.  Inspection  showed 
that  the  whole  motor,  including  the  clutch  members,  was 
saturated  with  oil   and  that   all   of  the  heat  came  from 


slijiping  of  (he  ilnleli  on  a<eonnt  of  the  oil.  On  (iJHas- 
semhling  the  motor  inid  giving  all  parts  u  giixolinc  bath, 
operation  became  normal.  The  oil  in  the  motor  was 
there  as  ii  rcKult  of  earelcHHiicHB  in  putting  oil  into  tl«j 
hearing    on    the    clutch    end. 

.1.   ('.    lloicTO.V. 
Scheliectlldy,    \.    V. 

Protective  Apparatus  imv  Pq-wct 
Plants 

lnleriu|itions  of  sei'vice  KUi)])lied  from  large  pow(n'  Btn- 
tions  are  so  far-reaching  in  ell'ect  that  it  is  most  es- 
sential to  safeguaid  against  oversights  and  errors  by  op- 
erators and  station  attendants.  In  stations  depending 
on  licpiid  fuel  for  the  hollers  there  is  always  the  danger 
of  water  lu  Id  in  sus|)ension  in  the  oil  .settling  in  the  bot- 
loiii  ol'  the  auxiliary  oil  tanks  and  accumulating  Hulli- 
ciently  to  get  into  the  oil  lines  and  burner's,  thereby  j)iit- 
ting  out  the  fires  and  resulting  in  a  loss  of  steam  ))ressure 
until  such  lime  as  the  ])ipe  lines  may  be  drained  and  re- 
iilled   with  oil. 

The  illustration  shows  a  novel  device  for  detecting  the 
presence  of  water  in  oil  tanks.  It  has  been  tried  out 
and  found  to  operate  successfully  in  a  large  steam-gen- 
erating station  where  it  is  the  aim  to  reduce  service  in- 
terruptions to  a  mininiinn. 

The  device  consists  of  a  float,  the  adjustment  of  which 
depends  on  the  difference  in  s])ecific  gravities  of  oil  and 


Huiii-WATEK  Alarm 

water,  and  an  electric  bell  so  coimected  that  when  the 
water  accumulates  to  a  certain  depth  in  the  bottom  of  the 
oil  tank  the  float  closes  a  contact  in  the  bell  circuit  and 
rings  an  alarm. 

The  float  is  weighted  down  just  enough  to  overcome 
the  buoyancy  of  the  oil  and  to  float  in  water,  the  water 
being  heavier  than  oil.  The  amount  of  weight  necessary 
to  adjust  the  float  is  determined  by  experiment. 

To  insure  perfect  contact,  and  to  guard  against  the 
ignition  of  gas  which  may  accumulate  over  the  oil  tank, 
yoking  and  breaking  of  the  electric  alarm  circuit  is  done 
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in  a  fiber  cup.  In  tiie  bottom  of  the  cup  is  a  small  amount 
of  mercury  in  contact  witli  one  electrode,  the  other  be- 
ing a  movable  weight  in  the  fiber  cup  counterbalanced  on 
the  end  of  a  lever  which  is  mounted  on  a  knife-edge 
su])port. 

The  mercury  is  covered  with  oil  to  ])revent  sparking 
when  the  electric  circuit  is  closed  or  opened.  There  is 
also  a  small  fiber  insulator  on  the  end  of  the  float  rod  to 
prevent  sparking  when  the  float  rod  comes  in  contact 
with  the  lever  which  operates  the  contact  maker.  This  is 
necessary  in  the  event  of  grounds  developing  in  the  elec- 
tric circuit. 

The  small  stop  between  tiie  knife-edge  supi)()rt  and  the 
end  of  the' lever  adjacent  to  the  float  rod  liolds  the  lever 
in  a  definite  position  when  the  weight  in  the  fiber  cup  is 
not  making  contact  with  the  mercury,  the  counterbalance 
weight  l)eing  just  heavy  enough  to  hold  the  lever  down 
against  the  stop. 

The  object  of  this  device  is  to  notify  firemen  of  the 
presence  of  water  in  fuel-oil  tanks,  so  that  it  may  be 
pumped  out  before  it  accumulates  enough  in  depth  to 
get  into  the  burner  lines. 

J.  M.  Long. 

Redondo  Beach,  Calif. 

Ho^  Feed  Wsitleir'  Csxuasedl 


In  reference  to  H.  C.  Wight's  trouble  witli  hot  feed 
water,  mentioned  in  the  issue  of  Mar.  10,  I  do  not  see 
A\hy  it  was  necessary  to  remove  a  shelf  from  the  heater, 
or  to  pass  a  part  of  the  exhaust  steam  to  the  atmosphere. 

All  the  changes  needed  in  such  a  case  would  bo  to  put 
a  tee  in  the  suction  line,  close  to  the  pump,  and  con- 
nect a  pipe  about  10  ft.  high  to  act  as  a  vapor  column. 
Then  the  pressure  would  be  equalized  and  the  feed  water 
could  be  heated  up  to  about  the  boiling  point. 

Andrew  Yorke. 

Hosmer,  B.  C,  Canada. 

For  bearings  having  a  moderately  high  speed,  with  the 
oil  fed  into  the  bearing  under  perssure,  the  most  satis- 
factory method  of  distribution  is  to  run  a  straight  groove 
to  within  a  short  distance  of  each  end  of  the  bearing. 
The  pressure  and  revolving  shaft  will  then  keep  up  the 
continuous  film.  On  heavy  reciprocating  sets  having 
necks  20x36  in.,  with  four-part  bearing,  I  doubt  if  Mr. 
Farnsworth  can  find  one  that  is  not  grooved. 

In  a  slow-speed  reciprocating  engine  the  oil  grooves 
act  not  only  as  distributers  but  as  small  feed  reservoirs. 
Orooves  have  another  good  point,  they  catch  and  hold  dirt 
which  would  cause  cutting.  Crankpins,  if  they  receive 
a  continuous  supply  of  oil  are  not  hard  to  lubricate  as 
the  action  of  the  pin  under  fair  pressure  tends  to  help 
distribute  the  oil  due  to  centrifugal  force. 

There  are  bearings,  however,  which  will  surely  gi\i' 
trouble  if  they  are  not  grooved,  a  case  in  point  being  ;i 
Do  Laval  single-stage  turbine  wheel  with  drop  lubricators. 

I  am  not  quite  clear  upon  one  passage  in  Mr.  Farns- 
worth's  letter,  "100-lb.  bearing  pressure."  Does  he  mean 
the  weight  of  the  shaft  and  wheel  referred  to  the  bearing 
area  or  the  combined  weight  when  loaded?     If  the  latter. 


I  must  say  that  I  have  never  yet  found  one  having  such 
liberal  bearing  surface.  The  bearing  often  neglected  is 
the  crosshead  pin,  which  should  undoubtedly  1)0  fitted 
with  a  self-feeding  grease  cnij). 

E.  R.  I'earce. 
Ii'ociidalo,  England. 

;*■ 

©ill  IRecfls^ammaia^  ^ladl  FaHteiPaimg 

The  sketch  shows  a  nusthod  that  I  have  used  to  reclaim 
and  filter  waste  oil.  The  barrel  .1  is  used  as  a  separator 
and   Z^  as  a  strainer  and  receptacle.     A  i^-in.   pipe  is 

JO  Mesh  wire 
strainer.  70  Mesh  wire 
Strainer 
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doth  strainers^  Oi!  Overflow 


♦See  "Power,"  Jan.  2U,   1914,   page  104,  and  Apr.  7,  page  493. 
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screwed  into  the  barrel  near  the  bottom,  and  fitted  up  so 
that  the  upper  end  is  as  high  as  the  top.  It  is  inclined 
enough  for  the  water  to  overflow  while  the  oil  is  over- 
flowing into  barrel  B.  A  funnel  into  which  the  oil  is 
emptied  is  soldered  to  a  %-in.  pipe,  which  extends  nearly 
to  the  bottom  of  the  barrel,  and  is  fitted  with  a  perforat(>d 
pipe,  as  shown.  The  funnel  has  a  50-  and  70-mesh  wire 
strainer,  through  which  the  oil  is  poured.  The  barrel 
is  kept  about  half  filled  with  water.  In  barrel  B  a  hole 
is  cut  in  one  head  and  two  cheesecloth  bag  strainers  are 
either  made  on  hoops  or  tacked  to  the  head,  as  shown. 

If  the  water  in  the  separator  is  kept  near  the  boiling 
point,  the  oil  will  lose  nearly  all  of  the  solid  gritty  sub- 
stance, and  the  cheesecloth  strainers  will  colleet  and  hold 
anything  that  would  injure  the  bearings.  The  oil  col- 
lected is  of  several  different  grades.  It  is  not  salfe  to  use 
it  on  a  high-speed  shaft,  although  it  can  be  used  on 
shafts  and  bearings  where  a  high-grade  oil  is  unnecessary. 

Grover  C.  Hopkins. 

Eaf5t  Pittsburgh.  TVun. 

■*: 

DeEaves's^  of  PMSBsa-jp  HHacipesisedl  Iby 
Tlhiipoftttllaimg  Sih®  S^cUaoira 

The  hotwell  overflow  from  a  ISO-hp.  engine  at  one 
time  discharged  through  about  50  ft.  of  -±-in.  cast-ii'on 
piping  to  a  cooling  pond  (or  "lodge,"  as  we  call  them  in 
Lancashire),  but  owing  to  extending  the  building  the 
lodge  has  been  covered  over  and  is  now  of  no  use  for 
cooling  purposes. 
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'I'lic  uii^Miial  |)i|ic  lo  tin-  liiil;,'!'  is  Htill  in  |ilii(i'.  I)nl  ill 
|tii'S('iit  till-  water  is  nil  sii|i|)iisni  to  lie  iIcIimtimI  liy  a 
(■(•iitririi;;al  |)iiiii|i  to  the  nxtl",  wlicn-  a  iiiiinlirr  of  fdoi- 
iiij;  I  roughs  liinc  liccii  airimjjcd.  Tlu'  |iinii|i  dclivcn-il 
water  iiiterinitti'iitlv  lur  alioiil  .'!  miii.  ami  tlicii  8tii|i|n'ii 
altujj:ctlifr  for  alioiil  an  ('(Hial  lu'riod. 

Al  llu-  air  |)iiiii|>  it  was  sffii  that  tlif  level  of  water  in 
tile  liotwel!  <ira(lnallv  rose  ami  fell,  the  period  of  Ihietua- 
lioii  eorrespondinjj;  willi  that  of  the  disehar^'e  frniu  tlie 
pninp. 

What  was  happening;  heiaine  evident.  The  eenlrifii'ial 
pump  was  eapahle  of  takinj;  more  water  than  the  air 
pump  was  deliverin<r,  and  eonseipieiilly  lowered  the  water 
in  the  hotwell  nnlil  it  drew  air.  For  the  pump  to  f^et 
rid  of  this  air  oeeni)ied  a  matter  of  ahowt  '.\  min.,  durinj^ 
wliieh  time  the  water  rose  in  the  hotwell  and  ilowed  to 
the  lodfxo  tliroujjh   the  old  overflow  pipe. 

The  remedy  was  to  restrict  the  eentrifii<;<il  pump  until 
it  just  maintained  a  steady  level  of  watt  r  in  the  hotwell. 
'I'his  was  (lone  by  means  of  a  valve  on  the  suction,  wilh 
the  result  that  the  ])um])  now  maintains  a  steady  dis- 
eharjre  and  delivers  about  three  times  as  luiU'li  water  as 
previously. 

V.    Iv.    WiLLl.VM.S. 

Maiuliester,   luigland. 

l^eves'saKa^  IRottsitlBOira  off  Sin\fteir° 
pole   Mottos" 

Assuminji  that  the  interpcde  field  coils  and  the  anna 
fure  of  an  interpole  motor  have  the  right  relative  con- 
nections for  a  given  direction  of  rotation,  if  it  is  desired 
to  reverse  the  direction  of   rotation   of  the   armature,  it 
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ORKilNAL.    A\'l!OXG    AND    RiGHT    CONNECTIONS 

mav  be  done  either  by  reversing  the  field  or  by  reversing 
the  armature  and  interpole  field  considered  as  a  single 
unit.  In  a  ca^e  in  mind,  the  shunt-wound  interpole 
motor  as  it  came  from  the  makers  was  connected  to'run 
in  a  clockwise  direction.  It  became  necessary,  however, 
that  it  be  run  cov;nterclockwise. 

In  the  accompanying  diagrams  a  indicates  the  original 
connection  and  b  the  change  made  by  the  operator  to  re- 
verse the  direction  of  rotation.     He  reversed  the  arma- 


line  riiiiiiei'l  ions  iiiid  (lid  not  reverne  the  connection  of 
the  iiiterpoles.  The  result  wan  to  ehaiige  the  corici  t 
iiiagiietie  rehitioiiH  of  the  armature  and  inter|>ole  niag- 
iietiMiis  so  Ihiit  the  bruHJU'H  sparked  viciously  at  starl- 
ing, although  the  sparking  disap|teared  after  the  motor 
came  lip  to  speed  hecauHc  the  motor  was  running  com- 
|iiiiali\ely  light  and  the  interpole  current  was  not  large 
iiiough  to  ha\c  an  appreciable  elfect. 

The  further  change  that  was  made  lo  restore  the  cor- 
1(1  I  aMriatiiie-interpole  relation  is  shown  at  c.  Mf;re,  both 
the  armature  and  the  iiiterpoles  have  been  reversed  Hcp- 
arately.  becau.-^e  it  was  inconvenient  to  reverse  them  as 
a    .-ingle    unit. 

.1.    A.    lioHTON. 

S(  liciic(  lady,   \.  V. 

Wlbieira  H^iraoraMrace  Bs  Folly 

The  editorial  in  PoWKi:,  Apr.  :;!1,  headed  as  above, 
iiientions  a  subject  which  should  intci-est  engineers,  that 
of  asking  (piestions.  There  seems  to  be  a  general  antip- 
athy to  asking  (piestions  from  one  another,  which  is  not 
conducive  to  an  increase  of  practical  knowledge  of  the 
business.  Why  this  is  .so  is  hard  to  e.xplain,  as  more  real 
practical  experience  can  be  gained  from  practical  talks 
than  in  any  way  except  from  actual  i)ractice. 

Hardly  a  difliculty  arises  that  somebody  has  not  met 
sometime  or  other,  and  by  in(piiring  among  his  friends 
a  man  may  nearly  always  find  a  solution. 

Some  engineers  are  loath  to  give  information  to  others, 
which  should  not  be.  I  well  remember,  when  I  was  young 
in  the  business,  of  a  chief  saying  to  me,  "Young  fellow, 
anything  you  want  to  know,  come  and  ask  me  and  I  will 
tell  yon,  if  I  know  it,  as  I  do  not  consider  this  business 
any  secret,  and  if  I  do  not  know  I  will  find  out  for  you 
and  then  it  will  be  information  for  me  as  well  as  you." 

I  never  forgot  that  and  always  told  it  to  my  own  as- 
sistants and  subordinates.  I  say  here  that  the  man  in 
charge  of  a  plant,  whose  assistants  come  to  liim  for  in- 
formation, will  be  surprised  to  find  how  many  little  things 
an>  brought  to  him  upon  which  he  lacks  a  thorough 
knowledge.  The  practice  of  explaining  things  in  detail 
will  broaden  his  own  experience  as  well. 

Further,  the  engineer  who  practices  answering  his  sub- 
ordinates' questions  will  find  himself  much  better  fitted 
lo  answer  questions  fully  and  to  the  point  when  put  to 
him  by  his  superior. 

Brooklyn,  X.  Y. 

William  X.  Wing. 


In  cases  where  mechanical  draft  is  used,  it  would  seem 
that  a  much  greater  efficiency  could  be  obtained,  and  the 
smoke  trouble  reduced,  by  electrifying  the  air  before  it 
goes  into  the  blower.  This  wouM  cause  the  air  to  be- 
come ozone;  that  is,  each  atom  of  oxygen  would  double 
up,  as  it  were,  and  when  coming  in  contact  with  the  fire 
it  would  more  energetically  combine  than  does  the  or- 
dinary air — would  act  something  like  air  highly  charged 
with  oxygen.  Ozonizers  are  commercial  apparatus,  they 
do  not  use  up  much  power,  and  their  application  in  this 
case  would  not  require  a  great  deal  of  ingenuity. 

A.  P.  CONNOE. 

Washington,  D.  C. 
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DetectiufJT  Fracture  In  Stay-Bolt — How  can  it  be  ascertained 
whether   a   stay-bolt    staying    flat   surfaces   is   fractured? 

A.  o.  .r. 

By    drilling    a   small    Iiole    in    the    end    of    the    stay-bolt    a 
fracture  will  be  revealed   by  the  escape   of  water  and  steam. 


Object  of  Condenser — How  does  a  condenser  increase  the 
power   which   an    engine   can    develop? 

C.    F. 

By  removing  back  pressure  and  thereby  increasinK  the 
mean  effective  pressure  acting  on   the  piston. 

Rate  ot  Heat  Transmi.sNion  in  HeatcrM — What  is  tlie  rate 
of  transmission  of  heat  in   tubes  of  feed-water  heaters? 

C.  L.   H. 

The  rate  varies  with  the  size  of  the  tubes  and  the  velocity 
of  the  water  passing  through  the  tubes.  For  1%-in.  smooth 
tubes  it  increases  rapidly  from  about  185  B.t.u.  per  sq.ft.  per 
hour  per  degree  difference  of  temperature  for  a  velocity  of 
about  22  ft.  per  min.  to  about  580  B.t.u.  for  a  velocity  of  115 
ft.   per  min. 


Height  for  Ga^;e-Cool<s — At  what  height  should  gage-cocks 
be  placed  on  a  horizontal  return-tubular  boiler? 

J.    B.    P. 

The  lowest  gage-cock  should  be  not  less  than  2^4  in. 
above  the  highest  point  of  the  upper  row  of  tubes  when  the 
boiler  is  set,  and  on  a  power  boiler  having  a  water  glass, 
there  should  be  three  or  more  gage-cocks  within  the  range  of 
the   visible   length    of   the   water   glass. 


Pulsation  of  Steam  Pipe — How  can  pulsations  in  a  steam 
line    to    an    engine    be   prevented? 

A.    H.    S. 

By  placing  a  receiver  in  the  line  near  the  engine.  It 
should  be  large  enough  to  prevent  the  intermittent  discharges 
of  steam  to  the  engine  from  materially  affecting  the  uni- 
formity of  the  receiver  pressure  when  sustained  by  a  prac- 
tically  uniform   rate  of   flow   in    the   steam   pipe. 

Operation  of  Scum  BIowotT — What  is  the  best  way  to 
operate  a  funnel-mouthed  surface  blowoff.  which  is  placed 
near  the  rear  head  in  a  return-tubular  boiler? 

W.    D. 

The  best  method  is  to  open  the  blowoff  for  a  few  seconds 
at  intervals  of  15  to  20  min.  or  oftener,  rather  than  to  open 
it  for  a  longer  period  at  longer  Intervals.  Obseivation  of  the 
character  of  the  discharge  is  the  only  guide  for  determining 
the  frequency  of  blowing  off. 


Acetylene      Gas      for      Internal-Combustion      Engines — Has 

acetylene  gas  been  successfully  employed  for  running  in- 
ternal-combustion engines  in  place  of  gasoline,  and  if  so  how 
does   its  use   compare  in  cost   with   that  of  gasoline? 

H.  S. 
Employment  of  acetylene  for  internal-combustion  engines 
has  hardly  advanced  beyond  experiment,  the  leading  obstacles 
to  its  adaptation  in  place  of  gasoline  being  that  it  cannot  be 
used  in  engines  employing  high  compression  as  spontaneous 
combustion  takes  place  at  much  lower  pressures,  and  its 
use  is  attended  by  a  disagreeable  odor.  For  the  same  power 
output  the  cost  of  acetylene  is  about  2i/i  times  that  of  gaso- 
line. 


Clearance  .\ffected  by  ICcying  Rod — What  effect  has  key- 
ing up  a  solid-end  connecting-rod  on  clearance  in  the  cylinder 
of   an   engine? 

H.    G. 

When  the  keying  tends  to  lengthen  the  distance  from 
the  center  of  the  crosshead  pin  to  the  center  of  the  crank- 
pin,  the  clearance  will  be  increased  on  the  crank  end  and 
decreased  on  the  head  end  of  the  cylinder;  and  when  it  tends 
to  shorten  the  aforementioned  distance  the  clearance  will  be 
increased  on  the  head  end  and  decreased  on  tlie  crank  end 
of  the  cylinder.  In  some  forms  of  connecting-rods  the  key- 
ing is  so  arranged  that  the  wedging  action  of  keying  at  one 
end  tends  to  shorten  and  that  of  the  other  end  to  lengthen 
the  distance  between  centers,  so  that  keying  one  end 
counteracts  the  effect   which  the  other  has  on   the   clearance. 


Il«'i<d  Piimped  AKniust — If  water  from  a  surface  condenser 
carrying  23.5  vacuum  is  delivered  by  gravity  with  a  drop 
of  3  ft.  to  a  centrifugal  pump  which  discharges  at  an  ele- 
vation of  22  ft.,  what  is  the  equivalent  head  which  the  pump 
works    against? 

P.    C. 
The    head    pumped   against   would    consist    of   the    net    head 
of   water   plus    the    head    equivalent    to    the   difference    between 
the  pressuie  in  the  condenser  and  the  pressure  of  the  atmos- 
phere.     The   net   head   of    water   being 

22    —    3    =    19    ft., 
or 

19    X    0.433   =    8.227   lb.   per  sq.in.; 
and  as  23.5   in.   of  vacuum   on  the  condenser  signifies  that  the 
amount    which    atmospheric    pressure    is    above    the    pressure 
of  the  condenser  is 

23.5-  X    0.491    or   11.539   lb.   per   sq.in., 
the  total  pressure  pumped  against  is,  therefore, 

8.227    +    11.593    =    19.766   lb.   per  sq.in.,   which   is 
equivalent    to 

19.766    X    2.309   or   45.6   ft.   head. 


Water  l<:vaporated  «itli  Overload — With  the  temperature- 
of  the  feed  water  150  deg.  F.,  how  many  pounds  of  water 
would  be  evaporated  per  hour  into  steam  at  100  lb.  pres- 
sure  by   a   600-hp.    boiler   overloaded    25    per   cent.? 

T.    F.    C. 
To  raise  one  pound  of  water  from  32  deg.   P.   to  steam  at 
100-lb.    boiler   pressure   would   require    1188.8    B.t.u.,    and    as   a 
pound   of  feed   water   at    150   deg.    P.   would   contain   about 

150   —   32    =    118    B.t.u.    above   32   deg.    P. 
then  each  pound  of  feed  water  at  150  deg  P.  raised  into  steam 
at    100    lb.    boiler    pressure    would    require    about 

1188.8  —  118    =    1070.8   B.t.u. 
A  boiler  horsepower   is  equivalent   to  the   evaporation   of   SiVa 
lb.    of    water    per    hour    from    and    at    212    deg.    P.,    lequiring 
33,479  B.t.u.,  and  600  boiler  horsepower  would  be  equivalent  to 

33,479    X    600    =    20,087,400    Btu.    per    hr. 
Since    each    pound    of    water,    under     the     conditions     stated, 
would   receive   1070.8   B.t.u.   then    600   boiler   horsepower   would 
require   the   evaporation    of 

20.087.400 

=     18,759    lb. 

1070.8 
ot   water   pei-   hour,   and   with   25   per   cent,   overload  the   evap- 
oiation    should    be 

18,759     X     1.25     -    23,448.75    lb. 
of  ■\?/ater  per  hour. 


Relative  lioss  of  Pressure  Using  2-In.  or  .S-In.  Supply   Pipe 

—The  supply  to  a  hot-water  tank  is  to  be  taken  from  an  open 
house  tanlc  175  ft.  above  the  hot-water  tanlc  by  a  2-in.  supply 
line.  AVhat  will  be  the  pressure  in  the  hot-water  tank,  and 
what  will  be  the  relative  loss  of  pressuie  if  the  size  of  the 
supply  is  made  3   in.   instead   of  2  in.? 

M.   S. 
The   static   or   standing  pressure   would    be 

175  X  0.433  =  75.8  lb.  per  sq.in. 
with  any  size  of  supply  pipe,  but  when  water  is  drawn  from 
the  hot-water  tank  the  pressure  will  be  reduced  lower  the 
smaller  the  supply  pipe,  because  more  of  the  pressure  from 
the  house  tank  will  be  spent  In  overcoming  friction  in  the 
supply  pipe.  The  loss  by  friction  in  any  case  will  depend  on 
the  length  of  the  pipe,  the  number  of  elbows  and  fittings  and 
their  roughness.  These  conditions  being  tlie  same,  the  loss  of 
pressure  varies  as  the  square  of  the  velocity  of  the  dis- 
charge The  discharges  for  the  same  velocity  would  be  in  the 
ratio  of  2=:3-,  or  as  4  to  9,  hence  for  the  same  discharge  the 
velocity  in  the  3-in  pipe  would  be  '/u  the  velocity  required  in 
the  2-in  pipe,  and  as  the  loss  of  pressure  would  be  practically 
in  proportion  to  the  squares  of  the  velocities,  then  delivering 
the    same    quantity    per    second 

loss  in  2-in.  pipe         1'    _  1 

loss  in  3-in.  pipe       (5)^  ~  Jf 
or  about  one-fifth  as  much  pressure  will  be  lost  in   pipe  fric- 
tion when  using  a  3-in.  pipe  as  when  using  a  2-in.   pipe. 
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Stodly  Course 
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Eleinmeinitary  Meclhairaics— XIEU 

\.\>v    Lisson's    .\\s\vi:its 

T)!.     In  tliis  iii.so  tlu'  disliiinc  .1    (sec  Fii;.   1."))  is  'A  in.; 
the  ilistiuiro  li  is   IS  in.,  iind  I  lie  cUcirl  /'  is  ">'>  II).  Tlierc- 

5v.     'riic  wlu'c'lbairow   is  a   Ii'MT  of   tlu-  second  class; 


hence  in  Fig.  46  the  distance  .1  is  12  in.,  the  distance  B 
is  (40  -I-  12)  =  52  in.,  and  the  effort  F  =  60  lb.  Hence. 
P  X  B  m  X  52 
12" 


W  = 


=  2(iO  Ify. 


v.hich  would  be  the  load   that  could  be  balanced  by  an 
effort  of  60  lb. 

53.  The  pressure  of  the  wheel  on  the  o^'ound  would 
he  the  reaction  R  of  the  fulcrum  as  shown  in  Fi.ij;.  46,  or 
L'  =  (W  —  P)  =  (260  —  60)  =  200  lb. 

oi.    The  total  pressure  of  the  steam  on  the  valve  equals 
0.7834  X  -i'  X  SO  =  1005  1b. 
The  distance  L  may  be  found  from  equation  18.  thus, 

„.  X  r  +  a;  X  ?  +  ir  X  i  =  F  X  (' 

where  «•  —  10  lb.,  ('  =  41/2  in.,    w\  =  25  lb.,  /  =  |5  in., 
TT'  =  100  lb.  and  P  =  1005  lb.     Hence. 

W  X  L  =  P  X  C  —  w  X  C  —  w,  X  I 
or 

P  XC  —  w  XC  —  If,  X  I 


L  = 


W 

1005  X  4.5  —  10  X  4.5  —  25  X  15 
100 


41   171. 


th.erefore,  to  balance  the  steam  ])ressure  of  80  lb.  per  sq. 
in.,  the  ball  IF  weighing  100  lb.  would  be  placed  41  in. 
from  the  fulcrum  .1. 

55.     Equation   (19)   may  be     used  in  the  solution  of 
this  problem.     Thus, 

W  X  R 
L 


W  = 


J'  X    //        HO  X    18 


-   180  l/j. 


h  might  be  well  to  note  at  this  point  that  the  force  of 
80  II).  would  not  rai.se  the  w(Mght  of  480  lb.  until  the 
NX'ight  was  set  in  motion  i)y  a  for(c  sunicieiit  to  over- 
i(inie   its   inertia. 

I'i;i,i.i:vs 

The  pulley  i.s  a  machine  operated  by  a  fle.xiljle  cord 
passing  over  a  grooved  wheel,  which  is  mounted  in  a 
frame  called  the  block.  Pulleys  are  either  fixed  or  mou- 
able.  depending  upon  whether  they  are  held  in  a  fixed  po- 
sition or  move  with  the  given  load.  In  this  discussion, 
both  the  weight  of  the  jjulloy  and  of  the  rope  will  be  neg- 
lected as  these  are  usually  very  small  compared  with  the 
loads  handled.  Further,  the  friction  at  the  bearings  will 
be  neglected,  and  it  will  be  assumed  that  Ihe  pull  in  a 
fle.vihlf  cord  or  rope  in  uniform  lluouf/lioitt  ils  entire 
lenglh. 

There  are  three  systems  of  pulleys,  but  only  the  one  in 
coumion  use  around  the  power  plant  will  be  discussed.  A 
single  fixed  pulley  has  no  mechanical  advantage  and  can 
only  change  the  direction  of  the  pull  on  a  given  weight. 
Thus  in  Fig.  50,  the  effort  P  and  the  weight  W  are  equal 
and  this  relation  holds  true  irrespective  of  whether  the 
pull  P  is  vertical  as  shown  by  the  line  AC,  or  inclined  as 
shown  bv  the  line  AB. 


■y<r/w^^-/Mr/iiia 


Fig.  51. 

A  single  movable  pulley  A  and  a  fixed  pulley  B  may  be 
nsed  to  considerable  advantage.  In  Fig.  51,  the  rope  is 
attached  at  the  point  C ,  passes  over  the  movable  pulley 
A  and  thence  over  the  fixed  pulley  B  to  a  point  where  the 
pull  P  is  applied.  The  tension  throughout  the  entire  rope 
is  P  pounds.  Therefore,  the  total  upward  pull  on  the 
pulley  A   is   2P  pounds,  and  for  equilibrium   2P  must 
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whicli   means  that  a  force  of  50 


W 
equal   IK  or  F  =    ..- 

lb.  ap])Iied  at  the  point  I)  is  capable  of  balancing  a  force 
of  100  lb.  at  the  point  A. 

When  a  pulley  is  made  up  of  a  number  of  wheels 
mounted  on  a  common  axis,  each  wheel  is  called  a 
"sheave."  Usually,  there  will  be  one  movable  block  and 
one  fixed  block,  each  consisting  of  the  same  number  of 
sheaves.  A  continuous  rope  passes  over  all  the  sheaves 
as  shown  in  Fig.  52.  The  rope  is  secured  to  the  bottom 
of  the  lixed  pulley,  from  where  it  passes  to  the  first  sheave 
on  the  movable  block,  thence  to  the  fixed  pulley  and  so 
alternates  until  it  finally  leaves  the  last  sheave  on  the 
fixed  pulley,  and  is  conducted  to  the  point  where  the  ef- 
fort P  is  applied.  Thus,  if  there  are  three  sheaves  in  the 
movable  block,  the  total  upward  pull  on  the  block  will 
equal  6  y,  Pj  since  the  pull  in  the  rope  is  assumed  uni- 
form throughout  its  entire  length,  and  there  are  six  ropes 
supporting  the  movable  block. 

Hence  the  total  upward  puU  on  the  movable  block  in  a 
system  of  pulleys  of  this  kind  will  equal  the  number  of 
ropes  attached  to,  or  passing  aver  the  movable  block, 
times  the  effort  P  on  the  rope.  If  one  end  of  the  rope  is 
attached  to  the  movable  block,  the  latter  will  contain 
one  less  sheave  than  the  fixed  block  and  the  mechan- 
ical advantage  will  be  less  than  that  of  the  system 
shown  in  Fig.  52. 

Another  practical  application  of  the  j)rinciple  of  mo- 
ments is  in  the  Weston  Differential  Pulley,  which  con- 
sists of  a  fixed  block  containing  two  groved  sheaves  of 
slightly  different  diameters,  and  a  single  movable  pulley 
which  is  also  grooved  so  as  to  receive  the  links  of  a  chain 
which  passes  around  the  sheaves  as  shown  in  Fig.  53. 
Any  motion  of  the  chain  causes  a  positive  motion  of  the 
sheaves  as  there  can  be  no  slipping  of  the  chain  on  the 
sheaves.  The  relation  between  the  effort  P  and  the 
v/eight  W  may  be  determined  as  follows.  In  Fig.  53, 
let  r  be  the  radius  of  the  smaller  sheave  on  the  fixed 
block  and  R^  the  radius  of  the  larger  sheave  on  the  fixed 
block.  Let  P  be  the  effort  applied  to  the  hoisting  chain 
and  W  the  weight  to  be  balanced.  It  is  evident  that 
the  pull  in  the  chain  passing  over  the  movable  sheave  is 
I/2II'  since  there  are  practically  two  chains  supporting  the 
given  weight.  For  equilibrium  to  exist,  the  algebraic  sum 
of  the  moments  of  all  the  forces  about  the  point  0  (which 
is  the  center  of  the  fixed  block)  must  equal  zero.     Thus, 

P  X  R  +  V2^y  X  r  —  i/olF  X  R  =  0 
or 

V2W  X  (R  —  r)  =  P  X  R 
I'.ence, 

R 


W 


■ZP  X 
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{R-r) 

The  mechanical  advantage  of  the  differential  pulley  is 
2R 
(R-r) 
By  making  R  and  r  as  near  equal  as  possible,  the  weight 
11  may  be  much  greater  than  the  effort  P.  The  efficiency 
of  this  hoist  and  the  relative  distances  moved  by  the 
weight  and  the  effort  will  be  discussed  fully  under  the 
lesson  on  work  and  power  which  will  come  later  in  the 
course. 

Study  Questions 

5().    In  Fig.  51,  what  weight  W  could  be  balanced  by  a 
man  who  exerts  a  pull  of  80  lb.  at  the  point  D? 


o7.  In  a  system  of  pulleys  arranged  as  in  Fig.  52, 
there  arc  four  sheaves  on  the  movable  block.  If  one  end 
of  the  rope  be  attached  to  the  fixed  block,  what  weight  W 
could  be  balanced  by  an  effort  of  100  lb.  being  ajjplied  at 
the  free  end  of  the  rope? 

58.  In  problem  57,  assume  the  rope  attached  to  the 
rr.ovable  block.  How  many  sheaves  would  be  on  the  fi.xed 
i)lock  if  there  are  four  on  the  movable  block?  What 
weight  W  might  be  balanced  l)y  an  effort  of  100  lb.  being 
applied  at  the  free  end  of  the  rope? 


5!).  Tn  problems  57  and  58  find  the  reactions  on  the 
b.ook  supporting  the  fixed  block. 

60.  In  Fig.  53  if  /?  =  8  in.,  r  =  7  in.,  find  the  weight 
ir  that  could  be  balanced  by  an  effort  of  100  lb.  appUed 
to  the  chain. 

Electricity  for  Heat,  and  for  aU  other  services  invclving 
the  use  of  energy,  wiU  be  used  in  a  new  high  school  build- 
ing at  Rupert.  Idaho,  in  the  center  of  the  Minidoka  Irriga- 
tion Project.  For  the  general  heating  apparatus,  the  com- 
mon arrangement  of  hot-air  pipes,  etc.,  has  been  adhered  to 
but  the  heat  is  furnished  by  a  battery  of  electrical  units, 
similar  to  those  used  in  large  ovens.  Twenty  18-kw.  units 
are  to  be  installed  in  pairs,  each  pair  having  a  separate  con- 
trol from  a  switchboard  in  the  principal  office.  Current 
comes  from  the  Project  power  house,  14  miles  away,  and  the 
estimated  cost  of  operation  is  placed  at  $1760  a  year  com- 
pared with  coal  supply  at  $1000  plus  a  fireman  at  $75  per 
month.  The  first  cost  of  the  electric  system  was  $3000  less 
than  the  other.  The  equipment  was  planned  by  local  electri- 
cians, with  the  assistance  of  the  government  engineers  on 
the  Project.  In  addition  to  the  heating,  a  10-hp.  motor  drives 
a  ventilating  fan  and  supplies  power  for  the  manual  train- 
ing department.  An  electric  hot-water  heater  supplies  the 
domestic  science  department,  the  shower  baths,  lavatories, 
etc.  In  the  domestic  science  laboratory  are  individual  elec- 
tric stoves,  an  electric  range,  and  various  appliances.  Th« 
electric  lighting  includes  a  small  theater  equipment  for  the 
school   auditorium. 
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Baltimore  Conventioim  of  tl^e 
A.  O.  S.  E. 

Tlx'  I  wonty-i'lKlitli  jiiiiuuil  I'uiiMiitioii  nf  llii>  Aini'iiiun 
Oiilci'  of  Slfiiiii  KiikIiiitih  wiim  Ik'IiI  iit  lliiltliiiori-,  M>l.,  iliirlnu 
llio  wi>t>k  I'diiimciic'liiK  .luiif  1,  with  tin-  ](i<iiiicrt  llotfl  uh 
Iii-iiil(|iiiirt<<r8.  The  iitti-iiiliiiirn  of  ili-li'KiitvH  wiih  uiuiHuully 
liiiK"'.  At  thi>  Hfvoriil  HcHHionH  of  tho  th-li-KiitoH  nuiiiy  lin- 
piii'tiiiit  iicittci'H  I'ondiiclvo  to  tho  wolfiiro  of  thf  qj:U'>'^'''-<>tl(>n 
V.  .l.-    .llMi.o.Mr.l     or. 

Thi'  niiili)  hull  of  tho  Fourth  UoKlincnt  Armory  wan  ron- 
vriiii'iilly  ai'i'aii»;iMl  iiiiil  taMlffiilly  ducorittcd  for  tho  uho  of 
Ihr  NiipplyiiK'ii  fur  tlu'lr  iin'ihaiilcal  (IlHpliiy.  Thoro  woro  up- 
ward of  iilinl\  hooths.  and  Iho  oxhibit  altractod  a  Kood  at- 
Iciidancv    throuKhuut    tho    weok. 

On  Monday  evonlnj?  Ihoro  wum  a  conihlni'd  KathorInK  of 
the  dolt-KatoM  and  siipplymon  In  tho  armory,  whon  tho  forinul 
uponluK  of  the  exhibit  took  pla<'o.  Mayor  .Innie.s  II.  I'roston 
oxlondod    a    warm    wolcomi-    to    tho    visitors,    and    wns    nbly    ro- 


Hpondi  il  to  by  William  l.o  Complo.  p>iHt  pr<  Hiilont  of  llio  Hu|i- 
pbuKiiH  AhNooii.tloii.  I'rcHldfiil  (iiiirKo  W.  <!oi>dwln.  of  tint 
Isnulncoi'H,  and  I'n-Nldoiit  Krod  l<.  -Iithn  uf  tho  Kiipplymi-n, 
alMO    mudo    aiiproprlato    aililri'HMUH. 

.\t  ono  o'oliirk  on  TiioHdny  tho  I'ompany  hoardod  Hpoilal 
oar«  for  an  ItiHpootlon  of  tho  HowaKo-dlnpoNal  plant.  I.jitor 
in  tho  afti-rnoun  at  Llborly  I'ark  Ihoro  wan  a  oral)  fonMt,  fol- 
lowod  by  .1  ball  icanio  hotwoon  tho  ICnKlnoom  niul  tho  Hupply- 
nii'n  which  reHultod  In  a  tie  after  a  inont  tntoroHtliiK  and  ox- 
<  ItlnK  Kamo.  I'lie  Hiippl.\  nii-n  uavi'  an  iiijoyablo  ontorlaln- 
Mionl  at   tho  exhibit   hall   on   We.liMM.lay   ovonliiK. 

The  feature  of  tho  ontiTlalninont  proKram  wan  the  Bteam- 
liirnt  rido  on  TlnirMday  aftornoon.  Tho  Ilriboat  jtractioe  given 
by  Iho  <iow  of  thi-  HitK  "l)oluKo"  waH  xroatly  enjoyed  and, 
.'iltiiKi'thor,    tho  <la.v    waH   a    nioHt    ploanant   one. 

Tho  olo<'tlon  of  oIIIooim  lor  tho  uupreme  council  resulted 
aH    follows: 

.1.  William  I'alront,  ohiof;  William  R.  Smith.  flfHt  asHlBtnnt 
ihlof;  William  .V.  IlardliiK.  recording  i-HKlnoer:  Kdward  A. 
Itoboul.      corrosiJoiiflliK;      oni^lnoor;      Mloha<-l      Molmstrolt.      .Jr., 
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treasurer  engineer:  J.  H.  Moudy,  senior  master  mechanic; 
H.  R.  Dixon,  junior  master  mechanic;  H.  R.  Messer,  inside 
sentinel;  William  Tyson,  outside  sentinel;  L.  J.  C.  Callaway, 
chaplain;  L.  G.  Schlehnei-,  trustee;  D.  B.  Heilman,  trustee; 
G.  \V.  Goodwin,  trustee.  The  executive  committee  are  George 
R.  Richardson,  Clifford  P.  Williams  and  Franklin  R.  Moore. 

The  Supplymen's  Association  connected  with  the  American 
Order  of  Steam  Engineers  elected  the  following  oflicers: 
Harry  E.  Souder,  president;  Charles  A.  Wilhoft,  vice-presi- 
dent;  Hart  Hill,  secretary;   John   W.   Armour,   treasurer. 

A.   E.   .Smith  was  appointed  director  of  exhibits. 
THE    EXHIBITORS 
.lohn    B.    Adt    Co.  Lawford    &    McKim 

Albany    Lubricating    Co.  Lee    Electric   Co. 

American    Bitumastic    Enamel    John    R.    Livezey 


Co. 


Anchor    Packing    Co. 

V.    D.    Anderson    Co. 

Ashton    Valve    Co. 

Aumen    Machinery    Co. 

Automatic   Shaft   Coupling   Co 

Baltimore    Belting    Co. 

Baltimore    Electrical    Co. 

Baltimore   Gas   Light   Co. 

Baltimore  Roofing   &  Asbestos    National    Flue    Cleaner    Co 

Co.  National    Tupe    Co. 

Cyrus    Borgener   &    Co.  New   York   Belting   &   Packing 

Carey  Machinery  &  Supply  Co.         Co. 


Geo.   "\V.   Lord    Co. 

The   lAinkfnheimer   Co. 

Lutz  Webster  l^lngineering  Co. 

McLcod    .*t    Henry    Co. 

Robert   McMeckan   &   Son 

Maryland    Casualty    Co. 

Maryland   Council   No.    1   A 

S.    E. 
Morehead    Mfg.    Co 


O. 


Crane   Co. 

Crook,    Kriess    &    Co. 

Cumberland    Coal    Co. 

Deaiboin    ('hemical    Co. 

Diamond    Power    Specialty   Co. 

R.    &   J.    Dick,    Ltd. 

Jos.    Dixon    Crucible    Co. 

Emerson    &    Morgan    Co. 

Engineering   Supply   Co. 

Fairbanks    Co. 

France   Metallic   Packing   Co. 

Frick    Co. 

Frick   Grate    Bar   Co. 

Garlock    Packing   Co. 

General    Electric   Co. 

Gray    Engineering    Co. 

Greene,   Tweed    &   Co. 

Griscom    Russell    Co. 

Hawley    Down    Draft    Furnace 

Home    Rubber    Co. 

E.    F.    Houghton    &    Co. 

Paul   B.    Huyette   Co. 

International    Boiler    Cleaning 

Co. 
Jenkins    Bros. 
H.   W.   Johns-Manville   Co. 
R.   Lee  Jones  Coal  Co. 
T.   P.   Kelly  &   Co.,   Inc. 
Keystone    Lubricating    Co. 
Lagonda    Mfg.    Co. 


Otis   Elevator   Co. 

Peerless    Rubber    Mfg.    Co. 

Philadelphia    Bourse 

Phihidelphia    CJrease    Mfg.    Co. 

"I'oijular    Engineer." 

"Power." 

Pratt   &   Carty   Co. 

Quaker   City    Rubber   Co. 

Reeves  Cubberly  Gasoline  En- 
gine   Co. 

Wm.    C.    Roi)inson    Co. 

E.   J.    Rooksby   &   Co. 

Prank    R.    Small. 

L.    .Sonneborn   .Sons,   Inc. 

Southern    Electric    Co. 

Standard  Electric  &  Elevator 
Co. 

Wallace  Stebblns   &   Son. 

Strong,  Carlisle  &  Hammond 
Co. 

The   Texas   Co. 

Geo.   W.    Walther   &   Co. 

Wallace    &    Gale. 

Watson    &   McDaniel    Co. 

Warren   Webster    &    Co. 

Wilson    Maltman    Electric    Co. 

Thos.  C.  Worley   &  Co. 

Chas.   Zies   &   .Son. 


The    1915    convention    will    be    held    in    .\tlantic    City. 


With  an  attendance  of  approximately  thirty-flve  hundred, 
the  thirty-seventh  convention  of  the  National  Electric  Light 
Association  at  Philadelphia,  June  1  to  5,  proved  one  of  the 
most  successful  in  the  history  of  the  association.  Much  credit 
is  due  the  Philadelphia  Electric  Co.  for  the  way  in  which  the 
local  features  of  the  program  were  carried   out. 

As  customary,  the  first  day  was  devoted  to  the  registra- 
tion of  members,  and  in  the  evening  a  reception  was  held  at 
the  Bellevue-Stratford,  the  convention  headquarters.  The 
first  general  session  w^as  opened  on  Tuesday  morning  with 
an  address  by  Mayor  Blankenburg.  of  Philadelphia,  who  took 
as  his  theme  "Light  as  a  Factor  in  Civilization,"  pointing  out 
how  it  not  only  added  to  the  comforts  of  mankind,  but  was 
also  a  potent  aid  to  police  power. 

PRESIDENT'S    ADDRESS 

Following  the  mayor,  President  McCall  referred  to  the 
growth  of  the  association,  and  stated  that  its  membership 
now  numbered  over  thirteen  thousand.  He  also  briefly  re- 
viewed the  work  of  the  various  committees  and  touched  upon 
the  suggestion  that  a  modification  be  made  in  the  method  of 
conducting  the  national  convention,  confining  the  meeting  to 
a  few  representatives  from  geographical  sections,  these  dele- 
gates to  give  consideration  to  broad  policies  only.  The  com- 
mercial and  technical  details  would  then  be  taken  up  by  the 
state  conventions.  "Much  might  be  said  in  favor  of  this 
change  of  policy,"  commented  Mr.  McCall,  "and  the  change 
would  no  doubt  be  welcomed  by  those  whose  duty  it  has  been 
to  prepare  for  the  holding  of  national  conventions."  No 
definite   action   was  taken   upon   the   suggestion,   however. 

As  to  governmental  regulatiorr.  President  McCall  expressed 
the  opinion  that  public-service  commissions,  ■which  have  now 
been  established  in  a  majority  of  the  states,  have  led  to  a 
better  understanding  of  the  relations  between  the  public  and 
the  utility  companies.  These  commissions  have,  in  general, 
wisely  used  the  powers  intrusted  to  them,  and  they  have  pro- 
tected both  the  community  and  the  company  from  hasty  and 
ill-advised  action  which  is  often  the  outcome  of  political  pres- 
sure. 

SECRETARY'S  REPORT 
The  secretary's  report  dealt  principall.v  with  the  work 
being  carried  out  at  the  executive  offices  in  New  Y'ork,  and 
with  the  publications  of  the  association.  This  was  followed 
by  the  report  of  the  insurance  expert,  AV.  H.  Blood,  wlio 
spoke  of  the  proposed  revision  of  the  National  Electrical  Code, 
with  regard  to  constant  potential  pole'  lines  of  over  5000  volts 
and  to  refiUable  fuses. 

REPORT  ON  PROGRESS 
T.  C.  JIartin's  report  on  progress  dealt  with  the  general 
conditions  of  the  electrical  industry  and  was  so  full  of  in- 
terest and  instructive  statistics,  that  a  rather  obvious  attempt 
to  discredit  the  municipal  plant  may  be  passed  over  without 
further  comment.  Quoting  from  the  recently  publishid  fig- 
ures of  the  United  States  Census  Bureau,  it  showed  tliat  there 


was  in  1912  installed  in  centr-al  stations  in  this  country  about 
5.000,000  hp.  in  steam  turbines  and  steam  engines,  and  2,500,- 
000  hp.  in  waterwheels;  these  figures  are  now  exceeded.  Dur- 
ing the  past  year  the  Commonwealth  Edison  Co.,  of  Chicago, 
showed  a  gain  of  nearly  19  per  cent,  in  its  output  over  that 
of  the  preceding  year;  the  Philadelphia  Electric  Co.,  25  per 
cent.;  the  New  York,  Boston  and  Brooklyn  Edison  companies, 
each  about  11  per  cent.;  and  the  Niagara  Falls  Power  Co.  a 
gain  of  9  per  cent. 

Relative  to  the  pending  national  legislation  regarding 
holding  companies,  Mr.  Martin  was  of  the  opinion  that  what- 
ever the  objections  to  holding  companies  with  reference  to 
the  control  of  competing  interstate  railroads  or  industrial 
enterprises,  they  can  have  little,  if  any,  application  to  the 
electric-lighting  or  electric-i'ailway  field.  "Such  bodies,  in  the 
electrical  field,"  he  said,  "are  not  organized  to  stifle  compe- 
tition, but  to  give  the  benefit  of  expert  aid  in  engineering  and 
finance  to  scattered  parts,  whose  existence  otherwise  often 
would  not  be  warranted."  Statistics  were  quoted  to  show 
that  out  of  4774  plants  in  towns  of  over  1000  population,  29 
per  cerrt.  have  syndicate  afliliations,  48  per  cent,  are  independ- 
ent, and  23  per  cent,  are  municipal. 

During  the  past  year  public-service  commissions  were 
created  in  ten  more  states,  including  Illinois  and  Pennsyl- 
vania; the  principal  provisions  of  the  public-service  laws  in 
these  two  states  being  cited. 

The  secretary's  report  also  gave  a  complete  description  of 
the  new  201st  St.  station  of  the  United  Electric  Co.  in  New 
York. 

Touching  upon  hydro-electric  progress,  space  was  devoted 
to  a  review  of  the  work  and  recommendations  of  the  con- 
servation congress  held  in  Washington  last  December.  While 
a  number  of  hydro-electric  plants  were  completed  and  put 
in  operation  in  this  country  during  the  past  year,  no  radical 
departures  from  previous  practice  were  noted.  Descriptions 
of  several  of  these  plants  were  contained  in  the  report  and 
attention  was  called  to  the  increasing  use  of  outdoor  sub- 
stations. In  Europe,  however-,  several  important  developments 
have  been  projected,  notably  two  plants  on  the  upper  Rhone, 
one  of  150,000  hp.  and  the  other  of  120,000  hp.  These  will 
transmit  electricity  to  Paris  at  150,000  volts.  Also,  the  Italian 
Parliament  has  recently  passed  an  act  authorizing  the  con- 
struction of  a  150,000-hp.  hydro-electric  development  at 
Calabria,  in  southern  Italy. 

TECHNIC.\L  SESSIONS 

At  the  first  technical  session  the  committee  on  meters  ren- 
dered its  report,  which  was  followed  by  that  of  the  corrr- 
mittee  on  grounding  secondaries.  This  showed  that  many  of 
the  smaller  companies  are  not  paying  as  much  attention  to 
grounding  secondaries  as  they  should;  that  many  are  ground- 
irrg  to  driven  pipes  and  buried  cones,  neither  of  which  meth- 
ods is  allowed  by  the  code.  The  report  emphasized  the  im- 
portance of  grounding  to  water  pipes,  and  pointed  out  that 
this  is  not  detrimental  to  the  piping. 

Reporting    on    "electiical    measurements."    Dr.    A.    E.    Kin- 
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iiillv  Kitvi-  II  hrlrf  imtllMf  of  thi-  rourpi-  m  <\.-<ii»  wlilrli  !■  n 
ti(  tlu>  iiiloptloii  i>r  an  liilnniillKtiiil  Mtaiitlard  of  <'l.Ttilc»l  roii- 
<liu-tlvl«y  for  coiiiu-i-  !«>  tlir  IntiTiiatlniial  Kloctrot<-<-1inlral 
t'oiiiinlHHlon    In    IIitUm    lant    Si-ptrnilxT. 

Dr.  r.  P.  Stolnnu'tz  wjih  nioHl  oiitlmlHtlc  an  to  tin-  futuin 
fur  tlio  i'l«<i-trlful  vi'lilfli-  In  that  It  wo\il(l  l)c  a  nirunM  to 
Krcatly  IniprovInK  the  oontral-ntatlon  loud  factor.  ritInK  thi- 
hlHlory  of  tin-  bloyi-li>,  hi-  pr.dlcti-il  that  durlnK;  tlir  n<'xt  tin 
M.irH  the  aiitoniolilU>  would  havi-  run  Its  <'ourHo  aH  a  vidilclc 
of  pU-MNuro  and  would  ln'  u.m.iI  alinoMt  .•xrluHlvcly  for  huHlncHH. 
In  this  rapacity  the  demand  would  lie  for  inodcrati-  Bpi-cdft 
and  jilnipllclty  of  operation  with  nilnlniuni  attenilanco.  Hire, 
he  contended,  the  elcclrU-  v. hide  would  <oine  to  Us  own.  and 
the  charjrInK  of  the  hattirleH  durinu  off-peak  hours  would 
provide  a  most  prolltahle  liuslnesu  for  the  central  station.  As 
these  machines  rarely  use  up  the  full  oharjce  durlnw  the  day. 
he  Ixdlevi'd  that  tho  central  station  could  uUlmatoly  take 
over  such  service  at  a  fixed  charse  of.  say  $10  per  month. 

The  second  technical  session  was  held  Wednesday  morn- 
ing, the  first  report  Ixinn  that  of  the  tiininiittee  on  eleotiical 
apparatus,  which  was  presented  IJy  1..  1..  Klden.  T'.o  mort 
recent  types  of  convertlnn  and  K<-neratinK  apparatus,  alr- 
coollnK  devices,  switchboard  equipment  and  protective  de- 
vices were  taken  up,  and  reference  was  made  to  tho  use  of 
synchronous  condensers  for  voltafj-e  regulation  of  hln;h-ten- 
slon    lines. 

••Temi>erature  and  Its  Kfl'ects  on  the  Power  Capacity  of 
Klectrical  Apparatus"'  was  the  subject  of  a  most  Interesting 
paper  by  F.  D.  Newbury.  This  presented  the  information  at 
present  available  on-  the  heat  and  temperature  conditions 
within  large  alternating-current  generators,  the  safe  tem- 
perature limits  of  the  various  insulating  materials  in  common 
use,  and  the  significance  of  temperature  measurements  by 
different   methods. 

Underground  construction  was  treated  by  the  committee 
of  which  I'hilip  Torchio  was  chairman.  Operating  data  on 
high-tension  cables  were  submitted  by  member  companies,  a 
marked  difference  being  shown  in  the  thickness  of  insulation 
used  for  cables  of  relatively  low  voltages,  but  greater  uni- 
formity for  high-voltage  cables.  The  maximum  allowable 
loading  from  different  companies  gave  temperatures  varying 
from  90  to  150  degrees  Fahrenheit  for  the  lead  sheath,  and 
tests  made  to  supplement  this  information  showed  the  tem- 
perature of  the  conductor  to  be  as  much  as  75  degrees  higher 
than  that  of  the  sheath.  The  committee  stated  that  its  efforts 
to  discover  an  inexpensive  system  of  underground  distribu- 
tion  had   been   futile. 

The  report  on  overhead  line  construction  was  next  pre- 
sented by  Thomas  Sproule,  of  Philadelphia,  and  completed  the 
program  of  that  session. 

PUBLIC  POLICY 
Mr.  InsuU,  in  reporting  for  the  public  policy  committee, 
expressed  much  the  same  views  as  did  President  McCall 
regarding  public-service  commissions,  but  further  voiced  the 
seriousness  of  any  contemplated  national  legislation  designed 
to  limit  the  activities  of  generating  companies.  In  this  con- 
nection, he  urged  that  missionary  work  be  done  in  educating 
congressmen  and  senators  on  the  economics  of  the  business 
as  a  natural  but  regulated  monopoly,  so  that  there  would  be 
no  tendency  to  check  electrical  interstate  business  through 
misdirected  anti-trust  legislation.  Commenting  on  prosperity, 
he  declared  that  hard  times  did  not  seem  to  affect  the  electri- 
cal business,  which  was  attributable  to  the  electrical  com- 
panies not  yet  having  developed  their  territories  to  the 
saturation  point. 

ANNIVERSARY  EXERCISES 
After  Mr.  InsuU's  remarks  the  "Wednesday  evening  meet- 
ing was  devoted  to  exercises  celebrating  the  30th  anniversary 
of  the  First  International  Electrical  Conference  and  Exhibi- 
tion held  at  Philadelphia  in  1884.  Walton  Clark,  president 
of  the  Franklin  Institute,  presided  and  introduced  as  speakers 
a  number  of  pioneers  in  the  electrical  industry,  including  Dr. 
Charles  F.  Brush,  inventor  of  the  arc-lighting  system,  F.  .T. 
Sprague,  of  electric-railway  fame,  and  E.  W.  Rice,  president 
of  the  General  Electric  Co.  Thomas  Edison  was  also  present, 
but  following  his  usual  custom,  did  not  make  an  address. 

Iilr.  Rice  spoke  of  having  attended  the  Philadelphia  con- 
ference, as  a  young  man,  and  listened  to  such  distinguished 
scientists  as  Kelvin,  Preece,  Thomson,  Newcomb  and  Rowland. 
In  1884,  he  said,  not  a  single  trolley  car  was  in  existence, 
the  highest  potential  employed  was  2000  volts  and  the  largest 
electrical  generator  was  the  Edison  "Jumbo"  machine,  hav- 
ing a  rating  of  1200  sixteen-candlepower  lamps.  The  electric 
motor  was  just  coming  into  use  and  a  few  of  small  size  were 
exhibited;  the  largest  engine  on  exhibition  was  of  less  than 
150   hp. 

•A  more  complete  abstract  of  this  paper  will  appear  in  a 
later  issue. 


:>i.  llriiHli,  after  relating  Home  ri'mliilHci  nei-H  of  IiIm  earl.s 
ixpi  rleiieen  In  electric  IlKlillnK.  told  of  the  flmt  InHlallatloii 
In  I'hlladolplila,  that  of  Wanaiiiaker'x  Htore,  which  contained 
HO  arc  lainpH.  C)iie  year  later,  IHTIi,  the  (IrHt  electric  Hire,  i 
llnhtM   Were    placed   In   the   jiubllc  H(|uare   at    Cleveland. 

Mr.  Sprague  Hpoke  of  hlH  work  In  eonnectlon  with  th- 
building  of  the  ihMt  electric  Hire.l-.ar  line.  In  lllehmond, 
\'a..  In  1XS7;  alno  the  eleelrllleal  Ion  of  the  elevated  rallwayH 
III  New  York.  He  predicted  the  electrllleatlon  of  trunk-line 
railways,  Htatliig  that  thiH  would  be  lirought  about  by  the 
greater  centralization  of  power  Kccatlon.  the  rallroadH 
finding  It  cheaper  to  purchase  electricity  from  niieh  Hourcea 
than  to  generate   It   themHelveB. 

THIItl)   TKCHNICAL   SICS.SION 

The  reiiort  on  prime  moverK  waH  divldid  Into  two  sei'- 
tions,  that  on  Bteam  being  prenented  by  J.  \i.  Klumpp,  In  th<i 
absence  of  Chairman  I.  K.  Moultrop,  and  that  on  hydraulic 
matters  by  J.   F.  Vaughan. 

Under  the  steam  heading  the  following  BuVjJects  were  dlB- 
cussed:  Cost  of  Steam  Power  Standby  Service,  Forced  Hrafl 
for  Peak  Work,  Emission  of  .Smoke  and  Cinders,  Burning 
I'ulverized  Coal,  Under-Water  Storage  of  Coal,  Firebrick. 
Steam-Flow  Meters,  Surface  Combustion,  Condensers,  Holler 
Tubes,  and   Foreign   Practice. 

Under  the  first  heading  was  described  the  practice  at  the 
Ashley  Street  station  in  St.  Louis,*  where  the  standby  boilers 
are  kept  full  of  hot  water  at  over  200  degrees  by  meanu  of 
a  hot-water  circulating  system.  The  amount  of  coal  used 
for  banking  is  about  5  per  cent,  of  the  total  consumption  of 
the  station. 

With  regard  to  cinders,  the  report  stated  that  there  1» 
practically  no  trouble  from  this  source  with  natural  draft, 
or  where  the  difference  In  pr<-ssure  through  the  fire  is  1  in. 
or  less.  With  forced  draft,  however,  there  is  frequently  a 
noticeable  shower  of  cinders  in  the  vicinity  of  the  plant, 
particularly  where  coking  coal  is  used.  The  best  solution 
of  this  problem  has  been  worked  out  by  the  New  York  Edison 
Co.,  in  causing  the  gas  to  impinge  against  a  wet  baffle  plate, 
from  which  it  is  deflected  downward  toward  a  trough  of 
water,  in  which  the  cinders  are  caught. t 

The  committee  did  not  consider  under-water  storage  of 
coal  as  warranted  generally,  owing  to  the  high  cost  of  such 
storage  as  compared  with  the  low  insurance  rate  and  the 
fact  that  well  selected  coal  was  fairly  secure  against  taking 
fire.  If  it  did,  the  pile  would  give  a  long  warning  of  the 
tendency  to  heat. 

Lap-welded  charcoal-iron  boiler  tubes  were  formerly  de- 
manded by  most  steam  users  because  they  were  not  so 
likely  to  corrode  as  steel.  Genuine  charcoal  iron,  however, 
has  become  very  scarce,  and  the  demand  for  tubes  has  greatly 
increased;  hence  it  is  difficult  to  obtain  the  quality  of  tube 
desired.  All  tubes  other  than  seamless  must  be  welded,  and, 
as  in  all  welds  there  is  a  chance  for  imperfect  workmanship, 
the  open-hearth  seamless  steel  tube  is  now  being  specified 
largely  and  is  used  with  much  success. 

HYDRO-ELECTRIC  SECTION 
The  papers  presented  on  this  subject  were:  "The  Nature 
of  Electrical  Disturbances  in  Transmission  Work,"  by  D.  B. 
Rushmore;  "Data  on  Modern  High-Voltage  Transmission," 
by  Selby  Haar;  and  "Water-Power  Plant  Economics,"  by  O.  B. 
Coldwell.  These  were  followed  by  an  illustrated  lecture  by 
H.  J.  Lisberger  on  the  plants  and  system  of  the  Pacific  Gas 
&  Electric  Co.,   in   California. 

Upon  recommendation  of  the  committee  the  hydroelectric 
section  was  disbanded,  this  work  to  be  carried  on  in  the 
future  by  a  hydro-electric  committee. 

Simultaneously  with  the  technical  sessions  were  held  the 
commercial  and  the  accounting  sessions.  These  comprised 
reports  of  the  various  committees  in  addition  to  the  follow- 
ing papers:  "Costs  and  Statistics,"  by  T.  J.  Walsh;  "Ap- 
praisals, by  D.  C.  Jackson;  "Variations  in  Public  Service  Sys- 
te-ms  of  Accounting,  by  E.  C.  Scobell;  "Accounting  for  Mer- 
chandise Sales,"  by  H.  B.  Lohmeyer;  "Suspense  Accounts,"  by 
Frederick  Schmitt;  "Mechanical  Sorting  and  Tabulating  Sys- 
tems," by  F.  A.  Birch,  G.  L.  Knight  and  C.  N.  Woolsey:  "Pur- 
chasing, Storing  and  Accounting  of  Coal  for  the  New  York 
Edison  Co.,"  by  Charles  R.  Lehmann.  Elbert  Hubbard  also 
delivered  an  address  on  "The  Age  of  Cooperation." 

Of  particular  interest  were  the  concluding  remarks  of  the 
committee  on  high  load  factor  and  nonpeak  business  which 
were  in  part  as  follows: 

"There  are  in  practically  all  cities  several  private  generat- 
ing plants  which  give  as  an  excuse  for  operating,  the  fact 
that  they  need  steam  in  large  quantities  during  the  winter 
months    for    heating    their    buildings.      Although    the    central- 


*See    "Power,"    Jan.    6.    Ifll4. 
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station  companies  in  theso  citios  havo  marlo  nil  rpasonahln 
•  fforts  to  set  this  business,  there  are  many  instances  where, 
at  the  present  time,  there  is  a  deadlock  in  negotiations. 
These  same  plants  for  the  most  part  realize  that  they  could 
operate  more  efficiently  and  economically  on  central-station 
service  durinf?  the  summer,  but  do  not  see  their  way  clear  to 
siKninff  a  lonpr-term  contract  whereby  they  must  assume  cer- 
tain obligations  during'  the  winter  months,  when  they  could 
run  more  economically  on  their  own   private  plants. 

"From  the  standpoint  of  the  central  station  it  could  make 
money  on  this  class  of  business,  if  taken  only  for  the  sum- 
mer  months  as   it  would   be  distinctly   off-peak. 

"It  would,  therefore,  seem  a  good  proposition  for  both  in- 
terests, for  the  central  station  to  offer  a  short-term  contract 
for  summer  business   from  existing  plants. 

"However,  as  against  this,  consideration  must  be  given  to 
the  effect  such  a  policy  would  have  upon  the  other  customers 
of  the  company.     In  other  words; 

"1.  Would  such  a  course  indicate  that  the  central  station 
admits  it  cannot  operate  in  large  buildings  economically  if 
steam  is  used   in  any  appreciable  quantity  for  heating? 

"2.  Would  not  the  present  large  installations,  where  cen- 
tral-station service  has  superseded  a  private  plant  and  shown 
an  economy,  start  up  their  own  plants  during  the  winter 
months   and    use    their    exhaust   steam    for    heating? 

"Consideration  must  also  be  given  to  another  point,  wheth(>r 
by  demonstrating  the  superiority  of  central-station  service 
during  the  summer  months,  we  could  obtain  some  of  this 
business  for  the  entire  year  which  we  otherwise  could  not 
get." 

On  Friday  the  third  general  session  was  held  and  the  fol- 
lowing officers  elected  for  the  ensuing  year:  President,  H.  H. 
Scott,  New  York;  first  vice-president,  E.  W.  Lloyd,  Chicago; 
second  vice-president,  H.  A.  Wagner,  Baltimore;  third  vice- 
president,  L.  D.  Gibbs,  Boston;  fourth  vice-president,  J.  S. 
Bleecker,  Columbus,  Ga.:  treasurer,  W.  F.  Wells,  Brooklyn 
and  the  executive  committee  to  serve  three  years,  Paul  Spen- 
cer, Philadelphia;  A.  C.  Einstein,  St.  Louis,  and  Walter  New- 
miller,  New  York. 

A  splendid  exhibit  of  electrical  apparatus  and  accessories 
was  held   in   the   roof  garden  of  the   Bellevue-Stratford. 


JUST  JESTS,  ,IABS,  .lOSHESAND  JUMBLES 


The  National  Gas  E^ncrine  As.«ociation  w^ill  hold  its  annual 
meeting  at  the  La  Salle  Hotel,  Chicago,  111.,  on  June  24,  2r)  and 
26.  Among  the  subjects  to  be  discussed  will  be  a  standard 
belt  speed,  horsepower  rating  and  a  standard  brake.  The 
local  entertainment  committee  has  provided  some  wholesome 
entertainment,  including  a  boat  trip  to  Michigan  City,  where 
supper  will  be  served,  and  a  moonlight  trip  back  to  Chicago. 
Everyone  interested  in  gas  engines  is  invited  to  attend  the 
convention. 

K 
The  forty-second  annual  commencement  of  Stevens  Insti- 
tute of  Technology,  Hoboken,  N.  J.,  was  held  on  June  9,  at 
which  65  members  of  the  graduating  class  received  the  de- 
gree of  mechanical  engineer.  Henry  S.  Pritchett,  Sc.D.,  LL.D., 
addressed  the  graduating  class  in  well  chosen  remarks 
founded  on  the  philosophy  of  Bpictetus:  "(1)  Don't  quarrel 
with  the  universe;  (2)  Touch  elbows  with  the  rank  and  file; 
(3)  Live  as  much  as  you  can  each  day  in  the  open  air,  and  (4) 
Every  day  speak  with  someone  higher,  wiser  than  yourself." 
The  Stillman  prize  to  the  member  of  the  senior  class  who  pre- 
pares the  best  paper  on  a  subject  pertaining  to  technology 
was  awarded  to  Hermann  Henry  Albers,  of  Brooklyn,  N.  Y. 
His  subject  was  "Devices  and  Methods  for  Measuring  High 
and  Low  Temperatures,  with  Special  Reference  to  Engineering 
Problems." 


Bl«    Realty    BuihliiiK    Again    OperateH    Its    Old    Plant — The 

Metropolitan  Realty  Building,  a  fifteen  story  manufacturing 
structure,  occupying  a  .50  by  200-ft.  plot  noith  of  the  Brook- 
lyn Bridge,  in  New  York  City,  will  repair  its  old  plant  and 
make  its  own  current.  In  1892,  when  the  building  was 
erected,  a  power  plant  was  installed  to  furnish  heat,  light  and 
power  to  the  tenants.  After  the  plant  had  been  operated  for 
some  years,  the  management  was  induced  to  shut  it  down 
because  of  rei^airs  and  other  excessive  costs,  and  buy  its  cur- 
rent. After  a  three-year  trial  of  Edison  service  and  two 
years  more  of  the  New  York  Service  Co.,  a  subsidiary  con- 
cern, the  management  has  concluded  to  let  the  Engineering 
Supervision  Co.  of  New  York  operate  the  old  plant  under  a 
guarantee  of  economy. 


"You  must  be  born  with  wheels  in  your  head  if  you 
would  make  a  good  engineer,"  says  a  contemporary.  So 
that's  the  reason,  is  it?  Guess  we'll  ask  our  old  friend 
Coroner  Tim  Healy  to  order  an  autopsy  and  verify  this 
statement.     Any   good   engineer  got  a  wheel  to  lend? 

The  House  Appropriations  Committee  wants  the  Federal 
Children's  Bureau  budget  cut  from  $164,640  to  $25,640;  free 
seeds  (for  constituents)  get  $165,000,  and  to  stamp  out  the 
hog-  ciiolera,  they'll  let  go  of  $400,000.  Looks  like  the  "hog" 
cholera   had   its  incipiency   in   the  House. 

!*] 
A  high  forehead  says  that  insomnia  points  to  the  time 
"when  man  shall  be  able  to  use  his  cerebral  engine  eveiy 
hour  of  his  brief  life."  It  would  be  a  brief  life  for  most  of 
us  if  our  brain  engines  attempted  one  of  those  fool  24- 
hour  work  tests.  We  hit  the  hay  around  eleven  o'clock,  and 
then  it's  good  night  till  the  morning  after  the  night  before — 
unless  we  are  at  a  convention,  when  we  just  can't  be  be- 
guiled by  O'Morpheus  into  retiring  before  eleven-thirty. 

Good  old  Fred  Raven  struck  the  keynote  when,  at  the  Il- 
linois State  convention,  he  wondered  "if  all  appreciated  the 
fact  that  the  opportunities  of  the  organization  were  only 
half  realized."  When  Fred  opens  his  mouth  he  says  some- 
thing. 

[■/■] 
"Who  over  here  ever  heard  of  Ding,  the  English  aviator?" 
asks  the  New  York  "Sun".  Wliy,  old  son.  Ding  is  the  brother 
of  our  friend  By  Ding,  wlio  goes  up  in  the  air  so  much;  xn 
uncle  of  Gol  Ding,  and  second  cousin  to  those  expatriated 
Americans  the  Ding-Bustits. 

[i] 

Last  year  Berlin  consumed  nearly  twenty  billion  gallons 
of  water.  Since  when  have  the  Berliners  taken  to  drinking 
this  stuff?  Sounds  like  a  willful  waste  and  a  woeful  want  of 
"taste." 

Wi 

Convention  time!  It  toddles  around  regularly  each  year, 
along  with  the  humidity,  the  'sl^eeters  and  the  prickly  heat; 
sulphur  and  molasses  can't  get  it  out  of  your  system  once 
the  convention  rash  breaks  out.  Its  only  remedy  is  Go-to- 
It! 

This  year  the  Illinois  boys  started  the  ball  to  rolling  with 
a  corking  good  convention.  Then  New  Jersey  rounded  the 
corner,  eleven  associations  strong,  and  the  Master  Boiler 
Makers  woke  up  old  Philadelphia  after  the  manner  of  boiler 
makers;  Iowa,  and  Kansas,  and  Kentuclty,  the  big  national 
meet  of  the  American  Order  at  Baltimore — 

Say,  son,  it's  in  the  air;  just  one  dum  thing  after  the 
other  right  up  to  the  big  fest  at  Milwaukee! 

The  engineer  who  never  attenaed  a  convention — shucKS, 
Zeke,  there  ain't  no  such  thing!  Every  engineer  goes;  if 
not  in  person,  he's  there  in  spirit.  And  he  knows  his  in- 
terests are  being  taken  care  of  and  his  delegates  are  'e- 
flecting  credit  on  his  craft! 


^k. JkjMm 
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Boston  Pumping-Statlon 
Explosion 

An  cxiiIomIoii  of  mi-wki-  kum  coiiipli'tfly  wiiM'ki'il  tlii<  hiiiuII 
H.'rofnhouHc  at  tho  Mott  Iivm'hI  imuI  uf  (lii<  Mcti  oixilltiiii  MinviiKf 
|>uiii|iliiK  HtiilUiii  iiiiii  ClK'lHi-a  IIiI<Ik<',  lOitHt  lliiHtoii,  al>i>ul 
noon  on  ,Iuni<  1,  HUUiHliInK  wIiicIowh,  HirruInK  lliu  wiocUiiki' 
for  TO  ft.  arounil  anil  cauNlnM;  t)u>  ilcnlh  of  tliroo  uttoiiilMntH 
and   lliL>   Hi-i'ioiiM   Injury   of  hi-vimhI   oIIiith. 

Tho  hoUMi',  wliU'li  waM  about  SB  ft.  M<iuai'(s  was  HtionKl.v 
l>ullt  of  l>iU-k  anil  sterl,  aM  l8  evliloncod  by  the  fact  that 
Novoral  lai'KO  scctionH  of  tho  wallH  wuro  blown  Homo  illHtanco 
without  broakhiK-  The  station  cares  for  about  lilio.iloo.OOO 
nal.  of  Mewano  jier  day,  about  onu-third  of  tho  total  amount 
for  the  city  of  Koston.  IVndInK  repairs,  tho  sewaKe  will  bo 
dlacharKod    throuKh   auxiliary   Kutes    without  screenliiK. 


Thr  Mssiinlilv  liiKl  lh>'  bnanl  nf  aliliiincii,  in  siiirciuhrinK 
control  of  the  alTairs  of  the  city  of  St.  Paul  to  their  successors 
under  the  new  commission  form  of  Kovernment,  have  Just 
recommended  further  investlKiitlon  with  a  view  to  the  adop- 
tion of  an  oidiiianee  ledueiiin  tin-  electric  rates  now  charged 
by  the  tiasllKht   Co. 

Supporting  this  movement,  the  Builders'  KxchanKc  of  the 
city  lately  sent  a  communication  to  the  mayor  expressing- 
particular  Interest  In  the  power  rates,  and  assertluK  that 
manufacturers  in  Minneapolis  enjoy  more  favorable  rates  and 
conditions  for  electric-power  service.  The  difference  Is  said 
by  the  Exchange  to  be  sutlicient  to  H:ive  Minneapolis  an  ad- 
vantage in  the  location  of  new  manufactures  in  the  Twin 
Cities. 


FER.S0HAIUS 


A.  A.  Potter,  for  several  years  professor  of  steam  and  gas 
enffineeringr  at  the  Kansas  State  Agricultural  College,  has 
been  made  dean  of  the  engineering  division  and  director  cf 
the  engineering  experimenting  station  of  the  same  institu- 
tion. Mr.  Potter  will  still  retain  the  professorship  in  steam 
and  gas  engineering. 

Harold  Almert,  Chicago,  III.,  has  been  retained  as  technical 
counsel  by  the  Washington  Railway  Electric  Co.  and  the 
Potomac  Electric  Power  Co.,  of  Washington,  D.  C.  The  ap- 
praisal division  of  Jlr.  Almerfs  staff  will  make  a  detailed  in- 
ventory and  valuation  of  the  property  of  these  companies,  not 
only  in  Washington,  but  throughout  the  District  of  Columbia, 
in  preparation  for  a  hearing  before  the  Federal  Utility  Com- 
mission, which  commission  appeared  before  the  local  commit- 
tee of  Congress,  through  the  corporation  counsel,  on  June  2, 
and  declared  itself  in  favor  of  immediate  Federal  ownership 
of  the  utilities  in  the  District  of  Columbia. 

Richaid  Ward  Baker  has  been  in  the  employ  of  the  Watson- 
Stillman  Co.,  Aldine,  N.  J.,  and  New  York  City,  for  fifty  years. 
The  company  has  rewarded  him  by  the  presentation  of  a  sub- 
stantial check  and  extending  to  him  a  month's  vacation.  Mr. 
Baker  began  his  apprenticeship  in  a  small  factory  in  Grand 
St.,  New  York  City,  on  June  2,  18fi4,  and  has  been  continu- 
ously Identified  with  the  Watson-Stillman  Co.  and  its  pred- 
ecessor ever  since.  A  special  resolution  was  passed  by  the 
board  of  directors  of  the  company  expressing  its  high  esteem 
of  Mr.  Baker's  long  and  loyal  service,  and  the  resolution 
was  presented  to  him  in  the  presence  of  the  employees,  offi- 
cers and  directors  of  the  company  at  its  Aldine  plant. 

Gano  Dunn,  president  of  the  J.  G.  White  Engineering  Cor- 
poration, in  recognition  of  accomplishments  and  distinction 
in  science  and  electrical  engineering,  had  the  honorary  degree 
of  master  of  science  conferred  on  him  on  May  29,  at  the 
celebration  of  the  fiftieth  anniversary  of  the  founding  of  the 
School  of  Mines  of  Columbia.  University.  Mr.  Dunn  is  presi- 
dent of  the  United  Engineering  Society  and  has  been  presi 
dent  of  the  American  Institute  of  Electrical  Engin_eers  and 
the  New  York  Electrical  Society.  He  is  a  member  of  the 
British  Institution  of  Electrical  Engineers,  the  International 
Electrotechnical  Commission,  the  American  Society  of  Me- 
chanical Engineers  and  other  scientific  and  engineering 
bodies  and  was  United  States  delegate  to  and  vice-president 
of  the  last  International  Electrotechnical  Congress  which 
was  held   in   Turin.   Italy,   in    1912. 


Kleelrli-     Hrl»e     In     S| I     I  |i     ^liieliliie     Miiip      S|ieiM|inK     up 

11  iiiiiehiiie  Mhup  l>y  ineiiiiM  111  ill!  elertrle  drive  luiM  boon 
liroved  pDHHlble  nt  n  nhop  malntnlneil  by  the  city  of  ChleaKo 
for  rep.ilr  work  on  iiumpliiK  anil  nthor  iippaiiitUM  for  tho 
\»  liter  ilepiii  tineiit.  Formerly  the  Hhup  whh  driven  by  n 
hIIiIc- valve  Hteiiiii  oiikIiio  throiiuh  Intrlcalu  lino  HhaftliiK.  No- 
loiiil  li'MtH  miido  Hhiiwed  that  .Ml  |ior  cent,  of  tho  power 
Kunorateil  wiih  roqulrorl  to  ilrlvo  tho  line  HhiiftltiK  ami  Idle 
pulloys.  During  the  year  JH13  ii  molor-Koiierntor  Met  wuh 
Hubstltutcd  for  tho  Hteam  engino,  with  tho  roHUll  that  the 
llno-Hhaft  loHsOH  have  beon  roilucoil  from  03  to  10. »  per  com. 
Furthermore  It  Iiiih  been  poHHiblo  to  IncreaHO  the  Hpecd 
of  the  line  Khaftlng  n  third,  and  the  men  In  the  HhopM 
have  uncoiiMclously  speeded  up  correHpondlnKlV- — "EiiKlneor- 
Ing   Hecord:" 


ATliAlVTIC   COAST  STATIOX 

I'lan.s  have  bi-en  prepared  for  the  construction  of  a  8ub- 
Htatloii  for  the  Buffalo  General  Electric  Co.,  Buffalo,  N.  Y. 
The    estimated    cost    is    $20,000. 

The  Orange  County  Lighting  Co.,  Middletown,  N.  Y.,  has 
had  plans  prepared  for  the  construition  of  a  new  gas  plant. 

The  citizens  of  Butler,  N.  J.,  contemplate  installing  a 
municipal    electric-light    plant    costing    $30,000. 

A  1500-kw.  turbo-gener.itor  and  new  boiler  equipment  will 
be  installed  at  the  plant  of  the  Morris  &  Somerset  Electric  Co.. 
Morristown,  N.  J.     J.  H.   Drake  is  manager. 

Thi-  Public  Service  Electric  Co.,  Trenton,  N.  J.,  contem- 
plates constructing  a  substation   on   Adeline  St. 

Bids  will  be  received  until  noon,  July  8,  by  the  Waston 
Electric  Light  Commission,  Easton,  Md.,  for  a  complete  i)ower 
and  lighting  equipment.  The  Iteliance  Engineering  Co..  312 
Fourth  National  Bank  Bldg.,  Cincinnati,  (Jhio,  is  the  engineer. 

Bids  will  be  received  by  the  supervising  architect.  Treas- 
ury Department,  Washington,  D.  C,  until  July  S.  for  repairing 
the  mechanical  equipment  at  the  United  States  Treasury,  Win- 
der and  Butler  buildings,  Washington. 

.SOI  thf:r.\   statks 

Fire  destroyed  the  power  house  of  the  Sampson  Power 
Co.,   Clinton,   N.   C.     Loss,   $5000. 

According  to  press  reports  the  Savannah  Lighting  Co., 
Savannah.  Ga.,  will  remodel  its  power  plant  and  substations. 
New  equipment  will  be  installed.  The  estimated  cost  is  $2o0,- 
000.  The  Schofield  Engineering  Co.,  Philadelphia,  I'enn.,  is  the 
engineer-in -charge. 

The  installation  of  an  electric-light  plant  in  Camden,  Tenn., 
is   being  considered   by  J.   S.   Madey   &  Son. 

Gotthart  Kapfhammer,  1506  Shelby  St.,  Louisville,  Ky..  is 
in  the  market  for  a  motor  to  operate  special  baking  equip- 
ment. 

CKNTKAL    STATES 

Bids    will    be    received    by    the    commissioner    of    purchas- 
and  supplies.   City  Hall.   Cleveland,   Ohio,   until   noon,  June   1  ' 
for   furnishing  and   installing   two   300-hp.   water   tube   boilers 
for   the   Infirmary,    Warrensville,   Ohio. 


Bids  will  be  received  by  the  commissioner  of  purchases  and 
supplies.  Room  513.  City  Hall,  Cleveland,  Ohio,  until  noon. 
June  19,  for  the  construction  of  stokers  for  two  250-hp.  boilers 
for  the  City  Hospital. 

The  Logan  Light  &  Power  Co..  Logan.  Ohio,  which  was 
recently  bought  by  Arthur  D.  Foster  and  Francis  R.  Weller, 
will  be  enlarged.  A  new  power  house  will  be  built  and  also  a 
generating    station. 

According  to  press  reports  the  East  Jordan  Light  &  Power- 
Co.,  East  Jordan,  Mich.,  will  install  a  tandem  compound  Ideal 
engine,   a  condenser,   one   100-kw.   Bullock   generator. 

According  to  press  reports  the  board  of  managers  of  the 
Hurlev  Hospital,  Flint.  Mich.,  contemplates  purchasing  a  new 
power  plant  for  the   hospital  costing  $9000. 

The  C.  Reiss  Coal  Co..  Waukegan,  111.,  will  establish  a 
generating  plant   to  supply   power   for   its  coal  dock. 

WEST    OF    THE    MISSISSIPPI 

Nash  &  Co.,  South  Bend.  Ind.,  are  preparing  plans  for  the 
construction  of  a  municipal  electric-light  plant  and  pumping 
station   at   Earlville,   Iowa. 

The  Oscar  Claussen  Engineering  Co.,  314  Commercial  Bldg.. 
St.  Paul,  Minn.,  is  preparing  plans  for  the  construction  of  a 
municipal  electric-light  svstem  at  Parker,  S.  D.  The  estimated 
cost   is   $27,000. 

Bids  will  be  received  b>-  W.  F.  Baker,  city  clerk.  Cold- 
water,  Kan.,  until  1  p.m.,  June  25,  for  improving  the  electric- 
light  plant  and  water-works.  One  75-kw.  generator,  one  25- 
hp.  motor  and  equipment  and  a  100-hp.  oil  engine  will  be 
required. 

At  a  recent  election  the  citizens  voted  to  install  a  munici- 
pal electric-light  plant  at  Vermillion.  Kan.,   costing   $10,000. 

At  a  recent  election  in  Los  Angeles.  Calif.,  bonds  for 
$6,500,000  to  complete  the  aqueduct  power  project  and  for  a 
distributing  system  were  voted. 
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FirsH  B      "  'Mca))bii]l(E^   iim   Commer' 


>  1  .\(U'SlS—'l'lir  first  /lllihriir-iinihilr  siilil  inni  liishillnl 
ill  America  is  of  Jl'i  li(>.  niiKtrili/.  II  miiijiifs  In  m  huil 
/liHtr  area  a  spare  17  fl.  10  in.  laini  mul  ."  //.  (i  In.  irlilc 
The  coal  tousuin/ilion  per  iiitlhaleil  liorse/iDirer  an  hsl 
vas  l.titi  lb.    II  is  tlireetli/  roiipled  In  a  1'>-li'ir.  ullerniilnr. 

Tlio  lirst  liucki'vc-inoliilc  snlil  iiiid  iiislallcil  in  Aiiiriim 
(tliriv  is  an  i'.\|H>riiiu'nl!il  (iiic  used  iit  tho  works  of  Ihc 
niiikcrs,  tlic  JiufUcu"  Mngiiu-  Co.,  Salem,  Oliio)  is  in  oji- 


iipIIs.  'i'liis  aiiMM^'cniciil  tjivcs  licr  (Aininsixc  niovcnicnt 
'riic  fill  iiacc  coiilains  '.M  n>[.U.  and  tlir  I' I  liilx's  ^fi;i  Mi-I't. 
of  Ileal inj;  sni'lafc,  ii  total  of  ;3i)(). 

V\<^.  "Z  is  a  rear  view  ol'  tlie  nnil.  Tlio  fjeneralor  is  on 
a  (onerc'lo  I'onndalion  and  the  base  is  level  with  the  op- 
eiatinf;  plati'orni  ol"  the  enj^ine.  A  l-kw.,  ISio-voll  ex- 
citer unit  is  helt  driven  from  the  eiiyine  shaft  at  IxilO 
r.p.Mi. 

'i'lu;  engine  siiafl   is  eoii|iled   to  a   l.")-kw.  Westingliouso, 


Fig.  1.  Froxt  Yrinv  of  tttt:  11."-TTp.  BrcKi-YE-MoBiLE  at  Tin:  Txtkhx atioxal  Coisk  Co.,  Greenpoint, 

LOXO    IsLAXD,   "N".    Y. 


eration  at  the  works  of  the  International  Cork  Co.,  Sutton 
St.,  (ireen point,  L.  I.,  X.  Y. 

This  ])artietilar  unit,  Fi>r.  1,  is  f'f  llo  lip.  capacity  and 
stands  D  ft.  high  from  the  base  to  the  top  of  the  engine 
tivwheel.  As  the  basement  whei-e  it  is  placed  is  low,  it 
was  necessary  to  put  the  outfit  in  a  pit  2  ft.  deep,  giving 
an  18-in.  clearance  between  the  top  of  this  flywheel  and 
the  ceiling  rafters. 

The  unit  sets  on  a  concrete  foundation  and  is  anchored 
by  only  two  ly^^-in.  bolts  at  the  left  front  foot;  the  op- 
posite foot  rests  on  two  IVj-in.  rollers,  supported  by  a 
channel  plate.  The  two  center  feet  each  rest  on  four 
rolls  of  the  same  size  and  both  rear  feet  are  on  two  li/o-in. 


alternating-current  generator,  which  produces  220-volt, 
three-phase,  fiO-cyde  current  at  2~)7  r.p.ni.  The  coupling 
is  flexible,  to  allow  for  change  in  alignment,  due  to  any 
slight  movement  of  the  Buckeye-mobile. 

The  principal  weights  of  the  unit  ])arts  are  as  fol- 
]o\(s:  The  boiler,  with  feet  and.  saddle,  weighs  12,000 
111.,  or  six  tons:  the  bedplate,  2400  lb.;  the  engine  cyl- 
inder, 1400  lb.:  the  crankshaft,  L^OO  lb.;  and  the  two 
flywheels,  3000  11). 

In  Fig.  .1  are  shown  the  dimetisions  of  the  115-hp. 
Buckeye-mobile,  the  total  length  of  which  is  17  ft.  10 
in. ;  a  space  of  about  10  ft.  fi  in.  is  required  for  removing 
tubes,  at  the  head  end.  and  4  ft.  for  removing  the  super- 
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FlCi.    2.    ViKW    OF   THK    BlTCKEYK-MOBILE    FUOM    THK    SlUli 


heater  from  tlio  rear  end,  rnakiiifi"  a  total  requircil  Iciiiith 
of  32  ft.  6  in.  Tlie  10-ft.  spaee  in  front  of  the  boik'r,  how- 
ever, is  necessary  for  a  tiring  ]ila(('  in  any  event.  'IMr' 
width  of  the  enoine  is  7  ft.  6  in.  and  the  generator  a(Uls, 
witli  its  foundation,  6  ft.,  or  a  total  of  13  ft.  6  in.  The 
total  ground  area  required  hy  the  unit  is  13  ft.  f>  in.  by 
33  ft.  4  in.  for  11.")  hp.  in  output. 

The  following  figures  were  oMained  at  tlie  shop  test 
of  the  unit  on  Apr.  1 : 

NO.    4   BUCKEYE-MOBILE,    115   HP.,   NONCONDENSING 

Pocahontas    coal 1  4.500   B.t.u. 

Duration  of  test,   11  a.m.  to  7  i).in S   hours 

Speed     24S  r.p.m. 

Indicated    horsepowir     tlH 

Total   steam    per   hour 1,5T4  .  5  lb. 

13.3   lb. 
15fi.4   \b. 

1.33   lb. 
210    lb. 
171   deg. 
56   deg. 
192   des-. 
3ilS   deg. 


pany  to  solve  tin.'  prolilcin  of  addilional  power  unils.  'I'lic 
original  power  plant  is  in  the  basement  of  the  briek  build- 
ing. The  boilers  oceupy  the  width  of  the  boiler  room 
and  the  engine  is  on  the  opposite  .side  of  the  basement, 
and  separated  from  the  boilei's  by  a  briek  wall.     The  base- 


steam  per  i.hp. 

Total   coal  per   hour 

Coal  per  i.hp 

Boiler  pressure   

Superheat,   high-pressure    cylinder. 
Superheat,    low-pressure    cylinder., 

Temperature    feed    water 

Temperature    stack    gas 


i'"i(;. 


Space  required 
for  re  mo  Vina 
furnace  ara 
tubes 


l^...J 


ELi:vArioxs  a\d  Tlan.   Sirowixc   Si-ack    ()r(Ui'ii:i>  isv  a 


^  Space  required 
for  removing 
superheater 


-lip.    BrCKi:YE-^[OUILE 


Tiie  diagrams.  Fig.  4,  are  from  llu'  higli-  and  low- 
pressure  cylinders  taken  during  the  shop  test. 

This  first  installation  is  a  good  e.\aiiij)le  of  the  adapt- 
ability of  the  Buckeye-mobile  in  restricted  places  where 
it  would  be  impracticable  to  install  the  ordinary  type  of 
boiler  and  engine. 

Due  to  the  demand  for  more  power  (an  additional 
building  is  being  erected)   it  was  necessary  for  the  com- 


ment is  about  10  ft.  liigh,  and  any  additions  in  the  oi-- 
dinary  steam  boiler  and  engine  e(pii]iinent  would  i-e(piii'(! 
considerable  alterations  to  the  building. 

It  was  finally  decided  to  install  a  Uuckeye-mobile  of 
115  hp.  capacity.  This  would  eliminate  changing  the  boil- 
er room,  save  floor  space,  provide  a  "t\j'o-in-oiie  unit." 
and.  furthermore,  produce  a  horsepower-hour  more 
('(•(UKimicMlly  than  any  other  type  of  steam  ])rime  mover. 
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\<.l.  no,  Xo.  25 


'I'Ih-  tiiiii'  ri'i|iiin'(l  to  |iliui'  tlic  iiiiil  iiftfi'  (lfli\civ  wiih 
tiirlil  (lavs,  tv\ii  (Im\s  l()iij:tM'  tlinii  witli  ra\(»riilil(!  cninli- 
tioiis  lor  liandliii^'  tlu>  |iaiis. 

From  (he  lijfuivs  j;ivi'ii  in  tin-  I  st  il  will  lie  srcii  tliat 
the  unit  will  (Iclivcr  a  Jiorsi'|i(>wiT-lioiir  on  less  than  1'^ 
II).  of  fonl,  running'  noncondcnsinfj.  In  fact,  the  liiiiltl- 
iTS  guarantee  to  lorfcit  $100(1  for  fVL-rv  ,'o  Ih.  of  eoal  n-- 
i|uiiv(l  |H'r  imliiateil  horsepower  nitove  the  ginuantee,  with 
H  nominal  honus  for  savin},'  in  fuel  helow  the  gua  ran  Iced 
amount,  the  ealorilie  value  ol'  the  eoal  lieing  the  hasis  of 
the  'Miaranlee. 


POV/LK. 


Fig.  4.  DiAGi!A:\rs  Takkx  diuixc;  Shop  Ti:st 

Aside  from  the  com])aetuess  of  the  power  plant  the  liig 
thing  is  that  this  small  size  of  Buckeye-mobile  produces 
power  on  less  fuel  than  the  largest  central-station  unit, 
and  the  consumer  of  powder  in  small  quantities  can  pro- 
duce it  as  cheaply  as  if  the  ordinary  boiler  and  engine 
unit,  many  times  this  capacity,  were  used. 


TLJs©    ©f  IRlh©©SttSitlS   t<D    C 

There  are  usually  two  rheostats  on  each  alternator 
panel,  one  in  the  exciter  field  circuit  and  the  other  in 
the  alternator  field  circuit;  by  the  use  of  which  the  al- 
ternator voltage  may  be  adjusted.  The  question  often 
arises  as  to  which  of  these  should  bo  used. 

Exciters  are  nearly  always  rated  at  125  volts,  but  this 
does  not  mean  that  they  are  to  be  run  at  this  voltage; 
usuallv  it  is  less  than  this.  The  alternator  fields  con- 
sume the  full  output  of  the  exciter,  whereas  only  about 
2  per  cent,  of  the  exciter  capacity  is  used  in  exciting  its 
own  fields.  Therefore,  a  resistance  inserted  in  series  with 
the  alternator  field  will  consume  many  times  the  power 
lost  when  a  proportionate  resistance  is  inserted  in  series 
with  the  exciter  field.  Hence  it  is  more  economical  to 
operate  with  the  alternator  rheostat  cut  out  and  with 
proper  exciter  voltage  to  maintain  the  required  alternator 
voltage.  The  only  exception  to  this  rule  is  in  case  the 
resultant  exciter  voltage  is  so  low  that  the  exciter  is  op- 
eratinff  far  below*  the  knee  of  its  magnetic  saturation 
curve  so  that  an  unstable  voltage  results. 


When  two  altirnatorrt  are  to  In-  operatiMJ  together  tlieir 
cxcitcrH  are  first  jiarallchMJ,  the  incoming  eS:iiter  voltage,' 
Ixiug  lirHl  made  the  Maine  uh  that  of  the  unit  in  operation. 
In  order  to  adjust  thi'  voltage  of  the  incoming  alternator 
to  cori-esj)onil  with  tlu^  nlternating  husliar  voltage,  it  is 
then  necessary  to  use  the  rheostat  of  the  incoming  alter- 
nator. When  the  machines  are  synchronized,  the  alter- 
ii.'lor  rheostats  are  adjusted  to  reduce  the  cross-current* 
to  a  minimum,  llowc^ver,  \\w  general  rule  still  lioMs 
that  as  little  resistance  as  j)OBBil)le  should  he  inserted  in 
the  altermitor  field  circuits. 

When  a  'I'irrill  regulator  is  used  the  exciter  rheostiit.* 
are  set  at  j)redelermined  ])i)iiils  correspoiuling  to  very 
weak  fields.  Tlie  alternator  rheostats  are  usually  cut  out 
altogether,  or  nearly  so.  The  regulator  then  short-circuitft 
the  exciter  field  rheostats  controlling  the  exciter  voltage 
.-o  as  to  maintain  steady  alternating  busbar  voltage. 
;*; 

Tfl^Ihtleiniaira^   Commmmtiaftadoir'S  in^ 
Use 

Quite  fre(|uently,  the  commutator  segments  of  large 
direct-current  machines  develoj)  Jiigh  or  low  bars  and 
show^  signs  of  loosening;  also,  new  segments  are  inserted 
and  it  becomes  desirable  to  tighten  up  the  commutator. 
This  requires  baking  the  commutator  to  be  most  effective. 
The  shellac  binder  should  be  softened  and  the  com- 
mutator tightened  Avhile  hot,  then  as  it  cools,  the  shellno 
which  has  run  into  all  the  interstices,  sets  and  binds  the 
whole  into  a  solid  unit. 

It  would  be  a  rather  dillicult  task  to  remove  a  large 
conmiutator  to  bake  it,  and  it  is,  of  course,  impossible  to 
l)ake  arnuitui'e  and  all.  An  equivalent  effect  can  be  ob- 
tained quite  simply.  The  machine  may  be  operated  as  a 
generator  with  the  annature  short-circuited  and  a  weak 
field  to  obtain  full-load  current  or  with  a  low-resistance 
artificial  load.  The  brushes  should  be  materially  shifted 
from  the  neutral  point.  As  a  result  of  this  shifting  they 
are  brought  into  a  zone  where  there  is  considerable  dif- 
ference in  voltage  between  adjacent  bars.  The  brushes 
covering  these  bars  cause  rather  heavy  local  currents  to 
flow  through  the  commutator  segments  and  brushes,  heat- 
ing them  without  unduly  heating  the  armature  itself. 

There  will  be  some  sparking,  but  this  is  usually  imma- 
terial as  the  commutator  will  later  be  turned  down.  'Wlien 
the  commutator  is  thoroughly  heated,  care  being  taken 
not  to  overheat  and  melt  the  solder  in  the  risers,  the 
tightening  screws  are  brought  Tip  and  the  commutator  al- 
lowed to  cool.  "\^'hen  cool  it  may  be  turned  down  and 
smoothed,  the  brushes  returned  to  their  correct  operating 
position,  and  any  accumulated  copper  removed  from  un- 
der them.  The  machine  is  then  ready  for  operation 
again. 


The  Xew  2.5,000-kw.  ParHooM  Turbine,  at  the  Common- 
wealth Station  in  Chicago,  is  said  to  have  done  a  kilowatt 
hour  on  18,300  B.t.u.,  and  made  a  sustained  run  on  1.92  lb. 
of  coal  containing  10,300  B.t.u.  per  pound,  with  a  58  per  cent, 
load  factor. 


An  Electric  Diesel-enprine  Railroad  Motor  Car  was  te.'ted 
in  southern  Sweden  last  January.  It  weighs  33  tons  and  wa.s 
run  at  a  speed  of  34  miles  per  hour  on  level  track,  and  at 
about  20  miles  an  hour  on  a  grade  of  1  in  100.  Altogether  220i» 
miles  were  covered.  The  consumption  of  crude  oil  averaged 
9.3  lb.  per  mile,  according  to  the  Zeitung  des  Vereiacs 
Deutscher    Eisenbahn   Verwaltungen. 
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'l'!n'  I'ontcliarlraiii,  one  of  Detroit's  well  known  liotels, 
is  a  15-story  structure  containing  -150  rooms.  As  usual, 
the  building  requires  varied  services,  including  lighting, 
general  power,  elevators,  refrigeration,  vacuum  cleaning, 
liot  water  for  house  and  laundry,  heating,  etc.  The  ])lant 
contains  eight  electric  and  two  hydraulic  elevators,  11 
fans,  18  centrifugal  motor-driven  pumps  and  various  ma- 
chines with  motors  ranging  from  i/j  to  40  hp.  There  is 
also  an  air  washer  with  its  fans  and  pumps  and  a  small 
machine-repair  shop,  which  requires  more  or  less  power. 

Steam  is  furnished  at  100  lb.  for  the  direct-acting 
pumps  and  at  3  lb.  pressure  for  the  heating  by  the 
Murphy  Power  Co.,  and  also  current  for  lighting  and 
power.  Considerable  ice  is  used  in  the  hotel  and  some  re- 
frigeration is  required.  Two  25-t on,  motor-driven  Wis- 
consin carbonic  compressors  having  a  capacity  to  make 
24  tons  of  ice  in  24  hr.  were  installed  to  handle  this 
load,   and  as  satisfactory  rates  were  not  offered  by   the 


Fig.  1.     The  185-Hp.  Gas-ExNGine  Unit 

central  station,  a  gas-engine-driven  generating  unit  was 
purchased  primarily  to  care  for  the  refrigerating  load  and 
reduce  the  maximum  demand  on  the  central  station.  The 
engine  was  a  three-cylinder  Nash,  rated  at  185  hp,  and  di- 
rectly connected  to  a  Western  Electric  three-wire,  125- 
250-volt  generator. 

In  addition  to  the  refrigerating  load,  which  for  tlie  last 
two  months  has  been  20  tons  above  the  average,  due  to 
carrying  the  refrigeration  in  three  outside  buildings,  the 
generating  unit  has  operated  the  elevators,  fans  and  elec- 


tric-driven pumi)s,  leaving  the  lii,diting  for  the  centra! 
station.  In  the  early  morning  hours  it  has  frefpiently 
carried  the  entire  load.  By  utilizing  the  jacket  water  and 
passing  the  exhaust  gases  through  a  heater,  the  unit  lias 
also  sui)plied  sutficient  hot  water  for  the  kitchen  and 
laundry.  The  engine  uses  city  gas  at  a  cost  of  45c.  per 
1000  cu.ft.  and  a  complete  record  of  the  plant  for  the 
month   of   February  shows  that  with   its  varying  power 


Fig.  2.     The  Eefeigekating  Plant 

load  it  is  supplying  cheaper  current  than  the  central  sta- 
tion.    Following  is  a  tabulation  of  the  results: 

Total  gas  consumption,  cu.ft l  5G5  700 

Total  current  generated,  kilowatt-hours '   52!lOO 

Cost   of  gas  at   45c.  per   1000   cu.ft $704.57 

Oil   and    waste 24   91 

Interest  and  depreciation.  IS^/r   on  engine,  generator 

and  switciiboard    S5  00 

Labor     '.'.'.'.'..'.  28!  00 

Total    cost    $842.48 

Former   cost   of   hot   water 250.00 

Net   cost   of  current $592   48 

Cost   per   kilowatt-hour,   cents 1    137 

Current   purchased,   kilowatt-hours 42,235 

Total    cost $744.19 

Cost  per  kilowatt-hour,  cents 1.762 

It  is  apparent  that  there  is  a  difference  in  the  cost  of 
current  of  over  O.Gc.  per  kw.-hr.  and  even  without  the 
reduction  caused  by  the  hot  water,  the  difference  is  0.15c. 
in  favor  of  the  gas  engine.  AYith  the  expensive  fuel  used 
this  is  an  "eye-opener."  It  may  well  be  imagined  that 
a  steam  plant  would  do  much  better,  as  it  would  furnish 
the  live  steam  for  the  pumps  and  tlio  exhaust  steam  would 
be  available  for  heating. 


I'tah  UrenkM  Coal  Record — The  production  of  coal  in  Utah 
in  1913  was  3,254,828  short  tons,  with  a  value  at  the  mine.s  of 
$5,384,127,  according  to  E.  W.  Parker,  of  the  United  Statea 
Geological  Survey.  In  1912,  for  the  first  time,  Utah's  Ciial 
production  exceded  3,000,000  tbns,  the  output  in  that  year 
amounting  to  3,016,149  short  tons,  valued  at  $5,046,451,  a 
gain  of  more  than  half  a  million  tons  over  1911;  ne.a:  )y 
a  quarter  of  a  million  tons  more  was  mined  in  191.1. 
In  1912  the  industry  suffered  from  a  scarcity  of  labor 
due  to  the  exodus  of  foreign  miners  to  the  scene  of  war  in 
the  Balkan  States,  but  the  returns  for  1913  indicate  a  plenti- 
ful supply  of  labor,  as  an  increase  of  more  than  800  men  were 
employed  in  the  coal  mines  compared  with  the  preceding- 
year. 

Nearly  90  per  cent,  of  the  total  coal  production  of  Utah 
is  mined  in  Carbon  County,  which  contains  a  large  parr  ot 
the  great  Uinta  Basin.  This  county  produced  in  1913,  2,880,- 
102  short  tons,  out  of  a  total  for  the  state  of  3,254,828  tons. 
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I'lic  luti.l.-  ill  I'ovvii!  nl  Miiy  I!i.  1)V  .1.  W.  I".  M;i(- 
tlidiiild,  on  ('aiiii(li)iii  hoilcr  nilfs,  is  wortliv  of  rmtlici' 
(iisiiission.  in  view  of  (lio  slc|)s  now  being  taken  to  forniu- 
liite  a  model  Itoilor  law  in  the  I'nited  States  It  is.  or 
slioultl  be,  the  aim  of  siieli  law  makers  to  establish  stand- 
ards easily  understood  by  buililci',  Ijiiycr  and  inspector, 
to  avoid  and)i.<,Mity  and  (n  li\  values  ;is  ref^ards  tensile 
and  sheariiifi  strenj,'liis,  and  faelors  of  safety,  so  that  he 
who  runs  may  read  ari^iil.  Kven  tliongh  it  was  not 
realized  in  the  makinji;,  doubtless  this  view  was  in  mind 
in  forminj;  the  Canadian  laws,  l)ut  they  fall  I'ar  short  of 
tlie  Massachusetts  rules  in  several  res])ect>. 

For  example,  Massachusetts  sets  certain  factors  of 
safety  to  be  used  on  boilers  installed  before  the  law  was 
passed,  fixes  tensilo-strengtii  values  on  sucli  boilers  where 
s.amps  cannot  be  found,  gives  estimates  on  rivet  diam- 
olers  per  thickness  of  plate,  and  varies  the  factor  of  safety 
on  lap-seam  boilers,  on  account  of  age.  Tlu'se  important 
details  are  not  contained  in  the  laws  of  our  neighbors, 
Ind,  by  so  much,  owners  and  inspectors  are  at  a  loss  to 
know  what  to  do;  they  arc  no  l)etter  oil'  than  before. 

As  to  new  boilers,  on  the  tensile-strength  question  they 
sit  in  our  pew,  but  do  not  ])rohil)it  the  use  of  flange 
steel.  It  follows  that,  with  a  high  tensile  strength,  a 
boiler  will  be  allowed  more  pressure,  while  experience 
shows  that  the  best  steel  for  shells  (or  elsewhere)  contains 
less  carbon  and  sulphur  content,  and  is  therefore  more 
ductile  or  less  brittle. 

Why  is  it  that  high  tensile  strength  is  considered  desir- 
able for  any  boiler  purpose,  and  especially  for  shells,  in 
which  the  plate  is  cold  stretched  to  ])oints  beyond  the 
elastic  limits?  Certainly  for  such  treatment  the  mildest, 
the  most  ductile  steel  is  desirable,  and  Massachusetts  re- 
quires this,  while  Canada  grants  mure  pressure  on  steel 
of  higher  tensile  strength  and  resultantly  less  positive 
value. 

A  low-tensile-strength  plate,  although  it  is  hetter,  is 
penalized  by  less  allowance  as  against  the  high-tensile- 
strength  plate.  There  is  great  need  of  dis]iosing  of  this 
(piestion  of  tensile  strength  in  order  that  all  builders  may 
be  on  an  equality.  The  plate  makers  aim  to  produce  the 
best  plate  possible,  but  in  the  art  the  range  of  tensile 
strength  varies  from  (iOOO  to  8000  lb.,  and  this  cannot 
be  avoided.  If,  therefore,  a  mean  tensile  strength,  say, 
5G,000,  is  assumed  and  stamped,  in  the  event  of  later 
tests  showing  less  tensile  strength,  the  plate  maker  is  in 
trouble.  Hence,  if  he  must  stamp  .50,000,  it  follows  that 
he  will  see  that  the  carbon  content  is  high  enough  to  in- 
sure the  tensile  strength,  which  means  more  brittle  steel. 
Therefore,  in  order  to  give  the  i)late  maker  liberty  to 
make  the  "best-ever"  steel,  we  should  take  a  low  fixed  ten- 
sile strength,  not  more  than  52,000  lb.,  for  plates  1  in. 
or  less,  and  for  plates  above  1  in.,  for  obvious  reasons, 
50,000. 

Reverting  to  the  Canadian  rules,  to  rivet  shear  vafues, 
it  appears  that,  assuming  for  lap  seams  the  rivet  shear 
to  be  0.7  that  of  the  ])late  tensile  strength,  it  is  not  as 
correct  a  practice  as  that  in  the  United  States,  because 
the  Canadian  rules  have  a  wide  range  in  tensile  strength 
from  52,000  to  (55,000  lb.     This  gives  a  shear  value 


range  of  from  IKI.JOd  |f)  I."), .-,()()  lb  for  steel  rivetH.  Thus 
llie  same  lot  of  rivets  would  be  given  varying  \alueK  <lir^' 
lo  I  he  plate  tensile  strength.  As  a  matter  of  fact,  the 
Inited  States  standard,  12,000  lb.,  is  a  result  of  numer- 
ous tests  by  competent  authorities  and  is  acccjplefl  here 
as  about  the  average  value  when  made  from  extra-soft 
steel  to  comj)ly  with  the  .Massachus(.'lts  requirements. 

Our  Canatlian  friends,  apparently,  have  not  jirodleil 
by  (he  numerous  ex|)Iosion8  in  this  country,  due  to  fail- 
II ic  of  lap  seams,  for  they  have  not  prohibiteil  la])-seaiii 
coiitiaclion ;  they  merely  require  them  to  be  triple  riveted, 
.iiid  mill  I).")  to  (he  factor  of  safety  on  such  boilers.  The 
tciuli'iuy  in  the  United  Stat(!S  is  lo  rajjidly  abolish  the 
laj)-seain  boilers,  and  not  to  permit  new  ones  to  be  built. 
In  this  respect,  comparisons  are  odiou.s,  or  odorous,  as 
you  like. 

Concerning  the  base  factor  of  safety,  4.5  (where  we 
use  .■) ) ,  and  additions  as  penalties,  I  am  of  the  o|)iiiion 
that  the  Massachusetts  methods  are  better.  The  biiiller 
secures  a  contract  guaranteeing  a  certain  pressure.  In 
Massaclnisetis,  he  knows  exactly  what  to  do  to  have  the 
boiler  accepted  as  standard.  But  in  Canada,  by  using 
slightly  heavier  plate  of  high  tensile  strength  and  allow- 
ing for  a  few  additions  to  the  factor  of  safety,  he  can 
get  the  boiler  passed  for  the  required  pressure,  while  as  a 
matter  of  fact  it  would  not  be  accepted  in  MassacluLsetts, 
Ohio  and  other  localities  in  this  country.  Beyond  doubt, 
in  this  respect  the  Massachusetts  standards  are  the  best. 

On  convex  and  concave  heads,  liowever,  the  Canadian 
rules  are  far  and  away  ahead  of  those  in  force  in  this 
country,  including  the  United  States  Government  rules. 
I  do  not  know  ,vhat  tests  were  made  or  who  founded  their 
convex-head  rules,  but  on  this  detail  I  acknowledge  that 
they  have  the  advantage  and  congratulate  them.  The 
details  on  workir.anship  (Ontario  rules,  pages  G3  to  07) 
aie,  with  one  exception,  excellent,  and,  no  doubt,  written 
by  one  thoroughly  familiar  with  the  best  shop  practice. 
The  exception  is  in  the  matter  of  punching  rivet  aiul 
stay-bolt  holes  below  size.  The  rules  permit  punching 
for  rivet  holes  over  {f  in.  diaineter,  -^\  in.  less  than  full 
size,  but  they  contain  no  limitation  as  to  the  thickne.'-s 
of  the  plate  that  may  be  so  punched  other  than  diam- 
eters greater  than  plate  thickness.  Here,  we  punch  14  i"- 
below  size  for  plates  %  in.  and  above,  which  results  in 
the  removal  of  about  all  the  injured  section  of  the  plate. 
J'^i rthermore,  the  heavier  the  plate,  the  greater  the  in- 
jury by  punching;  hence  a  limitation  should  he  placed 
as  to  the  thickness  of  plate  that  may  be  punched,  and 
about  %  in.  should  be  the  dividing  line.  American  prac- 
tice is  about  at  this  point. 

Tiie  limitation  of  sheets  and  shells  to  10  ft.  in  length, 
when  made  in  full  ring  courses,  is  questionable  for  drum;; 
on  water-tube  boilers,  but  it  is  good  practice  for  disposin|: 
of  that  atrocity,  the  single  sheet  on  the  bottom  horizontul 
tubular  boiler.  In  the  United  States  no  one  has  ques- 
tioned the  butt  joint  double  strapped,  with  one  row  of 
rivets  in  double  shear,  having  the  outer  row  in  single 
shear  and  double  pitch.  The  joint  has  heen  in  use  for 
years  here,  and  is  accepted  hy  all  at  its  face  value,  usually 
S2  per  cent.    But  in  Canada,  this  form  of  joint  is  penal- 
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m'd  by  raising  the  base  factor  of  4.5  to  5.."),  whereas  a 
la])-seam  trijjle  riveted  would  have  4.5  +  O.G,  or  5.1. 

J  am  of  the  opinion  that  this  joint  is  Avorthy  of  more 
consideration,  and,  par  efficiency,  the  equal  of  a  butt 
triple-riveted  seam.  In  regard  to  stay-bolts  used  in  ver- 
tical and  locomotive  boilers,  the  general  practice  in  tin- 
United  States  is  to  omit  the  washers,  nuts,  etc,  but  to 
finish  them  with  a  pneumatic  tool,  thus  forming  a  neat 
and  strong  head  on  each  (>nd.  Such  M'oi-k  is  now  being 
done  in  a  first-class  manner,  especially  on  large  vertical 
boilers  and  in  water  legs  of  water-tube  boilers.  In  doing 
this  our  builders'  practice  is  to  calculate  the  entire  load 
to  be  supported  by  the  bolt  on  the  basis  that  pitdi  X 
pitch  X  pressure  is  the  load,  and  no  value  is  allowed  for 
plate  stiffness  or  load.  Again,  to  be  on  the  safe  side,  the 
load  on  stay-bolts  is  low,  6500  lb.  for  I14  in.  and  below, 
and  7000  lb.  above  V/^.  For  weldless  iron  stay-bolts  On- 
tario allows  7000  lb.,  and  for  steel  ones  less  than  I'a.  in.. 
8000  lb.  allowed  and  above  VA  in.,  9000  lb. 

A\'ith  regard  co  the  above,  it  may  be  said  that  the  stay- 
bolts  in  portable  boilers,  either  of  vertical  or  locomotive 
types,  the  bending  action  is  very  small ;  it  is  pi-actically 
negligible.  But  in  these  boilers  internal  corrosion  is  to 
be  considered,  and,  in  addition,  it  is  practically  impossible 
to  examine  such  stay-bolted  surface  internally.  Hence 
tlu"  importance  of  starting  with  a  low  stay-bolt  value 
when  building  si;ch  boilers.  In  this  respect,  ]\Iassachusetts 
leads.  Clearly  such  practice  increases  the  factor  of  safety, 
and  safety  is,  after  all,  what  is  sought. 

It  has  been  said  also  that  in  several  respects  it  is  dilti- 


cult  for  an  ins|)e(tor  I0  deterniiiic  by  the  Canadian  rules 
just  how  mueh  of  the  law  applies  to  boilers  in  use  before 
the  laws  were  passed.  Distinctions  were  not  clearly  drawn 
as  applicable  to  old  boilers,  and  rules  should  be  specific 
on  such  matters.  Inspectors  should  have  clear,  definite 
instructions,  for  they  are  often  called  on  to  show  why 
tlic  pressure  is  ordered  reduced  and  they  must  be  abli- 
to  convince  the  owner  that  the  law  is  behind  them. 

Commenting  on  boiler  laws  in  general,  it  is  important 
that  someone  has  the  power  delegated  to  him  or  to  them 
to  amend  the  rules  when  needed.  For  example,  in  Chi- 
cago, in  1003,  the  city  inspector  ruled  a  factor  of  safety 
of  five  should  go  in  force,  and,  further,  that  no  more  lap- 
seam  boilers  should  be  installed.  Later,  he  ruled  that  a 
second-hand  boiler  15  years  old  or  more,  if  reinstalled 
after  reinspection,  would  not  be  allowed  more  than  10  lb. 

In  Ohio,  a  recent  ruling  raises  the  factor  of  safely  on 
old  boilers  from  4  to  4.5.  Compare,  then,  the  value  of 
Ibis  feature  with  the  rules  of  the  United  States  (iovern- 
)ncnt  service  on  steamboat  boilers,  wherein  the  factor  of 
safety  of  the  shell  or  cylinder  is  about  3.5,  based  on  a 
rule  formulated  in  1872,  and  which  it  now  appears  im- 
possible to  amend,  owing  to  the  fact  that  it  would  re- 
quire an  act  of  Congress  to  change  it. 

It  is  to  be  hoped  that  the  ])roposed  boiler  rules  of  the 
American  Society  of  Mechanical  Engineers  will  be  so 
clear  and  fo  complete  that  our  Canadian  cousins,  as 
McU  as  the  states  now  without  boiler  laws,  will  see  fit 
to  adopt  them,  and  thus  secure  the  uniformity  so  greatly? 
desired  by  builders,  inspectors  and  owners. 


By  AVakri:x  O.  fJocKRs 


SYNOPSIS— The  pipin(j  in  the  Haiito  plaid  i.s-  on  the 
sectional  plan.  There  are  four  main  steam  In-ndrrs  fnnn 
tlir  eight  boilers  and  four  main  boiler-feed  lined.  The 
hit/h -pressure  steam  pipes  are  dripped  to  a  IIollji  dn/> 
si/siem;  the  low-pressure  lines  are  drained  to  a  sump  and 
tlie  water  is  used  for  wetting  the  ashes. 

With  the  exception  of  the  boiler-feed  pumps.  Fig.  17. 
all  others  in  the  Hauto  ]ilant  are  in  the  turbine-room 
basement.  The  three  boiler-feed  pumps  are  in  the  pump, 
pijie  and  heater  bay,  between  the  turbine  room  and  the 
boiler  house.  Each  is  driven  by  a  125-hp.,  single-stage 
turbine  at  2000  r.p.m.  and  can  Avork  against  a  head  of 
about  270  lb.  Tliese  pumps  take  Avater  from  the  two  open 
heaters  througli  suction  pipes  connected  to  the  nuiin  11- 
in.  header,  piped  to  each  heater. 

Si:i!vicE  rr:Mi'.s 

Feed  water  is  supplied  to  the  heaters  by  either  of  five 
coui])ound  duplex  8,  12  and  14  by  12-in.  service  pumps. 
The  first  battery  of  three  pumps  is  in  the  turbine-room 
basement,  between  Xos.  1  and  2  turbines,  as  in  Fig.  IS. 
The  discharge  of  these  pumps  is  connected  to  a  10-in. 
cross  header  above  the  water  end,  with  stop  valves  in  lioth 
header  and  riser  discharge  pipes;  thus  any  pump  or  sec- 
tion of  the  lieader  can  be  cut  out  of  service  without  in- 
terfering with   the  operation   of  the  other   pumps.      'I'lu' 


crossheader  is  connected  with  two  main  12-in.  lines  which 
feiiuinafe  in  a  12-in.  header,  the  connections  being  cm 
each  sid(>  of  the  feed-water  heaters.  T^ig.  10  shows  the 
details  of  this  piping  in  fbe  turbine-room  basement. 

Fi:ed-AV.\.ti;k  Pipixg 

The  feed-water  header  is  back  of  and  above  the  boiler- 
feed  ptimps.  Rach  of  the  two  feed-water  heaters  has  a 
capacity  of  6000  lb.  of  water  per  minute  with  a  maximum 
of  10,000  lb.,  and  rest  on  concrete  piers,  as  shown  in 
Fig.  17.  Each  heater  is  connected  to  the  12-in.  header 
bv  two  6-in.  pipes,  one  on  the  outside  of  each  connection 
of  the  feed  pipes  from  the  service  pumps.  This  permits 
of  four  sources  of  feed  water  and  practically  eliminates 
any  interruption  of  the  supply. 

The  intake  water  to  the  service  pumps  comes  to  a  main 
21-in.  header  through  two  2  f-in.  pipe  lines  leading  to  the 
condenser  intake  tunnel.  This  header  runs  along  the 
rear  side  of  the  basement,  feeds  both  batteries  of  service 
pumps,  and  terminates  above  each  battery,  as  in  Fig.  IS. 
Two  12-in.  pipes  extend  from  it  to  a  14-in.  header  about 
the  pumps,  from  which  12-in.  pipes  connect  to  the  suc- 
tion side  of  each.  The  ends  of  the  14-in.  header  connect 
with  two  11-iu.  ]iipe  lines  which  end  in  the  condenser 
distluirge  tunnel.  This  gives  three  sources  of  feed-water 
supply  for  each  battery  of  pumps. 

In  addition  to  the  boiler-feed  pumps  there  are  two  com- 
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I'o  w  !■:  i: 


\'(.i.  ;{!t.  No.  5>r, 


IMiiind  injivlors  Inr  I'liiiTficm  v  use  tliscliargin/?  into  twu 
(1-iii.  luiitliTs  ill  tlic  hcailcr  room,  Kij;.  ;'().  The  Ixiilt-r- 
I'cfd  |iiiin|>  l-in.  ilisfliar;,'i'  \n\)vH  also  loiiiicct  witli  a  I'-i- 
iii.  Iittidcr,  and  l>olli  hcadiTs  an;  tii'il  liy  two  (i-iri.  |)i|ii-s. 
Two  rj-in.  mains  l)ranch  ont  from  each  licadcr  and  run 
(o  two  Iv'-in.  lii'adtMs  on  the  second  Moor  of  the  lioilcr 
loom.  Kij;.  IM. 

A  venturi  incii  r,  idarrd  in  cadi  vertical  I'ijic,  measures 
the  tolal  vohinu'  of  water  disclnn^ted  l)y  tlie  feed  j)um|)- 
to  the  hoih-rs.  From  Ihe  hist-meiitioncd  headers,  four 
S-in.  feed  lin«'s  extend  up  to  aiul  alon;^  the  (op  of  the 
l)oih'rs.  Tile  two  outside  pipes  supply  the  first  four  i)oil- 
ers;  tlie  two  inside  pipes  runniui,'  to  tiie  four  <iist:iiil 
units,  eacli  \\hh\  line  reduciiiii  in  si/e  to  1  in.  at  the  fai- 
end.  Details  of  the  pipinji  system  ai'o  shown  in  the  in- 
sert  plan  an<l  in  the  elevation  drawings,  Fi<j.  22. 

Tlie  l-in.  i>r;nuli  connections  to  the  individual  boilers 
are  a  deiidetl  departure  from  common  practice.  p]ach 
holier  is  sn])i)lie(l  with  feed  water  from  two  main  feed 
lines,  llie  inlet  connection  heinjj  at  each  end  of  the  two 
outside  steam  drums.  From  the  two  feed  lines  servins; 
each  set  of  four  boilers  a  4-in.  branch  line  runs  horizontal- 
ly across  the  boiler  and  drops  to  a  liorizontal  manifold  on 
the  boiler  fronts.  From  this  a  riser  extends  to  the  to]) 
of  the  boiler  setting  and  extends  to  a  point  above  the  cen- 


FiG.  IT.     Tukbixe-Drivex  Centrifugal  Boilee-Feed 

Pumps  axd  6000-10,000-LB.-PEii-MiN. 

Capacity  Heater 

ter  steam  drum,  ending  in  a  double  outlet  tee,  a  branch 
pipe  running  to  each  outside  steam  dinim  and  connecting 
at  the  top.  As  the  other  end  of  the  two  steam  drums 
are  similarly  piped,  the  water  tender  can  regulate  the 


level  from  eitlier  lioiler  front  by  tlie  valves  in  the  vertical 
legs  of  the  piping. 

The  vertical  branch  |»ipe  connecting  with  the  feed  main 
and  running  down  the  frontH  of  the  boiler  setting  con- 
tains a  venturi  meter  for  iiieasiiring  the  water  going  to 
the  boiler  to  which  it  is  attached.  I^oth  vertical  pijieH 
have  a  check  valve,  with  a  gate  \iilve  between  them  and 
till'   niaiiifold,   I'oineiiicnt    for   maiiipiilatioii.     Tliese    feu- 
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Service  Pumps  in  the  TtiuiiNE-RooM 
Basement 


tures  are  shown  in  Fig.  22.     Tlie  second  set  of  feed  lines 
is  connected  to  the  other  boilers  in  the  same  manner. 

BOILKI!  Stiam    I'mmxg 

A  6-in.  connection  from  the  center  of  eacli  outside 
drum  runs  to  the  outside  edge  of  the  boiler  setting,  wdiere 
each  pipe  connects  to  its  respective  inlet  connection  of  the 
superheaters.  The  outlet  of  each  superheater  is  on  the 
opposite  side  of  the  boiler  setting  and  is  piped  to  a  G-in. 
branch  to  a  6x7x7-in.  vertical  manifold.  From  this  mani- 
fold two  7-in.  pipes  connect  to  their  respective  10-in. 
main  steam  headers  running  along  the  front  of  the  boil- 
ers, just  below  the  water-tender  gallery.  Fig.  23.  This 
applies  to  the  three  boilers  nearest  to  the  turbine  room. 
The  other  five  boilers  are  similarly  arranged,  but  the  7-in. 
pipes  from  the  boiler  manifolds  join  with  the  10-in. 
main  steam  headers  running  along  the  top  of  the  boil- 
ers after  passing  the  fourth  boiler  nearest  the  turbine 
room. 

These  fotir  10-in.  steam  lines  are  brought  around  to 
the  end  of  the  boiler  nearest  the  turbine  room  and  then 
drop  to  the  firing- floor  level,  where  they  are  supported 
by  a  concrete  pedestal.  The  four  mains  then  pass  through 
the  floor  and  extend  horizontally  to  the  main  pipe  gallery, 
each  pair  of  steam  lines  connecting  with  1.3-in.  compen- 
sating headers  running  lengthwise  through  the  pipe  gal- 
lery. The  steam  mains  from  the  boilers  and  the  com- 
pensating pipes  are  joined  at  intervals  to  24-in.  drums, 
in  which  there  are  long-radius  expansion  loops  between 
the  drums.  Fig.  20.  From  the  drums  steam  leads  run  to 
the  turbines  and  pumps. 

Each  of  the  three  main  turbines  is  supplied  by  a  lo- 
in, pipe  attached  to  the  respective  24:-in.  drum  headers  at 
the  top,  with  a  15-in.  stop  valve  between  the  drum  and 
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Fig.  1!».     Details  ok  Tipixg  in^  tuio  Baskmknt  of  the  Tukbinmo  T'oo^r.     Ttik  Outlets  of  tiif  Air  Ducts  fn- 
DKi!  the  Boilkhs  Auf.  Txdicatei)  at  the  Toi-  OF  the  Cut 
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Fig.   20.     IIkadii;    l.'nwM.    .^howinc;    1';xi'an>1().\    Loot: 
.\M>    M  \i\    IIi:ai)KI!s 


Fk;.  •^I.   Ki;i;i)-\V aiki;  TIi;ai)i;i!.s  and  Mains, 

ALSO   StKA.M    IjIXKS   FROM   THK  BOILERS 


Ihc  pipo  to  llio  tuiliiih'.  'riuMc  are  also  l.^-iii.  valves  at 
the  ".'O-iii.  (Inuiis  I'lir  the  cuiiiiieiisating  jtijies.  and  all  the 
valve  steins  conveniently  pass  through  the  wall  hetweeii 
the  ])ipc  gallery  and  the  turhine  room  and  can  be  nianipn- 
lated  from  the  turl)ine-rooin  gallery.  'I'iiis  allows  shut- 
ting off  the  steam    from    the  compensating  headers   and 


from  the  tnrl)in' 
is  necessarv. 


)nlside  tlie  |)ipe  gallery  in  case  it 


('()\i)t;Nsi;it    Iv\iiaisi'-Stka  \: 


The  condcnsi'i-; 
])airs    to    .'Sii-in. 


I'lI'INO 

of  ihc  main  inrhines  arc  connected  in 
specially  designed  atmospheric  relief 
valves,  each  having  an  air  dash]iot  in  conjunction  with 
an  independent,  oil-operated  cylinder  working  nnder  2-) 
II).  oil  pressure.  .Vs  shown  in  Fig.  '21,  the  cylinder  is 
fitted  with  a  dead-weight  relief  valve  on  its  npper  side. 
Each  relief  valve  also  has  a  float  valve,  which  maintains 
a  constant  level  in  the  water  seal.  To  the  40-in.  tee  con- 
nection between  each  relief  valve  an  expansion  joint  is 
attached,  from  the  toj)  of  which  a  4-J:-in.  sqnare  exhaust 
pipe  extends  up  to  an  elbow  and  then  runs  horizontally 
under  the  header  room  :  it  then  turns  and  connects  to  a 
round  vertical  48-iu.  exhaust  |)ipe  which  passes  through 
the  roof. 


Fig.  •^■').  Wati;i:-Ti:xt>i:i!s'  Aist.i:,  Showing.  Coal  Bunk- 

KRS,  HiGH-PREssri?E  Steam  Lines  and 

Feed- Water  Coxxectioxs 


Fig.  "i4.     Showing  At:\io>i>hi;i:1('  Eelief  V.\lves  and 

ATAioyPHERic  Exhaust  Pipes  from  the 

Main  Tcrbixes 


» 


ULTIMATE  BOILER  CAPACITY,  AT  LEAST  32,000  HP. 
IN  32  UNITS,  AND  100.000  KW.   IN  TURBINE  CAPACITY, 
EX-CLUSIVE  OF  25,000  KW.  RESERVE  .THE  PRESENT 
MAIN  EQUIPMENT  IS   EIGHT  1000-H  P  WATER-TUBE 
BOILERS  AND  THREE, TEN-STAGE  I2,500*W.  TURblNE 
6ENERAT0RS.THETURBINER00M  IS  131  FEET  WIDE 
AND  195  FEET  LONS ;  THE  BOILER  ROOM  15  66  FEET 
WIDE  AND  265  FEET  LONO 
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All  sicaiii  for  tho  auxiliaries  in  the  liasciiiciii  is  lakni 
from  llic  licaders  in  tlie  licadcr  room  tin'ou^li  two  s-jn. 
mains  lo  an  aii.xiliaiT  header  in  the  |iiim|i  room,  'i'lii-cc 
l-iu.  I)i-aneli  ]ii|)e8  I'un  fi-om  this  header  to  the  pumps  and 
lo  the  hirhiiie  dri\ini;'  the  eondeiiser  |iniiips.  The  l-in. 
lines  J'or  the  condenser-piunp  liirljiru's  are  taken  From  a 
sleam  header  in  the  basement,  as  are  also  tlie  pij)es  con- 
necting with  the  exciter  tnrl)ines. 

All  exhaust  steam  from  the  air\iliarv  unit  jioes  to  either 
of  two  18-in.  main  exliaust-steam  lines  wliicji  terminate 
iu  an  18-in.  header  above  tlie  boiler-feed  pumps  and  con- 
nect with  each  heater  througli  a  tee  connection,  'i'his 
header  is  piped  to  t\^■o  tS-jn.  atmospheric  cxjiansl  lines, 
running  vertically  through  the  roof  of  the  headei'  room, 
the  to])  being  ".■)  ft.  above  the  heati'i's.  The  header  is 
lilted  with  valves  so  that  each  heater  can  use  exhaust 
steam  from  any  Ijattery  of  pumps  oi-  any  auxiliary  tur- 
bine. 

The  loop  ])Ian  is  carried  out  on  all  ]>ipe  lines,  this  pro- 
\isiou  nmking  it  almost  impossible  for  the  entire  plant 
to  be  disabled  through  an  accident  to  the  boiler  pipe  liius 
or  headers.  The  high-pressure  exhaust  steam  and  hot- 
water  pijK's  are  covered  x\ith  H't  per  cent,  magnesia,  as 
are  also  the  feed-water  lieaters;  there  are  over  5(),()00 
lineal  and  square  feet  of  this  covering  in  the  plant. 

The  low-pressure  pipes  of  from  i^  to  (>  in.  in  diameter 
ar(>  insulated  with  standard  85  per  cent,  magnesia  coAer- 
ing;  the  saturated-steam  lines  of  from,  'i  to  l!  in.  are 
protected  with  two  layers  of  covering:  the  hot-water 
lines.  11/.  to  G  in.,  are  covered  with  V/U-i'^-  thick  uuig- 
ncsia ;  the  superheated-steam  lines,  from  7  to  K!  in., 
with  3-in.  thick  85  per  cent,  magnesia  and  the  feed-watei- 
heaters,  boiler  drums,  etc.,  have  the  same  thickness.     All 


llanges  and  ht tings  have  tho  same  covering  as  the  super- 
heated-steani  lines. 

.Ml  high-[)ressiii'e  sleam  jiipes  an-  drained  of  condensa- 
tion by  the  Jfolly  drip  and  tin'  open-blow  systems;  the 
latter  discluii-ges  into  iln'  cxhau-i  main  lo  the  feed-water 
heaters.  .\ll  low-jircssnre  lines  drain  into  two  sum])  ])its, 
each  automatically  emptied  by  a  motor-driven  j)iim]).  the 
water  being  discharged  into  three  tanks  on  the  roof  of  the 
l)oiler  house  and  used  as  desii-ed   r<ir  sprinkling  the  ashes. 

I'llMNCJ    ll)i:.\'TIKlC.VT10N 

The  coloi-  idea  carried  oti1  on  llie  ])ipe  lines  is  to  ])aint 
the  llanges  the  coloi-  designating  llie  sei-vicc  I'oi-  which 
I  lie  line  is  used.  IMack  is  for  cold  water:  bright  red, 
high-pressure  sleam:  dark  red.  low-|>ressure  >team  ;  yel- 
low, oil  ;  l)liie.  feed   water. 

The  oiling  sv>tem  is  pipi'd  to  a  special  oil  lilter  in  a 
room  on  a  iexcl  with  the  ear  track  which  enters  one  end 
of  the  turbine  room.  Filtered  oil  is  pnnijK'd  to  elevated 
oil  tanks  in  a  lanl<  i-oom  at  one  end  of  the  boiler  room 
abo\-e  the  boilei-s.  'i'hese  tanks  ai'e  cross-eonneeted  and 
serve  as  reservoirs  foi-  the  oil  nse(l  bv  the  plant:  thi;  sup- 
ply ])ipes  run  to  the  \arioiis  beai-ings  of  the  units.  'I'he 
oil  is  handled  fiom  the  lilter  to  the  storage  tanks  by  a 
'i   and  .")  bv    r.'-in.  veilieal,  du])lex  steam  pump. 

.V  iiaveiing  crane  spans  the  turbine  room  63  ft.  2  in. 
centei-  to  eeiiiei-.  The  auxiliary  hoist  has  10  tons  capac- 
ity, the  main  hoist  IH)  Ions  and  tho  bridge  110  tons;  the 
lift  is  I  i;  ft.  1  I  in.  The  main  hoist  motor  is  of  3.5  hp., 
the  auxiliary  .">:).  the  bridge  travel  :;:;,  and  the  trolley 
transmission   11    hp.  capacitv. 

The  fourth  and  last  article  of  the  llauto  i)lant  will 
(leal  with  the  electrical  ecpiijimcnt. 


'OfMneciiioiniS  of  Commpo^Hidl  e^imdl 
Iimterpole  Motors 


.\.  An  \  i:i'i' 


The  connections  of  a  compound  motor  are  not  neees- 
sai'ily  more  complicated  than  those  of  a  series  or  sluint 
machine  when  the  eoin]ionnd  machine  is  viewed  as  only 
a  series  mot(M-  with  a  sliiint    field  winding  on  it. 

To  illustrate,  consider  Figs.  1.  2  and  3,  showing  re- 
.S])ectively  the  connections  of  scries-,  shunt-  and  com- 
pound-wound machines.  V>y  tracing  out  tlie  armature 
circuit  in  Fig.  3,  which  is  from  the  positive  siil(>  of  the 
switch  to  the  L-connection  on  the  starting  box,  from  the 
A-connection  on  the  starling  box  to  the  .V-conneclion  on 
the  motor,  and  thi-ongh  the  armature  and  field  lo  tin; 
negative  side  of  the  line  as  indicated:  this  is  fouml  In  be 
identical  with  the  series-molor  circuit,  as  shown  in  Fig. 
1.  Hence,  when  making  the  connections  of  a  compound 
motor,  if  the  armalure  and  sei'ies  lield  are  coniu'cted  as  a 
series  nuichine.  they  will  always  be  right,  and  all  thai 
will  be  left  to  consider  is  llie  shunt  field.  If  the  latter 
circuit  is  traced  out  in  Fig.  3,  it  will  be  seen  to  run  from 
llie  F-connection  on  Ihe  starting  box  to  the  shunt  field 
(Sh.  F, )  connection  on  the  motor  and  from  the  Sii. F-con- 
nection lo  the  line;  this  being  identical  with  the  fiekl 
connection  in  Fig.  2,  which  bears  out  the  statement  that 
the  com])ound  machine  is  nothing  more  nor  ]e.ss  than  a 
series  machine  with  a  shunt   field  on   it. 


Care  should  be  taki'U  to  determine  which  is  the  series 
and  whieli  is  the  shunt  lielil  on  the  iiiacliine  before  making 
the  connections,  for  if  the  sei-ies  lield  is  connected  in 
shunt  the  no-voltage  coil  will  be  burned  nlf  the  starting 
box  or  till'  fuse  blown.  The  series  held  is  always  shown 
on  the  diagram  in  heavy  lines,  while  the  shunt  field  is 
shown  in  light  lines.  On  all  com])ound  motors.  e.xce]5t 
small  sizes,  the  serie.s-li(>ld  leads  are  much  larger  than 
those  of  the  shunt  field,  in  the  small  machines,  when 
the  .shunt-  and  series-field  leads  are  the  same  size,  the 
two  lields  may  be  determined  by  testing  with  a  lamp.  The 
lamp  will  l)iirn  brightly  through  the  series  field  and  dim- 
l\  ihrongh  the  shunt  held.  .Xfter  the  motor  has  iieen 
eonnecled  it  is  advisable  to  make  a  test  to  determine  if 
I  he  i-onneclions  have  been  made  correctly.  This  can  be 
done  in  the  following  way: 

Disconnect  the  armature  connection  on  the  starting 
l)o\.  likewi.se  the  armature  connection  on  the  motor,  as 
show  II  in  Fig.  A  :  then  close  the  switch  and  move  the  start- 
ing arm  to  the  first  contact,  as  shown  by  the  dotted  line. 
If  the  connections  liave  been  nia<le  ])roj)erly,  and  the 
switch  is  o])ened  or  the  starting-hox  arm  allowed  to  drop 
back  to  the  ofF  ])osition,  a  severe  sjiark  will  occur.  If 
there  are  doubts  as  to  wliicli  field  has  been  connected  in 
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hIiuiiI.  do  not   move  ihc  siiirliii;;-ln)\  nnn   upon  the  lirwt  l'"i;:.  (i.  Ilicii  wtiirl  the  motor  n«  n  HoricH  macliiin'  mid  iiotf 

(•oiiliu't,  hut  I'omii'ct  a  lain|i  aw  hIiowii  in   Ki;;.   '>.     If  the  llic  diri'tlioii  of   rolalioii.      Do   mil   nil  mil  Ihc  ularliiiif 

Klnint  I'u'ld  is  coiuicctcd  corivrtly  tlif  laniji  will  Imni  dim-  nslsliiiirr   as   llir.    imilor    will    rrm  h    n    ilinu/rniiis   xprcd. 

Iv  and  a  Hcvcrt'  spark  will  occnr  when  the  <'inuil  is  o|H'n  Slop  (lie  macliinc  an<l  connrcl  lii.'  hlnint  lii'Id.  then  nliorl- 

ir    the   scries    lii'ld    Inis    Ihmmi    (•(iniii'<l((l    in    plat-c   of    tlic  tin  nil   the  scrii's-licid  coniicit  iuiis  as  hiiuwii  liy  the  dotted 


&hF, 


slnint  the  lamp  will  burn  to  full  brilliancy  and  n6  spark 
will  occur  when  the  circuit  is  broken. 

After  the  connections  have  been  tested  and  found  to 
be  correct,  the  next  thing  to  test  for  is  the  polarity  of  the 
shunt-  and  series-field  coils,  which  should  be  the  same. 
To  do  this,  disconnect  one  side  of  the  shunt  field  as  in 


line  in  Fig.  T  and  start  the  motor  again.  If  the  arma- 
ture turns  in  the  same  direction  as  before,  the  series  and 
shunt  field  have  the  same  polarity.  If  the  direction  of 
rotation  is  opposite  to  that  produced  by  the  series  field 
the  series-  and  shunt-field  coils  are  of  opposite  polarity- 
To  remedy  this,  if  the  shunt  field  gives  the  desired  direc- 
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tion  of  rotation,  interchange  the  series-field  leads.  If  ^he 
sci'ies  field  gives  the  desired  direction  of  rotation,  incer- 
change  the  shunt-field  connections.  The  polarity  of  the 
series-  and  shunt-field  coils  may  also  be  tested  by  taking 
the  speed  of  the  motor,  first  as  a  compound  machine, 
then  short-circuit  the  series  field  as  indicated  in  Fig.  7 
and  again  take  the  speed.  I  f  the  s])eed  increases  with 
the  series  fiehl  short-circuited,  llie  polarity  is  correct.  If 
the  speed  decreases,  the  polarity  is  wrong. 

Series-  and  shunt-field  coils  of  opposite  polarity  in  a 
compound  motor  may  produce  several  effects,  depeudang 
u])on  the  strength  of  the  series  field.  It  may  cause  a 
slight  increase  only  in  s])eed  frojn  no  load  to  full  load, 
but  in  most  cases  it  will  cause  one  of  the  following  ef- 
fects : 

(1)  The  motor  may  start  and  operate  satisfactorily 
under  no  load.  When  the  load  is  put  on  it  may  suddenly 
increase  in  speed  and  spark  badly  at  the  brushes,  causing 
the  fuses  to  blow  or  throw  the  circuit-breaker. 

(8)  The  motor  may  decrease  in  speed  to  the  point 
where  the  fuses  will  blow,  and  if  not  properly  fused  may 


will  be  seen  that  the  direction  of  the  armature  current  in 
Fig.  !)  is  opposite  that  in  Fig.  3,  which  will  cause  llie 
armature  to  turn  in  the  opposite  direction. 

The  direction  of  rotation  may  also  be  reversed  by  in- 
terchanging the  field  connections  where  botli  of  ihe  series 
and  sluint  terminals  have  been  brought  to  ihc  outside. 
Care  must  l)e  taken  to  interchange  both  tbe  series-  and 
Hhunt-field  c(mnections  as  indicated  in  Fig.  10.  If  com- 
pared with  Fig.  3,  it  will  l)e  seen  that  the  current  is  in 
the  same  direction  in  both  cases  in  tlie  armatures,  but 
o))posite  in  the  field  windings. 

What  has  been  said  in  reference  to  the  sinijjle  series, 
shunt  and  compound  machines  also  holds  true  for  llic 
same  class  of  nuichines  witli  interpoles.  ?^ig.  11  shows 
the  connections  of  a  shunt-interpole  machine  The  ex- 
ternal connections  are  the  same  as  those  in  Fig.  2,  and  liie 
only  change  in  the  internal  connections  is  the  interpole 
winding  connected  in  scries  with  the  armature.  One  side 
of  the  interpole  winding  is  always  connected  to  one  side 
of  the  arnuiture,  with  one  armature  and  one  interpole 
connection  brought  to  the  outside  terminals. 


stop,  reverse  and  run  in  the  opposite  direction;  this  will 
be  uccompanied  by  severe  sparking  at  the  brushes. 

(3)  The  motor  may  start  in  one  direction  and  when 
the  starting  resistance  is  partly  cut  out  it  will  stop,  re- 
verse and  run  in  the  o])posite  direction. 

(4)  The  motor  may  fail  to  start,  the  armature  usually 
making  slight  efforts  to  turn  in  one  direction  and  th(>n 
in  the  other. 

If  the  series-field  coils  are  of  the  right  pro])ortions,  a 
constant  speed  will  be  had  from  no  load  to  Full  load. 
This  condition  is  seldom,  if  ever,  found  excei)t  in  motors 
designed  to  accomplish  this  purpose. 

Several  of  the  electrical  manufacturers  connect  one  ter- 
minal of  the  series-  and  shunt-field  coils  together  inside 
the  machine,,  after  first  determining  the  correct  polarity 
of  the  field  coils.  This  leaves  l)ut  five  terminals  coming 
to  the  outside,  as  in  Fig.  8,  which  eliminates  the  neces- 
sity of  finding  the  correct  polarity  when  the  machine  is 
connected  up. 

To  reverse  the  direction  of  rotation  of  a  compound 
motor,  it  is  usually  l)est  to  interchange  the  armature  con- 
nections, as  in  Fig.  9.     By  comparison  with  Fig.  3  it 


Care  should  be  taken  to  liave  each  interjiole  of  the 
pi'opcr  polarity,  which  should  be  the  same  as  the  follow- 
ing main  ])ole.  This  condition  is  shown  in  Fig.  11,  for 
the  direction  of  rotation  indicated.  Usually,  when  the 
machine  leaves  the  factory  the  inter])olc  winding  is  con- 
fU'cted  for  the  correct  polarity ;  therefore  on  most  new 
machines  this  problem  is  already  solved,  and  the  con- 
nections can  be  made  to  the  starter  and  switch  the  sanu> 
as  for  a  motor  without  interpoles. 

After  a  machine  has  been  taken  apart  for  repairs,  un- 
less the  connections  have  been  carefully  marked,  it  will 
be  necessary  to  test  the  inter])oIes  for  polarity  .when  as- 
sembling. A  ]n-actical  way  to  do  this  is,  first,  to  connect 
the  machine  in  slnmt,  as  in  Fig.  12,  and  see  that  it  is 
operating  properly,  with  all  the  starting  resistance  cut 
out.  The  motor  nuiy  then  be  shut  down  and  one  side  of 
the  shunt  field  oi)ened.  After  carefully  marking  the  ]io- 
sition  of  the  brushes  on  the  bearing  bracket  and  rocker 
arm,  shift  them  three  or  four  segments  around  the  com- 
mutator; then  connect  the  interpole  winding  in  scries 
with  the  armature  and  start  the  motor  again,  this  time 
being  careful  not  to  cut  out  the  starting  resistance  as  the 
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Tiidtor  will  rnco  and  iiiiiv  rcncli  ii  (liiujjoioiirt  Hpcccl.  Nolc 
till'  (lircclioM  (if  I'oliitinii,  mill  if  tli<-  iiniintiiic  turns  in 
tlic  sMiiii'  ilircctioii  as  llial  in  wliicli  the  Iii'iihIich  tin> 
sliilicd,  tlu>  iiitcrpolc  polarity  is  coricct.  if  it  turns  in 
tlu'  opposite  (lircttion  the  poliirily  Ih  vvroii^'.  To  remedy 
lliis,  intereliaiijie  the  ai'inatiire  or  interpole  eoiiMeetioiis 
as  siiown  in  l-'if.'.  Ki  and  lest  the  nuicliine  ajrain.  'i'lii,-- 
linie,  if  everyliiin;,'  lias  liern  done  ( niicitlv.  I  he  n. tut  ion 
should  lie  the  same  as  the  diicrlKin  iii  wIik  h  liu'  hiiishes 
were  shifted.  After  the  desired  ((Ui.lilinii  hiis  lie,  .i  uK- 
lained.  open  tlie  switch  ami  shift  llie  luiishes  hack  to 
their  positions  and  eonneet  up  the  shunt  Held  to  i^ivi!  thu 
motor  the  desired  direetion  of  rotation. 

If  I  lie  interpoli-  is  of  the  wron^r  polarity,  the  hrusiies 
will  spark  and  Imi-n  .•iinl  tlie  inaciii.ne  will  liaxc  a  marked 
decrease  in  speed  uilh  an  im  rcase  in  loud. 

InU'rehanginji;  the  shunt-tield  (  nmiei  liuiis  is  usually  the 
easiest  way  to  rexci-se  an  iulerpole  shunt  motor,  alllioui^li 
the  direetion  of  rotation  can  ho  rever.sed  hy  changin<f  tlio 
terminals  of  the  armature  circuit,  which  must  include 
the  interpole  winding  as  in  Fig.  11.  By  comparing  the 
direetion  of  the  lurreids  in  the  armature  and  intt'rpoles  in 
Figs.  1  I  and  II.  iluy  will  he  fouud  to  he  o|)p()site,  as  in- 
dicated In    ihe  arrowheads. 


The  illustration  shows  a  .")-ia.  nonreturn  \al\'e  which 
docs  away  with  the  internal  (lashi)ot  and  piston,  tlie  rod 
of  which  connects  with  an  outside  lover,  pivoted  as  shown. 
Thu  lever  indicates  the  amount  of  the  valve  opening  and 


•  •iiio,  is  made  extra  heavy,  with  an  area  of  10  per  cent. 
o\er  the  pipe  si/e.  TIiIh  oxcohh  area  eliminatcH  wire  draw- 
ing or  cutting  down  the  V(dnme  of  steam  piiHsirig  through 
the  valve.  .\ll  joints  are  grruind,  and  metallic  packiiii; 
is  used  in  the  hron/.e  hearing  of  the  hori/.orital  rod  op- 
erated hy  the  valve  disk.  The  seat  and  disk  are  made  ul' 
hronzt;  or  superheated  metal,  according  to  the  cotiditioriK 
iimler  which  the  valv(;  is  to  he  used.  TJie  valve  Kteni  can 
lie  p.icked  under  pressure,  as  when  the  valv(!  iH  wide;  o|K!n 
I  he  liiaring  ring  on  the  valvt-  stem  comes  against  a  ground 
seal. 

The  \al\c  disV  is  in  roiistaiit  iiiolion  when  the  hoiler  is 
producing  steam,  wliich  should  a\oid  iiny  danger  of  stick- 
ing. If  the  valve  is  inoperative  at  any  Hme,  it  would 
he  shown  hy  the  movement  of  the  outside  lever.  If  such 
a  condition  does  occur,  the  valve  can  he  put  in  o])eralion 
hv  hand. 

Oal^lEim^nKae"©!^!^©!!!^   Air 

The  increased  use  of  low-gr;ide  oil  fuel  for  power  pur- 
poses has  led  to  the  design  hy  the  Ingersoll-Uand  Co.  of 
the  oil-engine-driven  air  compressor  herewith  shown.  This 
is  of  the  direct-connected,  straight-line  type  with  an  in- 
dosed   frame  employing  a  splash   system   of  luhrication. 

The  feature  of  greatest  interest  in  this  machine  is  tlu; 
design  of  the  driving  end,  which  consists  of  a  single  oil- 
engine cylinder  sot  behind  the  air  cylinder  and  directly 
connected  by  means  of  an  extended  piston  rod  to  the  air 
piston.  Tt  follows  in  general  design  the  hot-bulb  type,  is 
single  acting  and  works  on  the  two-stroke  cycle.     A  torch 


STEAM  FROM 
bOILER 


Si;-Mi-Si;irioNAL  View  of  thk  .Stisoxg  AnoMATic,  XoxiiExriiX  Stop  Valve 

is  a  check  on  the  fireman  when  several  boilers  are  used,  is  fitted  for  heating  the  ignition  bulb  preliminary  to  start- 
showing  whether  a  boiler  is  producing  its  proper  amount  ing;  after  the  compressor  is  under  wav  this  torch  is  dis- 
of  steam.  pensed  with. 

The   valve,   manufactured   by   the   Strong,   Carlisle   &  Fuel    is   automatically    injected    into    the    combustion 

Hammond  Co.,   326   Frankfort  Ave.,  X.  W'.,   Cleveland,  chamber  by  a  small  pump  on  the  side  of  the  frame,  op- 
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erated  by  the  main  shaft.  It  enters  in  the  foi-in  ol'  a 
finely  atomized  spray  and  is  inuiiediately  ignited  by  the 
hot  bulb.  The  stroke  of  tlie  fuel  pump  is  regulated  by  a 
centrifugal  governor  in  the  tiy wheel,  thus  regulating  the 
amount  of  fuel  injected  into  the  cylinder  in  proportion 
to  the  load.  'Phis  is  supplemented  by  a  regulating  de- 
vice on  the  intake  to  the  air  cylinder. 

The  operation  of  this  machine  is  not  accompanied  by 
the  losses  common  to  the  average  two-stroke-cycle  gasoline 
engine,  in  which  part  of  the  incoming  charge  follows  the 
e.xhaust  gases  through  the  outlet  ports  and  is  wasted. 
'J'his  is  because  the  fuel  is  not  vaporized  by  an  outside 
agency  and  introduced  with  the  air  used  for  scavenging, 
hut  is  injected  directly  into  the  cylinder  at  the  end  of 
the  compression  stroke.  This  means  that  pure  air  is 
used  during  the  scavenging  period  of  the  stroke ;  conse- 
(|uently  the  inlet  and  outlet  ports  can  he  so  arranged  that 
more  thorough  scavenging  is  a  (forded  without  any  loss 
of  fuel. 

Like  a  nundjer  of  the  engines  of  this  type,  a  small 
quantity  of  water  from  th(>  cylinder  jacket  is  injected  in- 
to the  combustion  spac(>.  This  water  performs  the  func- 
tion of  regulating  the  temperature  in  the  cylinder,  thereby 
preventing  preignition.  It  also  i-educes  the  maximum 
pressure  in  the  cylinder  and  tends  toward  making  a 
smooth-running  engine.     The  amount  of  water  injected 


is    reguhilcil    ai-cording    to    the    h)a(|    oii    the    compressor. 

'I'he  combined  machine  is  at  present  made  in  only  one 

size  with  an  actual  capacity  when  running  at  ■)2~>  r.p.m. 

of  Of)  cu.ri.  of  free  air  ;it    inii  jb.   ures-iiirc  and    ','■')  cu.tt. 


C'oMitixKi)  On.  KxfiixK  WD  Aiu  ('().\ipi!i;s.sou 

at  80  ib.  pressure.  The  fuel  consumption  at  this  speed,  and 
under  average  operating  conditions,  is  about  2.2  gal.  of 
kerosene  per  hour.  It  is  adapted  to  run  on  either  kero- 
sene, fuel  oil  or  distillate.  Its  weight  complete  is  3000 
lb.  and  the  floor  space  taken  up  is  8  ft.  10  in.  by  2  ft. 
5  in. 


»toim®  Joimitt! 


Within  the  past  few  years  there  have  been  many 
changes  in  the  design  of  the  joints  for  piping,  and  so 
many  so  called  improvements  have  been  made  on  the 
van-stone  type  that  the  consulting  engineer  is  confronted 
with  a  problem  when  determining  the  type  of  van-stone 
joint  that  is  best  for  his  requirements. 

An  analysis  of  the  strains  on  a  van-stone  joint  under 
service  will  show  that  the  stress,  due  to  pressui-e  in  the 
line,  will  be  a  circumferential  tension,  the  internal  ju'es- 


is  overcome,  and  piping  with  such  joints  can  be  placed 
in  far  less  time  than  any  other  style  of  flanged  joint;  if 
the  joint  is  nuide  properly  at  the  shop  the  ])iping  sy.stem 
will  give  satisfaction  in  service. 

The  following  description  of  the  various  styles  of  van- 
stone  joints  may  be  of  interest  to  engineers  in  determin- 
ing the  relative  merits  of  each.  In  making  the  joint 
shown  in  Fig.  3,  the  end  of  the  pipe  is  heated,  spun  out 
and  ])ressed  back  upon  itself,  giving,  after  machining,  a 


^  front  of  m  band»s!dedon   fl 
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N'Aiiiors  Typks  of  V.\n-Btonk  Joints 

sure  tends  to  draw^  the  lap  back  through  the  flange,  which  lap  thicker  than  the  wall  of  the  pipe.     .V  little  considera- 

results  in  a  shearing  stress  along  the  line  .4/?.  Fig.  1.  Due  tion  will  show  that  the  distribution  of  metal  in  the  lap 

to  structural  strains,  the  stress  will  be  bending,  or  a  ten-  cannot  be  e(|ual  as  the  back  part  of  the  laj)  will  stretch 

dency  to  draw  the  lap  through  the  flange,  which  would  more  than  the  front:  also,  it  is  practically  im])ossible  to 

result  in  the  lap  being  bent  at  an  angle  to  the  axis  of  get  a  perfect  weld  along  the  line  .1/.'.     In  some  instances, 

the  pipe,  Fig.  8.  if  this  type  of  joint  is  cut  in  section,  a  small  pocket  will 

The  van-stojie  joint,  one  of  the  strongest  possible,  is  of  be  found  traveling  around  the  outer  portion  of  the  lap. 

advantage  in  the  field,  as  all  trouble  in  aligning  bolt  holes  In    time,   water  of  condensation,   when  the  line   is  cold. 


888 


IM)  W  K  |{ 


Vol.  :t!),  No.  25 


will  lind  il.s  way  iiilo  lliis  imikfl.  riilcHK  llii'  Iwu  lapH 
an>  alisdlutt'ly  wi-lili-d  llic  shcarin^  rc.'^istaiKjc  caiiiHil  1)0 
aiiv  siroiij^iT  Ihan  thai  of  llic  uniinaiv  vaii-«l<>nr  jniiit. 

AiKiiliiT  (y|H'  III'  joint  is  shown  in  l-'i^.  I.  'I'lic  iiid  of 
ilii'  |ii|i('  is  licalcil  and  s|nin  over,  and  wliilr  slill  Iml  llir 
lap  is  rori'cd  liack  u|icm  ilscH'.  It  is  aj^'ain  healed  and 
spun  over,  and  the  imiui-  al  Ihe  hack  of  Ihe  lap  is  welde<| 
up.  'i'his  lap  is  also  thuki-r  than  the  wall  (d'  the  pipi; 
wIkmi  niaehined.  It  has  pnietieally  the  same  faults  as 
the  one  shown  in  l"'if;.  ;{,  except  that  water  cannot  find 
Its  way  into  the  pocket  formed  hy  faulty  woldiufj. 

In  llu'  joint  shown  in  V'xjx.  T),  a  hand  is  welded  on  to 
the  enti  oi'  the  |)ipe  hefore  van  stoninj,'.  A  rin<^  is  welded 
on  to  tlu»  lap,  V\ii.  (i,  after  the  lap  is  made.  A*  hoth 
joints,  Fi<r9.  .")  and  (i,  are  makeshifts,  the  welding  for 
mechanical  reasons  is  rarely  if  ev(!r  ])erfect,  and  in  the 
ease  of  Fijj.  (!,  steam  will  frecpu'iitly  leak  throufjh  the 
supposed  weld  to  the  periphery  of  llir  lap. 

The  end  ol'  the  pipe  in  llir  Joinl  shown  in  Kijf.  7  is 
heated  and  upset,  then  reheated  and  spun  out  in  the  visual 
manni^r,  jjiving  a  lap  thicker,  alter  machining,  than  the 
wall  of  tlio  pipe.  Sections  cut  from  this  style  of  joint 
and  given  a  ])ulling  test  have  shown  tliat  the  tensile 
strength  lias  gone  from  the  average  r)5,0()0,  to  as  low  as 
aO.OOO,  and  the  elastic  limit  to  10,000  lb.  per  sq.in.  This 
is,  no  doubt,  due  to  fiber  distortion  and  crystallization. 

Tlie  joint  shown  in  Fig.  8  is  practically  the  ordinary 
van-stone  joint,  except  that  the  pipe  just  back  of  the 
corner  of  the  lap  is  slightly  funneled  out;  the  flange  is 
also  funneled  out  to  meet  the  pipe.  The  lap  is  slightly 
thinner  than  the  wall  of  the  pipe  after  machining. 

The  llange  shown  in  Fig.  9  is  as  it  was  originally  de- 
signi'd.  Tlie  ]iij)e  is  heated  and  spun  out;  the  lap  is 
slightly  thinner  than  the  wall  of  the  pipe  after  machin- 
ing ;  the  back  of  tlie  lap  is  about  3  deg.  from  the  vertical 
in  order  to  leave  the  lap  at  the  point  of  shear — that  is, 
along  AB — equal  in  thickness  to  the  wall  of  the  pipe. 

The  joint  shown  in  Fig.  10  is  slightly  upset  during 
the  process  of  spinning  out  to  obtain  the  square  corner, 
and  the  tliickness  along  the  line  AB  is  about  one  and  a 
half  times  the  wall  of  the  pipe.  The  thickness  at  the 
point  C  is  less  than  the  wall  of  the  pipe.  Consideration 
will  show  that  this  type  of  joint  is  the  strongest  of  all, 
and  gives  the  greater  bearing  area  for  the  gasket. 

The  joint,  Fig.  11,  is  practically  the  same  as  Fig.  10, 
except  that  the  end  of  the  pipe  is  upset  a  trifle  more, 
giving  a  full  thickness  at  the  point  A. 

Tests  have  been  made  on  the  ordinary  van-stone  joint, 
Fig.  9,  which  show  that  it  will  hold  considerably  more 
pressure  than  the  bolts,  and  with  specially  designed 
flanges  and  bolts  it  has  been  proved  that  the  pipe  will 
burst  before  the  lap  will  be  injured.  Structural  tests 
for  tension  compression  and  bending  show  that  stresses 
well  up  to  the  elastic  limit  of  the  pipe  must  be  imposed 
before  any  serious  damage  is  done  to  the  lap. 

Van-stone  joints  cannot  be  made  with  wrought-iron 
pipe,  owing  to  the  different  fiber  structure,  and  steel 
pipe  must  be  used.  The  necessary  points  for  a  good  van- 
stone  joint  are  that  the  flange  should  fit  the  pipe  in  the 
hub  snugly,  to  give  support  to  the  pipe  to  bending  stress. 
For  all  steam  pressures  above  150  lb.,  high-hub  flanges 
should  be  iised.  These  flanges  should  be  made  of  rolled 
steel,  forged  steel  or  cast  steel  on  all  pipe  for  pressures 
above  150  lb.  The  face  of  the  lap  should  be  machined 
to  give  good  gasket  holding ;  all  scale  should  be  removed 


frnni    ihe  hack   of   Ihe    lap  and    the   (hinge  should    jiave   a 
lull  hearing  against  the  lajj. 

The  o|M'ralioii  of  vaii-stoning  .-huiild  he  done  will^  the 
pipe  Ml  a  lii'ighl  red  heal,  and  the  luiichiiie  iiseil  in  imii 
I  III'  Im|)  ciM'i'  should  he  designi'd  to  giadually  sjuii  ihe 
eiiil  Kill  and  then  force  the  lap  hack;  hy  tliiH  mr-thod  ,i 
lieilrr  ilislrihiil  ion  of  the  metal  in  the  lap  is  obtained. 
Many  machines  simply  funnel  the  end  of  (ho  pipe  out 
iiy  means  of  a  tajier  roll,  hut  this  method  docH  not  allow 
a  proper  stretching  of  the  pipe  to  accommodate  itself  to 
the  increased  diameter  of  the  lap.  I''acing  the  lap  while 
hot  should  not  he  resorted  to,  as  it  freipiently  draws  dur- 
ing cooling,  and  any  irregularity  would  not  lie  noticed 
until  the  jiipe  is  put  under  pressure.  Facing  by  moans 
of  revolving  cutters,  set  radially,  does  not  give  a  good 
face,  and  chatter  marks  frequently  result  from  this 
method. 


For  .some  lime  the  !{.  M.  Kddy  F(juiidry  ('o.,  Chicago, 
111.,  has  been  making  a  safety  fire-door  which  opens  in- 
ward and  tends  to  prevent  injury  to  the  firemen  in  the 
case  of  a  ga.s  explosion  or  the  rupture  of  a  boiler  tube. 
Formerly  this  door  was  mounted  inside  of  the  furnace, 
but  for  convenience  of  erection  and  to  add  to  the  life  of 
the  door,  it  is  now  applied  outside  and  attached  to  the 
boiler  front  by  a  lug  and  bolt  on  the  sides.  It  is  thus 
easy  to  fit  the  door  to  any  boiler,  new^  or  old. 

In  the  illustration  the  door  is  .shown  mounted  on  a 
boiler  front  mad<'  up  in  the  shop.  The  frame  is  made  ol 
cast  iroi.'    and  the  (ii'e-door  nlale  of  sheet  .steel.     Guides 
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bolted  to  the  frame  prevent  the  door  from  opening  out- 
ward; the  angle  at  which  they  are  set  may  be  varied  so 
as  to  close  completely  the  furnace  opening.  The  door 
is  opened  by  the  ratchet  handle  shown  at  the  left,  and 
will  stay  in  the  position  at  whicli  it  is  set.  A  roller 
secured  to  the  top  of  the  fire-door  plate  raises  the  air 
flap  on  top  of  the  casting.  By  means  of  a  dog  with  sev- 
eral notches,  and  a  pin  attached  to  the  flap,  the  latter 
is  automatically  checked  and  held  open  until  released 
by  hand.  The  flap  admits  air  over  the  fire  to  mi.x  with 
the  volatile  and  reduce  the  smoke  immediately  after  fir- 
ing. If  the  coal  is  highly  volatile,  the  fire-door  may  be 
set  open  at  any  point  to  admit  more  air. 

The  door  thus  combines  the  features  of  safety  and 
smokeless  operation.  It  is  simple,  and  if  it  ever  be- 
comes necessary,  the  sheet-steel  door  plate  may  be  re- 
placed by  taking  out  a  couple  of  screws  at  the  top  of 
the  casting.  Patents  for  the  safety  door  have  been  ap- 
plied for. 


Did  you  ever  notice  the  vertical  and  horizontal  length 
of  a  pipe  line  out  of  level  and  out  of  plumb?  This  is 
usually  caused  by  one  of  the  pipes  being  cut  short  and 
then  sprung  to  get  it  in  place. 

A  device  has  been  patented  which,  if  properly  used, 
will  eliminate  such  faulty  work.  It  consists  of  a  gradu- 
ated folding  square,  made  with  two  blades.  One  of  the 
blades  is  graduated  on  liotii  sides  and  invoted  at  the  end 


Fit!.  1.  Squake  Used  for  Detekmining  Pipe  Lkngtiis 
Outside   of    Elbow    Fittings 

between  the  center  of  a  protractor  head  and  the  other 
blade  which  is  graduated  on  one  side  only.  The  pro- 
tractor is  graduated  in  degrees.  On  the  four  edges  of 
the  square  are  marked  the  standard  sizes  wf  45-  and  90- 
deg.  and  of  flanged  and  screwed  elbows. 

Fig.  1  illustrates  how  the  square  is  used.  If  a  pii)c 
line  is  to  contain  a  90-deg.  elbow,  plugs  the  size  of  the 
pipe  and  made  for  the  pui'pose  are  screwed  into  a  coupling 
or  flange  on  the  ends  of  the  pipes.  On  (lie  center  of  this 
plug  is  a  hook  to  which  a  cord  is  attached.  ^^Hien  prop- 
erly adjusted  and  the  square  is  in  place,  as  shown,  tlie 
cord  will  be  plumb  with  the  center  of  the  vertical  pipe 
and  in  line  with  the  center  of  the  horizontal  pipe.  After 
placing  the  square  it  is  a  simple  matter  to  measure  from 


the  end  of  the  pipe  line  to  the  marked  size  of  the  elbow 
on  the  square  and,  allowing  for  threads,  the  proper  length 
of  pipe  to  use  is  deterrnined. 

If  it  is  desired  to  space  a  certain  manber  of  holes  in 
a  given  circle,  say,  in  the  flange  of  a  fitting,  the  same 
device  can  be  used.  The  inner  blade  has  a  slot  cut  for 
a  trammel  to  slide  in,  and  is  held  in  f)lace  by  a  nut.  The 
blade  is  pivoted  at  the  center  of  tiie  protractor,  by  a  pivot 

Tranvnel  point,  which  draw  circular 
and  radial  lines 


Fig.  2.     The  Device  Used  for  Scribing  Circles  and 
Spacing  Bolt  Holes 

bolt  througli  the  center  of  which  is  a  thumb-screw  having 
a  center  pointer  at  the  end.  When  in  use,  the  square  is 
screwed  in  the  flange,  placing  the  pivoting  bolt  through 
the  center.  Then  the  trammel  is  set  for  the  given  cii'- 
cle,  and  by  revolving  the  inner  blade  the  diameter  is  as- 
cribed and  then  graduated  into  spaces  of  4,  5,  fi,  7,  S, 
etc.  If  eight  holes  are  desired  in  the  flange,  the  l)lade 
is  turned  to  the  point  marked  8  on  the  protractor  circle. 
The  trammel  is  then  slid  across  the  circle  mark.  The 
design  of  the  device  is  shown  in  detail  in  Fig.  2.  It  is 
patented  by  Thomas  G.  Tedesco,  Peckville,  Penn. 


Cylinder  Head  Knneked  Off — About  .'i  p.m.,  Wednesday, 
.Uino  10,  the  piston  rod  of  an  llxl2-in.  Phoenix  ensine  in  the 
Hallenbeck  Building.  505  Pearl  St.,  New  York  City,  broke 
next  to  the  crosshead.  aUowinB  the  piston  to  push  off  the 
cyHnder  head  as  the  crosshead  returned  on  the  next  stroke. 
The  cylinder  head  faced  the  wall,  and,  as  no  one  was  Injured, 
the  damage  is  confined  to  the  engrine. 

'^. 
Kemurkiihly  Low  Fuel  4'ouMiiniiition — The  recently  issued 
report  of  A.  H.  Keene,  chief  ensineer  of  the  Pawtucket 
Water-^Vorks,  credits  No.  4  Pumping  Station  with  a  de- 
livered horsepower  on  1.31  lb.  of  coal  per  hour,  counting  all 
the  coal  weighed  into  the  station.  The  coal  per  delivered 
horsepower-hour,   based  on   the  pumping  coal,  was   1.14. 
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(Mif  ol  llic  Imm'st  iitiiuis|)|iciic  coiihii;,'  lowers  iii  liiiii 
fount IV  lia«  rort'Mtly  lu'cii  installctl  nl  tin-  iiuiiii  power 
lioiise  of  llic  Soutli  West  Missouri  IM{.  Co..  Welih  Cily, 
Mo.  'I'he  tower  wns  Imilt  1)V  llic  Mitelicil-'riiplH'ii  Co., 
New  York  City,  mid  i>  of  .-tamlanl  stcol  const luclioii. 
Ii  i>  !•.'■•!  ft.  ioiii;,   l!i  It.  wide  and  .in  ft.  lii^'li  to  the  wali<- 


Ull-T, 


/        'i'ciiiiM  iiitiire,  dry  l)iill)  or  air; 
t,  — '  'I'eiiiperaliire,  wet  l)ull); 
'I'  ^    'I'enipcraliire,  entering,'  water; 
7',  =^  'reni[)('iatiire.  leaving;  water. 
A  side  \  iew  oi'  tlie  lower  is  shown  in   l-'if^.  1  and  the  lop 


Fui.   ].   yiDK  Viicw  OF  L.\I!(;k   .\  rMosi'iiKinc   Coolim;   TowKit 


Fig.  2.  Vnnv  of  Top  of  Tower,  Showixg  Lai'xdkks  axd  Tiioi-ohs 


way,  aiul  has  a  capacity  of  2()()()  gal.  per  min.  cooled  from 
1 20  to  80  deg.  F.  under  the  mean  July  atmospheric  condi- 
tions of  the  vicinity  which  are  dry  bulb,  75  deg.  F. ;  wet 
bulb,  67.5  deg.  F.,  and  relative  humidity.  68  per  cen,t. 

These  results  are  somewhat  better  than  that  given  by 
the  standard  formula  of  the  guarantee  under  which  these 
towers  are  sold,  which  is : 


in  Fig.  2.  Tlie  entering  water  is  pumped  direct  to  the 
top  and  is  carried  by  branches  to  the  transverse  receiving 
troughs  (launders),  from  which  it  flows  to  the  distribut- 
ers. The  distributers  overflow,  the  water  running  over 
the  side  and  following  the  surface  to  the  points  from 
which  it  drops  into  small  semi-cylindrical  troughs  which 
make  up  the  distributing  deck.  These  cedar  troughs  also 
overflow,  dro])ping  the  water  in  a  shower  on  the  decks 
below.     The  decks  or  platforms  are  long,  narrow  trans- 
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verse  cedar  strips  or  drip-bars,  cacli  oF  whicli  divides  the 

water  it  receives  into  two  parallel   rows  oi'   dro])s,  tluis 

jiroducing  maximum   subdivision.      Spaces   between   tlie 

drip-bars  allow  the  water  to  descend  from  deck  to  deck, 

the  alignment  (.f  the  bars  and  the  width  of  space  Ijeing 

secured  by  a  system  of  interlocking  splines  or  separators, 

which  unite  t]u>  separate  bars,  thus  forming  a  solid  and 

continuous  deck  capable  of  resisting  warping  and  twisting 

tendencies.      There  are   10   decks,  counting  the  top  dis- 

Course  of  wafer 

X                   _                             f/ow  is  &horrn  by  '■., 

darfa                w  H 

"^^^ ' 


Launder 


■■Distributing  Deck- 
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tributing  deck.  Tlie  spray  louvors  are  of  Louisiana  cypress 
tongue-and-groove  boards  set  up  tiglit  to  a  smooth,  flush 
surface. 

The  steel  skeleton,  braced  against  wind  stresses,  and 
accessil)le  for  painting  and  inspection,  consists  essentially 
of  a  series  of  vertical  lattice  girders  and  horizontal  mem- 
bers to  which  are  Ijolted  the  decks  and  louvers. 

The  tower  structure  is  of  ample  strength,  with  mini- 
mum weight.  The  foundation  is  of  concrete,  combining 
the  anchorage  and  receiving  ])asin. 

Fig.  3  is  a  sectional  elevation  of  the  launders,  dis- 
tributer and  distributing  deck.  The  distributer,  or  gut- 
ter, has  an  inclined  bottom,  producing  a  gradually  de- 
creasing section  as  the  water  travels  out,  the  effect  oJ' 
which  is  to  produce  a  uniform  overflow  at  all  velocities : 
in  addition,  there  are  no  perforations,  slots  or  notches  ti> 
clog  and  destroy  the  uniform  disti'ibution  upon  which 
efficiency  largely  depends. 

The  tower  has  a  capacity  of  about  2400  hp.  at  reason- 
able steam  consumption  and  26  in.  vacuum.  At  present, 
it  is  serving  approximately  1800  hp.  in  connection  with 
two  barometric  condensers. 

"Cassco"  is  the  trade  name  of  a  metallic  packing  made 
in  bar  or  ring  form  which  possesses  the  characteristic  of 
expanding  when  cooling  and  contracting  when  heating. 
This  tends  to  prevent  steam  or  water  blowing  out  when 
starting  a  "cold"  engine  or  pump,  and  as  it  contracts 
slightly  as  the  metal  expands,  due  to  the  heat  of  the 
steam,  the  friction  does  not  increase  when  the  engine  is 
under  way.  Graphite  is  mixed  thoroughly  with  the  sub- 
stance of  the  packing,  so  that  it  is  self-lubricating,  and 
as  it  is  semi-plastic  when  M'arm,  there  is  no  tendencv  to 
score  the  rod. 


Cassco  rings  for  air-tight  paclc-ng  are  made  with  the 
end  rings  beveled  to  fit  the  stuffing-box  and  gland.  The 
bars  are  0  in.  long,  aiuJ  of  several  sizes.  They  are  placed 
lengthwise  in  the  stuffing-box  when  it  is  warm ;  if  the  ma- 
chine is  not  in  use,  a  blow  torch  or  bunsen  burner  should 
be  used.  The  box  should  be  filled  with  the  packing  and 
the  gland  screwed  up  hard  to  compress  it  into  a  solid  ring. 
The  packing  must  be  kept  tight  until  it  sets,  when  the 
pressure  may  be  removed.  If  there  is  a  space  around  the 
rod  at  the  back  of  the  stufling-box  the  beveled  metallic 
ring  shown  in  the  illustration  should  be  first  inserted  to 
keep  the  packing  from  being  scpicezed  through  into  the 
cylinder.  Rings  of  the  proper  size  may  also  be  used  and 
some  oF  the  packing  added,  if  necessary,  to  completely 
fill  the  stulfing-box.  Cassco  has  been  used  with  success 
on  all  types  of  engines  and  pumps  and  is  specially  good 
For  machinei'v  handling  oil.  It  is  made  by  the  Cassco 
Bar-Metallic  Packing  Co.,  8  South  Dearborn  St.,  Chi- 
cago, 111. 


dee""    ISaowoHf  Vs^Ev© 

Tlic  hldwoir  \al\('  shown  in  the  illustration  lias  been 
used  on  locomotives  for  years,  but  only  recently  has  it 
been  j)laced  on  the  market  for  stationary  and  marine  boil- 
ers by  the  Engineers  Specialties  Co.,  333  South  Dearborn 
St.,  Chicago,   III.     It  is  simple,  has  seven  parts,  is  (|uick 
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"OKAnEi;''  Blowoff  Yalve 

op'.'iiing  and   has  a  straiglit    through    Mow    For   scilinieiit 
and  water. 

The  valve  itself  is  a  removable  disk  made  oF  gun-niclal 
bronze,  carried  loosely  in  a  yoke  secured  lo  ibc  stem  lo 
which  the  operating  liandle  is  attached.  The  disk  scats 
against  the  inner  face  of  the  hexagon  nut  shown  in  the 
Foreground  and  on  the  opposite  side  against  ilic  vahc 
body.  A  movement  of  the  handle  carries  the  yoke  and 
the  disk  across  the  face  of  the  opening,  and  when  the 
valve  is  fully  open  the  outlet  is  cleared.  The  disk  is 
Free  to  tiiin  and  reseat  in  a  different  position  at  every 
closing.  To  take  out  the  disk  it  is  only  necessarv  to  un- 
screw the  liixagon  nut  on  the  outlet  side.  The  body  is  of 
gray  iron,  the  yoke  oF  cast  steel,  the  disk  of  gun-metal 
bronze,'  the  stem  oF  machine-tool  steel  and  the  bushing 
for  the  stem  of  brass. 
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Centrifugal   Cffects   in  Belting 

\\\    W  .  I'.  SiiiAi'iHiitsr 

l).'si)itc  llic  liMl  lliMl  iIidiisiiikIs  of  siurossl'iilly  op- 
fiiiti'd  sliifU  lu'lts  arc  tliiilv  stiiring  (licm  in  llic  race, 
scii-ntists  rcrusc  lo  imlu'iul  to  (lie  I'vcrvday  practicaliilit.v 
of  siuli  lu'lts.  "It  is  writliMi"  in  cMf^incorinp  i)ro(rc(l- 
in<;s  tliiil  Ix'lts,  to  (i|icriilc  propcriv.  must  W  <rivcn  initial 
icnsii^ii. 

Tlu'  writor  adiuits  that  liaid.  still',  inR'arcd-lor  lu-lts 
no(>(l  initial  Iciisidn.  but  holts  sliould  not  bo  hard,  stiir 
and  nncaivd  lor.  ThoY  should  he  made  pliable,  for  it  is 
a.kno\\k>df:('d  ovon  by  Sficntists.  that  in  the  pliable  state 
l>i'lts  avo  best  (pialified  to  <,nip  tlu'  pulleys  closely  and 
they  jriip  llie  |>ulleys  to  such  an  e.Ment  that  cxtromplv 
slaek  running  is  often  possible.  An  instance  has  ])eon 
called  to  my  notice  where  a  l(J-in.  painted  canvas  belt, 
runninfr  nt  a  speed  of  2:V10  ft.  per  niin.,  is  transmitting 
:>00  hp.  and  rvmning  :W  in.  slack.  The  computed  pulling 
stress  on  this  belt  is  therefore  about  2i\\  Hi.  per  in.  of 
width — an  extremely  high  tt'nsion  under  any  condition 

.\nother  instance  has  been  called  to  my  notice  where 
a  belt  tightener,  listing  at  nearly  $1000  and  carrying  a 
proitable  discount  of  10  per  cent.,  was  nsed  to  create  ten- 
sion on  a  drive  where  one  pulley  was  small  and  the 
other  large.  The  belt  was  old  and  oily.  Even  the  tight- 
ener did  not  prevent  slip.  A  man  who  has  had  con- 
sideral)le  belt  experience  was  consulted.  He  recommended 
making  the  belt  pliat)le,  not  necessarily  sticky,  and  in  a 
short  time,  after  lii<  directions  had  been  followed,  the 
pli]iping  stop]ied.  And.  what  is  more  important  still, 
the  idler  is  no  longer  needed.     The  belt  sags  13  in. 

The  chief  advantages  of  slack  belts  as  has  often  l)een 
])ointed  out  are:  Increase  of  arc  of  belt  contact,  and 
decrease  in  bearing  friction.  One  argiunent  against 
these  belts  is  that  serious  centrifugal  tension  is  always 
present  where  speeds  are  liigh  and  pulleys  small,  and  it 
seems  that  no  one  has  ever  raised  a  tinger  to  refute  this 
argument  to  any  extent.  The  slack -belt  enthusiasts  and 
ojierators  merely  say  when  asked  to  explain,  "Well,  our 
i)i>lts  are  running,  aren't  they?  x\nd  they  run  at  mighty 
high  speeds,  too,  without  slipping,  let  me  tell  you.  The 
proof  of  the  pudding,  etc."  Elimination  of  slip  is.  of 
course,  of  greatest  importance. 

Centrifugal  force  is  computed  from  the  formula 

where 

W  =  Weight   in   pounds  ; 
y  ^  Velocity  in  feet  per  second; 
(J  =  Gravity ; 

R  =  Eadius  of  curvature  in  feet. 
Centrifugal   force   is,  therefore,   greatest   at  the  smaller 
pulle}',  belt  velocity  being  the  same  at  all  points. 

Fig.  1  shows  a  proportion  commonly  observed  in  prac- 
tice, namely,  a  4-ft.  driving  pulley,  a  1-ft.  driven  pulley 
and  20  to  25  ft.  between  centers.  The  lower  half  of  the 
belt  is  the  pulling  half  and  the  upper  half  is  the  skck 
or  nonpulling  side. 

Wlicre  the  nonpulling  side  is  permitted  to  run  slack, 
about  as  shown  in  Fig.  1,  the  weight  of  the  belt  alone, 
hanging  in  the  form  of  a  catenary,  will  compensate  for 
the  centrifugal  force  up  to  a  considerable  speed  in  most 


caMcK,  but  UB  Hfwin  as  ihiit  B|»opd  is  ])asHi'd  the  belt  nnitho- 
niaticH  we  are  cusloniarily  fed  Idis  us  that  to  overcunin 
tiiis  high  cenlrifngal  lension,  njorc  tension  must  be 
adiled  to  the  nonpulling  side  by  drawing  the  shaft  cen- 
ters farliier  apart.  iN'olhing  is  said  about  the  radius  Ji 
<d'  (he  slack  side  just  before  passing  onto  the  small  pulley, 
'i'he  tendency  lo  "fly  away"  from  the  large  pidb'y  ig 
seldom  if  ever  serious  at  present-day  spcdt .  'i'lie  for- 
mula above  tells  whv.  'J'be  wciglif  of  the  hell  alone  IR 
great  enough  to  puil  itaelf  down  below  the  tangent  linn 
7'7'  in  which  case  a  curve  concave  upward  is  formed  be- 
tween the  pullevs,  the  inertia  property  causing  the  shar])- 
cst  curvature  to  form  close  to  the  small  pulley,  tlius  in- 
creasing the  arc  of  contact  considerably  more  than  when 
the  l):'lt  is  not  in  motion,  and  creating  a  counter  centrifu- 
gal force  that  can  be  accurately  computed  as  soon  as  we 
know  the  curvature  at  the  sharpest  turn.     If  this  "slack 


I        fncrease  in 
j^_    •  Arc  of  Contact- 


curvature"  is  equal  to  the  curvature  of  the  small  pulley 
we  are  justified  in  assuming  that  the  ill  effects  of  cen- 
trifugal tension  are  eliminated. 

It  has  long  been  known  that  a  slack  curve  once  estab- 
lished in  a  vertical  or  approximately  vertical  belt,  run- 
ning at  high  speed,  will  maintain  its  form  about  as  in- 
dicated in  Fig.  2  and  pull  full  load  with  apparent  ease. 
It  is  the  centrifugal  force  set  up  in  the  curve  C  that  holds 
the  belt  in  running  position.  As  soon  as  the  engine  stops 
(usually  before  it  stops)  the  belt  drops  to  the  position 
shown  in  Fig.  3.     To  start  the  drive,  idler  /  must  be  used. 

It  would  appear  then  that  the  scientific  way  to  adjust 
the  slackness  of  a  slack  belt  is  to  make  the  loose  curve 
as  sharp  as  possible  while  the  belt  is  in  motion,  and  close 
to  the  small  pulley.  If  the  curvature  can  be  made  sharper 
than  on  the  small  pulley,  all  the  better. 

This,  the  writer  believes,  explains  why  slack  belts  ar? 
so  successful  at  high  speeds. 


The  "Aquitania,"  latest  of  the  Cunard  liners,  requires  a 
force  of  339  men  to  handle  her  power  equipment.  Counting 
the  chief,  there  are  35  engineers.  16S  firempn.  Ifi  leading 
firemen,  100  coalpassers  and  20  oilers.  This  is  more  than  one- 
third    of   the   total   crew. 
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The  cartoon  this  week,  while  hickiug  in  "bones,"  is 
full  of  "meat."" 

Pai  ticu-arly  apt,  we  think,  is  the  application  of  the 
Old  Mother  Hubbard  nursery  ryhme  to  the  situation 
found  in  so  many  plants.  The  engineer  knows  the  needs 
and  would  like  to  supply  them,  but  can't,  and  so  the 
power  plant  goes  hungry.  If  those  whose  business  it  is 
to  provide  the  "bones,"  those  responsible  for  the  man- 
agement of  plants,  all  appreciated  the  importance  of 
keeping  the  repair  supplies  "cupboards"  filled,  the  engi- 
neers would  never  find  them  "hare." 

Another  familiar  old  jingle  is  the  one  that  shows  how 
"for  the  want  of  a  nail,"  "a  kingdom  was  lost."  It  is 
no  exaggeration  to  say  that  for  the  want  of  some  very 
inexpensive  supply  parts,  important  pieces  of  plant  equip- 
ment have  gone  to  rack  and  ruin.  Worse  than  that,  ac- 
cidents have  happened  that  resulted  in  loss  of  life  and 
property  which  could  have  been  prevented  had  the  prop- 
er repair  supplies  been  available. 

When  we  urge  tliat  the  power-plant  repair  locker  should 
not  be  allowed  to  get  into  the  depleted  condition  repre- 
sented in  the  cartoon,  we  mean  it  to  apply  not  only  to 
expendahle  supplies,  but  to  tools,  for  a  suitable  kit  of 
tools  belongs  in  the  locker  when  not  in  actual  use.  To 
be  shy  of  either  tools  or  supplies  is  usually  a  policy  of 
saving  pennies  and  wasting  dollars.  A  high-priced  pack- 
ing, for  example,  may  be  used  where  another,  costing 
much  less,  would  answer  as  well  or  better.  Inversely,  a 
low-grade  packing  may  be  applied  on  a  higli-speed  piston 
in  the  absence  of  a  suitable  kind,  which  will  ruin  the  rod 
or  cause  a  shutdown,  the  far-reaching  effect  of  which  is 
hard  to  estimate. 

The  engineer  cannot  be  expected  to  keep  his  plant  in 
the  best  condition  without  tools  and  supplies.  The  value 
of  the  extra  time  on  one  job,  in  many  instances,  will 
be  greater  than  the  cost  of  suitable  tools,  even  if  they 
were  thrown  away  after  once  using. 

In  many  plants,  the  scrap  pile  is  depended  upon  for 
pipe-line  material,  such  as  fittings,  valves  and  even  pipe 
lengths.  An  extension  of  piping  made  up  from  such 
junk  is  very  apt  to  develop  leaks  in  the  fittings  and  pin 
holes  in  the  piping.  Here  extra  gage  glasses  are  un- 
known ;  pump  and  engine  packing  is  missing,  and  con- 
sequently odd  sizes  are  cut  down  to  fit  the  valve  stem  or 
piston  rod. 

Following  are  instances  of  neglect  of  the  kind  we  de- 
plore: One  lighting  plant  contained  three  generating 
units,  using  eight  wire-mesh  copper  brushes  each.  There 
was  no  reserve  stock  and  new  brushes  were  bought  only 
six  at  a  time,  not  enough  for  one  machine. 

Think  of  this  as  actually  happening!  An  engineer, 
unable  to  obtain  the  proper  piston-rod  packing,  made  his 
own  packing  from  the  lower  extremity  of  his  work  shirt 
and  tallow.  It  stopped  the  steam  from  blowing  nearly 
to  the  crank,  although,  of  course,  it  was  short-lived. 


Such  little  things  as  valve  disks  are  lacking  in  many 
plants  when  wanted,  due  to  the  "penny-wise-and-pouud- 
foolish"  policies  of  the  management. 

In  a  certain  plant,  the  l)iowofi'  valve  (there  was  but 
one)  of  a  boiler  began  leaking  so  badly  that  it  was  diffi- 
cult to  keep  the  proper  water  level,  and  finally  the  boil- 
er had  to  be  cut  out  of  service  for  the  remainder  of  the 
run.  The  disk  was  cracked  and  broken,  and  had  been 
for  some  time,  but  there  were  no  disks  on  hand.  The 
boiler  had  to  be  operated,  and  consequently  the  manage- 
was  forced  to  purchase  a  few  disks. 

No  argument  is  needed  to  show  that  such  conditions 
are  all  wrong.  It  is  generally  thoughtlessness  or  care- 
lessness that  is  responsible. 

The  needful  thing  is  to  get  those  who  must  pass  on 
the  engineers'  requisitions  for  supplies  to  appreciate  that 
a  good  stock  is  not  an  extravagance,  but  a  real  invest- 
ment. With  the  plant  kept  up  to  the  best  condition,  it 
will  operate  most  economically.  "A  stitch  in  time  saves 
nine,"  and  a  little  repair  made  as  soon  as  it  is  needed 
will  forestall  a  costly  overhaul  when  the  seed  of  neglect 
sprouts  into  a  breakdown.  A  third  profit  ''^  a  larger 
realization  on  the  expenditure  for  plant  help.  Given  the 
facilities,  the  engineer  and  his  assistants  will  gladly  do 
many  little  things  that  would  run  into  money  if  outside 
labor  were  employed  to  do  them. 

Mosa^EimeiaSs  ©ff  tlh©  Seas 

It  is  a  far  cry,  back  flirce  centuries,  to  liic  time  when 
Pludson  sailed  the  "Half  Moon"  up  the  river  that  bears 
his  name.  Two  centuries  later  the  steam-propelled  "Cler- 
mont" followed  the  course  of  the  "Half  Moon"  up  the 
stream  now  agitated  by  many  craft  of  commerce. 

Like  a  pebble  dropped  in  a  lake,  these  marine  wonders 
of  their  days  have  gone,  and  little  more  than  pages  of  his- 
tory remain  to  tell  of  their  existence,  the  memory  of  them 
fading  like  the  ripple  where  the  pebble  dropped.  As  these 
craft  disappear  over  the  horizon  of  Time  to  make  his- 
tory, new  maritime  wonders  appear. 

Thrillingly  the  daily  press  now  tells  of  how  the 
"Vanitie,"  a  racing  yacht  contesting  to  defend  the  cup  in 
the  coming  races,  tore  over  ten  miles  of  sea  in  the  short 
time  of  one  hour,  sixteen  minutes  and  fifteen  seconds — 
not  quite  eight  miles  in  an  hour  is  the  best  that  can  be 
done  by  the  finest  example  of  sailing  craft  that  yachtmen 
can  produce.  The  "Aquitania,"  breaking  all  records  for 
a  maiden  voyage,  exceeded  the  guaranteed  speed  of 
twenty-three  and  one-half  knots  (twenty-six  and  one-half 
miles)  an  hour,  over  three  times  as  fast  as  the  "Vanitie," 
and  kept  it  up  over  the  three  thousand  miles  of  sea  sep- 
arating the  ports  between  which  she  plies. 

It  is  power,  steam  power,  that  makes  this  difference 
possible — a  higher  development  of  the  same  forces  that 
drove  the  old  "Clermont"  uji  the  Hudson  at  a  speed  that 
would  shame  the  skipper  of  a  towing  tug.  It  is  steam 
power  that  makes  the  trips  across  the  oceans  matters  of 
a  few  days  instead  of  nu)nths.     It  is  power  that  gives  to 
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till'  inissni^'i'i-  ilic  licnclits  <>l  electric  li;^lH,  of  well  \eiili- 
liiletl  (iuiiiUts;  llm(  picsiTVCH  his  I'lUMlrt  mid  imiki's  win;- 
liss  ti'li'jfnipliy  a  roiiiini'itiiil  Hiiircss. 

'rriiiv,  llu'fii'  iiiixlcrn  pnlaecH  of  Ilic  Hcas  arc  inominieiiM 
t(i  till'  cngini'iMiiif,'  skill  that  designs  and  uiaiiaKos  tlicm. 
^^ 

M^&nicipal  Isolated-Plaimt 
ScHeine   Relinc|tiisbiedl 

At  Sprinfilield,  Mass.,  it  was  proposed  to  install  a 
municipal  isolated  electric  i)laiit  for  the  city  hiiildinf^s 
in  till'  urhan  center.  After  serious  consideration,  the 
I'liited  l':icctric  l-ifjht  Co.  has  ofTered  to  supply  current 
at  four  cents  per  kilowatt-hour  as  against  the  seven  cents 
jireviously  (•liarged.  Tiiis  saving  to  the  eity  is  estiniateil 
to  he  $Tr)()0.  Curiously,  this  four-cent  rate  only  applies 
to  a  few  of  the  city's  huildings  while  the  otiiers  are  still 
charged  the  seven-eent  rate.  Wliv?  Prohahly  no  i)lanl 
was  proposcil  for  these  other  huildings.  Would  it  not  l)e 
the  part  of  good  tacties  to  propose  a  plant  for  the  reinaiii- 
ing  huildings  now,  and  secure  a  rediucd  rate  for  them 
also?     It  looks  like  easy  money. 

Incidentally,  it  would  he  interesting  to  know  just  how 
far  the  proposiiifi  had  to  ])roceed  hefore  the  company 
"came  across"  with  its  reduced  rate,  and  also  what  new 
equipment  or  etficiency  engineering  makes  it  possible  to 
sell  this  particular  part  of  the  company's  output  at  a  rate 
lower  than  before.  One  rate  or  the  other  must  be  per- 
force juggled. 

Contracts  for  electric  service  are  sometimes  fearfully 
and  wonderfully  made.  For  example,  one  of  the  terms 
of  the  contract  under  which  the  Federal  Government  in 
the  District  of  Columbia  gets  current  during  six  months 
of  the  year  (April  to  September  inclusive),  at  the  rate 
of  two  and  a  half  cents  per  kilowatt-hour  in  buildings 
liavinq  their  own  generating  plants,  provides  that  should 
those  same  buildings  require  any  street  service  whatever 
during  the  remaining  six  months  they  will  pay  six  cents 
for  it  (up  to  a  certain  amount  used)  and  also  at  the  rate 
of  six  cents  for  all  current  used  at  the  two  and  one-half- 
cent  rate  during  the  fiscal  year. 

In  other  words,  suppose  $5000  worth  of  the  two  and 
and  one-half-cent  current  had  been  used,  and  it  was  de- 
sirable to  use  street  current  for  a  short  time  during  the 
winter,  there  would  bo  due  the  company  by  the  terms  of 
this  contract  $7000  back  pay  in  addition  to  the  amount 
of  the  bill  for  the  winter  current  at  six  cents.  This 
contract  is  in  force  at  the  present  time. 

At  various  times  Power  has  warned  against  getting 
in  a  "rut"  in  the  managing  of  the  plant.  This  "rutty" 
habit  still  prevails  to  a  large  extent  and  not  in  the  small 
plants  alone.  In  the  large,  well  equipped  station,  where 
one  would  expect  to  find  plenty  of  initiative  and  "go,"  it 
is  the  rule  to  find  routine  paramount  to  all  else;  that 
routine  is  mistaken  for  watchfulness. 

Ask  the  man  in  charge  of  the  boiler  plant  how  many 
boilers  are  necessary  to  carry  a  certain  load  most  eco- 
nomically, and  you  will  often  receive  a  vague  and  unsat- 
isfactory reply.  Inquire  as  to  the  percentage  of  CO,  in 
the  stack  gases  under  certain  load  conditions,  and  you 
will  ]uobably  receive  a  similar  answer. 

Look  up  the  chief  and  ask  him  about  the  scale  in  the 


lioMerM.  Kind  out  if  hi'  has  a  full  iinderHlanding  of  the 
heat  losses  jiosHihie  through  the  presence  of  scale  in  the 
boilers.  Me  will  acknowledge  that  the  loss  is  large,  but 
generally  he  can  only  guess  as  to  just  Iidw  large  it  is.  Of 
course,  the  boilers  are  cleaned  at  regular  stated  inter- 
vals; that  is  part  of  the  ruiiiine.  The  scale  is  removed 
from  the  boilers  iin<l  —  what  more  can  one  expect  ?  At  the 
same  time,  it  will  probably  be  nulieeij  that  there  is  no 
means  of  treating  or  softening  the  feed-water  supply 
and  no  one  on  the  job  capable  of  directing  feed-water 
ireatmetit.  So  the  boilers  are  allowed  to  remain  in  ser- 
\  ice    f()i-    a    certain    length    of    time,    and    then    they    are 

cleaned. 

.\t  many  plants  I liroMglidiil  llie  country  at  least  two 
per  cent,  of  the  fuel  consumed  could  be  saved  merely  by 
treating  the  boiler-feed  water  and  so  reducing  the  amount 
(if  scale  in  the  l)oilers.  .V  plant  burning  five  liundred 
tons  of  coal  per  day.  for  instance,  could  .save  ten  tons 
every  day,  which  in  a  year  would  represent  quite  a  sum. 
The  power-plant  operatives  are  not  to  be  critiei.sed  for 
existing  conditions.  They  are  going  about  things  in  the 
conventional  manner,  doing  things  the  same  as  they  have 
always  been  done,  in  the  same  way  that  they  would  be 
done  in  the  plant  next  door. 

Often  it  is  the  owners,  and  those  in  charge  of  the  man- 
agement, who  are  directly  responsible  for  the  losses  which 
are  continually  taking  place  tlirough  their  neglect  to  sup- 
ply men  capable  of  exercising  technical  control  of  these 
features  of  power-plant  operation.  .\nd  for  the  reason 
that  the  technical  man  demands,  and  receives,  a  just  com- 
pensation for  his  services. 

When  the  fireman  says,  "Boss.  Avhat  percentage  of  C0._, 
do  you  want  today?"  watch  out  that  the  steam  doesn't 
go  down  just  when  you  need  it  most — and  don't  fire  the 
fireman.    He  knows  his  business. 

'*: 

Jack  London  tells  of  a  cook  that  was  fed  to  the  sharks 
because  he  wouldn't  keep  himself  clean.  Well,  how  about 
the  fellow  who  lets  the  flue  fill  with  soot  until  there  isn't 
draft  enough  to  carry  the  load? 

If  there's  anything  a  man  should  be  called  down  for, 
it's  letting  steam  blow  out  of  the  back-pressure  valve  at 
the  same  time  the  live  steam  is  blowing  into  the  heating 

system. 

Some  engineers  think  you  don't  need  a  separator  on  a 
superheated  steam  line.  Bet  tliey  never  listened  much 
when  they  started  the  unit  on  the  line.  Sometimes  it 
sounds  like  a  man  gargling  his  throat. 

W. 

Waxing  enthusiastic  over  the  report  of  the  Committee 
on  Progress  of  the  Xational  Electric  Light  Association,  a 
metropolitan  daily  says,  "Although  steam  had  centuries 
the  start,  electricity  already  yields  one-fourth  the  in- 
dustrial power  of  the  United  States,  and  the  prediction 
is  made  that  it  will  rapidly  yield  over  four-fifths,  forcing 
steam  into  the  background."  Let  the  "dailies"  remember 
that,  neglecting  water  power,  for  every  horsepower  out- 
put increase  of  electricity,  there  is  more  than  a  horse- 
power increase  in  steam  somewhere.  Electricity  jnust  be 
generated ;  it  does  not  grow  like  weeds. 
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Last  Lesson's  Answers 

56.  'riicre  are  two  ropes  passing  over  the  pulley  A, 
Fig.  51,  and  the  tension  in  each  rope  is  80  lb.  Hence  the 
weight  that  could  be  placed  on  the  pulley  A  would  equal 

80  X  2  =  160  lb. 

57.  Since  there  are  four  sheaves  on  the  movable  block, 
Fig.  52,  there  would  be  4  X  2  =  8  ropes  passing  over  the 
movable  pulley.  The  pull  in  each  rope  is  100  lb.  Tliere- 
fore,  the  weight  W  would  equal 

8  X  100  =  800  lb. 

58.  Tliere  would  be  five  sheaves  on  the  fixed  block  as 
will  be  evident  from  a  careful  inspection  of  Fig.  54  where 
for  the  sake  of  clearness  tlie  sheaves  are  made  of  vary- 
ing diameter.  The  rope  is  attached  to  the  moval^le  block 
at  the  point  A,  passes  over 
tiie  first  sheave  B  of  the  fLxed 
block,  thence  to  the  sheave  C 
of  the  movable  block  and  so 
on  until  the  rope  leaves  the 
last  sheave  D  on  the  fixed 
block.  There  are  nine  ropes 
supporting  the  movable 
block  and  hence  the  weight 
W  equals 

9  X   100  =  900  U). 

59.  In    problem    57    the 
reaction  R  on  the  hook  equals 
the    sum    of    the    weight    W 
and  the  effort  P  or 
h>  =  800  +  100  =  900  lb. 

Li  problem  58  the  reaction 
li  on  the  hook  is 


900  +  100  =  1000  //;. 

60. 

From   equation    (20) 

,.,       2X  PXR 

where 

P 

=  100  lb. ; 

R 

=  8  in.; 

r 

=  7  in. 

Hence 

W  = 

'(8^7)*  =  "'""' 

Fkiction 
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When  an  attempt  is  made 
to  slide  one  body  over  an- 
other a  certain  resistance  is  encountered  which  must  bo 
overcome  before  the  body  will  move.  This  force  which 
tends  to  prevent  the  motion  of  one  body  on  another  is 
called  the  force  of  friction  or  simply  the  friction  between 
the  liodies.  The  amount  of  this  friction  will  depend 
upon  the  nature  of  the  surfaces  in  contact,  and  the  ma- 
terials of  which  the  bodies  are  made.  No  matter  liow 
smooth  or  regular  the  surfaces  in  contact,  this  force  of 


friction  will  always  be  present  to  counteract  tlie  forces 
tending  to  move  the  bodies,  'i'hus  in  Fig.  55  let  the  body 
.1  weighing  W  pounds  rest  upon  a  table.  Attached  to  the 
weight  4  is  a  cord  passing  over  the  pulley  shown.  Let 
the  force  F  be  increased  until  the  bocly  .4  is  just  on  the 
point  of  moving.  It  must  be  evident  that  the  horizontal 
pull  in  the  cord  is  equal  to  the  force  F,  and  lience  the 
resistance  between  the  body  .1  and  the  table  is  equal  to 
the  force  F  and  acts  in  a  direction  opposite  to  this  force. 

N 


The  force  of  friction  will  alwaya  act  in  a  direction  op- 
posite to  that  in  which  the  body  tends  to  move.  When  the 
l)ody  A  is  just  on  the  point  of  moving  the  force  F  is 
called  the  limiting  or  static  friction  between  the  body  and 
the  table.  The  force  required  to  keep  the  body  in  a  state 
of  uniform  motion  is  found  by  experiment  to  be  less 
than  the  force  which  is  required  to  put  the  l)ody  in  mo- 
tion. However,  when  the  body  is  once  in  motion  the 
force  of  friction  between  the  body  and  the  table  is  called 
the  sliding  friction  and  in  all  cases  this  will  be  less  than 
the  static  or  limiting  friction. 

In  Fig.  55  it  will  be  noted  that  the  weight  W  is  acting 
at  right  angles  to  the  direction  of  motion  of  the  body  .4. 
The  force  or  pressure  tvhich  acts  at  right  angles  to  the 
direction  of  motion  of  a  given  body  is  called  the  normal 
pressure  between  the  given  body  and  the  surface  over 
which  it  tends  to  move.  The  greater  this  normal  pros-' 
sure  the  greater  will  be  the  friction  between  the  given 
bodies,  and  the  greater  will  be  the  force  F  required  to 
move  the  body  A  in  Fig.  55. 

The  ratio  between  the  forci;  of  friction,  or  the  force 
which  is  just  great  enough  to  put  a  given  body  in  mo- 
tion, and  the  normal  pressure  is  called  the  coefficient  of 
friction  of  rest.     T]ius,let 

F  =  Force  required  to  ))ut  tlie  Iwdy  in  motion ; 

N  =-.  Normal  pressure  between  the  given  bodies; 

/  =  Coefficient  of  friction  of  rest. 
Then  from  the  above  definition 

F 


./  = 


N 


F  =  f  X  y 

If  a  force  of  50  lb.  will  move  a  weight  of  200  lb. 
efficient  of  friction  /  will  equal 

F  _  m 

N  ~  200 


(21) 


(22) 
the  co- 


=  0.25 


H'.m 


I'o  w  !■:  i{ 


\oi.  .);»,  No.  '^r> 


Tf,  ill  (M|uiiti(iii  (21),  /•'  ivpifSi'rit.M  (he  iDret  tliiit  will 
|>niilii('i'  uiiiforni  iiiotiuti  nf  llic  Imilv  .1  iiloii^'  tiif  taliir, 
tlii'ii  till'  viiliit'  of  f  will  In-  ciillcd  till'  (iirfficirni  of  friction 
of  inolioii,  and  this  is  the  viiiiu-  toiiiiiioiilv  given  in  lahlcs. 
A  siiti|»l(>  iipimiatiis  lor  (li'tiTiiiiiiin),'  this  cocllicii'iit  i-i 
shown  in  l''i«j.  ."i(!.  whirli  fonsisls  of  a  snioolh  plate  CJl 
III  a  given  material,  on  which  is  plaeeil  a  ImkIv  .1  nC  suine 
oilier  material.  The  weilfie  l>  is  forceil  iiiiilei-  the  plane 
r/>  until  a  slight  tap  on  the  weight  .1  starts  it  down  the 
platu-  with  iiiiifonii  iiiolioii.  'I'lie  angle  li('.\'  angle  a 
is  then  earofiilly  measinnl.  Lri  ihc  line  A'N  represent 
to  .seale  the  given  weight  IT.  ami  let  this  weight  lie  re- 
solved into  two  eomponenis  li'l'  and  TS,  the  former  being 
at  right  angles  to  the  plane  Cli  and  tho  latter  being 
parallel  to  the  |ilaiu'.  '{'he  eU'eetive  force  causing  motion 
down  the  jilane  i^  Iherefore  the  component  TS,  wliiili 
is  the  force  of  gravil\  adiiig  paiallel  to  the  plane.  The 
component  A'7'  causes  no  luoliim,  Imt  is  the  normal  pres- 
sure between  the  weight  M'  and  tlie  plane  CB.  This  nor- 
mal i^rossiir-e  .V  produces  a  force  of  friction  F  which  acts 
parallel  (o  the  plane  and  tends  to  hold  the  body  A  at 
rest.  Now  from  cipiation  {22)  the  force  of  friction  /•' 
is  eipial  to  the  product  of  the  coefficient  of  friction  times 
the  normal  pressure  N.  For  equilibrium  to  e.xist  the 
torce  of  gravity  G  acting  down  the  plane  must  equal  the 
force  of  friction  F,  which  is  acting  up  the  plane  or  F  == 
G.  The  angle  SRT  is  eipial  to  "the  angle  UCX  or  the 
angle  a,  since  the  lino  RT  is  perpendicular  to  the  line  CU, 
and  the  line  R8  is  perpendicular  to  the  line  CX.  -Mso 
the  component  TS  =  IT'  X  •'*i«  a  =  G  and  the  com- 
ponent RT  =  ir  X  '■"■'*  a  =  N.  Therefore,  since  F  =  G, 
IF  X  ••>■'"  a  =  IV  X  cos  a  xf 


,.        ir  X  sin  a       , 

t  =   ,,,  ., =  tan  a 

II    X  cos  a 


(23) 


[Note — The  sine  of  an  ansle  divided  by  the  cosine  of  the 
angle  equals  the  tangent  of  the  angle.  See  the  lesson,  Trig- 
onometry— III,    Dec.    9. •  1913. — Editor] 

Hence  the  coefficient  of  friction  /  is  the  tangent  of  the 
angle  a  at  which  the  plane  Cli  must  be  inclined  to  ]»ro- 
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Fig.  Tyfi. 

diice  imiform  motion  of  the  body  A  dow^n  the  plane.  The 
angle  a  is  called  the  o/c/Ze  of  friction.  The  force  of  fric- 
tion F  is  practically  independent  of  the  area  of  the 
surfaces  in  contact. 

Study  Questions 

fil.  A  cast-iron  body  weighing  200  lb.  rests  upon  a 
horizontal  steel  plate.  If  the  coefficient  of  friction  is 
0.28.  what  force  will  be  necessary  to  move  the  casting  ? 

62.     Is  the  force  necessary  to  raise  a  bodv  from  the 


ground  the  Hamo  aH  the  force  required  to  move  the  bodv 
along  the  ground!''     (live  a  reason  for  your  answer. 

I!.*!.  During  a  given  exporiment  with  the  a|)paratiis 
shiiwn  in  I''ig.  M  the  angle  u  was  found  to  be  1')  dej.-. 
What  was  the  coetlicient  of  friction  between  the  plaiv 
and    the  body  A  'f 

(;i.  A  railway  car  weighing  ()0,0<t()  lb.  riHpiireH  u  force 
111  (iuu  lb.  to  keep  it  in  a  state  of  uniform  motion  along 
H  horizontal  track.  What  is  the  coedicient  of  fri(rtioii 
between  the  wheels  and  the  track,  neglecting  the  fric- 
tion at  file  journals? 

()").  At  what  angle  would  it  be  necessary  to  incline  a 
given  plane  so  that  a  given  body  whose  coellicient  of  fric- 
tion was  0.3  would  move  down  the  plaiii;  with  a  uniform 
speed? 


•nstto  Safety  Settscre^v 

The  accompanying  illustration  is  a  view  of  the  Bristo 
safety  setscrew  and  the  wrench  for  setting  it  up.  The 
hollow  head  is  erpiipped  with  six  dovetailed  slots,  into 
which  corresponding  projections  of  the  wrench  fit.  When 
the  setscrew  is  set  up  there  is  no  tendencv  for  the  wrench 


S.\fi:tv  Setscrkw 

to  expand  or  split  the  screw,  but  there  is  for  the  wrench 
to  contract  ahead  on  account  of  the  angles  of  the  face 
of  the  dovetailed  flutes.  As  the  setscrew,  when  in  place, 
does  not  project  above  the  hub  of  the  pulley,  etc.,  it  thus 
eliminates  a  source  of  clanger  to  the  workmen. 

This  setscrew  is  manufactured  by  the  Bristol  Co., 
Waterbury,  Conn.,  and  is  made  in  sizes  from  V^  to  an 
inch  in  diameter,  with  U.  S.  standard  threads,  for  all 
stock  sizes,  and  can  be  furnished  in  sets  of  round,  flat, 
conical  and   dog  point,  instead  of  the  cu]i  point  shown. 


Globe  Valves  for  Superheated  Steam  in  Europe — Some  time 
since,  "Power"  was  called  upon  to  verify  tht-  statement  that 
globe  valves  were  exclusively  used  for  superheated  steam  in 
Europe,  on  account  of  the  liability  to  distortion  of  gate 
valves  with  the  high  excessive  changes  in  temperature.  X^'e 
referred  the  question  to  Dr.  ing.  h.  c.  Wilhelm  Schmit,  the 
eminent  authority  upon  superheaters,  and  are  advised  by  him 
that  "In  Germany  globe  valves  have  always  been  used  nearly 
exclusively  for  saturated  as  well  as  for  superheated  steam. 
The  use  of  gate  valves  for  this  purpose  has  been  quite  ex- 
ceptional. So  far  as  I  know,  other  European  countries  follow 
the  same  practice.  I  do  not  know  of  any  bad  experiences 
with  gate  valves,  as  I  do  not  know  of  any  case  in  which  this 
gate  has  been  used  with  superheated  steam.  Over  here,  gate 
valves  are  used  for  the  most  part  only  in  connection  with 
w^ater,   gas   and    exhaust-steam    piping." 


June  2;],  1!)14 


P  0  W  P]  R 


897 


M©dlers\tte   Sl^e^* 

I:Y     HDIIACIO    JUUD 

Much  is  being  said  about  the  high  overload  efficiency  to  be       tubes   (12  wide  and   10  high)   inclined  from  front  to  back  and 

expected   from    the   underfeed    type   of  mechanical   stoker,   and  17  feet  8  inches  long.     A  steam   drum   42   inches  diameter  and 

the    results   of   a    number    of   carefully    made   tests    have    been  9    feet    10    inches    long    is    placed    transversely    over    the    rear 

presented  to  tho  public  during  the  past  few  years  showing  re-  header,     to    which    it    is    connected    by    12    4-inch    circulating 

markable  efficiency  and  economy   for  this   type  of  furnace.  tubes,   3   feet   4    inches   long.     This   drum   is  also   connected   to 

The    trials    thus    reported    have,    for    the    most    part,    been  the   front   header  by   12   four-inch    horizontal    tubes   I.';   feet   11 

conducted    under    favorable    conditions,    with    the    boilers    and  inches    long,    with    the    normal    water    level    at    the    center    of 

furnaces    often    of    unusually     large    sizes,    which    have    been  these  tubes.     The  total  heating  surface  is  24S5  sq.ft.,  giving  a 

operated   under  expert  guidance.     In  view  of  thi.s,   it  has   fre-  builders'    rating    of    248.5    boiler    horsepower.      There    are    the 

quently     been     a     query     with     interested      power-plant      men  usual   three   tiansverse  passes   for   the   Hue  gases   through   the 

whether    the    stoker    in    units    of    moderate    size    would    give  boiler,   the   first  baffle   wall   being  a   continuation   of   the    back 

the  same  favorable  showing  when  tended  by  the  average  fire-  wall    of    the    furnace    and    the    second    baffle    extending    down 

man.  from   above   to   the   third   row   of   tubes   from   the   bottom. 

During   the   past    year   the   writer   has   had   an   opportunity  The    <lue    gases    were    passed    to    a    Green    fuel    economizer 

to  make  a  series  of  evaporative  tests  on  a  250-hp.  Babcock  &  having  160  four-inch  tubes   giving  2040   sq.ft.   of  heating  sur- 

Wilcox    boiler    and    a    300-hp.    Planner    boiler,    each    equipped  face.      To    provide    ample    draft    facilities,    the    economizer    is 

TABLE  1.     AVERAGE  DATA  AND  RESULTS  OF  EVAPORATION  TESTS 

1  Kind  of  furnace — Three-retort  Taylor  Gravity  Underfeed  Stolter 

2  Kind  of  boiler— Babcock   &   Wilcox  Flannery,  Cross-Drum,  Water- 

Cross-Drum,  Water  Tube  Tube 

3  Grate  surface — 41  sq.ft.  4,5  H(i.ft. 

4  Heating  surface — Boiler  2485  sq.ft.  Economizer  2040  sq.ft.  31,30  sq  ft 

5  No.  of  trial 1                         2                    3  4                    .5                        G                    7                         8 '    '              9                      10 

6  Date 3-20-13             3-21-13         3-22-13  3-24-13         3-25-13             3-27-13          4-9-14              5-18-14         5-22-14            6-2-14 

7  Duration,  hr 10                      10                  10  10                  10                       10                  10                       10                  10                     10 

Average  pressures 

^Barometer 29.01                28.58            29  74  29  08            28.89                28  94            29.46                29  82            29  32              29.55 

9  Boiler  gage 96.8                  96.5              96.0  99  7              97  6                  99  5             123  8                115   1            118  3              123  8 

lOTuyerebox 1.50                  1.45              130  1.80              2  42                   190              148                   166              2  76 

1 1  Draft  over  fire 0.125                 0.09              0  16  0.15              0  16                  0  19            0  045                 0  03            0  038              0023 

12  Draft  leaving  boiler 0.32                  0.42              0  34  0  31              0.39                  0.44              0  24                  0  25              0  32                0  34 

13  Draft  entering  economizer 0.71                  0.73              0  74  0  74              0.89                  0  75              . 

14  Draft  leaving  economizer 0.78  0.81  0  80  1.10  1.14  '.'..'.  [,',', 

Average  temp. 

15  Fire  room 88                      84                  78  80                  87                      76                  71                       94                  96                  95  5 

16  Flue  gas  leaving  boiler 745                    705                664  711                710                    6.57                4,50                    406                485                  664 

17  Flue  gas  entering  economizer 541                     .501                .508  543                530                    507 

18  Flue  gas  leaving  economizer 274                    271                2()9  278                265                    249                ....                    ....               .  .  ,[                 '/,,[ 

19  Feed  water  entering  economizer 147                     144                140  14.5                134                     121                .      . 

20  Feed  water  leaving  economizer. .....  .       170                     169                180  171                 165                     157                .... 

21  Feed  water  entering  boiler 162                     161                170  160                152                     143                 54                      192                 69                    75 

,     .       ,„     .        „      ,                                  ,,         „   ,.                          „     ,.  West  Virginia  Fairmont         West  Va.  Thackcr 

Analysis  of  Coal  as  fired                       West  Va.     Splint                      Hocking  Pitts.  No.  8                              District                       Coal  Field  Washed 

Grade  ,. Nut,  pea  and  .slack ^     , Nut  and  pea » 

22  Moisture 4  42                  4.66              9.40  11.62             6  31                  3  79              6  31                  3  90              2  73                6  09 

23  Carbon -. 70.74                64  48            63.25  60  23            66.57                69.21            66  39                71.59            7195              70  47 

24  Hydrogen 5.10                  4.98              5.16  5.21              5  22                  5.12              5  01                   4  98              4  87                5  42 

25  Oxygen 11.49                11.46            17.13  18  69            12.31                 10.33            13  76                 9  93              8  93               12  90 

26  Nitrogen 1.31                   1.27              1.19  112              1.16                  1.21              110                  114              114                149 

27 -Sulpliur 1.06                  1.58              1.08  0X5              3.64                  3.56              2  79                  2  42              3  36                110 

28Asli 10.30                12.33            12.19  13.90            1110                10.57            10  95                 9  94              9  75                862 

28A  Combustible  in  refuse 19   19                29.89            22.77  17.57            25.89                28.55           25.50                41.50            48  53              22  89 

29  Unburned  coal 2  73                  5  94              5.34  3.44              4.30                  4.70              4  21                  7  83             10   17 

30  Heating  value,  coal 12,697               12.375           11,164  10,570           12,067               12,582           12,184               12,830           13  i''0              12  744 

31  Heating  value,  combustible 14,889               14,890           14,244  14,191           14,625               14,092           14,700             14i980             14[950 

with  a  three-retort  Taylor  stoker.  Four  different  kinds  of  coal  equipped  with   a   120-inch  induced  draft   fan.     The  economizer 

were   used   and   the   only   instructions   to   the   firemen   were   to  is    of    unusually    large    size,    its    surface    being    over    82    per 

run  the  furnace  and  boiler  as  usual  and  as  if  no  boiler   trial  cent,   of  the   boiler   heating   surface,    to   give   a   large   storage 

were  in  progress.  capacity  of  hot  water  for  laundry  use. 

LOCATION   OP  PLANTS  ^*  *'i®  university,   the  boiler  tested   is  one   of  a  battery   of 

Six    of    the    trials    were    conducted    in    March,     1913,    on    a  *'^°V°*    *^^    horizontal    cross-drum,    water-tube    type    known 

2.50-hp.     Babcock    &    Wilcox    boiler    of    the    cross-drum     type  'l^^^".  ^'^"\^''-    ,"   ''?  J.'"  }^^%^-i"^^    t"'^^^    IS    ft.    long,    36 

forming    the    boiler    equipment    at    the    Troy    Laundering    Co.,  ^J'Z  '  ^^^.  *"^^^  \^  ^'^^^  i"'        ?    °"^  ^""^  ^'^  three-inch  tubes 

Columbus,   Ohio;  and  three  of  the  trials  were  made  on  a  300-  ^    ^'^^^    3    inches    long.      These    latter    connect    the    front    and 

hp.   Planner  boiler  also  of  the  cross-drum   type,   at   the  power  T^'^'    headers    to    the    steam    drum.    54    inches    diameter.    10    ft. 

plant    of    the    Ohio    State    University,    Columbus,     Ohio.      The  1°"^'  ^'^'ch  is  placed  transversely  and  nearly   over  the  center 

boilers  at  both  places  were   equipped   with   three-retort   stok-  "J^    l^^    ''^'^^^^.l^^    °f    ^^^    ^°''^''-      "    ^^^    ^^^^    ^•'■"-    heating 

gj,g  surface,  with  three  transverse  passes  for  the  flue  gases.     This 

The    boiler    trials   at    the    laundry    were    carried    on    under  ^"'';;  '^  ""  ]""'[  °JJ^^  university  boiler  equipment,  amounting 

the  writer's  direction  in  cooperation  with  Messrs.  C.  C.  Brown,  ZJ^\-°   ^^""^   ^OOO   rated   boiler   hp     all    of   which,    with    the 

H.    B.    Craft    and    W.    O.    Durbin.    members    of    the    graduating  ^^?f,^*'°"     °/     '^°^^     recently     installed     and     equipped     with 

class    of    1913    in    mechanical    engineering    at    the    Ohio    State  ^'^^'"'^  "'°'^<^'-^'  ^'^  operated  wholly  on  natural  draft. 

University,  v/ho  incorporated  the  results  of  the  trials  in  their  METHOD  OF  CONDUCTING  THR   TESTS 

graduating    thesis.  During   the  boiler   trials,   excepting  Nos.   S   and   0     the   flre- 

The    coals    used    were    representative    soft    coals    from    the  „,an    followed   the   customary    routine    of   operation    'using   his 

different    fields    lying    in    or   adjacent    to    the    Ohio    fields    and  own   judgment   as   to   the   proper   thickness    of   fire,'  draft   and 

were  as  follows:  time    of   dumping   ashes.      The    tubes   were    blown    about    two 

West  Va.  splint,  nut,  pea  and  slack.  $2.40  per  ton  delivered  hours   previous    to    each    test.      At    the    laundry    ten    hours    is 

Hocking,     nut,    pea    and    slack,     $1.65    per     ton    delivered.  the  average  length   of  time   during  which  a  steam   supply   ig 

Pittsburgh  No.  8  nut.  pea,  and  slack,  $2.20  per  ton  delivered.  needed.     Ten    hours   was   therefore    taken   as   the   duration    of 

THE    BOILERS  trial,    with   readings   every    fifteen    minutes   excepting    for    the 

„,       ,     .,         .                   ^    .1.      T>   1         10     T.,.,                         ,  coal  and   water,   which   were   weighed    out   as   needed     and    for 

The    boiler    is    one    of    the    Babcock    &    Wilcox    cross-drum  j.„  „    „                    ,                ...                »    ,                     iieei.eu,   aiui    lor 

.        ^               ...,.          ».      ,  I,       1                       i   J  u      ,o„  J,          .      ,  t"^  flue-gas  analyses,  which  were  taken  every  half-hour  from 

marine  tvpe,  with  vertical  headers  connected  by  120  four-inch  „     „,..             ,      ,                       1         ,,,         ,.          ,.                          iiom 

•  '  a  continuously  drawn  sample.     All  such  '-eadings  were  totaled 

7Z                                        .    ,   1    *          .u     ^v,-      o.     .   ..        ^   .,  °'"  averaged   for   the   entire   run:    the   results  are   to   be   found 

♦From   a   paper   presented   before   the   Ohio   Society    of   Me-  „„   the  observed  data  and   result  sheeto   rTahl»=  1    ^„^   ox 

chanical,     Electrical     and     Steam     Engineers,     June     1914,     at  L"     "oseivea  ciaia  and  lesuit  sheets   (Tables  1  and   2). 

Sandusky,  Ohio.  These    results,    where   necessary,    are   corrected    for   errors 
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line  to  thti  Inntnimcntn.  and  Iho  prlnclpnl  rPHUltM  nn  kU«ii 
iin'  iinuiiuvil  In  the  i>nl«>r  <if  tlic  code  i«'roiiiiniiiuluil  for  IioIIim- 
liliilii  liy  till-  A.  S.  M.  !•;.  Tho  tiiyiTu  box  piomiuio  In  Inrlu-M 
of  wiitor  \vii8  tiikoii  liy  a  H-tului  iniinoniolor.  tlio  driifl 
IMKSHUrpH.  by  KlllHon  (lUTuicntlnl  «liiifl  kiik«^m:  tli«  Hue  li-in- 
IK-iuturvii.  by  IIMK)  iIoki'i'i'M  1''-  Hobnmnn  .V  Miiun-r  in«>ri'Uiy 
|i\  roniotoi»,  with  ri-iU>Ki«<o  (UvImIomh;  all  olhrr  tt-nipviiituron, 
by  tho  orillnaiy  i-lipnilcal  thcrtnoniotor  with  t wo-ilrKie<'  <ll 
vIhIoiih  oxceptInK  Iho  food- watiT  Iheinionietor.  wlilrh  wa.i 
Kiaduatcd  to  read  doKrcoH.  Thr  I'oal  and  water  wore  wi-IkIumI 
<iii  i)Iatforni  Bcalcs  of  1200-pound  capacity  ca|)al)lo  of  be- 
ln«    rond    to    \vlthln    one-half    pound. 

Coal  sampleH  were  taken  from  each  bnrrow  or  bucket  of 
coal.  aniovmtlnK  In  all  to  about  COO  pounds  per  trial.  ThcH'i 
samples  were  analyzed  for  niolsturo,  awh  and  Hulphur  and 
the  hcatlPK  value  wasi  found  by  a  Mahler  calorimeter.  In 
trial  No.  T.  the  ultimate  analy.ils  waa  alHo  found,  but  for  the 
other  ca.ses  the  ultimates  were  llnured  from  a  known  average 
ultimate  analy.sis  frpni  the  same  vein  of  coal.  The  coni- 
bu.stlble  In  the  ash  was  found  from  a,  anniplo  of  the  refuse 
and  ash  In  the  ash  pit.  The  percentage  of  uuburned  coal 
was   found   by    the   expression 

a  c 


U  — a)  (1  — r) 
Where  d  =  Per   cent,    of   unburned    coal    In    total   coal   as   fired, 
a  ~  Per  cent,   of  ash   by   analysis   In   total  coal   as   fired, 
c  =  Per  cent,   of  combustible  in   refuse   from  ash   pit. 

TABLE  2.     .WERAGE   D.\T.\   A.Nb 

No.  of  trial '  ^  •* 

Coal  |KT  hr 

32  t'irod  per  hr "''- 

33  Per  -sq.ft.  ttratc f->_\ 

34  Combustible  burned  per  l>r 133}> 

35  H.p.hr.  stoker  erank  shaft 30 

36  Coal  per  retort  |>er  revolution 15.0 

37  Coal  per  hr.  |»r  boiler  hp 3. 78 

Water  per  hr.  _„„ 

3S  Fed  to  boiler,  lb 13,723 

39  Quality  of  steam 98^5 

40  Equivalent  dry  steam,  lb 13,i>lG 

41  Factor  of  evaporation 1 .091 

42  Equiv.  evaporation  from  and  at  212°,  lb 14,741 

43  Equiv.  evap.  per  sq.ft.  hcatinis  surface,  lb 5.90 

43.V  Cost  iK>r  1000  lb.  equiv.  evaporation 13. 12c. 

Horsepower 

44  Developed 426 

45  Builders  rating ,2o 

46  Per  cent,  builders  rating 172 

Economic  Result.*; 

47  Water  fed  per  lb.  actual  coal,  lb 8.52 

4.S  Equiv.  evaporation  per  lb.  actual  coal,  lb 9.15 

^9  Equivalent  evaporation     per     lb.     combustible 

burned,  lb 11  02 

Efficiency 

50  Boiler  and  furnace,  per  cent 71 .8 

51  Boiler,  furnace  and  grate,  per  cent 69.9 

Flue  gas  per  cent,  by  vol.  _ 

52  Carbon  dioxide 15 .  20 

53  Oxygen 3.46 

54  Carbon  monoxide 0 .  39 

55  Per  cent,  excess  air ^^  V? 

50  .Ur  req.  per  lb.  coal 8.9 

Heat  losses,  per  cent. 

57  Latent  heat 3 .  o4 

5S  Carbon  monoxide '  "t^ 

59  Products  of  combustion 12.71 

60  Excess  air 2.11 

01  R.idiation.  etc 7   19  l_^j>  ^.  o^ 

62  Per  cent,  black  smoke  by  chart l-^  1  1'  O  o.o 

The  percentage  of  moisture  in  the  steam  was  obtained  by  a 
Barrus  throttling  calorimeter  attached  to  the  steam  pipe  near 
the  steam   outlet  to  the  boiler. 

The  efficiency  of  the  boiler  and  furnace  is  taken  to  be  the 
heat  actually  absorbed  by  the  water  evaporated  by  one  pound 
of  combustible  burned,  divided  by  the  heating  value  of  one 
pound    of    combustible. 

The  efficiency  of  the  boiler,  furnace,  and  grate  is  taken  to 
be  the  heat  absorbed  by  the  water  evaporated  by  one  pound 
of  coal  as  fired,  divided  by  the  heating  value  of  one  pound 
of  actual  coal. 

DISCUSSION  OF  THE  PRINCIPAL,  RESULTS 
The  results  obtained  from  the  trials  at  the  laundry  indi- 
cate on  the  whole  a  satisfactory  performance  for  a  boiler 
equipment  of  the  smaller  sized  unit  when  operated  under 
overload  conditions  with  the  ordinary  care  of  the  average 
fireman. 

The  side  cleaning  doors  bring  the  ash  bed  within  easy 
view,  and  the  rocking  and  jarring  action  of  the  extens'ion 
grate  in  most  cases  will  be  sufficient  to  break  up  the  clinker 
preparatory  to  dumping.  The  extension  grate  when  raised 
to  its  highest  position  not  only  prevents  the  coal  bed  from 
sliding  forward  when  the  dump  plate  is  down,  but  makes  it 
possible  to  feed  the  coal  continuously  during  the  dumping 
period,    thus    keeping    up    the    steam    pressure. 

The  ease  with  which  the  dumping  process  is  managed  will 
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depend  larKcly  upon  (he  cllnkorInK  propertlcH  of  tho  ciml. 
ir  the  coal  IwiH  an  mnIi  enMlly  funlble  under  (hu  action  of  the 
hiKh  fuinacu  tonipcruturu  and  the  liicrc:iHUil  air  bInHt  neces- 
Mary  for  hlxh  ovurloud  opcrntlun,  the  cllnk<-r  will  provu 
tioubleHuniu    by    ehokliiK    the    KriileH   and    rcturdluK    thu    druft. 

TAIII.K    3 

Interval 

bctwi'i'ii  Pi-r  Per 

Trial  UuinpH,     Cent.  Un-        Cent. 

No.  KlndofCoul  Hr.      Iiurn<-d  Coal   Hulphur 

1 W.  Va.  .Splint  Z.r>  2.73  l.Ofi 

2 W.  Va.  Splint  2.5  5.a4  1.6« 

Av.  4.31        Av.  1.32 

3 MockliiK  2  5.34  1.08 

4 Mocking  2  3.44  0.86 

Av.  4.39        Av.  0.97 

5 IMttB.  No.  S  3  4.30  3.64 

6 I'ltlB.  No.  8  3  4. 70  3. 56 

Av.   4.60        Av.  3.fiO 

7 W.  Va.,  Fairmont  Klstrict      2.4  4.21  2.7!t 

8 W.  Va..  Fairmont  District      1  7.83  2.42 

!i \V.    Va.     (washed),    from 

Thacker  coal  llclds  1  10.17  3   Sf. 

10....      Thacker   nut  and   pea  2.5  2.3  1.10 

For  dump  periods  ranging  from  two  to  thres  bourse  fT.'ibln 
3)  the  percentage  of  unburnel  coal  i)aH8lng  into  the  as'i  pit 
averaged   4.36%    for  Trials   1   to  7. 

For  Trials  8  and  9  with  one  hour  duriii)  periods  tho  averago 

RE.Sll.T.S   OF   EVAPORATE   TESTS 

4  5  0  7  8  9  10 

19i;i  1825  1717  1001  2070  2.528  2470 

58.9  55  3  53  1  48.5  46  0  50  2  55.1 

1397  1441  1425  1265  1988  2050 

41  38.4  37  8  38.5  41  7  51.8  

15  8  15.9  15  9  15.8  16.0  17.3  

4.73  4.19  4.21  4.00  3.90  4.34  

13,280  13,900  13,2.")5  11.255  ll.;5(W  

97  9  97.9  97.8      99.0  99.0  99.4  99.3 

12,995  13,008  12,904  11,279  10,865  

1.093  1.101  1.110  1.206  1.192  

14,204  15,049  14,390  13,603  20,105  21,877 

5.68  6.02  5.76              4.33  6.38  

11.29c.  13.36c.  13.34c 

411       436       415       394       524       .583       635 

248  5     248.5     248.5      313       3i:i       313       313 

165       176       167       126       107       180       203 

0  84      7  00      7.50      7.13      6  71      7.5.5 

7  31      8  25      8.24      8.49      8.71      7.96      8.95 

10.17     10.45     10  09     10  75      10.11     10.68) 

09  4      09.3      66.7      71.0      60       68.1 

67  1      60.3      63.5      07.0      65  8      .59.0      

14  70  12  40  12.10  10.84  12  95  11  97  14.00 

2  .TO  5  51  5  20  8.32  5  33  4. .52  2  70 

0  70  0  05  0  15  0.13  0  40  0  91  0.25 

12  0  34  4  31.0  05.2  33  0  20  3      

7.0       8.3  9.0  8.5  8.5      

4  43  3.85  3  01  3  00  3.33  3  10  3.84 

2  67  0.24  0  00  0  03  1  01  3. .53  1.29 

12.09  11.99  11.42  7.77  6  92  6.91  11.19 

1  28  3.51  3  13  3.99  2  02  1 .  .57  1.37 

8  39  9  75  12.93  12  17  12  48  15.82  11.41 
15.7  12.7  13.8      15.0 

unburned  coal  loss  was  9  per  cent.,  showing  that  the  un- 
burned coal  loss  varied  about  inversely  as  the  length  of  the 
dump  interval. 

While  the  presence  of  sulphur  in  the  coal  may  not  have, 
as  some  claim,  any  great  effect  on  the  clinker  formation,  it 
was  found  at  the  laundry  that  the  third  kind  of  coal  used 
(Pitts.  No.  8),  containg  3.6  per  cent,  sulphur,  gave  the  most 
trouble  from  ciinkering  and,  in  addition,  when  the  refuse  was 
dumped  or  when  the  fan  was  slowed  dow-n  temporarily,  the 
sulphur   fumes   became   almost   unbearable. 

UNBURNED  COAL — The  amount  of  unburned  coal  (Table 
3)  present  in  the  ashpit  lefuse  is  influenced  by  the  rate  of 
coal  feed,  the  number  of  dumps  made  and  the  degree  to  which 
the  coal  clinkers.  If  the  coal  is  fed  too  ft.st,  some  of  the  coke 
may  be  pushed  forward  onto  the  dump  plate  where  the  air 
supply  may  be  insufficient  to  burn  it  completel.v.  When  the 
refuse  is  allowed  to  accumulate  too  long,  some  of  the  coke 
may  also  become  buried  under  the  ash  and  clinker.  The 
clinker,  if  easily  fused,  may  run  down  and  envelop  some  of 
the  unconsumed  coal.  For  the  Pitts.  No.  8  coal,  with  a  three- 
hour  dump  interval,  more  trouble  was  experienced  with 
clinker  formation  and  a  larger  percentage  of  unburned  coal 
was  present  in  the  refuse. 

U'NIFORM  COAL  FEED — The  coal  feed  is  uniform  and 
positive  and  under  control  through  the  speed  regulator  on 
the  fan  engine.  The  rate  of  feed  can  be  approximately  de- 
termined by  noting  the  revolutions  of   the  upper   rams,   sinco 
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each  ram  plunger  forms  a  displacement  meter  and  for  the 
same  kind  and  grade  of  coal  will  discharge  nearly  the  same 
weight  of  coal  per  revolution  of  plunger.  For  the  grade  used 
in  Trials  1  to  7  inclusive,  the  amount  fed  per  retort  per 
revolution  of  the  stol<er  shaft  ranged  from  14.8  pounds  to 
16.1    pounds,    with    an    average   of   15.7    pounds. 

For  the  diffeient  kinds  of  coal  used  the  average  rates  of 
combustion  are  given  in  Table  4, 

TABLE     4 

Lb.  per  Coal  Coal 

Retort  per  Hr.      per 

per  Rev.  of  per      Hr.  per 

Trial                                                                 Revolu-  Stoker  Sq.Ft.  Boiler 

No,                           Kind  of  Coal                   tion  per  Hr.  Grate  Hp. 

1 West  Va.   splint                              15.0  .'JS.O  39.3  3.78 

2 West   Va.   splint                             16.1  32. S  38.4  3.72 

3 Hocking                                             14.8  36.3  39.0  4.31 

4 Hocking                                              15.8  41.0  47.5  4.73 

5 I'itts.   No.    S                                      15.9  38.4  44.5  4.19 

fi I'itts.    No.    8                                         15.9  36.8  42.8  4.21 

7 \\'iKt  Va.,  Fairmont  Region     15.8  38.5  35.6  4.06 

8 "^A'est  Va..  Fairmont    Region    16.6  41.7  46.0  3.96 

9 West       Va.        I  washed). 

Thacker    coal    fields                17.3  51.8  56.2  4.36 

10....           Thacker    nut    and    pea           15.3  53.9  55.1  3.90 

AIR  REGULATION  AND  AIR  EXCESS— Close  air  regula- 
tion is  also  possible  and  the  proper  amount  is  supplied  en- 
tirely by  means  of  the  forced  draft  fan.  For  a  given  coal 
it  is  necessary  only  to  determine  the  required  amount  of 
draft  over  the  fire  to  secure  good  combustion  conditions  as 
shown  by  the  flue-gas  analysis.  This  is  chiefly  a  matter  of 
obtaining  the  right  speed  ratio  between  the  fan  engine 
and  the  stoker  shaft.  When  the  proper  air  supply  is  se- 
cured, it  can  be  so  maintained  independent  to  some  extent  of 
the  rate  of  combustion  since  the  coal  feed  and  air  supply 
are  both  controlled  by  the  fan-engine  governor.  Occasion- 
ally, the  fireman  may  find  it  necessary  in  maintaining  a  uni- 
form draft  over  the  Are  to  adjust  the  damper  in  the  air 
pipe  leading  to  the  windbox;  but  most  of  the  regulation  may 
be  made  at  the  flue  damper.  The  tuyere  box  pressure  should 
remain  nearly  constant  for  a  given  rate  of  combustion  and 
draft  over  the  fire;  increasing  with  a  higher  rate  of  coal 
feed.  Should  it  be  necessary  to  increase  the  tuyeie  box  pres- 
sure to  get  tlie  proper  draft  over  the  fire,  other  conditions 
remaining  constant,  it  would  indicate  that  the  fire  bed  was 
becoming  clogged  and  that  the  air  supply  was  restricted  by 
clinker    formation. 

Where  a  CO2  recording  apparatus  is  available,  the  con- 
dition of  the  fire  may  be  more  closely  watched  and  the  air 
supply  may  be  kept  down  to  the  point  where  carbon  mon- 
oxide begins   to  appear. 

During  the  tests  at  the  laundry,  owing  to  the  extrem^.v 
variable  load,  the  draft  over  the  fire  showed  a  wide  in- 
stantaneous variation  ranging  from  a  pressure  slightly  above 
zero  to  as  much  as  %  inch  suction,  though  the  average  re- 
sults are  fairly  unifoim,  varying  from  0.09  inch  to  0.19  inch. 
This  could  be  improved  by  placing  the  induced  draft  fan  at 
the  economizer  and  the  stoker  fan  under  the  same  speed  con- 
trol wliich   would   tend   to  a   more  evenly  balanced  draft. 

At  the  university  the  fireman  was  aided  in  the  manage- 
ment of  the  stoker  by  a  General  Electric  steam  flow  meter 
near  by,  which  indicated  the  output  of  the  boiler,  and  also 
by  a  gage  showing  the  amount  of  draft  carried  over  the  fire. 
For  trial  No.  7  this  gage  varied  from  zero  to  0.15  inch 
suction   with    an   average    of    0.045    inch. 

This  close  air  regulation,  together  with  the  fact  that  the 
air  in  passing  through  the  tuyeres  is  preheated,  and  also 
because  of  the  fairly  large  combustion  chamber,  will  result 
in  a  high  furnace  temperature;  consequently  a  more  complete 
state  of  combustion  is  secured  with  good  smokeless  con- 
ditions. 

The  smolce  oljservations  as  given  on  Table  ,")  were  taken 
with  a  Ringelmann  smolce  chart  at  the  heaviest  load  period 
during  each  day's  run  at  the  laundry  and  show  about  the 
same  degree  of  density  for  each  day.  The  smoke  was  light 
in  color  and  in  general  was  only  slightly  darker  with  the 
increase  in  load.  The  percentage  of  black  smoke  by  the  chart 
ranged  from  5  to  17  per  cent.  The  flue-gas  analyses  showed 
that  these  nearly  smokeless  conditions  had  been  accompanied 
by  small  percentage  only  of  excess  air,  which  dropped  as 
low   as   1 2   and    never   exceeded    35    per   cent. 

It  will  also  be  seen  from  Table  5  that  for  Trials  1  to  6  the 
amount  of  CO2  ranges  from  12  to  15  per  cent.,  with  a  cor- 
responding drop  in  the  percentage  of  oxygen  of  from  5.5  to 
2.5  per  cent,  and  a  CO  content  varying  inversely  as  the 
oxygen. 

Table  6  gives  a  few  individual  flue-gas  readings  as  taken 
during  the  trials.  These  show  that  for  COj  values  up  to 
about  12  per  cent.,  only  a  slight  trace  of  CO  is  present, 
while  for  values  from  about  12  to  16  per  cent,  large  in- 
creases in  CO  may  be  expected  up  to   1.5  and  higher.     Hence, 


for  running  conditions  as  found  at  the  laundry,  it  would  seem 
unwise  to  raise  the  CO2  much  in  excess  of  12  to  13  per 
cent. 

TABLE  5 

Per  Cent.  Per  Cent.  Loss  Due  to 

Trial          Flue  Gas  Air  Flue  Prod,  of  Exc.  Per  Cent 

No.     CO,       O       CO  Exc.  Temp.  Combustion  Air      CO  Blaclc  .Smoke 

1  15.20  3.46  0.39  19.4  74.5  12  71  2    U    1   40  13   1 

2  14.20  5.22  0.40  .33.6  70.')  11.9.5  3  42   149  17   1 

3  13.50  5.50  0.09  34.9  664  11   65  3  .54  0  .30  .5 0 

4  14.70  2.30  0.70  12.0  711  12.69  1:28  3.54  1.5  0 
;^  S  fR  -^  •'^l  "  "S  ^**  710  11.99  3  510  24  12  7 
()     12   10  5.20  0.1.5  .31.6  6.57  11.42  3.13  0  06  1.3.8 

7  10.84  8  32  0.13     65  2       4.50  7  77  3  99  0  03 

8  12  95  5. .33  0.40     ,33  0       466  6  92  2  02   1   61 

9  1197  4.52  0.91      26  3       485  6  91  1.573.53 

10      14.60  2.70  0.25     14.3       687  1119  1371.29  15.0 

TABLE  6 
Flue  Gas  Per  Cent.  i>y  Volume 


CO, 
10.0 
12.4 
13.0 
15.0 
16,0 


9  0 

6  4 

5  8 

3  1 

1  0 


For  Trial  7  the  CO™  ranged  from  9  to  13  per  cent,  with  an 
average  of  10.84  with  CO  ranging  from  0  to  1  per  cent. 
averaging  0.13.  The  flue-gas  condition.s,  as  might  be  ex- 
pected, ran  a  little  better  during  the  first  half  than  during 
the  latter  half  of  the  trial,  due  in  part  to  change  in  firemen, 
the  one   for   the   last   half  tending  to  carry  a  thinner  fire. 

Trial  8  gives  good  COo  results  with  33  per  cent,  excess  air, 
but  shows  an  increase   in  CO,   rising  to  about   0.4   per  cent. 

Trial  9  is  given  to  bring  out  a  state  of  combustion  which 
may  prevail  where  a  comparatively  low  value  for  CO:,,  is  ob- 
tained (12.95  per  cent.)  even  with  a  low  percentage  of  oxy- 
gen (4. .'52)  giving  a  low  percentage  of  excess  air  (26.3  per 
cent).  The  high  percentage  (0.91  per  cent)  of  CO  obtained 
shows  an  unequal  air  distribution,  due  probably  either  to 
the  clogging  of  the  air  passages  caused  by  the  high  caking 
tendencies  of  the  coal  or  by  the  liberation  of  gusts  of  volatile 
gases  which  failed  to  be  fully  burned  in  the  combustion 
chamber  before  reaching  the  cooler  surfaces  of  the  boiler 
tubes.  The  last  kind  of  coal  (Pitts.  No.  8)  used  at  the 
laundry  and  the  coal  used  at  the  university,  especially  that 
for  trial  9,  had  higher  caking  properties  than  either  the 
West  Virginia  Splint  or  the  Hocking  coal,  which  would  seem 
to  indicate  that  a  caking  coal  was  harder  to  manage  in  this 
class   of  stoker  than  a  noncaking  or   free-burning  coal. 

TABLE    7.       OVERLOAD    CAPACITY    AND    EFFICIENCY 
Equiv.      Equiv.   Efficiency 
Per         Evap.        Evap.       Boiler, 

Cent,    per  Lb.      per  Lb.        Grate   Coal  per     B.t.u.       Radia- 
Trial   Rat-       .Actual        Comb.         and        Hr.  per     Actual         tion. 
No.       ing  Coal        Burned   Furnace      B.hp.  Coal  Etc. 

Lb.  Lb.      Per  Cent.       Lb. 

7 126  8.49  10.75  67.6  4.06  12,184  12. 7S 

3....      149  8.03  10,97  69,9  4,31  11,164  5.65 

4 165  7.31  10.17  67.1  4,73  10,570  8.39 

6....      167  8.24  10.09  63.5  4.21  12,582  12.93 

2 171  9.26  11.86  72.5  3.72  12,375  1.25 

I..-.      172  9.15  11.02  09.9  3.78  12,697  7.19 

5 176  8.25  10.17  66.3  4.19  12,067  9.75 

8....      167  8.71  65.8  3.96  12,830  12.48 

9....      186  7.96  10,11  59,0  4.34  13.120  15.82 

10...       203  8.95  10.68  68.1  12.744  11.41 

Av.  4.15 

Table  7  contains  the  average  results  for  the  combined 
boiler,  furnace  and  grate  efficiencies  at  overload  capacities 
for  the  nine  trials.  The  percentage  of  rating  for  Trials  1 
to  7  varies  from  126  to  176  per  cent.,  with  more  than  half 
the  trials  averaging  about  165.  At  the  laundry  the  com- 
bined efficiencies,  with  one  exception,  range  from  66.3  to  72.5 
per  cent.  The  trials  showing  the  lowest  efficiencies  were 
those  where  Pitts.  No.  8  coal  was  used,  which  gave  the 
most  trouble  from  clinl<ering  and  which  also  seemed  to  be 
a  highei-  caking  coal  than  the  other  two  kinds  used.  The 
extreme  fluctuations  in  the  load  at  the  laundry  made  it  diffi- 
cult to  regulate  the  thickness  of  the  fire,  and  this  fact  em- 
phasizes tlie  need  of  maintaining  a  boiler  test  for  at  least  ten 
hours   unless   the   load    should   remain   fairly   uniform. 

Trial  7  shows  a  lower  efficiency  (67.6)  at  the  small  over 
rating  than  was  to  be  expected  from  the  trials  preceding. 
The  percentage  of  unburned  coal  remained  about  the  same, 
but  a  greater  excess  air  was  carried  and  a  higher  probable 
loss  because  of  radiation  is  to  be  seen,  due  to  greater  ex- 
posed radiating  surface. 

Trials  S  and  9  were  maintained  for  percentage  ratings  of 
167  and  186  respectively,  but  the  combined  efficiencies  ob- 
tained were  low  and  the  highest  contributing  factor  to  these 
low  results  appears  to  be  the  high  unburned  coal  loss  (10.17 
per  cent.)  resulting  from  the  too  frequent  dumping,  of  refuse. 
The  CO  loss  is  also  high  in  Trial  9.  showing  restricted  and 
unevenly    distributed    air    supply,    notwithstanding    the      high 
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tuv.ii'  liox  piKHHiiio  (2.70  InclioH)  iiinliiliiliiod.  Piolmlilv  fi 
poi  i-iiil.  lit  li'iiHl  mlKht  hiivi-  boon  huvimI  from  IhoMo  twii 
Hiiui'fi'n  nioiie. 

Tlui  niilliillon  Iohki-m  from  tln>  trIiilH  lit  Ihn  laiiriilry  iiro 
(Kvmiwhut  viirliiMp,  rniiKlnK  from  l.LT.  to  12. s  per  ii'iit.  Throw- 
liiK  iiBlilo  the  lowoHt  reitult,  whirli  hi'imum  to  lio  In  orror.  tho 
aviM-UKC  rnillatlon  Iohh  In  8.S  per  cent,  an  compnrod  with  12.8 
pi<r  font,  for  trlnlH  7  niiil  8. 

Tlif  con!  IlriMl  per  hour  per  boiler  horsepower  (Tnble  7) 
run»  from  3.72  to  -1.73  pounilH.  averanInK  "l-lf)  poundH  for 
llu-   nine   trIalH. 

Ah  nilKht  ho  oxpectcd.  tlieHO  ri'HUltH  do  not  rIvo  th.-  IiIkIi 
olIKliMuloH  lookt'd  for  from  a  holl.r  trial  wlioro  tho  load  1h 
ciircfully  ri'KiiIatod.  whore  tho  lluo-naB  condlllonH  aro  care- 
fully watched  and  the  combUHtlon  Ih  ho  ndjustoil  nn  to  ro- 
'luce   the   furnace   Iohsoh  to  a   minimum. 

At  the  Petrolt-KdlHon  tests  of  1911,*  Or.  JacohuH  was 
able  to  KOt.  on  n  StlrllnK  hcdlcr  of  23fir.  hp.  ratInK  eciulppid 
with  a  26-rctort  TmvIoi  ntoker,  oindoncleH  of  80  per  cent, 
for  10(1  per  cent,  rating  an<l  7(;  per  cent,  for  200  per  cent,  rnt- 
\nn.  for  24-hour  trials,  uslnvc  14.000-B.t.u.  coal.  The  loss 
due  to  unburncd  coal  runninK  about'  3  ner  cent,  as  com- 
pared with  ■1.4  per  cent.,  the  averane  unburned  coal  for 
Trials  1  to  7  Inclusive,  tho  radiation  loss,  necessarily  much 
less  than  for  the  small  units,  averaged  2.81  per  cent,  as  com- 
pared with  S.S  per  cent,  and  12.6  per  cent,  for  the  three- 
retort  unit.  On  the  large  unit,  the  coal  burned  per  hour  per 
boiler  horsepower  averapred  3.11  lb.  (14.000  H.t.u.)  as  com- 
pared with  4.1.')  (12.000  IJ.t.u.).  or  3.56  pounds  (14,000  B.t.u.) 
per   hr.   per  boiler  horsepower  for  Trials   1   to  !)   inclusive. 

.A.  report  on  eleven  other  trialst  made  in  1913  for  the  Na- 
tional Tube  Co.,  Kewanee,  III.,  on  a  600-hp.,  four-pass  Edge 
Moor    boiler,    with    a    seven-retort   Taylor    stoker,    gave    com- 


blneil  orMrloiicleH  ranging  from  SO  per  ciiil.  al  boiler  rating  to 
(til  piM-  (■(•nt.  for  200  per  cent,  rating.  Tliesu  trlulM  were  car- 
ried on  for  porlodH  of  eight  liourH,  and  Iiithuhu  of  tho  cari-- 
fill  HiiperviHion  and  inanagomont  during  the  trials,  tl'<-  ofll- 
oloncleH  iigruod  closely  with  thoiic  of  a  72-hour  check  run 
made   later. 

At  tho  university  some  yours  ago,  a  comblnod  cIDclency 
of  71. &  was  obtnlnod  on  n  100-hp.  Ilabcock  &  Wilcox  boiler 
with  a  stationary  top  feed,  hand-dred  grate  UHing  I'oca- 
liontaH  coal.  This  test,  however,  ;iiid  nlso  the  others  Just 
inenlloiii'd.  were  conducted  with  the  greatest  poHHiblo  care 
and  the  precautionH  thus  taken  would  account  for  the  ex 
cellent    reHults   obtained. 

The  toHts  dlHCUHHod  In  this  paper,  made  as  nearly  as  pos 
slblo  under  average  dally  operating  conditions,  would  seen 
to  in<licatc  that  a  fairly  high  overall  erilclency  for  this  type 
of  stoker  Is  within  reach  of  the  average  fireman.  His  In 
teroHt  will  be  greatly  aroused  and  his  ellldency  will  be  pro 
portlonately  Increased  by  the  use  of  some  of  the  boiler-roosi 
indicating  appliances  such  as  the  Indicating  How  meter  and 
the  flue  gas  and  draft  recorders. 

In  conclusion,  it  may  be  said  that  the  chief  controlling 
factors  inlluendng  the  elticiency  of  a  Taylor  stoker  at  over- 
load capacity  appear  to   be: 

1.  Size  of   the  unit. 

2.  Percentage    of   overload. 

3.  Character    of   coal. 

4.  The  u.se  of  indicating  boiler  room  appliances. 

5.  The   intelligence  of  the  fireman. 

The  factor  of  most  importance  is.  without  doubt,  the  de 
gree  of  intelligence  which  the  fireman  posses.ses  an<l  the  in 
terest   he   takes   in    improving    the    operating    conditions. 


•Trans.  A.  S.  M.  E.,  Vol.  33,  p.  5S2. 
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Boiler   CoimsttruiKcttioini   amidl 
Imspectlioini* 


By    H.    A.    BAUJIHART 


A  boiler  must  be  so  designed  that  the  shell  or  drum,  in- 
cluding the  covering  strips  at  the  longitudinal  joint,  can  be 
formed  to  a  true  circle  to  avoid  bending  under  pressure.  This 
would  exclude  the  lap-seam  form  of  construction.  The  lap- 
seam  form  of  joint  should  be  eliminated,  excepting  in  shells 
of  small  diameter  and  comparatively  low  pressures.  Flat 
surfaces  requiring  staying  or  bracing  are  a  source  of  con- 
siderable anxiety  to  a  boiler  inspector.  Solid  stay-bolts  are 
commonly  used.  The  factor  of  safety  recommended  for  such 
bolts  varies  from  7  to  8.  according  to  the  quality  of  material 
used.  If  stay-bolts  were  subjected  to  a  tensile  stress  only, 
failure  would  rarely  occur.  There  Is.  however,  another  con- 
dition of  service  in  connection  with  stay-bolts  to  be  recog- 
nized, that  is,  unequal  expansion  and  contraction.  When  the 
fires  are  lighted  the  inner  box  plate  or  tube  sheet  becomes 
heated  first,  and  expands  in  advance  of  the  outer  plate.  Later, 
as  steam  is  generated,  the  outer  plate  expands  up  to  or  be- 
yond the  inner  plate,  thus  making  two  bends  of  the  bolts  at 
each  operation.  It  Is  true  that  the  bend  is  only  slight,  but  it 
is  of  sufficient  frequency  to  break  the  bolt,  and.  in  some 
cases  where  the  fireboxes  are  of  considerable  length,  within 
a  month's  time.  The  outer  plate  is  usually  thicker  than  the 
inner  and  holds  the  bolt  more  firmly,  causing  it  to  bend  and 
ultimately  to  break  where  joined  to  the  outer  plate. 

There  is  another  serious  problem  in  connection  with  stay- 
bolted  surfaces.  The  stress  due  to  unequal  expansion  and 
contraction  causes  movement  of  the  bolt  in  the  hole  of  the 
outer  sheet,  producing  corrosion  or  flaking  off  of  the  material 
at  the  inner  end  of  the  stay-bolt  hole  until  frequently  the 
riveted  end  of  the  bolt  is  the  only  portion  holding.  In  lighter 
material  this  stress  sometimes  produces  slight  bending  of  the 
plate  with  such  frequency  that  it  produces  cracks  extending 
in  every  direction  from  the  stay-bolt  holes.  These  cracks  are 
visible  only  from  the  inside,  and  because  of  the  limited  space 
they  cannot  be  seen  without  first  removing  some  of  the  bolts, 
and,  therefore,  may  not  be  detected  until  leakage  appears. 
The'  best  remedy  for  such  a  condition  is  a  flexible  bolt.  The 
hollow    bolt    is    an    improvement    only    because    leakage    will 

•From  a  paper  presented  before  the  Ohio  Society  of  Me- 
chanical. Electrical  and  Steam  Engineers,  June,  1914. 


appear  when  the  bolt  is  broken,  and,  therefore,  is  recom- 
mended by  some  inspectors  in  preference  to  the  solid  bolt. 

The  heads  for  drums  or  domes  should  be  of  the  convex, 
or  what  is  commonly  known  as  bumped,  type.  Care  should 
be  exercised  in  forming  the  head  in  order  to  obtain  a  true 
curvature  and  to  avoid  the  possibility  of  the  head  bending 
under  pressure.  .Such  a  head  having  a  manhole  should  bi- 
made  of  material  not  less  than  %  in.  heavier  than  the  blank 
head  in  order  to  give  it  sufficient  stiffness  to  avoid  bending, 
because  of  the  manhole  opening.  For  extremely  high  pres- 
sures, such  as  carried  on  air-storage  tanks  operating  under 
1000  lb.  per  square  inch,  the  heads  should  be  made  cone  shape. 
This  shape  is  stronger  than  the  bumped  head,  but  more  expen- 
sive to  construct,  and  is  seldom  used  excepting  for  extremely 
high  pressures. 

The  question  of  bracing  flat  heads  is  also  an  important  one 
and  care  should  be  had  to  see  that  the  braces  are  so  dis- 
tributed that  each  will  carry  its  share  of  the  load.  It  is  also 
important  to  attach  the  braces  to  the  heads  or  shell  plate  to 
avoid  double  thickness  of  material  on  the  heating  surface. 

Until  about  1880,  iron  was  used  exclusively  for  boiler 
plate.  A  very  high  grade  of  iron  plate  was  manufactured, 
having  a  tensile  strength  varying  from  42,000  to  45.000  lb.; 
in  a  few  cases  50,000  lb.  was  obtained.  It  was  not  readily  sus- 
ceptible to  attack  by  acids  and,  therefore,  its  deterioration, 
even  in  locations  where  the  water  was  contaminated,  was 
comparatively  slow  as  compared  to  modern  steel.  Steel  boiler 
plate  replaced  iron  several  years  ago.  Great  care  is  neces- 
sary in  the  preparation  of  steel  for  boiler  plate. 

Other  ingredients  besides  carbon  are  sulphur  and  phos- 
phorus, but  only  traces  of  these  two  can  be  permitted  in  the 
best  quality  of  boiler  steel.  The  more  injurious  of  these  is 
phosphorus.  Boiler  steel  must  be  made  by  the  openhearth 
process.  The  percentage  of  phosphorus  should  not  exceed 
0.03  per  cent,  and  sulphur  should  not  exceed  0.04  per  cent,  for 
the  best  grade  of  steel.  A  maximum  tensile  strength  of  60.000 
IbT^per  sq.in.  is  usual,  and  54,000  lb.  is  preferable.  A  certified 
copy  of  the  mill  test  report  should  accompany  each  plate  en- 
tering into  the  construction  of  a  boiler. 

The   use   of  cast   iron  for  any   of   the   pressure   parts   of   a 
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steam   boiUr   is   not   recommended.     Cast   steel   or   forgred   steel 
should    be   used    wherever  possible. 

The  best  material  may  be  so  handled  by  an  incompetent 
workman  as  to  render  it  unfit  for  service.  This  is  especially 
true  in  connection  with  forming  the  shell  plate  and  butt 
straps.  If  the  shell  plate  and  straps  are  not  formed  to  the 
proper  circle,  either  by  a  rolling-  or  a  pressing  process,  and 
the  boiler  maker  attempts  to  make  the  proper  fit  with  the  aid 
of  a  sledge  hammer,  fractured  plates  will  probably  result. 
Such  cracks  may  be  so  slight  at  first  as  to  defy  detection 
even  by  the  aid  of  a  glass,  but  they  will  extend  in  dangerous 
proportions  after  the  boiler   is  in  service. 

No  rivet  hole  or  tube  hole  should  be  punched:  they  should 
be  drilled.  State  and  municipal  laws  permit  the  holes  to  be 
punched  small  and  reamed  to  size,  which  is  only  a  compromise 
arrangement.  My  advice  when  ordeiing  a  boiler  would  be  to 
insist  upon  having  every  hole  drilled  from  the  solid.  While 
it  is  true  that  reaming  does  remove  a  considerable  portion  of 
disturbed  molecules,  it  does  not  remove  all  of  them. 

The  caulking  edge  of  the  plate  and  butt  straps  should  be 
prepared  on  a  planer.  Bevel  shearing  should  not  be  per- 
mitted because  it  produces  the  same  bad  result  as  punching 
a  hole  in  the  plate;  that  is,  it  disturbs  the  material  for  a 
considerable  distance  from  the  edge,  producing  numerous 
minute  cracks,   always  an  element   of  danger. 

There    is    a    vast    difference    of    opinion    among    mechanical 
engineers    and    boiler    manufacturers    with    reference    to    the 
proper  factor  of  safety.     Modern  rules  adopted  by  the  various 
states    and   by    the    provinces    of    Canada    require    a    minimum 
;  factor  of  safety  of  5,  the  United  States  marine  rules  not  less 
-than  4.     In  my  judgment  a  factor  of  safety  of  5  should  be  the 
minimum.      To    illustrate    this    point    more    clearly,    I    would 
refer  to  a  record   relating  to  a  test   of  material  and  which  is 
a  part  of  the  records   of  the  American  Society   of  Mechanical 
Engineers.     At  a  factor  of  safety  of  2,    tjxj^" number  of  ('repeti- 
tions  of  stress   required    to   produce   ruptu^e^  was    20,000;   at   a 
factor  of  safety  of  2.5,   210,000;  at  3,   700,000,  and  at  3.5,  more 
than    1.600,000.      It   would   therefore    follow    that 'boilers   oper- 
ated  under  a   factor  of   safety   of  less   than    4,   because   of   the 
so   called   fatigue   of   metal   under   stress,   should    not   be   used. 
A   boiler   operating   under   4   or   less  could   be   expected   to   fail 
'^rnany     years     before     another     boiler     operating     under     5     or 
fjgreater. 

»  The  subject  of  a  proper  retiring  age  for  boilers  comes 
frequently  to  light  and  is  a  most  fruitful  source  of  con- 
troversy. Of  course,  there  can  be  no  question  as  to  the 
propriety  of  condemning  those  boilers  whose  diseases  are 
no  longer  curable,  but  there  is  at  once  the  basis  for  a  deal  of 
argument  when  an  inspector  approaches  the  owner  of  a 
boiler  with  the  statement  that  it  must  be  replace,d  because  of 
old  age,  especially  if  it  is  known  to  have  all  the  apparent 
qualifications,  except  youth,  for  many  additional  years  of 
service.  In  the  past  many  curious  properties  have  been 
attributed  to  old  boilers;  one  of  the  most  interesting  was  the 
notion  that  they  could  not  explode  violently.  It  was  supposed 
that  an  old  boiler  would  merely  rupture,  allowing  the  pressure 
to  be  relieved  much  as  if  the  safety  valve  had  opened.  This 
idea  was  definitely  disapproved  many  years  ago  along  with 
many  other  fallacies  and  much  popular  mystery  concerning 
boiler  explosions. 

We  all  know  that  the  steel  used  in  boiler  construction  will 
deteriorate  with  use;  it  undergoes  a  slow  loss  in  strength  and 
ductility.  The  process  Is  hastened  by  the  presence  of  a 
moderate  excess  of  phosphorus.  Deterioration  of  this  charac- 
ter cannot  be  determined  by  the  usual  method  of  inspection. 
It  is,  theiefore,  difficult  to  state  definitely  at  what  time  in 
service  the  boiler  should  be  abandoned.  This  places  a  great 
responsibility  upon  the  inspector.  He  must  consider,  in 
addition  to  the  general  appearance  of  the  boiler,  the  condi- 
tions under  which  it  has  operated,  and  he  must  also  make 
allowance  for  defects  in  the  material  which  are  not  visible. 
Experience  shows  that  boiler  plate,  subjected  to  the  high 
temperature  of  the  furnace,  does  deteriorate  to  the  extent  that 
after  about  twenty  or  twenty-five  years'  service,  the  boiler 
should  (if  we  follow  the  motto  "Safety  first")  be  taken  out  of 
service.  Because  an  inspector  reports  that  he  considers  the 
boiler  unsafe  for  further  use,  it  does  not  imply  that  he  can 
predict  the  day  and  the  hour  when  it  will  explode;  it  does 
mean,  however,  that  the  factor  of  safety  is  too  low,  and  to 
continue  the  boiler  in  service  for  any  considerable  length  of 
time  presents  a  hazard   too  dangerous  to  be  undertaken. 

A  steam  boiler  explodes  or  fails  from  one  cause  only,  and 
that  is,  the  boiler  or  the  part  which  fails  could  no  longer 
resist  the  strain  placed  upon  it.  The  applied  pressure  may  be 
sufficient  to  rupture  a  sound  boiler,  or  the  boiler  may  have 
reached  such  a  state  of  deterioration  that  the  ordinary  worlc- 
ing    pressure    becomes    an    over-pressure.      In    the    m:ijurity    of 


serious  explosions,  the  primary  cause  was  due  to  the  lap-seam 
form  of  construction. 

Many  accidents  are  due  to  overheating  of  the  shell  plate 
or  tubes.  The  overheating  may  result  from  various  causes. 
The  common  cause  is  a  deposit  of  scale,  sediment,  oil,  or  a 
combination  of  oil  and  scale  on  the  internal  surfaces.  The 
presence  of  oil  or  grease,  although  in  moderate  amounts  on 
the  internal  surface  of  a  shell  plate  or  tube  is  dangerous, 
and,  unless  removed  promptly,  will  result  in  a  damaged  or 
possibly  an  exploded  boiler.  Great  care  should  be  exercised 
to   prevent   oil   entering  a   boiler. 

By  referring  to  the  records  of  the  Hartford  Steam  Boiler 
Inspection  &  Insurance  Co.,  1  find  the  '  following  for  the 
United   States: 

,^  Boilei-  , Persons ,, 

Year                Explosions  Killed          Injured            Total 

]l]l 499  222                    416                    638 

]l]i 537  278                    392                    670 

1913 499  180                    369                    549 

The  annual  property  damage  is  estimated  at  a  half  million 
dollars.  The  above  records  include  boiler  accidents  of  every 
description,  some  of  which  were  of  minor  importance.  We 
are  much  encouraged  because  of  the  great  interest  now  taken 
by  engineers  everywhere  insisting  upon  proper  construction 
and  inspection  of  steam  boilers.  In  many  locations  boiler 
inspection  is  required  by  law.  The  situation,  therefore, 
as  regards  safety  is  gradually  improving.  We  have  not  yet 
reached  the  stage  of  no  boiler  accidents;  such  a  condition 
will  never  exist.  There  will  be  boiler  explosions  as  long  as 
steam  boilers  are  used.  We  have  not  yet  reached  the  stage 
of  perfection  in  the  manufacture  of  material,  neither  have 
we  reached  perfection  in  the  art  of  boiler  design.  AVe  learn 
as  much  from  the-  result  of  failure  as  from  the  result  of  suc- 
cess. Further  experiences  in  the  operation  of  steam  boilers 
.may  teach  us  that  some  radical  change  in  design  or  character 
of  the  material  is  required  to  make  boilers  that  will  not 
explode  under  constantly  increasing  pressure  and  tempera- 
tui-e. 

Another  condition  which  inust  be  considered  in  connection 
with  the  safe  operation:  of  steam  boilers  is  their  care  and 
managemefi,t.  It  frequently  happens  that  a  boiler  explosion, 
or  some  other  calamity  resulting  in  loss  of  life,  occurs  where 
it  is  least  expected.  This  proves  that,  in  spite  of  the  advanced 
precautions  that  science  has  provided,  reliance  jnust  still  be 
placed  in  human  intelligence  and  faithfulness  to  a  large 
degree  and  that  sometimes  these  fail. 

It  is  recommended  that  boiler  owners  and  users  provide 
every  possible  method  of  safeguarding  human  life  and  prop- 
erty by  purchasing  only  such  boilers  as  have  been  thoroughly 
inspected  during  construction  and  by  seeing  that  they  are 
also  inspected  during  the  life  of  the  boilers.  Fortunately,  in 
the  state  of  Ohio  such  conditions  now  prevail.  It  also  de- 
volves upon  the  owner  or  user  of  a  boiler  to  select  only  such 
persons  as  are  fitted  to  care  for  them. 

OQan®  S®cn©^5^  Spcnira^  MeetaEag 

The  spring  meeting  of  the  Ohio  Society  of  .Mechanical,  Elec- 
trical and  Steam  Engineers  was  held  at  Sandusky,  Ohio,  June 
11,  12  and  13.  On  Thursday  evening  the  papers  upon  "The 
Taylor  Stoker  Operating  under  Average  Conditions,"  by 
Horace  Judd,  and  "Steam  Boiler  Construction,"  by  H.  A. 
Baumhart,  to  be  found  on  pages  897  and  900,  were  presented 
and  discussed.  On  Friday  evening  a  paper  was  to  be  pre- 
sented on  the  "Uniflow  Steam  Engine,"  by  James  H.  Debes, 
chief  engineer  of  the  C.  &  G.  Cooper  Co.  In  Mr.  Debes'  un- 
avoidable absence,  A.  C.  Ruhl,  who  is  in  charge  of  a  plant  at 
Port  Clinton  in  which  there  is  one  of  the  Cooper  uniflow 
engines,  told  of  his  experience  with  it.  There  had  been  some 
difficulties,  but  the  engine  was  now  running  satisfactorily 
and  with  the  straightening  out  of  the  condenser  and  cooling- 
water  conditions,  will  undoubtedly  run  with  remarkable  efli- 
cienc.v.  They  had,  upon  a  recent  test,  obtained  a  performance 
of  11%  lb.  of  steam  per  indicated  horsepower  with  a  24-in. 
vacuum,  170  lb.  pressure  and  30  deg.  of  superheat.  The  engine 
is  34  in.  diameter,  36-in.  stroke,  and  runs  at  125  revolutions. 

Embury  A.  Hitchcock,  power  sales  engineer  of  the  E.  W. 
Clark  &  Co.  Management  Corporation,  gave  an  interesting  lec- 
ture on  the  "Power  Plants  of  the  South,"  illustrated  by  lan- 
tern slides.  A.  C.  Rogers,  superintendent  of  heating  of  the 
Toledo  Ry.  &  Light  Co.,  questioned  a  statement  made  by 
F.  W.  Ballard,  chief  engineer  of  the  municipal  electric-light 
plants  at  Cleveland,  at  a  previous  meeting,  that  they  were 
nuking  1000  lb.  of  steam  for  10c.  This  would  hardly  pay  the 
coal  cost,  and  he  objected  to  such  statements  going  out  with 
the  apparent  sanction  of  the  society.  .A  discussion  of  the 
statement  is  promised   for   the   next  meeting. 
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VIhUh  witi<  rnmli-  Id  tht-  pIiinlH  of  thn  l.llibpy  niimn  C<i., 
tlio  SaiiilUHky  (Iiih  ,V  lOlirlrli'  fo..  thi>  l.ow.r  I-iiU<ii  DoiUm  fi>., 
(Ili<  (lUiinli'H  (if  till'  III  I'likwiiti'l'  Coiintriirtloii  Co.,  at  .IoIiiihuII 
iHlniid,  till'  new  IIKi'uCloii  |iliiiit,  mill  llio  |>U<iiiiui'ii  rrsurt  lit 
tVdnr    I'oliit. 


Master  Steamn   and  fIo(t-Wa1leir 
Fitters  Co]nivein\tnoii& 

Tin-  Iv.iiity-iilxtli  iinniinl  convrntlon  of  tho  Nntloniil  Ahso- 
clatlon  of  Muster  Sti'iini  iiiul  llot-Wulvr  Pltt<<r8  wiih  hfUi  nt 
Atliintlc  City.  Juno  10  to  13,  Inclusive,  with  hendquiirti-rs  at 
the  St.  Charles   Hotel. 

Weilnesduy  wa.s  taken  up  liy  the  meetlnKs  of  the  hoard  of 
directors,  the  coininlttie  on  standardi/.atlon  and  committee 
on  trade  lelatlon.  The  llrst  Kreneral  Hesulon  of  the  <M>nventl()n 
was  called  to  order  nt  10:30  o'clock  Thursday  morning  by 
President  Kdward  H.  Oonny.  Mayor. Riddle  opened  n  "canned 
epoooh  of  welcome."  and  not  the  one  Intended  for  the  plum- 
liers"  convention.  He  qualified  the  error  by  stating  that  the 
prices  of  the  steam  liltei    and  the  plumber  were  so  nearly  aliku 


iind  III  the  HtieerSH  In  BeeurlnK  Heparatlon  of  mechaiileal  erjiilp- 
mint  froiii  Keiniul  coiitraelM  In  MlHle,  county  iiiid  niuiilelpal 
bulldliiKH  In  Mi'Veral  MtuteH.  lie  Hiated  that  blllM  provlilliit.c 
for  Much  Boparation  itro  pvndluK  In  the  IciflalatureM  In  other 
titiitos. 

A(cordln>f  to  President  Denny,  tlii-re  Is  more  or  less  coin- 
pliilnt  alioiit  the  hiiIh  of  nialeri.il  iiy  the  iiianiifaiturerH  and 
il.jil.  iH  (Unit  to  Ihi-  eonsuiner,  and  about  tho  losses  and  iin- 
jioyancis  arlHln>c  from  sulu'ontractliiK :  but  the  one  Kr<-al 
evil  Is  the  low  competitive  bidding,  which  eliminates  all 
prollts  on  contract  vvoik.  A  UuKe  proportion  of  the  contract 
work  done  by  the  muster  steam  and  hot-water  fitters  Is  ut 
prices  which  do  not  repay  overhc'ad  charKcs,  which  condition 
In  nuiny  cities  has  ciiused  the  more  competent  and  responsible 
master  steamlltlirs  to  abandon  the  biiHlness,  and  many  othi^rs 
would   Kladly   do   so   If   they  could    retire    without   debt. 

The  speaker  was  not  hopeful  of  business  conditions,  the 
inost  ai)pareiit  cause  for  depression  to  pipe  fitters  beInK  the 
practice  of  manufacturers  and  dealers  of  sujiplylnK  brains 
and  capital  for  men  who  have  had  no  business  training  ana 
starting  them  In  their  career  us  destructive  master  steam- 
fitters,  hundreds  of  men  whose  only  qualification  Is  their  abil- 
ity   to    cut,    thread    and    screw    pipe.      It    was    hoped    that    thfe 


Delegates  and  Glests  of  the  National  Associatioji   of  Ma.stek  Steam  and  Hot-Water  Fitters,  in 

Convention  at  Atlantic  City,  N.  J. 


in  high-rate  charges  that  his  little  mistake  would  make  no 
difference. 

President  Denny,  in  his  annual  address,  extended  a  wel- 
come to  the  members  of  the  convention,  to  the  ladies,  the 
manufacturers  and  their  representatives,  and  the  members 
of  the  trade  press. 

In  speaking  of  the  work  of  standardization  President 
Denny  said  that  in  connection  with  the  schedule  of  flanged 
fittings  and  flanges  that  at  one  time  it  seemed  that  the  years 
of  effort  to  establish  a  uniform  schedule  might  be  entirely 
nullified  by  an  opposing  combination.  This  was  prevented  by 
the  committee  in  arranging  for  a  conference  in  Washington, 
D.  C,  of  all  parties  interested,  at  which  conference  a  basis 
of  agreement  was  reached  eventually  resulting  in  the  final 
adoption  of  the  uniform  schedule  known  as  the  1915  U.  S. 
Standard  Schedule,  leaving  the  name  in  controversy,  however, 
some  of  the  committee  of  the  American  Society  of  Mechanical 
Engineers  desiring  to  call  it  the  "American  Standard"  sched- 
ule. The  standardization  committee  is  still  at  work  on  the 
problem  of  radiator  valves,  boiler  ratings,  lock-shield  air 
valves,  uniform  height  of  radiator  outlets  and  other  items 
of  importance  to  the  master  steam  fitters. 

The  president  referred  to  subcontracting  and  of  the  con- 
ference   committee's   efforts    to    subdue    and    destroy    the    evil. 


financial  losses  which  are  sure  to  follow  will  finally  result  in 
its  discontinuance.  If  jealousies  and  animosities  give  way 
to  friendliness  and  helpfulness,  fair  and  equitable  prices 
would  be  placed  upon  all  work,  whether  contracting  or  job- 
bing, and  the  manufacturers  and  dealers  would  recognize  the 
master  steamfitters  as  necessary  middlemen,  entitled  to  a 
profit  on  the  goods  handled,  and  would  cease  to  swamp  the 
business  with  incompetent  and  irresponsible  master  steam 
fitters.  The  remainder  of  the  session  was  taken  up  with  the 
reports   and    appointment    of   committees. 

The  afternoon  session  convened  at  2:30  o'clock  and  was 
devoted  to  committee  reports.  The  report  of  the  conference 
committee  regarding  the  evils  of  subcontracting  had,  among 
other  things,  the  following  statements  which  were  used  in  the 
two  interviews  with  the  committee  appointed  by  the  American 
Institute  of  Architects,  with  the  result  that  they  passed  a 
resolution  condemning  the  practice.  In  the  May  20,  1912,  meet- 
ing the  following  was  presented: 

It  costs  the  trade,  as  a  whole,  more  to  estimate  for  gen- 
eral contractors  than  is  realized  from  the  profits  made  on 
all  the  work  obtained  from  them.  The  actual  cost  to  each 
steamfltter  or  plumber  will  average  not  less  than  '^  per  cent, 
on  the  amount  of  an  estimate.  It  costs  each  not  less  than  $10 
to  figure  the  cost  and  to  prepare  and  submit  an  estimate  for 
a  .$2000  contract.  When  such  estimates  are  made  direct  to 
the    owner,    the    average    number    of    bidders    will    be    five,    in 
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which  case  the  cost  to  the  trade  will  be  $50  for  estimating; 
but  If  the  same  work  is  includ.d  in  „  Kcn.ral  contract,  there 
will  be  an  averase  of  hve  ^cnrral  contractors  bidding  on  it. 
each  of  whom  will  get  from  five  to  ten  estimates  from  plum- 
bers and  steamhtters.  If  the  average  number  of  such  sub- 
cstimates  is  but  twenty-five,  the  cost  to  the  trade  will  be  $250. 
4.or,T'^'',.^^'^''T,^'C  P'"*''  "."  ^  ^-O""  contract  does  not  exceed 
it>.iOO.  It  will  be  seen  from  these  conservative  figures  that 
while  the  profit  on  such  a  contract  made  direct  with  the  owner 
'Jl'i^  amount  to  $190,  the  profit  to  the  trade  as  a  whole  is  but 
■1.150  after  deducting  the  cost  of  estimating,  but  the  same  con- 
tract taken  througli  a  geneial  contractor  actually  costs  the 
trade  $50  more  for  estimating  than  the  successful  subcon- 
tractor can   make  on  it. 

Estimates  given  to  general  contractors  are  not,  as  a  rule, 
fairly  handled.  No  provision  is.  or  can  be.  made  for  the 
estimates  being  opened  in  the  presence  of  bidders  and  the 
awarding  of  the  contract  in  accordance  with  fair  competitive 
rules.  Usually  they  are  opened  as  received,  bv  the  general 
contractor  or  one  of  his  employees,  and  the  figures  may  easily 
be  obtained  by  favored  competitors.  If  the  general  contractor 
gets  the  work  it  is  seldom  that  he  awards  the  subcontract  on 
the  merits  of  the  sub-bids  he  has  received;  either  a  favored 
party  is  offered  the  contract  at  the  price  of  the  lowest  bidder 
or  else  new  bids  are  obtained,  often  from  new  bidders,  and 
not  infrequently  the  lowest  final  bidder  is  induced  to  take 
the  contract  at  a  lower  price  by  false  representations  as  to 
the  estimates   of   his  competitors. 

Many  general  contractors  are  unable  to  properly  finance 
the  work  they  undertake  and  depend  largely  upon  their  credit 
to  carry  it  through.  In  this  "credit"  they  include  the  sub- 
contractor. Almost  invariably  the  steamfitter's  payments 
are  delayed  long  after  the  general  contractor  has  received 
them. 

In  many  places  the  lawful  provision  made  to  safeguard  the 
claims  of  building  contractors  is  nullified  and  lost  to  the  sub- 
contractor who,  in  the  event  of  failure  of  the  general  con- 
tractor cannot  recover  from  the  owner  because  there  is  no 
agreement  between  them. 

The  nature  of  the  work  is  such  as  to  justify  and  often 
necessitate  direct  contact  with  the  owner,  or  his  representa- 
tive, the  architect.  The  general  contractor  is  not  concerned 
in  such  changes  and  betterments  as  are  often  made  clear  to 
the  practical  artisan  as  the  work  proceeds  and  frequently  an 
inferior  installation  is  made  because  of  the  indifterence  of 
the  general  contractor  who  cares  only  to  comply  with  the 
specification. 

It  is  reasonable  to  conclude  that  the  same  work  done 
through  a  general  contractor  will  cost  the  owner  more  than 
if  done  directly  for  the  owner.  In  some  way  the  general  con- 
tractor will  get  a  profit.  If  it  is  made  to  seem  that  the  build- 
ing costs  less  by  general  contract,  the  owner  may  be  sure 
that  he  is  getting  less  in  quality  or  quantity.  No  steamfitter 
or  plumber  will  do  the  same  work  cheaper  for  the  general 
contractor  (with  all  the  risk  and  disadvantages)  than  he 
would  for  the  owner. 

While  the  evils  of  subcontracting  are  generally  recognized 
among  the  master  plumbers  and  master  steamfitters,  and 
resolutions  have  been  adopted  by  both  national  associations 
reprobating  the  practice,  there  is  no  power  to  compel  the 
members  to  cut  out  such  business.  Many,  however,  refuse 
to  figure  for  general  contractors  and  among  those  who  thus 
refuse  are  many  of  the  most  reliable  concerns  in  both  lines 
of   business. 

At  the  meeting  held  Nov.  12,  1913.  the  conference  commit- 
tee submitted  additional  arguments  in  part  as  follows: 

"The  interest  in  the  matter  of  divorcing  what  may  be 
considered  'the  mechanical  equipment  of  buildings'  from  the 
bid  of  the  general  contractor  is  national  in  its  scope.  The 
one  feature  which  has  occupied  the  center  of  the  stage  has 
been  'the  abuses  practiced  by  the  general  contract.'  That 
these  abuses,  many  in  number  and  variety,  exist,  is  generally 
conceded  by  everyone  with  the  possible  exception  of  the  gen- 
eral   contractor. 

"There  are  other  features,  however,  which  must  not  be 
allowed  to  be  totally  eclipsed  by  this  seemingly  major  feature. 
There  are  four  principal  parties  to  one  of  these  contracts,  as 
follows:  The  owner,  the  architect,  the  general  contractor  and 
the  subcontractor. 

"As  a  general  principle,  it  will  be  admitted  by  all  fair- 
minded  persons  that  the  rights  of  each  of  these  parties  should 
be   recognized   and   should   be   secured. 

"The  rights  of  the  owner  and  of  the  architect  are  usually 
clearly  defined  and  secured  in  the  terms  of  the  contract. 

"The  rights  and  duties  of  the  general  contractor  are  clearly 
defined  in  this  same  instrument,  but  when  it  comes  to  the 
rights  and  duties  of  the  subcontractor  no  reference  is  made, 
it  being  left  to  the  general  contractor  to  select  his  subcon- 
tractors  and  make   with   them   the   best   possible     'dicker.' 

"In  the  selection  of  his  architect,  the  owner  is  usually  in- 
fluenced by  the  character  of  the  man  and  that  of  the  work 
that  man  has  actually  produced.  Having  made  his  selection 
the  owner  should  be  warranted  in  feeling  that  his  Interests 
are  safe  because  he  has  placed  his  work  in  the  hands  of 
architects  noted  for  these  qualities.  The  plans  and  specifica- 
tions are  ready  and  the  architect  calls  in  the  'general  con- 
tractors,' and  for  one  reason  or  another  he  is  often  obliged 
to  receive  proposals  from  general  contractors  of  whom,  in 
some  cases,  he  knows  little  and  in  other  cases  in  whom  he 
has  little  confidence.  Is  it  fair  to  allow  such  a  general  con- 
tractor to   select  his  subcontractor? 

"In  nearly  every  instance  where  this  has  been  discussed 
architects  have  admitted  the  advisability  and  feasibility  of 
adopting    our   suggestions    with    one    exception.      They    claim 


that  it  is  most  Important  that  building  operations  should  be 
finished  'on  time'  and  they  seem  to  be  a  unit  in  the  thought 
that  this  can  be  accomplished  only  by  having  the  work  done 
under  one  general  contract. 

"Responsibility  should  be  placed  where  it  belongs,  not  by 
the  general  contractor  but  by  the  architect;  every  party  to  the 
contract  should  be  held  to  strict  accountability  for  the  per- 
formance of  his  part  of  the  work.  No  man  should  be  blamed 
for  om.issions  or  commissions  which  strictly  do  not  belong  to 
him,  and  the  judge  of  all  this  should  be  the  architect;  the 
owner  expects  and  is  entitled  to  this  from  him. 

"There  may  be  other  ways  of  correcting  this  evil,  but  just 
now  only  two  ways  occur  to  us.  The  first  and  better  way  is 
for  the  architects  to  adopt  measures  to  that  end. 

"The  second  is  for  the  subcontractors  to  stand  together  and 
absolutely  refuse  to  submit  estimates  to  general  contractors." 

In  the  evening  the  members  and  guests  enjoyed  a  lecture. 
Illustrated  by  motion  pictures,  on  the  manufacture  of  mod- 
ern welded  pipe  from  ore  to  the  finished  product,  by  Frank 
N.  Speller,  of  the  National  Tube  Co. 

Friday's  session  was  devoted  to  a  report  of  the  convention 
committee  and  a  discussion  of  topics  brought  before  it.  The 
election  of  officers  during  the  afternoon  session  resulted  as 
follows: 

President.  John  T.  Bradley,  St.  Louis,  Mo.;  first  vice-presi- 
dent, Juan  A.  Almirall,  New  York  City;  second  vice-president, 
Frank  G.  Carthey,  Salt  Lake  City,  Utah;  third  vice-president, 
Edmund  Grassier,  Milwaukee,  Wis.;  Board  of  Directors.  John 
F.  Bradley,  Missouri;  Juan  A.  Almirall,  New  York;  Edmund 
Grassier,  Wisconsin;  John  E.  Rutger,  New  York;  Edward  B. 
Denny.  New  Jersey:  William  H.  Oakes,  Massachusetts;  N.  Lor- 
ing  Danforth.  New  York,  and  Noble  P.  Bishop,  Connecticut. 
Sargeant-at-arms,  John  C.  F.  Trachsel.  Pennsylvania.  These 
newly  elected  officers  were  then  installed.  Retiring  President 
Bradley  was  presented  by  the  members  of  the  association  with 
a  desk  inkstand  of  artistic  design. 

The  last  session  was  held  on  Saturday  morning  to  dispose 
of  unfinished  business  and  for  a  discussion  of  such  topics  as 
might  come  before  the  convention. 


f©w  Yos'k  Sflsitl©  Mo  A. 


The  nineteenth  annual  convention  of  the  New  York  State 
Association  of  the  N.  A.  S.  E.  was  held  in  Rochester  on  June 
11,  12  and  13.  The  Seneca  Hotel  was  the  headquarters.  There 
were  about  fifty  delegates  in  attendance.  The  several  ses- 
sions of  the  delegates  were  held  in  the  auditorium  of  the 
Armory  Building,  and  in  the  main  hall  adjoining  was  the 
mechanical  exhibit  of  the  supplymen,  where  the  newest  de- 
vices, apparatus  and  sundries  of  all  kinds  were  displayed. 
The  hall  was  tastefully  decorated  and  conveniently  arranged. 
At  ten  o'clock  on  Friday  morning  the  convention  was  called 
to  order  by  A.  J.  Ranton,  chairman  of  the  convention  com- 
mittee, who  Introduced  the  speakers.  Mayor  Edgerton  wel- 
comed the  company  to  the  city,  and  State  President  E.  E. 
Pruyn  responded.  Interesting  addresses  were  also  made  by 
City  Engineer  Fisher;  James  R.  Coe,  national  president  of 
the  N.  A.  S.  E. ;  R.  M.  Searle,  and  William  J.  Reynolds,  past 
national  i.resident  of  the  N.  A.  S.  E. 

On  Friday  afternoon  the  delegates  and  guests  visited  the 
plant  of  the  Taylor  Instrument  Co.,  while  the  ladies  took 
chartered  cars  for  an  afternoon  of  pleasure  at  Ontario  Beach. 
In  the  evening  at  eight  o'clock  there  was  a  theater  party  at 
the   Lyceum. 

The  feature  of  the  entertainment  furnished  was  the  per- 
formance given  in  the  convention  hall  on  Saturday  evening. 
The  Rochester  City  Orchestra  supplied  the  music,  and  an  en- 
joyable program  was  made  up  by  the  following  gentlemen: 
Herbert  Self,  Peerless  Rubber  Manufacturing  Co.;  "Lagonda" 
Mustin,  the  Pittsburgh  representative  of  that  company;  Billy 
Murray,  Jenkins  Bros.,  and  Jack  Armour,  of  "Power."  During 
the  evening  Past  National  President  William  J.  Reynolds  pre- 
sented to  retiring  State  President  E.  E.  Pruyn  a  handsome 
French  clock,  the  gift  of  the  delegates  and  supplymen.  Mr. 
Pruyn  mad<'  a  feeling  address  of  appreciation. 

Following  are  the  state  officers  elected  for  the  ensuing 
year:  Fred  Felderman,  New  York  City,  president;  William  H. 
Aydelotte,  vice-president,  Niagara  Falls;  William  Roberts, 
secretary,  Yonkers;  William  Downes,  treasurer,  New  York 
City;  William  H.  Dolamo,  conductor,  Rochester;  Edward  G. 
Geib,  doorkeeper,  Buftalo;  William  Downey,  chaplain,  Brook- 
lyn. 
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I'O  W  K  I{ 


\r)l.    .'tit.    N'o.    VT) 


Till'    I'xhililtlon    WKH    lIli.Tiillv 
til  111    WlTr    IrpirKi'Iltill : 


illi'iiil.'il    mill    rhi'    folliiwliiu 


KXIIIIllTiiltS 


.liilin  A.  Hi>fl)llii«'H  Song  Co. 
l..iK»li<llt  Miiliuriirtiil'lliK  Co 
Alliaiiy    I.iilirU-iitliiK    l'i> 

M         '1^         I  \.i  %■  I.I  u.k»      1^., 


....   T.    DavlilHun   l\>. 

.l.'llUlllH     llio.M. 

lliilti>a    Stales    Itubbi'i 
M     10.    W.ilir   » 


Co 


Oi'O.   Vnii    V.(lU«Mi   Co. 
Qi'iK'Sri"    Hollir    Works 
Rocln>«t«>r    VaciiiiMi    Viilvf    (*o. 
.lai-oli  I  la  U.S.  T 
PiMM'lo.M.s    KiibliiT    Manufai'tur- 

Intc    Co. 
N     IS.    Kails    l.iibrli-atliig    Co. 
Cai'lock    I'aokhiK    Co. 
l.iinkolihfliiii'i'   Co. 
llowo    *    liassitt    Co. 
cuts    Klivator  Co. 
William   Wilson 
C.r.eru-.   Tw.Md   &   Co. 
(^llnM:-Siirfaco  Co. 
Sti.MiK-lU  r.v   Co. 


Ilav.islirk    *    Co. 
ItiiiT    *    Ci'i'i'linaii 

llolK  >v  mil 

LultwclliT      I'liinpliiK       Knuirii 

Co. 
The  V.  D.  Aiidomon  ('o. 
I...    ICriiBt    SoiiH 
"Power" 
II.   KaiinlnK 

Hofhi'Htcr  Railway  a  l.lnlit  Co. 
Ilarrrtt  Maiiiiractui'lnK  Co. 
AHliton    Valvr    Co. 
Unlli'd   Stiiti'H   Craphlte   Co. 
Mark    tlnloii    Co. 
RIcLi'od    *i    Henry   Co. 
CSrlscom-HusHi'll    Co. 
Crandall    Parking;   Co. 
ArinstroHK   Cork    &    In.siilatlon 

Co. 
Rowc    &    Waddcll 
Dearborn    Chtnilcal    Cc. 
H.    W.    .lolin.s-Maiivi'.i.     ('... 


.\T1-\.\TM     r«»ANT  NTATKN 

The  l.aneanter  &  .lelTerHon  Klei-tric  Co.,  LuncnBter,  N.  II, 
will   Install  a   new   holler.      Walter  U.   Colby   In  HUiierintendcMl 

The  Cruin  Quarry  Co.,  onKlm-  room  and  holler  house  at 
lliiiuford,   H.   I.,   was  <lCBtroyed  by  fire  .lun<-  2.     Loss,   $16,000. 

The  United  llliiinina tlMK  ('o.,  Ni  w  Haven,  Conn.,  will  ron- 
htrucl  a  new  power  house  iit  UruiiUe  Ave.  and  Huvcn  Kt.  Tin- 
eutlniated   cost    Is    $'10,000. 

rians  arc  belnK  prepared  for  the  erection  of  a  municipal 
ulectrlc-llKht  plant  for  Math,  N.  Y.  The  cost  III  eBtlmated  ai 
$50,000. 

At  a  recent  election  at  ninghumton,  N.  Y.,  bonds  for  $148,- 
000  for  the  Installation  of  a  municipal  electrlc-llKht  plant 
\>ere  voted. 

The  Mlddlevllle  Klectric  Light  Co.,  MIddlevllle,  N.  Y.,  Is  In 
the   iiiiirket    for   a   FiO-hp.    boiler  and    engine. 

\.  w    ■  (luipin.iil    will    Ik-   itisl.ill.il   at    llie    iininiclpal    elect rii- 


1 

/ 

■=             -J     «        % 

.a 

, 

f 

b* 

'.» 

'ft. 

?.*J 

k«,C 

'-tL 

1^ 

9HiK— 

Si   « 

1        s        • 

1  /                Tt       ^      1/ 

r^S^ 

V  -5  ^  w*  ^ 

• "'  ft 

'1? 

19 

»r" 

i» 

^^^IhI' 

5:f 

.% 

■y 

9i 

•  % 

#   - 

ii 

It 

f  .^  M 

i' 

• 

^1 

*■. 

i 

m  rZ'               ^nJc  W 

.  f  * 

3; 

ilu 

f 

n 

^ 

% 

1 ' 

i    ^ 

i 

1 

l^5^'«'fe^^-^ 

^ 

h^^ 

i^ 

!^ 

1% 

f. 

«f 

f< 

IK 

n 

flW                   0U 

vjli^ 

r. 

"Tf^ 

^    '^^^E 

1 

*L- 

M» 

k 

iff 

-7^ 

■ 

^"^^ 

^ 

« 
i..l 

% 

m 

---^ 

At  TiiE  ^E\v   YoKK  State  N.  A.  8.  E.  Convention,  Kochestek,  N.  Y. 


Keystone    Lubricatinfi    Co.  Taylor  Instrument  Companies 

Svra.cuse  Faucet   &   Valve  Co.  Weaver  Hardware  Co. 

Cross  Bros.  City   of   Rochester 

A.   L.   Covin  Wm.   Powell   Co. 

Wheeler-Green    Co.  Quaker    City    Rubber   Co. 
Rochester  Electrical  Contract- 
ing Co. 

PATRONS 

Diamond   Power   Specialty   Co.  CafCery  &  Evans 

Wicks  Boiler  Co.  Schwalb   Coal   Co. 

R    T    Ford  Co.  Dan.   Sohn  Machine   Co. 

Murphv  Iron  Works  Jenkins  &   Macey 

"White  "Wire  Works  John  D.  Foster  Co. 

S.  J.   Macey  Co.  C.    Thayer 

Natt,    Bareham    &    McFarlane  Sidney   Hall's   Sons 

Kingrsford  Foundry  &  Machine  McClave-Brooks   Co. 

Co  Rochester   Motor   Co. 

}T    H    Babcock  "W.   A.    Wilson   Machine   Co. 

■iates  Coal  Co.  American   Oil   Co. 

Vacuum   Oil   Co.  James  Gilbert 

Chamberlain    Rubber    Co.  Wm.    Summerhays    Sons 

Mathews    &    Boucher  O.   L.   Goodenough 

AVillsea    Works  C.  A.  Tuke 

Sterlin"   Oil    Co.  Judson   Governor   AV  orks 

W.   H.   Hcrriman    Co.  F.   B.   Callister 

Auburn  was  chosen  as  the  meeting-  place  for  the  1915 
convention 

To  CO  1  vert  B.t.u.  per  pound  of  cor',  to  calories  per  kilo- 
gram, d^^  -le  the  number  of  B.t.u.  by  l.S;  to  convert  calories 
per  kilog.E.m  to  B.t.u.  per  pound,  ii.u'.tiply  the  number  of 
calories    by    l.S. 


light  plant  at  Emporium,  Penn.  A  150-hp.  gas  engine,  a  2200- 
volt  generator  and  a  switchboard  are  included  in  the  equip- 
ment. 

SOITHERV    ST.4TES 

Explosion  and  fire  destroyed  the  power  plant  of  the 
Meridian  Light  &  I-..v.  Co.,  Meridian,  Miss.     Loss,  .$25,000. 

f'lans   are   being   prepared    for    the   installation   of   an    elec- 
tric-light plant  in  South   Fulton.  Tenn.     R.   C.   Houston   &  Co.. 
Exchange    Bldg.,    Memphis,    are    the   engineers. 
CENTRAL,    STATES 

Bids  will  be  received  by  the  commissioner  of  purchases  and 
supplies,  Cleveland,  Ohio,  until  June  26,  for  furnishing  equip- 
ment for  the  municipal  electric-light  plant.  F.  W.  Ballard  is 
commissioner. 

The  board  of  education,  Fostoria,  Ohio,  will  issue  bonds 
for  $20,000  to  improve  the  heating  systems  of  the  public 
schools. 

According  to  press  reports  the  Chicago  City  Ry.,  Chicago, 
111.,  -will  build  a  new  substation  at  8205  South  Halsted  St. 
The  estimated  cost  is  $30,000. 

According  to  press  reports  the  Jacksonville  Ry.  &  Light 
Co..  Jacksonville,  111.,  will  construct  a  power  plant  estimated 
to   cost    $75,000.      W.    B.    Miser   is   superintendent. 

Plans    are    being    prepared    by    R.    Jilessmer    &    Bros..    1004 
Majestic    Bldg.,    Milwaukee,    Wis.,    for    the    construction    of    a 
power    plant,    heating    and    lighting    L^ystems    for    the    Milwau- 
kee County  Tubercular  Sanatorium,   Milwaukee. 
WEST   OF  MISSISSIPPI 

It  is  reported  that  the  Minneapolis  General  Electric  Co., 
Jlinneapolis.  Minn.,  will  make  extensive  improvements  to  its 
plant.     R.   F.  Pack  is  general  mana.ger. 

H.  A.  Dalbey,  Hopkins,  Mo.,  will  construct  an  electric-light 
plant  at  Hopkins. 
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By  Berton  Bealey 


I  said  to  myself,  "I  am  through  pioneering, 

I'm  sick  of  the  wilderness,  lonely  and  rough, 
I'm  sick  of  the  graders'  camp,  built  in  a  clearing, 

I'm  weary  of  laborers,  haiiy  and  tough; 
I'm  tired  of  the  outfit,  the  bed  and  the  ration. 

The  steam-shovel's  puffing,  the  shock  of  the  blast — 
I  want  to  go  back  where  there's  civilization, 

The  fun  and  the  frolic  I  knew  in  the  past. 

"The  life  that  has  savor  and  vim  in, 

The  sights  and  the  noises  of  towns, 
The  laughter  and  lure  of  the  women, 

The  glitter  of  jewels  and  gowns; 
I'm  done  with  this  business  forever, 

I'm  off  to  see  'cities  and  men'. 
And  once  I  have  landed,  I'll  never 

Come  back  to  the  'Jungle'  again." 


But  in  spite  of  the  pleasuring  places, 

In  spite  of  the  vast  city's  thrill, 
The  spell  of  the  unconquered  spaces 

Came  following  after  me  still; 
At  night  it  would  suddenly  wake  me 

By  day  it  would  whisper  and  then 
I  knew  it  was  trying  to  make  me 

Come  back  to  the  Jungle  again; 

I  had  thought  that  the  softness  of  cities  would  tame  me 

I  fought  with  the  thrall  of  a  life  I  reviled, 
But  the  lure  of  the  game  I  had  played  overcame  me 

— The  struggle  with  Nature  far  out  in  the  wild. 
The  fiesh-pots  were  sweet,  but  they  never  could  hold  me 

I  packed  up  my  kit  and  I  made  for  the  trail, 
And  now  I  believe  what  the  Old  Timers  told  me, 

"The  spell  of  the  wiidcrness  never  can  fail." 


So  I  made  for  the  city  of  wonder  and  glamor 

The  city  whose  glory  had  shone  in  my  dreams, 
I  plunged  with  delight  in  its  hurry  and  clamor. 

Its  welter  of  hopes  and  ambitions  and  schemes; 
I  reveled  again  in  the  food  and  the  raiment. 

The  music  and  lights  and  the  movement  and  mirth. 
And  I  said  to  myself,  "There  is  no  form  of  payment 

Can  tempt  me  again  to  the  outposts  of  earth. 


I'm  back  to  the  "furthermost  farness," 

I'm  way,  way  "ahead  of  the  steel," 
I'm  wearing  my  engineer's  harness, 

The  gravel  is  under  my  heel; 
The  dreams  of  the  city  still  bind  me. 

The  call  of  it  comes  to  my  ken. 
But  somehow  T  left  it  behind  me, 

I'm  back  to  the  "Jungle"  again. 
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>■)  .VO/'S/>'  /'ire  I'liliail  suiijli-nitinrr  trnln-iiln'tis  Id 
ilvvvhtp  Iti.'tOO  lip,  on  an  nri'ratjr  lii'(nl  of  17,')  fl.  Oiil- 
jinl  of  jiliinl  III  srrrr  M innraiKilis. 

As  shown  ill  llu'  m'toiii|itiiiviii;;  siiimmiirv  of  fjcmTiiliii^' 
iiiid  sulistiitioiis.  the  Noitlu'iii  Stnti's  I'owit  Co.  coiilidls 
iind  o|K'niti's  larfTf  interests  developing;  |K>\vei-  l)y  wiilei- 
nnd  steam.  Aecordinj;  to  tlie  stiitisties.  tliere  is  now  in 
ojieration  7(i.()7T  electrienl  liorsepower  in  <jeneraturs. 
dri\en  l)y  :il.">0()  lip.  of  steam  tnrl>ines.  1-3. (lOO  li)).  (.1 
en.i:ine>    and    .'!l.!>v'.">    lip.    of    walerw  heels.      iJy    far    ihi'. 
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Fig.  1.  Traxsvkrse  Section  tiif.ouoii  Plant 

of   T.5  mil 


pei'inil    a    nuinliei-   of 
nhiit    down. 

The  latest  addition  to  the  Minneapolis  division,  not 
MKJiided  in  the  forej^oinf,'  siimniary,  is  the  development 
at  Coon  Itapids,  which  i.s  on  the  Mississippi  Itiver,  ahoiit 
six  miles  north  of  tiie  city  limits  and  1 1  miles  from 
the  .Main  Street  station.  Jl.  M.  Myllesliy  &  Co.,  eiifri- 
iiecrs  ;ind  constructors,  have  already  (inished  the  dam 
;inil  the  |i(i«ri-  JKiiisc  is  under  way.  iSy  llii'  (irst  of  Sep- 
Imilicr,  it  sliniild   lie  in   full  operation. 

Iia\c  an  initial  lapacity  of  10,500  lip., 
made  up  of  live  •j|0(l-li|).  units,  with 
space  for  two  more,  so  that  oventually 
14,700  h]).  will  he  developed.  A  tliri-e- 
])liase  transmission  line  will  connect 
the  plant  witii  Minnea])olis,  and  it  is 
intended  to  iiiiild  a  second  line  to  An- 
oka. The  location  of  the  site  relative 
to  the  other  plants,  with  the  e.\ce])tion 
of  llio.<e  of  the  Mankato-Farihault  di- 
vision, i>  sliown  iii   V\'^.   I. 

The  feature  <if  the  plant  is  the  low 
head,  which,  from  previous  data  taken 
at  St.  Anthony  Fails,  will  vary  from 
13  to  20  ft.,  aiid  avcrajfe  17.5  ft.  To 
utilize  this  head  to  advantage,  verti- 
cal single-runner  waterwheels  were  de- 
signed hy  the  Alli.s-Chalmers  Co.  to 
turn  at  02  r.p.m.  The  wheels  will  he 
directly  connected  to  the  General  Elec- 
tric generators  rated  at  1625  kv.a.  and 
designed  to  deliver  to  the  station  bus 
three-phase,  (jO-cycle  current  at  2300 
volts.  By  delta-connected  transformers 
the  tension  will  he  increased  to  13,200 
volts  to  lessen  the  cost  of  transmission. 
There  are  seven  transformers  having  a 
total  ca])acity  of  13.000  hp.  and  space 
is  provided  for  three  more.  The  gen- 
erators are  of  the  suspended  type 
and,  due  to  the  low  speed,  are  of 
large    size.     Two    300-kw.,    induction- 


largest   part   is   developed   within   a    radiu 
from   Minneapolis. 

The  properties  here  are  divided  into  four  main  divi- 
sions, designated  as  Stillwater,  Minneapolis,  St.  Paul 
and  Mankato-Farihault.  The  several  municipalities  in 
each  of  these  main  divisions  are  connected  by  high-ten- 
sion transmission  lines  with  the  main  generating  sta- 
tions of  the  division.  The  city  of  Minneapolis  and  the 
towns  in  this  division  are  connected  by  high-tension 
transmission  lines  to  the  hydro-electric  stations  at  Tay- 
lors Falls  and  St.  Anthony  Falls,  known  as  the  Main 
Street  Station,  and  to  the  large  reserve  steam  station  at 
Eiverside,  Minneapolis.  The  entire  division  is  also  in- 
terconnected through  a  high-tension  trunk  line  with  the 
steam  power  house  of  the  St.  Paul  division.  Similar  in- 
terconnecting sy.stems  exist  between  the  hvdro-electri( 
and  steam  stations  of  the  Stillwater  and  Mankato-Fari- 
bault  divisions.  Within  the  year  it  is  intended  to  in- 
terconnect all  of  these  divisions,  so  that  a  transfer  from 
one  hvdro-electric  station  to  another  will  be  possible  and 


motor-driven  exciter  sets  will  furnish  excitation,  one 
to  act  as  a  spare.  A  waterwheel  unit  was  not  con- 
sidered necessary,  due  to  the  connection  with  the  other 
stations.     A      remote-controlled,      electrically      operated 


Fig. 
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switcliboard  will  be  in.^tiillcd  and  a  small  sloiago 
battery  for  operating  the  dil  switches  and  emergency 
lights.  The  layout  of  the  ])iant  is  shown  in  the  plan 
\  iew,  Fig.  3,  and  in  the  sectional  elevation,  Fig.  1.  The 
building  itself,  202x49  ft.,  will  be  of  concrete,  steel  and 
brick. 


crest.  They  will  pa.ss  all  water  not  used  through  the 
M'heels  and  will  be  so  operated  as  to  maintain  a  uni- 
form-head water  level.  The  spillway  has  been  designed 
to  pass  80,000  sec.-ft.,  although  00,000  sec.-ft.  is  the 
maximum  stream  flow  recorded.  The  draft  tubes,  which 
arc  12  ft.  6  in.  in  diameter  at  the  wheel  and  widen  out 


Mure  Trarsformers 
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As  the  dam  passes  over  a  small  island  in  the  river  at 
this  point,  the  river  has  two  channels,  one  wider  and 
nu)re  shallow  than  the  other.  Across  the  former  chan- 
nel a  spillway-concrete  dam  of  the  gravity  type,  1000  ft. 
long,  was  built.  The  power  house,  measuring  500  ft. 
with  the  retaining  section  of  the  dam,  was  built  across  the 
narrower  channel ;  a  560-ft.  earth  embankment  makes 
the  total  length  of  the  dam  over  2000  ft. 

For  its  full  length  the  gravity  spillway  section  of  the 
dam  is  surmounted  by  28  Tainter  gates,  each  being  33 
ft.  long  and  weighing  six  tons.  These  gates,  shown  in 
Fig.   2,   raise  the  pond  level    71^   ft.   over  the   concrete 


Fig.  4.  Tkaxsmissiox  Lixks,  Xkar   Mixnkapolis,  of 
NoRTHERX   States   Poweh   Co. 


as  they  proceed  toward  the  tail  race,  have  been  designed 
for  a  capacity  of  1320  cu.ft.  per  sec.  at  the  average  head 
of  17.5  ft. 

SUMMARY  OF  ELECTRICAL  POWER  PLANT  EQUIPMENT  OF  NORTH- 
ERN STATES  POWER  CO. 


Location 

Boiler 
Hp. 

Steam 
Water      Tur- 
KnKine  Wheels     bine 
Hp.        Hp.        Hp. 

Rating 

of  Gen-  Trans-    Motor- 
erators  former     Gen. 
E.Hp.       Hp.        Hp. 

Cannon  Falls,  Minn... 

1,800    

1 ,470      3,600    

Cuba  Cit.v,  Wis L340 

Darlington,  Wis 

Dilworth,  Minn 

Dundas,  Minn 

East  Grand  Forks,  Minn    

Faribault,  Minn 600 

Fargo,  N.  D 2,248 

Galena,  111 2,430 

Grand  Forks,  N.  D 2,668 


775  125 

2,080    400 

3,670    2,680 

2,280    600 


900 
2,480 
6,350 
3,030 


200 

334 

27 

40 

1,340 

5,350 
795 


Hazel  Green,  Wis 2,680 

Janesville,  Minn 134 

Lindstrom,  Minn 134 

Kasota,  Minn 535 

Lake  Crystal,  iMinn 100 

Mankato,  Minn 600      1,910    1.310  2,140 

Minot,  N.  D 1,040         700    670    

Minneapolis: 

Taylors  Falls 25,200      20,000  21,450 

Riverside 6,000    16,100    16,100  20,000 

.Main 3.400    2,010  8,000 

Substation  A 20,520 

5th  St 450         535 5,875  5,340 

Garfield 4.000 


365 
134 
134 


6th St.. :;.■.;:: :::...  : „■•   2,930 

Mis.  Substations '2,260 


Morristown,  Mi: 
Northficld,  Minn. 
PlatteviUe,  Wi,s, 
RiiiHlolph,  Minn 
Rapi.lan,  Minn 
Krd  l.ako  Knlls,   > 
liivcnkilc,  Wis.    , 


2,200  2,010 

400  240 

1,000  667 

i,600 10,720  10,720 


1(X) 
.535 

1,340 
240 

3,350 


1.50 


150 


265 
640 


067 

234 

1 ,000 


White  Roar,  Minn. 
Zumbrota,  Minn.  . 


8(K) 

9,400 

1,200 

S(K) 

4(H) 

4(K) 

1  ,(M)0 

S(K) 

LtMM) 

400 

7(X) 

400 

700 


Total 23,401     12,600    34,925    31,500    76,677  134,484      6.217 

The  total  does  not  include  equipment  for  the  Coon  Rapids  generatinu   station 
which  will  be  in  operation  late  in  1914,  and  is  as  follows: 
Coon  ILnpids       .  .      10,500    10,500    13,000 


90O 


.\lnltnma  Coal  I'rodiiotion  in  101.1 — The  i)iocluction  of  co.^I 
in  Alabama  in  1!>13  was  17.r>78,.")22  .short  tons,  valued  at  the 
mines  at  $23,083,724,  according:  to  figures  compiled  by  E.  \V. 
Parker,  of  the  United  States  GeoloRical  Survey,  in  coope»-- 
ation  with  the  Alabama  Geological  Survey.  The  increase 
compared  with  1912  was  1,577,922  short  tons  in  quantity  and 
$2,254,472    in   value. 


5)08 
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.'^iWoi'SIS-lfr.iiiifiliini   of  In/ilro-rhrlrir  jiltiiil    iililiz-  Water   is   taken    liuiii    the  lake  lliiou;;!!    iiasKaf,'eH    12    It. 

i""'/  /Ac  surplus  uiilir  nf  (lalun  La/,i\  irhiili  fnruis  purl  of      wiile.  fittr'd  with  iron  rrnkw  to  |)rcveM(  trnsli  Irom  ciitci- 
//((>  r<iniimii  Caniil.    This  plunl  has  u  iiiu.rimuui  nipuillii      iiig  llu-  j)i|)c  lincH.     It  irt  tlion  mliiiitted  to  the  pipe  linen 


if  I'liiO  kw.  mill  /uniislifs  rlnlriiili)   Id  llir  riilirr  Cuutil 
y.itui'. 

Ilel-elol'oiv,  interest  lias  eentereil  eliiellv  on  llie  tuii- 
•stniition  of  the  ranania  Cnnai.  Now  tluil  tliis  work  has 
lu'cn  i)riH'tieiilIy  completed  and  re^'nlar  service  is  ahout  to 
lie  instituted,  attention  turns  to  the  ()|irratin;,'  leatiii-es, 
in  which  electricity  ])lays  a  most  iiii|i(iiiiinl  |)ail.  'I'lie 
eiU)rmous  water  storajro  alFordcd  liythc  Mrtilicial  (ialun 
hake,  I'ed  hv  the  I'hajrres  Ifiver,  will  not  milv  carrv  \cs- 
.si'ls  the  <j;reater  part  ol'  the  dislaiicc  across   the    Istliiiius 


throuj^h  three  l().r)-lt.  head  j^atew.  Kaeh  pite  is  driven 
hy  a  ITi-lip.  motor  automatically  controlled  hy  a  limit 
switch  on  one  of  tlw!  {(ate  steniH  and  also  hy  a  float  ;  the 
operation  is  essentially  as  follows: 

Assuniin<r  the  ;jate  to  he  closed,  the  switch  is  thrown 
af  tiie  power  hoese  and  the  motor  starts  to  open  the  gate. 
W  lirn  the  hitter  lias  openccl  sullicienlly  to  fill  the  pipe 
line,  in  ahoiit  5  n:in.,  the  limit  switch  opens  the  circuit 
and  slops  the  nioloi-.  The  irate  remains  in  this  jjosition 
nnlil  the  pipe  line  is  rnll  and  the  water  rises  in  the  3()-in. 
air   \cnl    just    hilow    llic   ^'ate,   when    it  actuates   a  float 


Fig.  1.     Paxoi!amic  Vikw  ok  Plant  i-xnKit  Coxstructiox,  Showino  Pipe  Lixks  axd  Turbixe.s  ix  Place 


at  S.5  ft.  above  sea  level,  and  provide  water  for  raising 
and  lowering  them  through  the  locks,  but  it  will  also 
supply  the  hydro-electric  station  at  the  Gatun  dam.  This 
will  furnish  electricity  for  operating  the  locks,  towing 
the  ships  through  them,  lighting  the  entire  Canal  Zone, 
ojierating  the  coal-handling  plants,  drydocks  and  machine 
shops  at  Cristobal  and  Balboa,  and  will  eventually  run 
the  Panama  E.E. 

To  insure  continuity  of  service,  the  steam  station  at 
^[iraflores,  erected  a  few  years  ago  for  construction  work, 
will  serve  as  a  standby  plant. 

The  electricity  is  generated  at  2200  volts  and  is  sent 
at  44,000  volts  over  a  double  transmission  line  across  the 
Isthmus  to  Balboa  and  Cristobal.  There  are  four  44,000- 
2200-volt  substations,  one  each,  stepping  down  at  Balboa 
and  Cristobal  and  up  or  down  at  Gatun  and  Miraflores, 
depending  on  which  of  the  two  plants  is  supplying  jwwer. 
The  voltage  is  further  stepped  down  by  thirty-six  2200- 
240-volt  transformer  stations  at  the  locks  and  others  at 
the  two  cities  mentioned. 

The  crest  of  the  Gatun  dam  has  a  length  of  8000 'ft. 
and  an  extreme  width  of  2100  ft.,  the  height  above  the 
normal  lake  level  being  30  ft.  Since  the  gross  head  avail- 
able varies  from  91  ft.  during  flood  periods  to  ?9  ft.  dur- 
ing the  dry  season,  the  plant  has  been  designed  to  de- 
velop full  output  at  an  effective  head  of  75  ft. 


switch  and  again  closes  the  motor  circuit,  thereby  causing 
the  gate  to  be  opened  fully.  The  gate  is  closed  by  revers- 
ing the  main  switch  at  the  power  house.  If  necessary, 
the  gates  may  be  hand-operated. 

Pipe  lines  \OSj  ft.  in  diameter  and  420  ft.  long  lead 
from  the  gates  to  the  turbines  to  which  they  are  attached 
by  90-deg.  bend?..  Each  of  the  pipe  lines  is  arranged  for 
attaching  a  pitot  tube,  while  its  unit  is  in  service. 

PoWKli    HOLSE 

The  building  is  of  concrete,  with  a  Spanish  tile  roof, 
and  measures  61x137  ft.,  with  an  extreme  height  of  74 
ft.  It  is  designed  on  the  unit  principle  to  admit  of 
future  extension  and  consists  of  a  single  room  open  to  the 
roof.  The  turbine  pit  is  6  ft.  below  the  main  floor  and 
there  are  two  galleries  devoted  to  the  switchboards,  oil- 
switch  compartments,  reactance  coils  and  other  electrical 
equipment,  as  well  as  the  office  and  a  small  machine  shop 
for  repair  work. 

Gexi  rating  Uxits 

There  are  three  main  generating  units,  each  consisting 
of  a  2000-kw.  vertical  generator  driven  by  a  50-in.  single- 
runner  Francis  turbine,  rated  at  3600  hp.  when  operating 
under  an  effective  head  of  75  ft.  and  at  a  speed  of  2-50 
r.p.m.     The  center  line  of  the  runners  is  20  ft.  above 
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tail  water,  and  tlie  discharge  is  through  steel-lined  con- 
crete draft  tubes  71  in.  in  diameter  at  the  turbine  and  in- 
creasing to  an  elliptical  section  of  i)xl7  ft.  at  the  outlets. 
A  roller  thrust  bearing  mounted  on  top  of  the  generator 
carries  the  weight  of  the  revolving  parts  of  both  the  tur- 
bine and  generator.  The  turbine  is  so  designed,  however, 
that,  when  running  at  full  capacity,  the  runner  exerts  an 
upward  thrust  of  10  tons,  thereby  relieving  the  thrust 
bearing  of  that  amount  of  load. 

Oil  for  the  thrust  bearing  is  supplied  by  a  small  pump 
geared  to  the  main  turbine  shaft,  and  a  tank  is  provided 
below  the  pump  to  receive  the  overflow  from  the  bearing. 

Each  turbine  is  controlled  by  a  Pelton  oil-pressure 
governor,  mounted  on  the  distance  rings  and  driven  by 
bevel  gears  from  the  nuxin  shaft.  Tachometers  are  di- 
rectly connected  to  the  governor  heads.  The  governors 
<ire  fitted  with  small  electric  motoi's  for  varying  the  speed 
of  the  main  units  for  synchronizing  ])urposes,  and  a  de- 
vice is  provided  on  each  governor  for  varying  the  perma- 
nent drop  in  speed  from  no  load  to  full  load. 

The  wicket  gates  for  controlling  the  supply  of  water  to 
the  runners  are  steel  castings  with  hand- finished  surfaces. 
Each  has  its  pivot  stem  extended  upward  through  a  pack- 
ing gland,  and  is  fitted  with  an  operating  lever.  All  the 
gate  levers  are  connected  to  the  gate  ring  by  means  of 
bronze  links,  and  the  ring  is  connected  to  the  governor 
rockshaft.  The  water  passages  on  each  side  of  the  gates 
are  provided  with  renewable  rolled-steel  wearing  plates. 

The  generators  are  of  the  revolving-field  type,  and  each 
is  provided  with  a  direct-connected  exciter.  Current  is 
generated  at  2200  volts,  three-phase  and  25.  cycles,  and 
each  nuicliine  is  guaranteed  to  deliver  2000  kw.  at  80  per 
cent.  ])ower  factor  and  a  temperature  rise  of  40  deg.  C. 


above  room  temperature,  and  an  overload  rating  of  2500 
kw.  for  two  hours  witli  a  Icniperature  rise  of  o.")  deg.  C. 
On  tbe  ollicial  ter-ts  lliev  sliowed  iiii  cHicicncy  of  i»ri.l  per 


Section  through  Oxe  of  the  Main  Units 


Fig.  2.  Spillway  Bam,  Showing  Crest  Gates.  Ooee  Dam  and  Baffle  Piers;  Hydro-Electric  Station 
ON'  Left.     Fig.  3.     Turbine  Room.     Fig.  1.     Pear  of  Switchiioard 
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rent,  lit  VtKX)  k\v.,  !•  l.Il  per  .crii.  ;ii  I..1M)  l\\.  hikI  !'•.'. .'i 
I'cr  cent,  at  HUtii  k\v..  ilic  powi-r  fih  lni-  in  cinli  ii\>r  l.r- 
iii;;  SO  per  cent. 

Ki'siiU'S  llic  (liii'il-ioiiiu'clfd  fXfiltTH.  llicrc  nn'  twn 
motor-driven  exeiterH.  i-aeli  consist  in;:  "I  n  Mt(i-i<\v..  IV'i- 
volt  n;(.n('nitor  and  a  l-Mt-lip..  i?v'i)()-voIt,  2"i-cyclc,  Hipiirrel- 
ca^'e  induction  motor.  The  e\cilccs  mav  also  lie  iiseil  I'ui' 
( liar''in'j  the  corlro]  h;ilterv. 
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iOOOKw.  denemtw 
mt/i  SO  Kit  dim  t 
conntc  ttd  em  iters 


\IZBV.  exciter  Busts 


I'lC.    <;.        DlAOKAM    OJ-    ClKCIITS 

C'lirrcnl-limiliii^'  reaitaiiccs  aro  ])r<)\  idcd  lo  <;i\i'  ."i  ])er 
cent,  roadive  droj)  at  2.500  kv.-a.  Ik'sides  serviiijj;  to  re- 
duce tlio  shock  on  tlio  generator  winding,  in  case  of  a 
sliort-circuit,  these  reactances  will  render  tlie  operation 
of  syiu-hronizing  easier  and  .safer. 

A  doulile  ])usl)ar  system  of  connection  is  em]iloyed  in 
both  the  generating  stations  and  tlie  sid)stations. 

S\\  ITCHBOAIiDS 

Tlie  main  swuchhoai'd,  in  tlie  upper  palicry,  is  of  the 
bendil)oard  type,  w  iili  a  xcrtical  rear  board  i'or  the  relays, 


Fig.   7.   Gallehiks   avith   Busbak    Compaiitmicxts 
AXD  Switching  Eqcipiiext 

meters,  etc.  'J'he  space  between  the  front  and  the  rear 
board  is  inclosed  by  a  grille.  On  top  of  the  switchboard 
is  a  secoml  story  for  the  electrically  controlled  generator 
and  exciter  rheostats.  There  are  five  panels,  the  first 
controlling  the  exciters,  the  next  three  the  generators  and 


the  litth  the  :.' I  oui;/oiiig  tecdcr  circnils.  Thai  llu;  op- 
erator may  alvvayw  have  a  clear'  idea  of  wlinl  lie  is  doing 
and  thus  avoid  mistakcH  in  Hwilcliing,  tlie  8yKt<'iii  of  coii- 
neetioim  is  repirseiitefl  by  dummy  buHbarH  of  jiolisiii'il 
copper  on  top  cf  the-  iiencli.  The  voltage  regulator, 
synihroseope  and  dock  are  carried  on  a  separate  j)e<ieHlal. 
.Mtlioiigli  tlie  e.xciterH  are  controlled  from  the  bench- 
board, tin;  exciter  and  field  HwitclicK  are  iiirniiit<'d  mi  a 
Re])arate  board,  60  ns  10  make;  the  exciter  coiuieclionH  as 
short  as  possible. 

JJi'SBAH  AXD  Switch   ('o.\ieAi!TMi:sTs 

All   the  busli.ir  and   switch   compartmeiitH  are  of  con- 
crete.    J''rom    ^le  generator  oil    switches  on   the  second 


Fig.  8.     TxsTitmrKXT  Ax-n  C'ox'tkol  Boabd 

gallery,  connections  run  through  the  floor  to  the  busbar 
compartments  below,  on  which  level  are  also  the  feeder 
oil  switches  and  the  compartment  for  the  instrument 
transformers  and  cable  bells;  this  is  shown  in  Fig.  7. 

The  2'200-volt  oil  switches  are  all  solenoid  operated  and 
are  provided  with  mechanism  for  readily  disconnecting 
them  for  cleaning  or  repairs.  For  the  hand-operated 
switches,  a  pipe  framework  supports  vertical  metal  guides, 
which  carry  the  switch-operating  mechanism  and  slate 
base.  On  the  guides  is  mounted  a  lever  and  toggle  device 
by  whicli  the  switch  and  base  can  be  raised  and  lowered. 
When  the  switch  is  lowered  it  is  completely  isolated  from 
the  circuit,  and  when  raised,  it  always  goes  to  a  fixed 
height,  where  it  is  latched.  An  interlock  prevents  it  from 
being  raised  or  lowered  unless  its  contacts  are  open. 

The  complete  hydraulic  equipment  was  designed  and 
built  hy  the  Pelton  Waterwheel  Co..  and  the  electrical 
equipment  by  the  General  Electric  Co. 
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.inioillher  Boill 


On  J[(inilay,  June  8,  at  6:43  a.m.,  a  water-tube  boiler 
exploded  in  the  power  plant  of  the  Meridian,  Miss.,  Light 
&  Power  Co.,  killing  one,  injuring  two  and  inflicting 
some  $20,0111)  woi'tli  of  ])ropert,v  damage. 


Fig. 


1.     View  of  the  Boiler,  Showing  the  Tubes 
AND  Heauees  Intact 


r  lEx^plosioim  D^e  to 


The  boiler  was  a  2'>f)-]i\).  Jleine,  built  11  years  ago.  It 
contained  138  three  and  one-half-inch  tiihes  18  ft.  long 
and  the  drum  was  48  in.  in  diameter  and  22  ft.  long;  both 
heads  and  shell  were  of  y2-in.  sheet.  The  pressure  at  the 
time  of  the  explosion  was  155  lb. 

The  explosion  was  caused  by  the  failure  of  the  rear 
drum-head,  which  broke  out  in  a  circular  rupture  along 
til?  heel  of  the  flange  as  seen  in  Figs.  1  and  2.  These  two 
illustrations  also  show  that  the  tubes  were  not  injured. 
The  head  was  bumped  to  a  radius  of  OO  in.  as  was  the 
practice  of  the  Heine  company  for  all  diameters  at  the 
time  the  boiler  was  luilt.  A  tendency  to  crack  where  the 
radius  changes  abruptly  having  been  observed,  the  prac- 
tice was  modified  in  1905  by  adding  one-eighth  of  an  inch 
to  the  thickness  of  the  heads,  and  in  1908  the  radius 
to  which  heads  are  or.mped  was  changed  from  60  in.  for 
all  diameters  to  tiie  diameter  of  the  shell.  The  appear- 
ance of  the  fracture  indicates  clearly  that  the  rupture 
started  on  the  inner  surface  of  the  head  and  extended 
outward  through  the  sheet  until  separation  occurred.  'I  iie 
line  of  fracture  followed  almost  a  true  circle  around  the 
bend  of  the  flange. 

It  is  a  clear  case  of  the  effect  of  the  fatiguing  action 
of  countless  movements  of  the  liead  about  the  line  at 
which  an  abrupt  change  of  shape  occurs  in  flanging,  of 
which  there  have  been  a  aumber  of  recent  examples. 
When  the  explosion  happened  the  boiler  turned  a  com- 
plete somersault  and  went  entirely  through  the  brick 
wall,  completely  wrecking  the  boiler  house,  as  shown  in 
the  illustrations,  and  so  badly  danujging  the  power  house 
as  to  require,  reconstructing  that  end  of  the  build- 
ing 


FiU.    2.       liEaULT   UI    A   DulLKU    EXI'LOSION    Al    THE    MkKI  DIAX    LiGHT    &    POWKU    COMTANY  ^    I'LANX, 

Meuidian,  Miss. 
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Speed    Variatioim    of  Slh^imU   MotLors 
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SYNOPSIS — TliP  vniititioiis  in  sprril  of  a  xlniiit  inulur 
ivillt  the  Inn /If  rain  re  af  llir  firlils  iinil  with  the  load,  also 
Ihr  I'tfrct  of  s/iertl  vnrintuni  on  the  com nirninl  iijijilira- 
lions. 

y. 

It  is  {.'iMU'rnllv  assiiiiu'il  llial  a  sliuiil  inolor  nms  al  a|)- 
pii)\imatol_v  roiistant  spivd  undrr  all  loads  williin  its 
raparity.  Fow  i)urihasi'rs  swk  lurtluT  infonnatioii,  few 
.sdi'smeii  nin  f^ivo  aiiytliinf?  imich  iiiori'  (K'linitc  witlioiil 
rclViviiro  to  tlif  factory  and,  in  the  writer's  oi)inion,  but 
tew  factories  lan  f^ive  eomplete  and  detinite  information 
without  first  eonduetinf;;  a  series  of  tests;  and  yet  the  sul)- 
jeet  is  of  eonsiderahle  iiu|)ortanee. 

For  almost  any  elass  of  work  th'M'e  is  one  i)est  speed,  a 
faet  upon  whiih  the  elluieney  and  production  experts  hiy 
great  stress.  Falling  below  that  speed  means  a  correspond- 
ing loss  of  output,  and  the  least  that  an  excess  of  speed 
can  do  is  to  cause  a  loss  of  jjower  proportional  to  the  in- 
crease ;  in  many  cases,  the  power  consumed  rises  much 
more  rapidly  than  the  speed,  to  say  nothing  of  the  evil 
etlVcts  likely  to  lie  produced  on  the  tools  or  their  jjroduet. 

Ki'FiXT  OF  Ti:Mi'i:i{ATLiiic  ON  Sim:i:u 
One  point  to  which  little  attention  is  ordinarily  given 
is  the  increase  in  speed  due  to  temperature.  It  generally 
recjuires  from  five  to  eight  hours  of  operation  under  full 
load  to  bring  the  fields  to  a  constant  tem])erature,  during 
which  time  the  speed  is  constantly  rising.  In  some  motors 
the  total  rise  will  not  exceed  3  per  cent.,  while  in  others 
it  may  go  as  high  as  45  per  cent.  The  variation  in  speed 
between  starting  throughly  chilled  on  a  winter  morning 
and  the  end  of  a  day's  run  on  a  hot  summer  day  will  be 
materially  greater.  The  increase  is  liy  no  means  constant 
during  the  time  required  for  the  temperature  to  reach  its 
highest  value.  It  is  almost  invariably  much  greater  dur- 
ing the  first  hour  of  operation  than  for  subsequent  pe- 
riods, although  exceptions  are  occasionally  found. 

It  is  obvious  that  the  increase  of  field  temperature  will 
be  rapid  at  the  start,  but  slow  during  the  latter  part  of 
this  period,  and  the  resistance  of  the  field  windings  in- 
creases practically  uniformly  with  the  temperature, 
roughly,  about  0.4  per  cent,  for  each  degree  Centigrade. 
The  increase  in  speed,  although  due  to  diminution  in 
field  current  caused  by  this  rise  in  resistance,  is  by  no 
means  proportional  to  the  diminution.  One  motor  may 
be  so  designed  that  the  iron  in  its  fields  is  nearly  satu- 
rated when  operating  under  normal  conditions,  in  which 
case  there  will  be  little  speed  variation  with  temperature 
as  the  weaker  current  is  able  to  give  about  all  the  mag- 
netism that  the  fields  are  capable  of  carrying.  A  different 
design  may  work  with  the  fields  far  below  the  point  of 
saturation,  in  which  case  a  change  in  field  current  will 
produce  a  nearly  proportional  change  in  magnetism  and 
an  inverse  change  of  speed.  A  motor  may  have  its  fields 
fairly  well  saturated  when  cold  but  be  considerably  below 
saturation  when  hot ;  then  a  given  change  in  temperature 
will  have  a  greater  effect  on  the  speed  after  the  fields  are 
well  heated  than  when  they  are  cold. 

Although  saturated  fields  are  advantageous  in  their 
effect  on  the  change  of  speed  with  temperature,  they  work 
in  the  opposite  direction  when  variations  in  line  voltage 


are  considered.  it  is  generally  assinned  that  the  iiiu* 
voltage  is  constant,  i)Ut  that  plant  is  fortunate  which  is 
not  subject  to  variations  of  T)  per  cent.,  while  10  jier  cent. 
is  not  uncommon.  If  the  iron  were  abHolutely  Haturated 
at  the  lowest  voltage  at  which  the  motor  would  be  <'alle(l 
upon  to  o|)erate,  the  speed  would  be  directly  proportional 
to  the  voltage,  if  the  fields  were  so  weak  that  the  mag- 
netism varied  directly  in  proportion  to  the  field  current, 
there  would  be  practically  no  change  of  speed  with  or- 
dinary changes  of  voltages.  Neither  of  \\H'.m'.  eonditiona 
can  exist  in  a  conunercial  motor,  but  one  or  the  other  may 
be  approached  to  an  extent  that  will  make  a  considerable 
dill'ercncc  in   the  sjK'cd   variation  of  two  dilferent  motors. 

\'.\i!i.\Ti()\  oi-   Load 

In  the  majority  of  cases  the  variation  of  speed  with 
changing  load  is  of  less  importance  than  tlie  cases  al- 
ready noted;  but  here  also  will  be  found  a  marked  differ- 
ence in  the  characteristics  of  commercial  motors.  A  few 
instances  will  be  found  where  a  simple  shunt  motor  runs 
at  a  slightly  higher  speed  under  fidl  load  than  on  no  load; 
the  same  peeularity  is  more  frequently  found  with  inter- 
pole  motors.  For  the  other  extreme,  there  are  motors 
that  show  an  increase  of  15  per  cent,  or  more  between 
full  load  and  no  load.  An  increase  of  speed  with  the 
load  is  seldom  if  ever  desirable,  as  it  is  likely  to  lead  to 
an  unstable  condition. 

Aside  from  the  comparatively  few  cases  where  it  is 
demanded  by  the  nature  of  the  work,  close  speed  regula- 
tion is  apt  to  prove  an  unnecessary  hardship  both  on  the 
motor  and  on  the  driven  machinery.  The  response  of  the 
electric  current  to  a  change  in  load  is  practically  in- 
stantaneous, more  rapid  than  the  best  mechanical  gov- 
ernor for  steam  or  other  power,  and  the  result  is  that 
there  can  be  no  momentary  slackening  of  speed  to  relieve 
heavy  strains,  such  as  may  be  introduced  by  the  sudden 
acceleration  of  reciprocating  parts,  slightly  defective 
gears,  hard  spots  in  the  material  being  worked  or  care- 
lessness by  the  operator.  One  is  not  likely  to  appreciate 
how  violent  these  fluctuations  may  be  until  a  sensitive 
ammeter  is  placed  in  the  circuit  of  a  motor  giving  close 
regulation ;  in  fact,  sometimes  the  ammeter  may  be  too 
slow  or  "dead  beat"  to  show  the  full  value,  and  one  may 
be  surprised  to  find  the  circuit-breaker  being  thrown  on 
what  are  apparently  low  currents,  or  may  blame  the  motor 
for  sparking  when  the  fault  is  at  least  partially  that  of 
the  load  it  is  attempting  to  carry. 

Going  to  the  other  extreme,  we  will  find  shunt  motors 
that  show  a  speed  variation  of  15  or  20  per  cent,  between 
full  load  and  no  load ;  though  such  high  figures  are  gen- 
erally found  only  on  very  small  motors  or  those  designed 
for  variable  speed.  For  shunt  motors,  a  variation  of  ap- 
proximately 5  per  cent,  appears  to  be  about  the  average 
for  reliable  makes,  but  the  extremes  are  by  no  means  con- 
fined to  low-grade  machines. 

It  is  generally  assumed  that  for  shunt-  and  compound- 
wound  motors  the  reduction  in  speed  is  directly  propor- 
tional to  the  load;  that  if  there  is  a  drop  of  8  per  cent, 
from  no  load  to  full  load  there  will  be  2  per  cent,  drop 
at  one-quarter  load.  Performance  curves  are  frequently 
plotted  by  taking  the  speeds  at  full  load  and  no  load  and 
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drawing  a  straight  line  through  tiie  two  points.  It  is 
safe  to  say  that  tiiis  straight-line  cliaracteristic  is  never 
obtained  in  a  commercial  motor,  altliougli  wliere  the  total 
variation  is  small,  no  material  error  is  likely  to  be  in- 
troduced by  its  use.  In  the  majority  of  motors  the  drop 
in  speed  is  most  marked  between  no  load  and  quartei' 
load ;  frequently  half  of  the  full-load  drop  will  be  found 
between  these  points,  and  cases  have  been  observed  where 
the  drop  at  quarter  load  is  greater  than  at  full  load,  the 
latter  condition,  however,  is  rare. 

Another  common  characteristic  is  an  abrupt  falling  off 
in  speed  when  the  motor  is  overloaded ;  sometimes  this 
may  commence  before  the  full-load  point.  In  tlie  majority 
of  cases  there  is  a  considerable  drop  in  speed  from  no 
load  to  quarter  load,  a  comparatively  uniform  but  less 
rapid  decrease  between  quarter  and  full  load  with  a  total 
of  about  6  per  cent,  at  full  load,  and  a  more  rapid  de- 
crease beginning  at  some  point  between  full  load  and  25 
per  cent,  overload.  The  variations,  however,  take  a  wide 
variety  of  forms ;  some  cases  have  been  noted  where  there 
is  a  fall  in  speed  from  no  load  to  quarter  load,  a  rise  be- 
tween quarter  and  half  load  and  a  fall  at  points  beyond 
half  load. 

It  is  difficult  for  the  purchaser  to  obtain  information 
prior  to  an  actual  test  on  the  individual  motor,  as  to  the 
character  and  amount  of  speed  variation  with  load.  A 
manufacturer  may  be  willing  to  guai'antee  that  the  varia- 
tion will  not  exceed  a  given  amount,  10  per  cent,  being  a 
common  figure,  but  he  is  usually  silent  as  to  the  perform- 
ance within  that  figure,  and  a  low  variation  may  be  a 
serious  defect;  or  nearly  all  of  the  variation  may  be  be- 
tween no  load  and  quarter  load,  which  amounts  to  much 
the  same  thing.  Having  obtained  one  motor  of  a  given 
make  that  is  entirely  satisfactory  is  not  necessarily  an 
indication  that  a  second  one  will  be  so ;  if  either  the  speed 
or  the  horsepower  be  different,  there  may  be  quite  a  radi- 
cal change  in  the  speed  variation.  There  are  differences 
in  the  electrical  properties  of  iron  that  will  cause  one 
motor  to  differ  from  another;  slight  variations  in  the 
setting  of  the  brushes,  whic-h  may  be  accidental,  or  wrong- 
ly employed  to  bring  the  motor  to  its  proper  speed,  will 
also  affect  the  speed  variation.  Finally,  after  a  period  of 
service,  the  condition  of  the  commutator  and  brushes  nuiy 
alter  the  original  characteristics. 

Commercial  Applications 

The  use  of  compound-wound  motors  is,  for  the  most 
part,  confined  to  rolls,  shears,  shapcrs,  planers,  presses 
and  machines  equipped  with  flywheels,  where  their  use  is 
almost  essential  for  satisfactory  service.  Their  speed  vari- 
tion  from  full  load  to  no  load  is  usually  in  the  vicinity 
of  5  per  cent.,  but  almost  any  desired  amount  can  be  ob- 
tained if  specified.  Where  a  variation  of  over  10  per  cent, 
is  not  objectionable,  the  use  of  compound  motors  is  apt 
to  give  better  results  and  require  less  repairs  than  shunt- 
wound  motors,  and  the  slight  difference  in  cost  should 
prove  a  good  investment. 

From  the  foregoing  it  will  be  seen  that  the  purchaser 
who  has  well  defined  ideas  as  to  what  he  wants  in  regard 
to  the  speed  characteristics  of  his  motor  will  find  it  diffi- 
cult, if  not  impossible,  to  find  a  manufacturer  to  comply 
with  them.  The  usual  guarantee  that  a  motor  will  give 
"satisfactory"  service  will  hardly  cover  the  case  unless 
one  can  stipulate  just  what  is  to  constitute  satisfactory 
service.    If  a  motor  operates  its  machine  successfully  but 


gives  slightly  less  outjjut  for  the  machine  or  consumes  a 
little  more  power  than  the  best  possible  motor,  it  would 
not  be  ordinarily  considered  unsatisfactory,  although 
either  of  those  conditions  may  mean  the  loss  of  many 
dollars  in  a  year.  A  motor  whose  commutator  must  be 
turned  once  a  year,  or  even  once  in  six  months,  may  not 
be  delined  as  unsatisfactory,  but  one  that  will  go  for  two- 
years  or  more  without  turning  is  certainly  mucli  better. 
Although  the  performance  curves  given  in  the  bulletins- 
of  reliable  manufacturers  are  generally  those  of  one  or 
several  motors  that  are  supposed  to  be  fair  representatives 
of  the  entire  line,  motors  of  a  different  rating  in  either 
speed  or  horsepower  may  dejjart  materially  from  these 
results. 

A  variable-speed  motor  giving  a  ratio  of  two  to  one  or 
over,  and  provided  with  the  necessary  controlling  ap- 
paratus, is  much  more  costly  than  a  constant-speed  motor; 
but  almost  any  constant-speed  motor  can  bo  fitted  with  a 
field  rheostat  at  slight  expense  so  as  to  enable  one  to  raise 
its  speed  as  much  as  10  per  cent,  above  its  normal  rating 
with  no  injurious  effect  on  the  motor.  Such  an  arrange- 
ment, although  seldom  used,  is  desirable  sometimes;  the 
rheostat  being  divided  into  quite  a  large  numljer  of  steps 
will  enable  one  to  get  the  exact  speed  within  the  maxi- 
mum and  minimum  limits  desired  to  compensate  for  the 
rise  due  to  heating,  for  variable  voltage,  for  pulleys  that 
do  not  give  exactly  the  desired  ratio,  and  to  experiment 
on  the  possibilities  of  obtaining  increased  output  througli 
a  slight  increase  of  speed.  If  so  desired,  the  rheostat  may 
be  put  under  lock  and  key,  so  that  the  speed  can  be  ad- 
justed only  by  the  foreman  or  some  other  authorized  per- 
son, the  motor  being  started  and  stopped  by  the  operator 
in  the  usual  nuiimer. 

W. 

To  burn  coal  in  a  boiler  furnace  requires  air,  and  if 
efficiency  is  sought  this  air  must  be  supplied  in  the  pro- 
])ortion  suitable  to  the  coal  on  the  grate.  The  quantity 
of  air  carried  to  the  fuel  depends  on  the  strength  of  the 
draft  over  the  fire  for  a  given  thickness  of  fuel  bed.  It 
is  important  then  to  have  the  draft  right  at  this  point. 
The  draft  at  the  stack,  when  taken  in  conjunction  with 
the  reading  over  the  fire,  indicates  the  drop  through  the 
setting  and  breeching,  but  if  only  one  reading  is  to  be 
taken,  it  should  be  the  latter. 

When  referring  to  the  draft  of  a  boiler  it  luis  been  com- 
mon to  give  a  reading  taken  at  the  base  of  the  stack.  This 
is  misleading  as  it  is  lower  than  the  draft  at  a  point  in 
the  stack  just  above  the  breeching  or  in  the  breeching 
itself  on  the  stack  side  of  the  damper,  and  is  no  gage  of 
the  draft  intensity  over  the  fire.  It  is  not  surprising, 
therefore,  that  resistances  proportionally  large  have  been 
inter))osed  between  the  stack  and  the  furnace.  This  re- 
sults in  reducing  the  draft  over  the  fire  too  low  for  good 
combustion. 

The  common  faults  have  been  breechings  too  small  to 
carry  the  gases  without  undue  resistance,  breechings  with 
too  many  turns,  dampers  located  so  that  they  interfere 
when  fully  open  with  the  flow  of  gases,  restricted  areas 
in  boilers  that  were  liaffled  and  in  some  cases  the  com- 
bustion chamber  has  been  clogged  with  checkerwork  or 
other  needless  resistances.  Even  when  properly  propor- 
tioned and  with  its  base  straiglit  from  one  end  to  the 
other,  a  breeching  interposes  considerable  resistance.     It 
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is  usual  Id  allow  tiiU'-lcnlli  nl'  an  iiu  h  of  walrr  Inr  cvcrv 
liiindrcil  fci't  of  run  and  Iwo-tcnilis  is  lictlrr  fot-  llic  usual 
(ontlitions.  Hvorv  itO-dc;;.  iu'iid  adds  llvc-liiindrcdllis  ti> 
this  amount  and  an  cijual  iVHistancc  is  set  up  whrri  llir 
pisos  of  one  hoilcr  pass  the  uptaki-  of  anotluT.  Tlir  tr- 
sistaiU'fs  oircivd  liv  the  danipt-r  and  the  utiicr  Tailors  nicii- 
lioiu'd  will  d(>]>('nd  on  llic  installation,  hut  in  a  plant  ol 
ordiiuirv  si/.r.  anvwlu'iv  from  %  to  %  in.  of  draft  may  Iil' 
wasted  hv  nccdloss  ohstriution  to  tlit-  (low  of  f^ascs. 

With  so  murli  ivsistanct'  cuttiufj  down  tlu'  draft,  the 
axcrapo  stark  !ia.>;  not  hccn  liij^li  cnou^^di  to  produce  liu- 
JK'st  fi'sults,  and  partieularly  wlu'ii  llie  fui'l  is  liij,'ldy  volii- 
tile.  as  tluMi  a  strong  draft  over  tiic  lire  is  needed  tu  pnll 
III  enougli  air  i'or  jjood  i'ond)Usli(pii.  In  numy  of  ihc-^e 
eases  remodeling  the  hreeehing,  or  perhaps  the  entire  g;is 
passage,  will  nnike  the  stack  ample  for  average  conditions 
and  it  may  give  some  leeway  for  dilTerent  (pialiiies  nf 
fui'l  or  a  tliieker   fuel   lied. 

Of  late  it  has  heen  I'onsidered  good  practii-e  to  reduce 
the  nuniher  of  boilers  on  one  slack  and  to  replace  right- 
angle  turns  with  sweeping  heiids  where  the  u|)tak(!  enters 
the  breeching  and  at  tlu'  juncture  of  the  i)reeching  and 
the  stack.  This  lessens  the  drop  from  the  interference 
of  gases  and  the  eddying  caused  by  a  right-angle  turn, 
ill  some  I'eeent   jilaiits  the  hree(hing  has  been  eliminated 


entirely.  An  uptake  covering  two  boilers  leads  to  a  slack 
at  the  center,  'riiere  is  no  run  of  breeching  to  cut  down 
the  draft,  no  turns  to  cause  further  reduction,  and  inter- 
lereiice  is  eliminated  as  the  gases,  when  they  meet,  are 
llowing  in  the  same  dirc^ction  into  a  stink  of  am|>le  urea. 
Outside  of  the  stack  the  resistance  is  limited  to  the  set- 
ting, and  with  proper  design  this  may  be  low,  so  that 
llie  greatef  purl  of  ilic  draft  produced  is  available  oV(,'r 
the  lire. 

W'itli  such  coiL'tniclidu  tiiere  is  no  occasion  foi'  a  high 
stack  wlieii  the  I  lie!  is  to  be  burned  at  ordinary  rates  of 
iiiiiibiislioii.  In  plants  subject  to  sudden  anrl  large  de- 
mands of  steam,  making  it  lU'cessary  to  i-un  the  boilers 
Inr  a  time  at  'iUD  to  :!iii)  per  cent,  of  rating,  an  intense 
ilral'l  ami  a  high  stack  to  jiroduce  it  will  be  re<|uired.  Most 
of  Ihc  (Irafl,  however,  will  he  .".vailablc  over  the  tire,  and 
ill  periods  of  normal  load  it  can  lie  held  in  check  hy 
dampers. 

Often  in  an  existing  plant  an  investigation  of  draft 
conditions  will  gave  the  installation  of  a  new  boiler.  The 
matter  is  not  of  such  minor  importance  as  the  individual 
losses  would  indicate.  It  is  imjiortant  then  to  get  the 
draft  down  to  the  fire,  wdiere  it  is  needed.  Keep  down  the 
resistance  in  the  breeching  and  setting  and  make  the 
stack  as  effective  as  possible. 
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,'^Y'XOPSIS — Energy  from  the  turbo-fjenerators  in  raised 
from  11,000  to  110,000  volts  hy  means  of  oil-insulated 
water-cooled  transformers  placed  in  fireproof  compart- 
ments. A  portion  of  the  energy  developed  at  the  power 
station  is  used,  at  11,000  volts,  for  local  service  at  the. 
mines.  There  are  remote-control  oil  switches  on  the 
11.000-  and  the  110,000-volt  circuits.  Electrical  energy 
is  transmitted  26  miles  to  the  Siegfried  substation,  where 
it  is  stepped  down  to  22,000  volts  for  commercial  ttsc. 

;*" 

Electrical  energy  from  the  Hauto  power  plant  is  trans- 
mitted to  a  substation  at  Siegfried,  Penn.,  at  110,000 
volts.  The  distance  is  36  miles  and  the  current  is  sent 
over  duplicate  three-cable  circuits  supported  on  a  line  of 
steel  towers  spaced  about  600  ft.  apart.  Anchor  towers 
are  placed  at  all  turns  in  the  line  and  about  every  half 
mile  on  a  straight  line.  Each  transmission  circuit  con- 
sists of  three  standard  copper  cables,  each  250,000  circ. 
mils,  or  about  %  in.  diameter.  The  three  cables  of  eacli 
circuit  are  placed  one  above  the  other  in  the  same  ver- 
tical line,  the  distance  between  each  being  10  ft.,  with  the 
bottom  cable  never  less  than  22  ft.  from  the  ground.  They 
are  supported  by  suspension  insulators,  each  consisting 
of  six  10-in.  disks.  At  the  anchor  towers  the  cables  are 
anchored  by  two  strings  of  seven-unit  insulators  yoked 
together  for  greater  mechanical  strength.  At  every  third 
tower,  as  a  precaution  against  the  cables  sagging  when 
loaded  with  frozen  sleet,  two  sets  of  insulators  are  hung 
at  45  deg.  from  the  vertical. 

At  the  substation  the  electrical  energy  is  reduced  l)v 
means  of  step-down  transformers  from  110,000  volts  to 


22,000  volts,  at  which  pressure  it  is  delivered  to  the  dis- 
tributing circuits  and  transmitted  to  the  power  customers. 

As  stated  in  a  former  article,  energy  is  generated  by 
the  turbo-generators  at  11,000  volts  and  is  delivered  to 
the  low-tension  busbar  through  circuits  which  include  im- 
pedance coils  for  the  protection  of  the  generator  in  case 
of  short-circuits.  The  11,000-volt  busbars  are  placed  in 
brick-inclosed  cells,  as  shown  in  Fig.  25.  Fig.  26  is  a 
view  of  the  oil  switches  and  circuit-breakers  used  for  con- 
trolling the  11,000-volt  circuits.  The  oil  switches  are 
directly  above  the  busbar  compartments,  and  on  a  level 
with  the  turbine-room  gallery. 

From  the  generator  busbars  two  circuits  are  tapped  off, 
one  feeding  the  three  transformers  and  the  other  con- 
necting with  an  11,000-volt  loop  bus.  The  low-tension 
busbars  are  connected  in  a  loop  and  provision  has  been 
made  for  a  loop  bus  for  the  110,000-volt  circuits  when 
more  units  are  added. 

The  110,000-volt  transfer  bus  is  so  arranged  that  any 
outgoing  feeder  may  be  connected  to  any  set  of  trans- 
formers, or  two  or  more  feeders  may  be  connected  to 
one  or  more  sets  of  transformers.  Two  auxiliary  11,000- 
volt  busses  supply  energy  to  the  auxiliary  motor  circuits 
in  the  power  house  as  well  as  the  local  load  in  the  vicinity 
of  Hauto. 

Both  switches  and  circuit-breakers  which  control  the 
11,000-volt  and  the  110,000-volt  energy^  are  controlled 
and  operated  electrically  with  current  supplied  by  storage 
batteries  at  125  volts. 

All  11.000-  and  110,000-volt  oil  switches  are  controlled 
from   a   benchboard   on   the   turbine-room   gallery.      All 
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power  circuits  arc  reproduced  diagranunatically  by 
dummy  busbars  and  miniature  switches  mounted  on  tlic 
main  benchboard.  The  position  of  each  switch  is  indi- 
cated by  a  pilot  lamp  on  llic  benchboard  in  the  dummy 
system,  a  green  light  sign  i  Tying  that  the  switch  is  open 


mcn(s  for  recording  llic  |)owcr  voltage,  current,  frequency 
and  |)ower  factor  of  the  various  circuits. 

'I'liero  are  nine  oil-insulatcd,  water-cooled  transformers, 
each  of  33.50-kv.-a.  capacity,  for  raising  the  potential 
from  11,000  to  110,000  volts;  each  is  in  a  fireproof  com- 
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Fig.   25. 


Low-Tension   Busbar   Compartments   and 
Station  Switchboard 


Fig.  2ij.   Low-Tension  Oil  .Switch  and  Circuit- 
Breaker  Room 


Fig. 


Single-I'hase  110,000- Volt  Oil  S.uiciii 
AND  High-Tension  Busbars 
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16.   Mkthod  of  Insilating  tui:  Outgoing  High- 
Voltage  Lines  and  tiii;  Anchor  Framk 


and  a  red  light  that  it  is  closed.     This  gives  the  operator 
an  exact  representation  of  the  existing  connections  of  tlie 
power  circuits  between  the  alternators  and   the  busbars 
and  between  the  busbars  and  the  transmitting  circuits. 
On  suitable  panels  behind  the  benchboard  are  instru- 


partiiu'iit.  The  low-voltage  leads  come  through  the  wall 
from  th(>  11,000-volt  bus  compartments  and  the  higli- 
voltage  conductors  pass  up  through  the  ceiling  to  the 
high-potential  switches  and  l)us  room.  Each  transformer 
is  provided  with  wheels  which  rest  on  a  track  to  facilitiitc 
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inoMiij;  till-  traiislormcr.  (miIshIc  tlif  Itiiildui;;  llicrc  is  ii 
(link  aloMj;  till'  Ifiiglli  of  lite  hiiildiiij:  mi  wliicli  a  tniiis- 
liT  lar  rims,  (lu-  top  coiniiij,'  level  with  the  lloor  of  the 
tniiisl'ornier  room.  'I'his  aiTaiij;emeiit  pnivides  iiieaiw 
lor  tlie  ready  removal  and  iiislalhitiou  of  any  transformer. 
I'laeh  uroup  of  three  transformers  is  capalih'  of  delivering 
111  eonlinuous  service  lt),(lt)()  kw. 

Kai'li  transmitting  eireiiit  has  a  set  of  tiiree  single- 
phase.  1  l(),()(H)-volt  oil  switelies.  Fig.  27.  These  are  in 
the  high-tension  .switeh  room  ahove  the  transformer  room 
liiid  on  a  level  with  the  floor  of  the  low-tension  cireiiit- 
hreaker  and  oil  switches.  'The  high-potential  condiictor.H 
are  of  1-in.  hra.'^s  tuhing,  carried  on  porcelain  insulators 
iind  sejiarated  not  less  than  .S  ft.  from  every  I)art  of  IIk; 
imilding  exirpt  wliere  they  ])ass  through  the  floor  and 
the  roof  of  the  high-tension  liushar  room;  here  the  con- 
ductors are  insulated  by  special  bu.shings. 

The  method  of  insulating  the  liigh-tension  outgoing 
lines  where  tliev  ])ass  through  the  roof  is  shown  in  Fig. 


i.'S,  also  ihe  niiiHsive  ••onHtrnelion  of  the  anchor  frame', 
i-recled  on  the  roof  of  the  high-tension  swilcli  room. 
Choke  coils  ai'e  shown  hetweeii  Ihe  two  vertical  strings  of 
InsidMliirs. 

i'liuli  conductor  of  the  I .•ansmiHsion  circuit  Ih  etpiippiMl 
outside  of  the  jiower  house  with  a  lightning  arrester  of  tlio 
elect  rolylic,  horn-gap  type.  These  arresters  an;  at  the 
foot  of  Ihe  first  dead-end  lower.  The  Hiuall  arresterH  arc 
coniiecled  to  the  ll.OOO-voit  circuits  supplying  electrical 
energy  in  IIk'  nnir  vicinity  of  IIk;  power  jilant;  the  larger 
arresters,  to  the  I  Kl.OOO-volt  transmission  lineH. 

'i'wenty-(ivo-cycle  energy  is  transmitted  to  the  Siegfried 
siil)station  from  the  Ilauto  ])lant  over  the  doul)l(!-(;ircuit, 
1  iO.OOO-volt  transmission  line.  From  the  Huhstation  two 
double  22,()()0-volt  circuits  extend  to  Martin's  ('reek  and 
Coplay.  The  Martin's  Creek  line  is  built  for  110,000 
volts  as  far  as  Xagareth  in  anticipation  of  a  substation 
near  this  point  when  the  load  recpiii'cs  it.  There  are  also 
two   11,000-voIt   lines   running  1o  Lansford,    I'enn. 
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SyyOPSJS—lii  the  Sept.  2  and  SO,  1913,  issues  of 
Power,  the  varu-us  types  of  ammonia  condenser  in  com- 
mon use  were  described.  The  present  article  points  out 
(li.itinctive  features  of  these  condensers  and  touches 
briefly  on  their  relative  efficiency  a-s'  cooling  and  liquefy- 
ing apparatus. 

'.P. 
The  general  law  which  describes  the  heat-transfer  phe- 
nomena in  a  condenser  states:  The  heat  rejected  in  a 
given  time  into  The  cooling  water  is  equal  to  the  product 
of  the  square  feet  of  effective  cooling  and  condensing  sur- 
face; the  rate  at  which  heat  is  transmitted  through  a 
square  foot  of  this  surface  in  a  given  time  for  each  de- 
gree of  mean  temperature  difference  b^etween  the  ammonia 
and  the  cooling  water,  and  the  mean  temperature  differ- 
ence between  the  ammonia  and  the  water.  This  general 
law  can  be  expressed  in  symbols  as  follows : 

//  =  s'x  A-  X   td  (1) 

In  this  formula 

//  =  Heat  rejected  by  the  condenser  into  the  cooling 

water,  generally  expressed  in  B.t.u.  per  hour; 

5  =  Square  feet  of  effective  cooling  and  condensing 

surface ; 
]c  =  Rate  of  heat  flow  in  B.t.u.  per  sq.ft.  of  effective 
cooling  and  condensing  surface  per  hour  per 
degree   Fahrenheit  mean  temperature   differ- 
ence  between   the    ammonia    and    the    water 
(called  the  heat-transmission  coefficient)  ; 
/rf^Mean  temperature  difference  between  the  am- 
monia and  the  water. 
The  total  heat  H  rejected  from  the  condenser  per  hour 
is  made  up  of  heat  quantities  rejected  during  three  dis- 
tinct changes  in  the  state  of  the  ammonia.     Two  of  these 
heat  quantities  can  be  practically   zero  in  certain  types' of 
refrigerating  systems  and  specially  designed  condensers. 
The  three  heat  quantities  are  the  following: 

(1)  The  heat  removed  from  the  superheated  ammonia 
gas  as  it  enters  the  condenser  in  cooling  it  to  a  saturated 
vapor  at  the  ammonia  pressure  in  the  condenser. 


{'i)  The  lieat  removed  from  the  saturated  vapor  in 
liquefying  it  at  the  temperature  of  saturation. 

(3)  The  heat  removed  from  the  liquid  ammonia  in 
cooling  it  below  the  temperature  of  saturation,  or  lique- 
faction. 

In  the  ammonia-absorption  system  in  which,  for  eco- 
nomical reasons,  the  superheated  ammonia  vapor  as  it 
passes  from  the  generator  is  first  made  to  flow  through 
a  rectifier  or  dehydrator  to  reduce  or  practically  eliminate 
the  water  vapor,  the  resulting  anhydrous  ammonia  vapor 
is  reduced  to  within  a  few  degrees  of  the  temperature  of 
liquefaction.  For  this  reason,  the  amount  of  superheat 
removed  in  a  condenser  of  this  system  is  so  small  com- 
pared with  the  heat  of  liquefaction  that  it  can  be  neg- 
lected. 

An  ammonia  condenser  can  be  so  designed  that  the 
final  temperature  of  liquid  anhydrous  ammonia  leaving 
it  is  })ractically  the  same  as  the  temperature  of  liquefac- 
tion, so  that  there  is  practically  no  heat  removed  from 
the  liquid  ammonia.  A  conden.ser  designed  for  liquefac- 
tion only  is  a  special  apparatus,  applicable  for  use  in 
special  cases,  and  while  it  would  be  more  simple  to  an- 
alyze than  one  embodying  all  the  changes  in  the  state  of 
the  ammonia,  the  more  complicated  apparatus  is  a  better 
example  of  actual  practice. 

Equation  1  can  be  amplified  by  dividing  the  total  heat 
quantity  H  into  its  constituent  elements,  as  stated  below 
in  equation  2. 

H  =  Hs  +  Hi  +  Hf  =  S  X  k  Xtd  (2) 

In  this  equation 

Hs  =  Heat  of  vapor  superheat ; 
Hi  =  Heat  of  liquefaction  ; 
Hf  =  Heat  of  liquid  f orecooling. 
For  comparing  the  magnitude  of  these  values,  the  follow- 
ing figures  may  be  given  as  representing  a  common  con- 
dition of  operation: 

Condenser  or  liquefying  pressure,  lb.  gage  per  sq.in 184 

Temperature  of  superheated  ammonia  entering  the  condenser,  deg.  F 250 

Temperature  of  liquid  ammonia  leaving  condenser,  deg.  F 90 

For  these  conditions   of  operation,   the  heat  removed 
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from  the  condenser  per  pound 
be  as  follows : 


)f  ammonia  liquefied  will 


//j    =  (250 

h)   =  (95  —  90) 


95)    X  0  53  = 
X  1.1      = 


82.2  B.t.u. 

195.3  B.t.u. 

5.5  B.t.u. 


Total  heat  removed .583 . 0  B.t.u. 

To  show  the  heat  and  temperature  distribution  as  com- 
monly found  for  some  of  the  condenser  types  described 
and  illustrated  in  these  articles,  the  heat-distribution 
diagrams  in  Figs.  1  to  4  are  shown.  In  these  diagrams, 
horizontal  distances  represent  quantities  of  heat  in  British 
thermal  units  per  pound  of  ammonia  li(iueried  and  the 
vertical  distances  the  temperature  changes  in  degrees 
Fahrenheit  of  the  ammonia  in  the  condenser  and  the 
water  used  for  cooling  and  liquefying  it. 

Fig.  1  shows  the  heat  distribution  for  simple  open-air 
ammonia  condensers,  as  in  Figs.  1  and  2  of  the  article 
appearing  Sept.  2.  In  this  type  of  condenser,  the  hot 
ammonia  gas  enters  the  condenser  at  the  point  where  the 


//=  Bfi/  rejected  from  condenser  per  pound 
of  Ammonia  liquefied 


can  be  calculated.  In  this  case  it  is  76.8  dcg.  for  the 
superheat  period,  15.8  deg.  for  the  liquefaction  period 
and   7.3  deg.  for  the  iiquid-f()rec(joling  period. 

As  the  ammonia  during  the  superheat  period  is  gase- 
ous and  during  the  liquid-forecooling  period  a  liquid,  the 
heat-transmission  coelHcient  for  these  periods  is  far  less 
than  for  the  liquefaction.  However,  the  quantities  of 
lieat  removed  are  also  small,  and  for  this  reason  a  proper 
basis  for  the  comparison  of  condenser  performance  can 
be  oijtained  by  at^suming  the  heat-transfer  coefficient  con- 
stant for  the  three  changes  in  the  state  of  the  ammonia. 
With  this  assumption,  it  is  possible  to  find  the  coml)incd 
mean  temperature  difference  for  the  three  periods  by  use 
of  the  following  formula 

// 


tdm  = 


Hs      Hi      Iff 

tds       tdl       tdf 


(3) 


In  this  equation  the  subscripts  s,  I  and  /  indicate  the 
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Fig.   1. 


Heat-Distribution   Diagram   for  Open-Air 
Ammonia  Condensers 


cooling  water  is  showered  over  it.  This  condition  is  il- 
lustrated by  the  points  a  and  e.  Fig.  1,  the  zigzag  line 
ahcd  representing  the  temperature  change  in  the  am- 
monia, and  ef  that  of  the  cooling  water. 

As  the  ammonia  and  water  flow  downward,  the  am- 
monia is  cooled  to  the  liquefaction  point  at  h  and  the 
water  rises  in  temperature  to  the  point  g.  At  h  the  am- 
monia is  in  the  form  of  a  saturated  vapor  and  in  its  flow 
further  down  through  the  ccindenser  it  is  liquefied,  until 
finally  at  c  all  the  ammonia  is  liquid.  During  the  lique- 
faction period  fhe  temperature  of  the  water  rises  from  (j 
to  /^;  after  this,  if  the  liquid  ammonia  has  not  reached 
the  outlet  from  the  condenser,  it  will  be  further  cooled 
by  the  water  to  the  temperature  d  and  the  temperature 
of  the  water  will  rise  to  f. 

Applying  to  this  diagram  the  heat  quantities  given  and 
assuming  that  the  superheated  ammonia  gas  enters  the 
condenser  at  250  deg.,  that  liquefaction  takes  place  at 
95  deg.  F.  and  the  liquid  is  undercooled  5  deg.,  it  will  be 
found  that  if  2  gal.  of  70-deg.  cooling  water  are  showered 
over  the  condenser  per  minute  per  ton  of  actual  refrigerat- 
ing etfect  of  the  system,  its  temperature  at  the  end  of  the 
superheat  period  will  be  72.1  deg. ;  at  the  end  of  the 
liquefaction  period  84.85  deg.;  at  the  end  of  the  liquid- 
forecooling  period  85  deg. 

Having  determined  this  temperature  change,  the 
logaritlimic  mean  temperature  difference  for  each  period 


Fig.  2.  Heat-Distribution  Diagram  for  Dodble-Pipe 
AND  Spiral-Coil  Condensers 

superheat,  liquefaction  and  liquid-forecooling  periods, 
respectively. 

From  this  equation  we  find  for  the  conditions  repre- 
sented in  Fig.  1  a  combined  mean  temperature  difference 
of  17.5  deg.  F. 

Fig.  2  shows  1hc  temperature  and  heat  distribution  for 
the  open-air,  double-pipe  and  spiral-coil  condensers  of 
the  counter-current  type  illustrated  in  Figs.  3,  4,  7,  8,  9 
and  10  of  the  previous  articles  when  supplied  with  the 
same  quantity  and  temperature  of  cooling  water  used 
for  the  simple  open-air  condenser.  The  combined  mean 
temperature  difference  in  this  case  is  13.8  deg.  F. 

To  a  casual  observer  it  would  appear  from  these  re- 
sults that  for  the  same  square  feet  of  effective  cooling 
surface  the  condensers  from  which  Fig.  1  was  plotted 
would  give  a  greater  condensing  capacity  than  those  to 
which  Fig.  2  refers.  This,  however,  is  not  the  case,  for 
the  following  reasons : 

From  equation  (1)  it  will  be  seen  that  the  mean  tem- 
perature difference  is  not  the  only  determining  factor  in 
the  transfer  of  heat,  but  that  the  magnitude  of  Ic  is  just 
as  important.  From  a  condenser  in  which  the  combined 
mean  temperature  difference  is  small,  just  as  much  heat 
can  be  rejected  as  from  one  where  the  combined  mean 
temperature  difference  is  large,  provided  the  value  of  h 
is  larger  in  the  former  than  in  the  latter  case.  Experi- 
ments have  shown  that  the  value  of  h  varies  a?  the  square 
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I'liol  of  lllf  aViTjim'  mean  s|ircil  nl'  tlic  lliiiils  ill  tin'  iiili- 
(li'iiscr.  'Pile  I'arl  is  that  in  ilir  <(iiiilciiscrH  for  wIikIi 
F\'^.  Ji  shows  till'  Ileal  ilistriliiition,  ilir  nicaii  velocity  of 
the  vapor  and  the  eni<ieiiev  of  the  idiideiisiriij  Hiiifatu 
is  jirealer  than  in  those  to  which  Fi;;.  I  refers.  The  re- 
sult is  ti  lower  li(|iiefvin<;  |)i'essure  and  a  lower  linal  li(|iiid 
temperature  for  the  same  (|iiantilv  and  tciiipeiiitiire  of 
<'oolin}^  and  coiiili'nsin>,'  water.  'I'lie  use  of  this  type  of 
comlenser  alTects  the  ellicieiicy  of  the  refri^jei'aliiijf  system 
as  a  whole  in  two  ways.  Tiie  j^rcater  forecoolinff  of  tiie 
iiijuid  results  in  a  I'ediictioii  in  the  weiirlil  of  refrij^eraiil 
that  must  he  circulated  per  loii  of  refriiicnitioii  produced 
and  the  lower  licpiefyiiif,'  pressure  results  in  a  smaller 
steam  lonsumption  for  operatin^if  the  refrifreratinji  nia- 
oiiine. 

¥\g.  'S  shows  the  temperature  distiihutioii  for  the  at- 
mospheric condi  users  illusi latcd  in  l'"i,<;'s.  '>  and  (>  of  the 
article  appearinij  Sept.  "J.  1 1  will  he  seen  that  their  con- 
.struction.  while  not  as  good  as  that  of  the  coiideii.sers  il- 
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lustra  ted  in  Figs.  3,  4,  7,  8,  9  and  10,  is  bettor  than  that 
of  the  simple  open-air  condensers. 

Fig.  4  shows  tlic  temperature  distribution  for  a  double- 
pipe  ammonia  condenser  in  which  the  ammonia  headers 
and  water  headers  are  located  at  the  opposite  ends  of  the 
apparatus.  This  construction  produces  parallel  flow  in 
tlio  same  direction  for  the  ammonia  and  water  in  each 
pipe,  whereas  the  general  flow  through  the  condenser  of 
the  ammonia  and  water  is  counter-current.  This  condi- 
tion of  operation  is  indicated  by  the  broken  line  showing 
the  temperature  changes  in  the  ammonia. 

A  general  equation  giving  the  value  of  the  heat-trans- 
mission coefSeient  for  condensers  is  as  follows: 


k  =  n  ^  V 


where 


a  =  Constant  which  must  be  determined  by  experi- 
ment for  each  type  of  condenser ; 
V  =  Average  mean  speed  of  the  ammonia  and  water 
in  feet  per  second. 
Contrary   to   the   ideas   generally    advanced   in   steam 
practice,  the  velocity  of  the  ammonia  vapor  in  this  type 
of  condenser  aifects  the  value  of  h.     Experiments  made 
at  the  works  of  the  De  La  Vergne  Machine  Co..  ISTew 
York    Cit}',   have    shown   that    for   open-air   condensers, 
where  the  water  flows  perpendicularly  to  the  ammonia 
vapor,  the  value  of  l-  is  almost  entirely  dependent  on  the 
speed  of  the  vapor  in  the  condenser  and,  so  far  as  could 


lie  detel-milled,    independent  of   the  speed   of   the   water. 

l''or  doiihle-pipe  eondermers  and  other  types  in  which 
the  ammonia  and  wat<-r  flow  in  parallel  eiirrents,  and 
either  in  the  Hame  direction  or  counter-current,  the  value 
of  li-  varicH  directly  as  the  H(|uare  root  i.i  tlu;  mean  average 
velocity  of  the  two  (luidH. 

These  statements  can  he  readily  proved  without  giving 
actual  ligures  of  test  results,  for  Louis  IJIoek  found  Home 
lime  ago  that  by  throttling  the  inlet  valves  of  ammonia 
condensers  so  llial  the  valve  was  barely  open,  as  good,  if 
not  heller,  I■eslllt^  wen;  obtained.  The  reason  for  this  is 
that  when  these  valves  are  wide  open,  the  pressure  in 
the  conden.ser  is  nearly  that  in  the  discharge  pipe,  and  on 
account  of  the  large  area  of  the  conden.ser  J)ipes,  the  aver- 
age velocity  of  the  vapor  in  the  condenser  is  lo\s'.  This 
velocity  directly  affects  the  value  /;  and  a  large  tempera- 
ture diffensnce  is  necessary  to  produce  results.  On  tlie 
other  hand,  if  tlie  inlet  valves  on  the  condensers  arc 
tlirottled,  the  pressure  in  the  condenser  itself  falls  con- 


»•« Liquefaction  Period- 
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Fig.  4.  Heat-Distributiox  Diagraai  for 
DoLBLE-PiPE  Ammonia  Condensers 

siderably  below  the  pressure  in  the  discharge  pipe  and 
the  vapor  speed  in  the  condenser  will  be  considerably  in- 
creased, raising  the  value  of  Ic  and  improving  the  results, 
even  though  the  mean  temperature  difference  with  the 
valves  partly  closed  will  be  less  than  when  they  are  Avide 
open.  Therefore,  by  so  regulating  the  inlet  valves  of  the 
ammonia  condenser,  a  point  can  be  found  where  the  am- 
monia-discharge pressure  and  the  final  fluid  temperature 
will  be  a  minimimi. 

In  Fig.  G,  in  the  Sept.  2  issue,  a  special  type  of  open-air 
ammonia  condenser  was  illustrated.  This  condenser  is 
equipped  with  an  ejector  A,  which  is  ostensibly  used  for 
mixing  some  of  the  liquid  ammonia  condensed  with  the 
discharge  vapor  coming  from  the  compressor  before  it 
passes  to  the  top  of  the  apparatus.  It  is  claimed  that  the 
mixture  of  vapor  and  liquid  will  result  in  a  better  heat 
transfer  in  the  apparatus  than  could  be  obtained  with 
the  vapor  only.  This  statement  is  contrary  to  the  laws 
of  heat  transfer,  and  if  this  condenser  produces  better 
results  than  a  well  constructed  apparatus  on  the  lines  il- 
lustrated in  Figs.  3,  4,  7,  8,  9  and  10,  it  is  only  due  to 
the  resulting  increase  in  circulation  in  the  condenser.  The 
fact  is,  that  in  all  condensing  apparatus,  whether  used 
for  steam  or  any  other  condensible  vapor,  the  best  results 
are  obtained  with  constructions  in  which  the  liquid  con- 
densed is  removed  as  soon  as  formed. 

The  Block  type  of  ammonia  condenser.  Fig.  4.  is  a 
modification  of  the  De  La  Vergne  open-air  condenser, 
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Fig.  3.  Tlie  advantage  of  the  former  construction  lies 
entirely  in  the  better  forecooling  of  tiie  ammonia  liquid 
before  it  flows  to  the  liquid  receiver.  The  construction 
otherwise  is  not  ideal  as  a  condensing  apparatus,  because 
all  the  liquid  must  pass  up  through  all  the  condenser 
pipes  before  it  can  be  discharged  into  the  liquid  receiver. 
The  claim  for  the  efficiency  of  this  condenser  is  the  same 
as  that  made  for  the  atmospheric  condenser  shown  in 
Fig.  6.  Experiments  have  shown  that  the  increase  in 
efficiency  of  this  condenser  over  the  simpler  open-air  con- 
denser is  entirely  due  to  the  higher  average  speed  of  the 
vapor.  The  liquid,  if  not  removed  as  soon  as  formed, 
fills  up  part  of  the  space  in  the  pipes  and  restricts  the 
available  area  for  the  flow  of  the  vapoi',  so  that  the  aver- 
age speed  of  the  vapor  is  maintained  nearly  constant 
throughout  this  condenser.  For  condensers  where  the 
liquid  is  drawn  off  at  various  points,  the  speed  of  the 
vapor  decreases  as  more  and  more  of  it  condenses.  On 
the  other  hand,  in  the  latter  type  there  is  more  surface 
available  for  condensation,  so  that  actually  this  type  of 
condenser,  if  properly  designed  and  installed,  will  give 
better  results  than  any  other  type  heretofore  described. 

Theoretically,  there  is  no  difference  between  the  opera- 
tion of  the  Block  type  and  the  standard  double-pipe  type 
of  ammonia  condenser  illustrated  in  Fig.  8  of  the  article 
appearing  Sept.  30,  excejit  that  in  the  former  the  am- 
monia vapor  passes  up  through  the  condenser,  whereas 
in  the  latter,  the  vapor  enters  at  the  top  and  the  liquid 
is  drained  off  at  the  bottom. 

The  spiral-coil  type  of  surface  condenser  illustrated 
in  Figs.  9  and  10  have  been  used  largely  in  connection 
with  absorption  refrigerating  machines  and  have  proved 
efficient.  The  only  objection  to  their  use  is  the  difficulty 
of  cleaning  the  spiral  coils  of  scale  deposits,  particularly 
when  the  quality  of  the  cooling  and  condensing  water 
is  suth  that  at  the  tempei'ature  in  the  condenser  a  hard 
scale  is  formed. 

'iliese  condensers  are  so  constructed  that  the  liquid 
drains  from  the  cooling  surface  practically  as  soon  as 
formed,  and,  therefore,  are  of  a  construction  which  con- 
forms to  the  best  practice  as  indicated  by  theory.  If  this 
design  were  so  improved  that  the  velocity  of  the  ammonia 
vapor  would  be  greater  than  is  the  case  in  the  construc- 
tion at  present  used,  better  results  could  be  obtained.  As 
they  are  now  constructed,  the  value  of  the  heat-transmis- 
sion coefficient  h  varies  almost  entirely  with  tlie  speed  of 
the  cooling  and  condensing  water  through  the  coils  for 
the  reason  that  the  speed  of  the  ammonia  vapor  is  small. 

Fig.  11,  in  the  Sept.  30  issue,  illustrates  an  application 
of  the  standard  steam  condenser  for  use  in  liquifying 
ammonia.  In  this  type,  the  velocity  of  the  ammonia 
vapor  is  also  small  as  compared  to  the  speed  of  the  water 
flowing  through  the  tubes,  and  for  this  reason  the  value 
of  k  varies  as  the  square  root  of  the  speed  of  the  water, 
being  practically  independent  of  the  speed  of  the  vapor. 

Figs.  12,  13  tind  14  illustrate  types  of  submerged  am- 
monia condensers  and  but  little  test  data  are  available 
on  which  to  analyze  their  efficiency.  They  are  at  this 
time  not  much  used,  as  a  great  deal  of  cooling  and  con- 
densing surface  is  necessai-y  in  their  construction  to  ob- 
tain good  results.  This  is  largely  due  to  the  inefficient 
use  of  the  cooling  and  condensing  water.  "I'he  cooling 
water  has  a  tendency  to  short-circuit  from  the  water  in- 
let to  the  outlet,  and  on  account  of  the  large  cross-section 


avaihd)le  for  the  water  flow,  the  heat-transfer  coefficient  k 
is  (ixtremely  small. 

In  conclusion,  it  is  most  important  in  designing  an 
ammonia  condenser  to  take  into  consideration  the  velocity 
of  flow  of  both  the  cooling  and  the  condensing  water  and 
the  annnonia  vapor.  Further,  the  l)est  results  are  ob- 
tained if  the  liquid  is  removed  as  soon  as  formed.  Theie 
is,  of  course,  a  limiting  sj)eed  for  the  flow  of  the  water 
and  the  ammonia  vapor  in  condensers,  and  this  limit  is 
found  in  the  pressures  required  to  produce  this  flow.  De- 
pending on  the  cost  of  power  and  the  first  cost  of  installa- 
tion, the  limits  will  vary  to  some  extent.  The  cheaper  the 
power,  the  higher  will  be  tlie  limiting  speed  for  the  water 
and  the  vapor. 


A  new  two-  and  three-stage  centrifugal  fire  pump,  de- 
signed to  work  against  100  lb.  pressure,  has  recently  been 
put  on  the  market  by  the  Goulds  Manufacturing  Co., 
Seneca  Falls,  X.  Y.  The  pumps  are  designed  to  dis- 
charge into  hose  lines  or  for  service  with  automatic- 
sprinkler  systems. 

The  casing  consists  of  two  castings  horizontally  divided 


Centrifugal  Pump  with  Casing  Lifted 

on  a  plane  passing  through  the  center  of  the  shaft,  as  il- 
lustrated. Both  the  suction  and  the  discharge  nozzles  are 
cast  integral  with  the  lower  half.  The  upper  and  lower 
halves  of  the  casing  are  bolted  together  and  maintained  in 
alignment  by  means  of  tapered  dowel  pins.  Eemoving 
the  upper  half  of  the  casing  permits  of  inspecting  the  im- 
pellers, the  shaft  and  the  water  passages. 

The  impellers  are  made  of  phosphor  bronze,  and  have 
vanes  of  a  shape  to  gain  the  highest  efficiency  when  op- 
erating under  the  conditions  for  which  the  pump  is  built ; 
they  are  of  the  nonoverload  type.  The  hubs  are  fitted 
with  removable  and  renewable  composition  wearing  rings 
which  reduce  leakage  to  a  minimum  from  the  discharge 
side  back  to  the  suction  side,  and  may  be  replaced  when 
worn.  The  shaft  bearings  are  of  anti-friction  metal,  made 
in  halves,  divided  on  the  center  line,  and  may  be  removed 
and  renewed  by  taking  off  the  upper  half  of  the  bearing 
shell. 

The  stuffing-boxes  are   fitted   with   sniit   bronze   glands 
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iesefl  Esugines  in  Msuriime  WorIK 


The  follotrintj  is  friiiii  n  liilrr  In/  a  ii>rrc!<}iiiudvul 
who  has  bri-n  chief  viujiuvvr  of  a  Dir.srl  ship  for 
the  past  ci(jhtrt'n  months.  While  this  particular  ship 
has  been  rct/ardetl  as  ciniueutlii  successful  it  has  not  been 
free  from  eiKjine  troubles,  but  thexe  are  slowly  bring 
eliminated.  As  expressed  by  the  writer.  "Diesel  engines 
have  come  to  stay  and  it  behooves  marine  engineers  to 
study  them." — Kmroi!. 

X 
'riic  vessel,  tlie  niacliincrv  of  wliiili  I  have  cliariir.  lias 
been  in  serviir  for  IS  months,  'lie  latter  part  of  this 
period  witli  eonsideral)le  suecess.  Tiic  ])ro])ellinfr  maeliin- 
erv  eonsists  of  two  single-actinfj,  four-stroke-cyt'le,  open- 
frame  type  Diesel  engines  of  six  cylinders  each,  with  a 
d.iameter  of  22  in.,  and  39-in.  stroke.  Although  designed 
for  about  1100  brake  horsepower  each,  the  engines  indi- 
cate api)ro.\imately  2700  hp.  combined. 

DitlVrence  of  opinion  exists  among  engineers  as  to  tlie 
type  best  suited  to  marine  work ;  some  prefer  the  open 
frame,  others  the  closed-in  type.  With  the  latter,  of 
course,  a  clean  engine  room  is  possible,  while  with  the 
former  it  is  inii)ossible  to  prevent  the  lubricating  oil 
splashing  onto  platforms,  gratings,  etc.,  due  to  the  high 
speed  of  the  engine.  Still,  from  a  practical  point  of  view, 
the  open  type  is  preferable  as  the  bearings  can  bo  felt  by 
the  engineer  and  any  slacking  back  will  probably  be 
noticed  in  time.  Also,  in  overhauling,  it  is  much  simpler 
and  quicker,  and  builders  of  this  type  try  to  conform  as 
nearly  as  possible  to  ordinary  steam-engine  practice. 

As  regards  the  engine  operation,  the  exhaust  valves  arc 
generally  looked  upon  as  a  weak  part  and  require  con- 
stant overhauling.  On  several  occasions  we  have  had 
the  valve  spindles  and  their  guides  break.  This  was  due 
to  the  rubbing  surface  being  too  soft  and  not  sufficiently 
lubricated,  at  the  same  time  working  too  hot.  It  was 
remedied  by  fitting  hard-steel  bushings,  both  on  the  guides 
and  spindles,  by  a  more  efficient  means  of  lubrication  and 
by  fitting  an  internal  pipe  to  insure  the  lower  part  of  the 
chest  being  cooled.  Since  then  no  ti'ouble  has  been  ex- 
perienced ;  yet  we  find  it  advisable  to  take  the  valves  and 
chests  out  every  few  weeks  and  replace  them  with  spare 
ones,  a  full  set  of  which  should  always  be  carried,  those 
taken  out  can  then  be  put  in  order  at  sea.  Moreover,  due 
to  working  at  such  high  temperatures,  the  valves  and 
seats  are  apt  to  become  warped. 

The  air-inlet  valves  give  little  or  no  trouble,  neither 
do  the  fuel  valves  if  they  are  not  allowed  to  become  dirty, 
and  care  is  taken  that  the  fuel  is  well  filtered.  The  small 
valves,  which  automatically  release  the  compression  in  the 
cvlinders  while  maneuvering,  must  be  carefully  watched 
for  dirt;  a  little  on  the  spindles  or  valves  causes  them 
to  stick,  with  consequent  difficulty  in  getting  the  .motor 
started. 

The  cylinders  themselves  should  be  well  water  jacketed, 
especially  the  heads.  Many  cylinder  heads  have  been 
cracked  through  faulty  circulation,  because  the  valves 
were  too  crowded,  leaving  no  space  for  the  water  to  get 


Ihrougli.  This  has  Ix'en  remedied  in  our  case  i)y  placing 
the  fuel  valve  out  of  the  center,  thus  giving  more  freedom 
for  the  water  to  circulate. 

Another  source  of  trouble  was  'ho  pistons,  which  are 
water  cooled,  the  inlet  and  outlet  being  through  tele- 
scojjic  pipes  fastened  on  the  bottoms  of  the  pistons  and 
working  with  them.  Owing  to  the  long  stroke,  it  is  difli- 
cult  to  keep  these  pipes  working  true,  but  we  have  now 
made  the  outer  pipes,  in  which  th'-  »elescopes  work,  larger 
in  diameter  to  allow  of  more  movement.  Several  pistons 
were  cracked  by  the  cold  water  striking  directly  against 
the  hottest  part.  This  was  remedied  by  fitting  deflecting 
plates  inside,  which  forced  the  water  to  take  a  circular 
direction,  the  cooling  then  being  more,  gradual.  The 
pistons  are  about  12  in.  long,  each  fitted  with  eight  rams- 
bottom  rings,  with  a  broad  white  metal  l)and  on  the  lower 
part  to  insure  a  working  fit  in  the  cylinder.  If  not  well 
lubricated,  the  rings  give  a  lot  of  trouble,  get  fast  in  the 
grooves  and  in  a  short  time  are  burned  solid ;  which  means 
that  they  have  to  be  cut  out  with  a  hammer  and  chisel. 
The  rings  should  be  an  easy  fit  in  the  grooves  and  there 
should  be  efficient  lubricating  pumps  for  forcing  the  oil. 
Then  the  wear  on  the  cylinder  walls  will  be  slight.  In  thi? 
design,  the  piston  is  examined  from  the  bottom,  so  that 
no  shafts,  levers  or  pipes  need  be  disconnected,  which 
means  a  great  saving  in  time,  in  fact,  a  piston  can  be  ex- 
amined in  less  than  an  hour. 

Another  important  part  of  a  fiiesel-engine  equipment 
is  the  air-compressing  plant.  This  in  the  present  case 
consists  of  a  three-stage  compressor  driven  by  balance 
levers  from  the  main  engines.  The  compressed  air  is  dif 
charged  at  each  stage  through  copper  coils  placed  in  one 
of  the  main  columns  through  which  water  is  continually 
circulating,  to  insure  the  air  being  well  cooled;  the  com- 
pressor pistons  are  very  long  and  are  lined,  above  the 
ramsbottom  rings,  with  white  metal,  thus  insuring  a  neat 
fit  in  the  cylinders.  Here,  again,  good  lubrication  is  es- 
sential to  avoid  trouble.  The  valves  must  be  examined 
and  cleaned  as  often  as  possible;  if  allowed  to  get  dirty, 
they  quickly  become  baked.  The  cooling  coils  also  give 
trouble  at  times,  being  liable  to  crack  at  the  neck  of  the 
flange,  due  to  the  expansion  and  contraction.  These  should 
be  washed  out  occasionally  with  benzine  to  get  rid  of 
the  oily  deposit  from  the  lubricant,  a  little  of  which  is 
sure  to  find  its  way  in  with  the  air,  and  it  may  have  dis- 
astrous results — in  fact,  most  of  the  explosions  recorded 
of  Diesel  motors  have  been  due  to  this  cause — so  that  too 
much  care  cannot  be  used  with  the  compressing  plant. 

It  will  be  seen  from  what  has  been  said  that  many 
spare  parts  must  be  carried,  especially  on  a  vessel  making 
a  long  voyage. 

The  fuel  oil  used  is  ordinary  Poumanian  or  American 
gas  oil  with  a  specific  gravity  of  0.890  at  15  per  cent, 
and  a  flash  point  of  80  deg.  C.  In  regard  to  the  lubri- 
cating oil,  only  the  best  should  be  used.  Inferior  oils 
are  not  recommended  as  they  give  trouble,  and  animal 
oils,  above  all,  should  be  avoided.     We  now  use  one  kind 
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aiul  quality  only  for  all  purposes  of  lubrication,  instead 
of  three  as  before;  this  is  much  to  be  preferred  as  a  mis- 
take is  so  easily  made.  Following  are  specifications  of  the 
oil  used: 

Viircosity   at   50   deg 10.5 

Flash     point     215  deg.  C. 

Specific   gravity   at   15    deg 0.92 

It  should  be  mentioned  that  all  the  au.xiliaries  are 
steam  driven,  one  oil-tired  boiler  'ti'ing  litted  on  deck  for 
})ort  use  and  a  smaller  one  in  the  engine  room  for  use  at 
sea.  Firing  is  accomplished  partly  by  oil  and  partly  by 
the  exhaust  gases  from  the  engines.  The  boiler  is  of  the 
ordinary  marine  type,  having  two  furnaces,  so  that  the 


gases  are  continually  jjassing  through  one  furnace,  to  act, 
in  the  first  place,  as  a  silencer,  and  in  the  second  to 
utilize  the  waste  heat  from  the  exhaust.  The  second  fur- 
nace is  free  for  an  oil  burner,  but  we  find  it  unnecessary, 
as  with  the  steering  and  other  small  engines  usually  work- 
ing at  sea,  sufficient  steam  to  drive  them  is  generated  by 
the  exhaust  gases  alone,  which  ia  a  great  saving. 

in  conclusion,  it  is  my  opinion  that  a  great  deal  yet 
remains  to  be  done  before  internal-combustion  engines 
for  ship  propulsion  have  the  reliability  of  the  steam  en- 
gine. However,  progress  will  undoubtedly  be  made,  and 
it  behooves  marine  engineers  to  study  the  question,  as 
Diesel  engines  have  come  to  stav. 
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SYNOPSIS — .4.  set  of  charts  for  readil!/  fiijurinii  the  cost 
of  coal,  labor  and  ash.  removal  per  1000  lb.  of  eniporation. 


Engineers  and  engineering  salesmen  often  need  to 
make  rapid  calculations  on  the  cost  of  coal,  labor  and 
ash  disposal.  To  do  this  rapidly  on  a  slide  rule  may 
give,  rise  to  errors,  especially  in  decimal  places. 

The  best  basis  for  calculating  jjowei'  costs  is  probably 
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Fig.  1.  Cost  of  Evaporating  1000  Lb.  of  Coal  avith 

Different  Priced  Coals  and  Different  Boilku 

Efficiexoies 

on  1000  11).  evaporation.  From  this  the  total  cost  per 
annum  may  easily  be  figured,  either  from  fhe  total  water 
records  or,  if  these  are  not  obtainable,  from  the  total 
coal  and  the  approximate  evaporation  per  pound  of  coal. 
Total  evaporation  =  Tans  of  coal  X  2240  X  pounds 
equivalent  evaporation  per  pound  of  coal 

T'^sing  the  first  chart,  hy  means  of  the  evaporation  per 
pound  of  coal  and  the  cost  of  coal  per  2240  lb.,  delivered 
in  the  boiler  room  or  hunkers,  the  cost  in  cents  for  evap- 
orating 1000  lb.  of  water  is  easily  found. 

The  second  chart  shows  the  cost  of  labor  in  the  boiler 
room  per  1000  lb.  evaporation.  This  cost  is  hased  on  the 
total  labor  cost  per  2240  lb.  of  coal  fired,  which  is  prob- 
ably the  easiest  method  of  arriving  at  this  figure. 


cost  of  labor  jier  t())i  of  coal  = 

labor  cost  per  month  {or  year) 

tons  of  coal  i)er  month  {or  year) 

The  third  chart  shows  the  relation  between  the  per- 
centage of  ash  and  refuse,  the  equivalent  eva])oration  and 
tlie  cost  of  ash  removal  per  1000  lb.  of  evaporation.  A 
cost  of  50c.  per  2240  lb.  of  ash  and  refuse  is  the  basis  of 
cartage  cost.  Of  course,  this  will  vary  in  different  lo- 
calities, but  this  cost  can  easily  be  multiplied  by  some 
factor  to  take  care  of  this  difference,  such  as  one-half 
cost  from  the  chart,  if  the  contract  price  for  ash  removal 
is  25c.  per  ton  instead  of  50c. 

If  the  total  ash  and  refuse  is  not  obtainable,  as  may  be 
the  case  when  considering  the  change  from  one  coal  to 
another,  the  amount  may  be  approximated  from  the  coal 
analysis  by  multiplying  the  percentage  of  ash  by  1.25,  as 
this  will  be  an  average  factor  for  fixed  carbon,  and  mois- 
ture in  the  ash  as  dumped  from  the  furnace. 

Criticism  may  be  made  that  an  evaporation  of  10  to  12 
lb.  cannot  be  obtained  with  20  to  36  per  cent,  ash  and 
refuse.  However,  this  part  of  the  curves  was  put  in 
only  for  convenience  of  extending  the  curves,  and  for 
keeping  the  chart  uniform  in  appearance.  The  use  of 
the  curves  is  best  illustrated  by  considering  a  complete 
problem. 

A  boiler  plant  using  anthracite  coal,  hand  fired  and 
costing  $2.50  per  ton  of  2240  lb.  delivered;  1200  tons 
being  used  per  month,  at  an  average  equivalent  evapora- 
tion of  7  lb.  per  pound  of  coal,  as  fired.  The  operating 
labor  is  in  three  shifts,  each  consisting  of  two  firemen 
and  one  coal  passer,  paid  $2.50  and  $2  respectively,  seven 
days  per  week.  The  total  ash  and  refuse  is  approximately 
22  per  cent.,  costing  40c.  per  ton  for  removal. 

The  use  of  soft  coal  and  stokers  is  considered,  the  coal 
costing  $3.50  per  2240  lb.  delivered,  the  ash  analysis  be- 
ing 8  per  cent.  An  evaporation  of  lOi/j  lb.  is  guaranteed, 
the  labor  for  operation  being  reduced  to  one  fireman  and 
one  coal  passer  per  eight-hour  shift,  at  the  same  wage 
rate.     What  will  be  the  cost  reduction,  if  anv? 

Coal  Ccst:  Anthracite  at  $2.50  per  ton  from  Chart 
Xo.  1,  and  7  lb.  evaporation  gives  16c.  per  1000  lb. 

Laror  Cost:  $7  per  eight  hours  =  $21  per  day  or  $630 
per  month.  The  labor  cost,  per  ton  of  coal,  equals 
^^0  ^„,, 
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I'lom  Cliiirt  No.  '<?,  intrrpoliili'  ItctwMM'n  riO  ami  (Hic 
at  ]  II).  cvapoiatioii  and  j,'ct  IL.tlr.  iih  the  lost  jmr  lOOO 
II.. 

.\sii  K'lxins  VI,  at  ',  lit.  cvaixinilidii  and  a  cliari^'c  of  .Mtc. 
|)iT  tiiM  and  2'i  jMT  (.vnt.  ivfusu  from  Chart  iNo.  H  Ih  tt.M'. 
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per  1000  lb.    At  40('.  per  ton  this  will  amount  to  ^  X  ^'-^ 
==  0.r)()c.  per  1000  lb.  evaporation. 

'I'herefore,  the  total  cost  lor  operation  is, 

Cents 

Coal 16 

Labor 3 .  37 

Ash 0.56 

Total 19 . 9.3  per  1000  lb.  evaporntfd 

With  stokers  and  soft  coal,  from   Chart   Xo.   1,   with 
coal  at  $:?..■)()  per  ton  and  lO'/.  lb.  guaranteed  evaporation. 


Lb.  Equivalent  Evaporation  per  Lb.Coal  ^s/J/Ji 
Fio.  3.     Cost  of  Ash  and  Ukfuse  Di-sposal  peu  1000 

Lb.    of    EVAPOIiATlON" 

the  cost  of  evaporating  1000  lb.  of  water  is  14.8.5c.     The 
labor  will  cost  $+..50  for  8  hr.,  or  $40.">  per  month. 
With  a  new  coal  consumption  of 

UOO  X  zTT^  =  800  tons 
10.  5 

ucr  montli,  the  labor  cost  will  be 

40.5 

-—   =  50.  Gc. 

8(KJ 

per  ton  of  coal  fired.  This  combined  with  a  10i/>-lb. 
evaporation  brings  the  labor  cost  to  2.2c.  per  1000  lb. 
evaporation,  obtained  from  Chart  Xo.  2.     From  the  coal 


analvsis,  the  aHJi  heinj,'  H  per  cent.,  the  total  anh  and 
refuse  will  be  about  10  percent.  (H  X  1-'<!''J  •  K')  "H'l 
uiidii-  lOl/j  lb.  eva|)orati(»ii,  from  Chart  .\o.  '.i,  the  re- 
moval cost  at  nOc.  per  ton  will  be  O.^le.  per  1000  lb. 
Ildwever.  ill  iHc.  per  ton  the  dp-l  will  \ir  (».i7e.  piT  10(10 
lb.  eVMponil  iuii. 

'I'lie  liital  ii|iciiil  iiig  cost  per  1001)  111  evaporation  would 
be 

Centa 

Coal M  H8 

Labor 2  2 

Ash  removal 0.17 

Tout 17  22 

From  these  figures  the  percentage  saving  can  easily  be 
figured  for  the  total  or  for  each  item,  or  the  total  cost 
per  inonlh  mav  be  quickly  obtained. 


cieiratt  Ope  rati  no  mi  off  Ceia- 
triffufl^al  PtuiBinips 

By  Orro  IIakntjicns 

A  well  designed  centrifugal  pump  in  operation  will 
not  always  be  as  efficient  as  was  expected  by  the  pur- 
chaser. The  fault,  however,  in  many  cases  is  with  the 
purchaser  and  not  with  the  manufacturer. 

^lany  engineers  not  familiar  with  centrifugal  pumps 
make  the  mistake  of  allowing  a  substantial  margin  for 
safety  when  estimating  the  total  head  against  which  the 
pump  has  to  work;  although  this  is  good  practice  with 
power  pumps,  it  is  absolutely  wrong  with  centrifugal 
pumps.  The  manufacturer  will  build  a  pump  that  is 
most  efficient  at  the  capacity  and  head  specified  by  the 
engineer.  Supposing  the  engineer  had  estimated  the 
total  head  to  be  100  ft.,  but  in  operation  it  was  found  to 
be  only  80  ft.  The  pump  at  this  lower  head  would  dis- 
charge much  more  water,  and  if  this  were  not  allowal)le 
and  the  speed  of  the  motor  could  not  be  reduced,  the  dis- 
charge would  have  to  be  throttled,  resulting  in  a  de- 
crease in  efficiency  of  about  20  per  cent.  A  more  effi- 
cient way  to  correct  the  trouble  is  to  turn  down  the  im- 
peller blades  (not  the  side  disks).  The  diffuser  need  not 
be  clianged. 

If  the  head  has  heon  estimated  too  low,  the  repair  be- 
comes more  costly,  for  besides  a  new  impeller  a  new 
difl'user  must  be  put  into  the  pump.  Therefore,  the 
designer,  as  a  rule,  figures  the  impeller  for  a  slightly 
higlier  head  than  was  specified. 

Every  centrifugal-pump  manufacturer  impresses  upon 
the  purchaser  the  advantage  of  a  low  suction  lift,  tight 
suction  piping  with  few  bends  and  a  slant  toward  the  in- 
take; yet  one  can  find  many  installations  where  little 
attention  has  been  paid  to  these  rules.  The  result  is 
poor  livorking  of  the  pump  and  a  condemnation  of  the 
centrifugal  pump  in  general. 

Extreme  lift  or  small  suction  piping  with  many  bends, 
small  foot  valves  and  strainers  cause  a  high  vacuum  at 
the  impeller  inlet.  This  low-  pressure  is  not  sufficient 
to  force  the  water  at  the  required  velocity  into  the  im- 
peller and  the  capacity  and  efficiency  of  the  pump  are 
reduced  accordingly.  The  pump  often  loses  the  suction 
and  has  to  be  primed  again. 

Every  centrifugal  pump  should  be  equipped  with  a 
vacuum  gage  which  should  be  placed  as  close  to  the  pump 
as  possible.  It  is  a  good  trouble  indicator.  If  every- 
thing is  all  right  in  the  suction  line,  the  hand  of  the 
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gage  will  vibrate  but  sliglitly;  if  the  Jiand  oscillaU's 
violently  back  and  forth,  it  is  an  indication  of  an  air 
leak  in  the  suction  pipe.  Air  usually  causes  a  rattling 
noise  in  tlie  pump,  but  this  also  can  be  caused  by  the 
ditfuser,  it  being  either  too  small  for  the  capacity  pumped 
or  the  diffusion  vanes  come  down  too  close  onto  the  im- 
peller. It  is  good  practice  to  have  Vi  i"-  clearance  be- 
tween the  impeller,  and  in  the  volute  pumps  without  dif- 
fusion rings,  the  clearance  between  the  impeller  and  the 
neck  on  the  outlet  branch  should  be  from  %  to  1  in.  If 
it  is  less,  the  pump  is  liable  to  be  noisy.  Noisy  pumps 
are  always  less  efficient  and  should  not  be  accepted  by  the 
purchaser. 

If  under  normal  conditions  the  suction  gage  shows,  say, 
10-in.  vacuum,  and  the  vacuum  gradually  increases  and 
comes  up  to  15  or  18  in.,  it  is  time  to  clean  the  strainer 
and  inspect  the  foot  valve.  The  face  area  of  a  foot  valve 
should  at  least  be  equal  to  the  free  area  of  the  suction 
pipe  and  a  strainer  should  have  an  area  three  to  six 
times  larger.  If  possible,  a  foot  valve  should  be  omitted  as 
a  defective  valve  can  decrease  the  efficiency  considerably. 

The  purchaser  should  insist  that  with  the  bid  there 
should  be  submitted  a  characteristic  curve  showing  the 
performance  of  the  pump.  If,  for  instance,  the  manu- 
facturer guarantees  a  pump  to  have  a  capacity  of  1200 
gal.  per  min.  against  200-ft.  head  and  a  best  efficiency 
of  72  per  cent.,  it  does  not  mean  necessarily  that  this 
efficiency  will  coincide  with  the  capacity  and  head  named. 


it  may  occur,  when  the  ])uinp  discharges  1000  gal.  per 
min.  and  the  efficiency  at  1200  gal.  per  min.  may  be  only 
08  per  cent.  The  pump  then  will  use  about  (i  per  cent, 
more  power  than  the  purchaser  figured  on.  A  character- 
istic curve  will  show  further  to  what  extent  the  pump  will 
overload  the  motor  if  the  head  on  the  discharge  is  dimin- 
ished, as  through  a  break  in  the  pipe  line.  Twenty-five  per 
cent,  overload  may  be  permitted,  but  not  more,  as  some 
motors  now  on  the  market  will  not  .stsmd  a  larger  overload. 
Many  engineers  believe  that  a  high-lift  pumj)  in  ordei- 
to  be  efficient  must  be  equipped  with  diffusion  rings.  This 
is  true  for  small  capacities  and  high  head  per  stage ;  for 
instance,  it  would  not  be  advisable  to  use  a  two-stage 
pump  without  a  diffuser  to  handle  300  gal.  per  min. 
against  400-ft.  head,  but  if  the  head  is  limited  to  150  ft. 
per  stage,  pumps  without  diffusion  rings  are  very  effi- 
cient. These  pumps  are  usually  built  with  a  removable 
upper  casing  and  permit  easy  access  to  the  runners  in 
case  ships,  stones  or  rags,  etc.,  should  have  found  their 
way  into  the  pump  and  clogged  up  the  impellers.  Fur- 
thermore, the  shaft  and  the  impellers  can  be  replaced 
in  a  very  short  time.  This  is  important  where  no  spare 
pumps  are  installed  and  a  long  shutdown  would  seriously 
interfere  with  the  operation  of  the  entire  plant.  Even 
if  this  type  of  pump  should  be  a  little  less  efficient  than 
a  ])ump  equipped  with  ditrusion  rings,  the  advantages  out- 
lined above  will  in  some  plants  offset  this. 


By   OsBORN   MONNETTf 


SYNOPSIS — A  study  of  hreecliing  arrnuf/rmeui  and  /as.f 
of  draft  in  a  plant  which  could  not  develop  normal  rat- 
ing without  smoking. 

In  the  last  article  a  new  plant  was  designed.  It  is 
frequently  necessary,  however,  to  study  the  draft  condi- 
tions in  a  plant  already  in  operation  and  point  out  the 
defects  with  the  idea  of  improving  conditions.  In  the 
accompanying  illustration  is  shown  a  plant  consisting  of 
three  180-hp.  horizontal  water-tube  boilers,  vertically 
baffled,  with  mechanical  stokers,  on  leg  A  of  the  breech- 
ing; one  500-hp.  horizontally  baffled  water-tube  Imiler 
connected  to  branch  B  of  the  breeching,  and  two  150-hp. 
return-tubular  boilers  on  branch  C.  The  lengths  of  the 
different  branches  of  the  breeching  are  shown  in  the 
drawing.  The  grate  surface  and  the  dimensions  of  the 
damper  openings  and  of  the  stack  are  also  given.  The 
problem  is  to  determine  what  changes,  if  any,  are  neces- 
sary to  better  draft  conditions. 

The  stack  is  115  ft.  high,  making  an  available  height 
over  the  breeching  connections  of 

115  —  15  =  100  ft. 
with  the  arrangement  of  breeching  shown,  it  would  not 
be  reasonable  to  expect  a  temperature  of  over  475  deg. 
at  the  stack.     .\t  this  temperature  100  ft.  of  stack  will 
give  a  draft  of 

100  X  0.0065  =  0.G5  in.  of  water 


•Copyright,   1914,   by   Osborn   Monnett. 
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Taking  the  straight  run  of  breecliing  from  the  stack  to 
boilers  Xos.  2  and  3  as  50  ft.,  a  draft  loss  of  0.1  in.  can 
be  assumed.  Branch  B  will  cause  0.05  in.  additional 
loss.  The  right-angle  bend  at  7t  will  take  off  anotlier 
0.05  in.,  and  for  each  of  the  uptakes  of  boilers  Xos.  2 
and  3,  another  0.05  in.  will  be  lost,  so  that  in  the  breech- 
ing over  the  last  boiler  there  will  be 
0.65  —  0.1  —  0.05  —  0.05  —  0.05  —  0.05  =  0.35  in. 
of  draft.  Below  this  uptake  there  is  another  right-angle 
turn  before  reaching  the  damper,  so  that  a  net  draft  at 
the  damper  of  only  0.3  in.  is  obtained. 

In  the  type  of  setting  used  on  No.  1  Imiler  there  is  a 
draft  loss  of  50  per  cent.,  so  that  the  draft  over  the  fire 
would  be  0.15  in.  Allowing  5  lb.  of  coal  per  boiler  horse- 
power,  at  the  normal  rating  of   180  hp.,  there  will   be 

180  X  5  =  900  Ih. 
of  coal  burned  per  hour.  The  grate  surface  is  36  sq.ft.  and 
the  rate  of  combustion  per  square  foot  will  be 
iy/  =  25  IJ),  per  hr. 

deferring  to  the  draft  curve.  Fig.  2,  on  page  808 
of  the  June  9,  1914  issue,  it  will  be  seen  that  to  burn 
this  amount  of  coal  smokelessly  0.26  in.  of  draft  over 
the  fire  will  be  necessary.  It  is  plain  that  it  would  be 
difficult  to  get  rating  on  boilers  Nos.  1,  2  or  3  without 
producing  smoke. 

In  the  breeching  to  the  500-hp.  boiler  there  will  be  a 
loss  of  about  0.15  in.,  allowing  0.05  in.  for  the  straight 
run,  0.05  for  the  entrance  of  branch  C  and  0.05  in.  for 
the  right-angle  turn  of  branch  B.     The  available  draft. 


024 


TO  w  !■;  |{ 


Vol.  :v.).  No.  •^c, 


llu'ii,  at  llii-  iliiiiipfr  «)f  lioiliT  No.   I  will  bo 

o.(;:)  -  -  0.1  r»  —  o.r*  in. 

As  IIhmi'  will  III'  a  ilfjji  tlinnij;li  lliiH  tvpc  nf  lioilcr  iif  fi") 
piT  (fill,  tins  will  jjivc  a  net  dnil't  over  tiit;  lire  of 

()..')  \   (i.;{r)  —  o.n:.  in.  of  wnlar 
At  .'i  II).  JUT  hiuscpowcr  tho  boiler  will  iiso 

.•,00   X   •'"'  —  v.">oo  11). 
of  coal    per   lioiir.      Witli    100  S(i.ft.  of  ;/rato  Biirfaoo  tho 
rate  ol'  coiMbiistioii  per  stpiaro  foot  per  hour  will  he 

•*iW  =  -•''  //'•  <\f  '■""' 

At  tbi.'*  rati'  the  draft  sboiiM  be  O.^fi  in.,  so  that  luidor 
till'  present  arraiifienieiits  frood  opertitinfj  conditions  at 
rated  eapaiity  cannot  be  obtained  on  this  boiler. 

Considcriiif;  l)oilers  Nos.  .">  and  (!.  the  draft  at  the  stacic 
side  of  tbe  damper  of  llie  last  boiU;r  would  lie  0.-10,  as- 
suminji  a  0.'^.")-in.  drop  in  tbc  iireccbinfj.  The  loss  is 
made  up  as  follows:  Stack  to  point  (>,  O.O.")  in.;  turn 
info  branch  C,  0.0")  in.;  from  point  O  to  No.  .5  boiler, 
0.1    in.;   drop   due   to    No.    '■>   hrcccliinn-  connection,   0.0.") 


improved.  The  turn  at  A'  KJiould  also  be  changed  to  a 
|oh;,f  sweep  bend.  In  calcuhit in>^  the  height  of  stack 
neccHsarv  for  normal  rating  or  above,  branch  .1  can  be 
tnkcn  as  n  basis,  bccuuHO  if  tho  draft  can  bo  incroasod 
suHicientlv  here,  I  lien  the  draft  on  the  oth(!r  branchcH 
will  hi'  satisfactory. 

.\  rlraft   of  0.:i  in.  over  tho  lire  would   lake  care  of 
:>'i  X  28 

r =   Z\)i  III). 

0 

an    overload    of    \'i    per   cent.      This    would    necessitate   a 

draft  of  O.fiO  in.  at  the  damper  of  .No.  1  boiler.     With  a 

0.;50-in.  dro|)  from  hero  to  tho  slack.  Die  draft  necessary 

at   the  stack  connection  will  ho 

O.fiO   +  0.3  =  0.!)  ■//(. 

and   the  height  of  stack  above  the  breeching  connection 

must  be 

0.9 


O.OOliS 


-  =  138.4  //. 
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SfacJ^  7x115' 
Showing  Layout  of  Three  180-Hp.  Boilers  axd  Breeching 


in.,  making  a  total  loss  of  0.25  in.  and  reducing  the 
available  draft  at  the  stack  side  of  the  damper  of  Xo. 
fi  boiler  to  0.4  in.  "With  proper  furnace  design,  the  draft 
loss  in  return-tubular  boilers  is  47  per  cent.,  so  that  the 
net  draft  over  the  fire  on  these  boilers  is 

0.40  X  0.53  =  0.21  in. 
The  grate  surface  is  36  sq.ft.  and  the  coal  consumption 
at  rating  will  be 

1.50    X    5  =   T50  ]h.  per  lir. 
The  rate  of  combustion  per  square  foot  of  grate  surface 
per  hour  -will  then  be 

-V««-  =  21  lb. 
This  calls  for  a  draft  of  0.21  in.  of  water,  so  that  .the 
draft  for  these  boilers  at  rating  is  satisfactory. 

To  improve  the  breeching  layout,  starting  with  boil- 
ers Nos.  1,  2  and  3,  the  uptakes  into  the  breeching  should 
be  eased  off  into  long  sweep  bends,  doing  away  with  the 
right-angle  turns.     The  draft  at  this  point  will  then  be 


or  practically  140  ft.,  making  a  total  height  of  stack  of 

140  -f  15  =  155  ft. 
above  the  ground.     This  would  give  rating  on  Xo.   4 
boiler  and  some  overload  capacity  on  Xos.  5  and  6. 

Area  of  Stack 

The  total  connected  grate  surface  is 

36  +  36  +  36  +  100  +  36  +  36  =  280  sq.ft. 
With  a  7-ft.  stack  the  ratio  of  stack  area  to  connected 
grate  surface  is  38.5  to  280,  or  1  to  7.27.  This  is  alto- 
gether too  high,  but  as  ordinarily  there  will  be  at  least 
two  boilers  down,  the  ratio  will  be  reduced  to  38.5  to 
(280  —  72),  or  1  to  5.4,  indicating  that  the  stack  will 
probably  be  large  enough  for  ordinary  use. 

The  layout  shown  must  not  be  taken  as  in  any  sense 
ideal.  It  is  given  merely  to  show  what  may  be  encount- 
ered in  practice  and  to  indicate  the  method  of  procedure 
in  studying  an  existing  plant. 
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BoaEeiT^ISsspIlosnoia  Ts^Ibll© 

Years  ago,  Power  published  certain  statistics  regard- 
ing boiler  explosions  and  always  has  covered  reports  of 
the  most  important  accidents.  For  some  time  it  has  been 
our  ambition  to  get  out  a  more  complete  compilation  of 
such  data,  and,  beginning  with  January,  1913,  we  com- 
menced a  systematic  campaign  to  secure  it.  The  first 
printed  evidence  of  these  efforts  appears  in  this  issue. 

When  this  work  was  started  we  endeavored  to  bring 
every  possible  means  to  its  assistance.  Boiler-insurance 
companies  were  asked  to  cooperate.  Our  news  corre- 
spondents, subscription  agents  and  advertising  solicitors 
were  instructed  to  advise  us  of  any  boiler  accidents  com- 
ing to  their  knowledge.  Finally,  with  the  service  of  a 
number  of  clipping  bureaus,  we  managed  to  get  in  touch 
with  what  we  feel  is  a  large  proportion  of  the  accidents 
to  stationary  boilers  that  have  occurred  in  this  country 
during  the  past  year.  A  few  marine  boiler  explosions 
have  been  covered,  but  all  locomotive  boiler  accidents 
were  omitted  as  not  likely  to  interest  many  readers  of 
Power.  By  way  of  explanation,  it  may  be  added  that  the 
term  "explosions"  has  been  used  in  its  strictest  technical 
sense  to  cover  any  unintentional  escape  of  steam  and  is 
not  confined  to  such  as  cause  total  destruction  or  dis- 
lodgment  of  the  boiler. 

For  the  assistance  we  have  received  from  various 
sources  we  wish  hereby  to  acknowledge  our  indebtedness. 
We  would  mention  these  friends  individually  if  space 
permitted,  but  for  repeated  favors  we  feel  that  special 
thanks  are  due  to  the  Maryland  Casualty  Co.,  the  Fidel- 
ity &  Casualty  Co.  of  New  York,  the  Hartford  Steam 
Boiler  Inspection  &  Insurance  Co.,  and  the  Globe  In- 
demnity Co. 

When  we  had  learned  of  an  explosion,  our  work  had 
just  begun.  The  source  of  the  information  never  gave 
us  all  of  the  facts  we  wanted,  so  a  post  card  was  sent  to 
some  one  in  the  vicinity  of  the  explosion,  asking  that  the 
blanks  be  filled.  These  blanks  requested  the  informa- 
tion given  at  the  heads  of  the  columns  of  the  table,  in- 
cluding date,  place,  plant,  time  of  day,  kind  of  boiler, 
pressure  carried,  size,  number  killed,  number  injured, 
property  loss  and  probable  cause.  Failing  to  get  an  an- 
swer to  one  card,  a  second  was  sent  to  someone  else,  and 
sometimes  a  third  and  fourth,  or  until  as  many  as  possi- 
ble of  the  blanks  were  filled.  In  nearly  all  cases  fifty 
cents  was  offered  and  paid  for  the  return  of  each  card,  so 
it  can  be  seen  that  in  this  item  alone,  the  campaign  was 
expensive. 

It  was  with  considerable  chagrin  thai  we  Found  how 
spotted  with  blank  spaces  the  table  proved  to  be,  for  the 
accidents  of  which  we  were  able  to  obtain  full  reports 
Avere  in  the  minority.  Another  thing  that  has  disap- 
pointed us  was  the  delay  in  getting  the  tahle  printed. 
We  apologize  for  all  these  very  evident  defects,  pleading 
only  that  the  work  was  difficult  and  we  were  inexperi- 
enced. However,  we  feel  encouraged  to  promise  better 
next  time,  and  it  will  be  our  aim  to  issue  the  table  quar- 


terly instead  of  annually,  and  with  less  elapsed  time  be- 
tween the  last  accident  and  the  appearance  of  the  table. 

We  expected  to  present  with  the  table  some  comments 
and  summaries,  but  are  compelled  from  pressure  on  our 
space  this  week  to  hold  them  over  for  a  later  issue.  The 
table  speaks  for  itself  as  to  the  lessons  it  teaches,  and 
will  get  its  message  to  those  who  are  inclined  to  study 
over  it  a  little. 

As  always,  upon  any  innovation,  we  shall  l)e  jjleascd 
to  have  our  readers'  opinions.  Criticisms  as  well  as  words 
of  approval  will  be  very  welcome,  if  they  will  help  us 
discover  in  what  directions  the  table  may  be  improved. 
Let  us  hear  from  a  number  what  they  think  of  the  value 
of  such  a  table.  Possibly  it  will  not  appeal  to  enough 
people  to  warrant  our  continuing  to  collect  the  informa- 
tion, and  if  that  is  so  we  want  to  know  it,  and  quickly. 

If  we  are  to  continue  it,  the  help  of  all  our  subscribers 
and  friends  will  be  appreciated.  We  cannot  promise  a 
half  dollar  to  every  one  that  sends  in  a  post  card  concern- 
ing a  boiler  accident,  for  we  might  pay  too  many  times 
for  the  same  report.  We  will,  however,  gladly  offer  fifty 
cents  for  the  first  card  that  gives  the  most  of  the  infor- 
mation before  enumerated  regarding  anv  boiler  accident. 


Analogous  to  the  danger  which  lurks  in  the  lap-seam 
joint  is  that  present  in  the  bumped  boiler  head,  another 
instance  of  the  failure  of  which  is  recorded  on  page  911. 

If  a  piece  of  boiler  plate  is  clamped  in  a  vise  and  the 
free  end  moved  backward  and  forward,  a  fracture  will 
eventually  occur,  not  at  the  point  of  greatest  movement, 
l)ut  where  the  external  movement  is  arrested  and  the 
greatest  molecular  distortion  necessary  to  permit  that 
movement  occurs. 

A  vessel  under  pressure  tends  to  assume  a  form  hav- 
ing a  circular  section.  With  a  lap  joint,  the  section  of 
this  shell  is  not  circular.  Internal  pressure  tends  to 
stretch  the  joint  in  such  wise  as  to  bring  its  center  line 
within  the  circle,  and  if  the  joint  is  sufficiently  out  of 
true  to  spring  out  again  on  the  removal  of  pressure, 
there  will  be  repeated  distortion  about  a  line  of  flexure 
which  will  eventually  result  in  a  crack  hidden  between 
the  sheets  which  may  work  its  way  through  until  the 
remaining  sound  metal  is  insufficient  to  withstand  the 
pressure  and  an  explosion  occurs. 

'Many  of  the  most  disastrous  recent  explosions  have 
been  produced  in  this  way.  Many  lap-seam  joints  on 
boilers  which  have  been  cut  up  have  shown  incipient 
cracks  of  this  kind.  Many  lap-seam  boilers,  on  the  other 
hand,  have  lived  to  a  good  old  age  without  developing 
any  such  infirmity.  The  tendency  to  do  so  is  increased 
by  lack  of  ductility  in  the  material,  by  the  manner  in 
which  the  edges  of  the  sheet  which  are  not  curved  by  the 
bending  rolls  are  brought  to  the  curve  of  the  boiler,  by 
the  dei)arture  from  a  true  circle  in  the  finished  seam,  by 
the  pressure  carried,  and  so  forth. 
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It  is  |ni^sililc  tliiit  iiiorc  n'tiiicd  nii'llmils  nl'  iMs|it'tli(iii 
inav  (Iflrct  imi|iiiMil  failiiiv  or  rt'iissiiiv  as  t<»  llii-  safely  <>f 
s|uTilic  t'xampU'rt  nl'  joints  of  tliis  lyju'.  Mr.  .Ictcr,  llio 
thief  inspoetor  of  tlie  Hartford  Steam  toiler  Iiispeetioii 
\'  liisnraiiee  Company,  lias  suKK'"'^'''''  "  nietliod  of  slotlinff 
tlie  exterior  slurt,  wliieli  will  j{ive  an  indiiiition  of  the 
impairment  of  a  joint  from  this  eaiise.  A  description 
of  this  will  apl>ear  in  the  next  issue. 

A  lioiler  head  under  pressure  tend«  to  a.ssume  a  heni- 
isjiherieal  form.  This  tendency  is  met  half  way  hy  humj)- 
injr  the  head  to  a  radius  equal  to  the  diamett'r  of  the 
boiler.  If  it  were  practical  to  meet  it  completely  hy 
makiufr  the  heads  liemisi)lierical.  the  llanj^a's  hy  which 
they  were  attached  to  the  shell  would  he  tangential  to 
their  own  curve  and  the  ideal  construction  would  he 
r»'alized.  As  it  is,  there  is  an  nhru|)t  change  of  curva- 
ture where  the  flange  is  turned  down,  and  if  the  plate 
is  so  light  or  is  humped  to  .so  large  a  radius  as  to  lie 
subjected  to  considerable  flexure  under  pressure,  the  fii)er 
stress  due  to  that  flexure  will  be  concentrated  at  this 
point  of  sudden  change  and  the  metal  in  that  line  will 
l)e  liable  to  the  same  cracks  that  have  made  the  lap 
seam  so  dangerous.  The  crack  extends  around  the  heel 
of  the  Hange  and  the  center  of  the  head  comes  out, 
breaking  away  from  the  Hange  usually  in  a  clean  circle. 

This  does  not  mean  that  all  or  most  bumped  heads  are 
dangerous.  The  larger  the  liead,  the  thinner  and  more 
brittle  the  metal,  the  larger  the  radius  to  which  it  is 
bum]>ed,  the  more  abruptly  it  is  flanged,  the  greater  the 
])ressure  and  the  more  frequent  the  fluctuation  in  pres- 
sure the  more  dangerous  it  will  be.  Owners  of  shells 
with  large  heads  bumped  to  a  radius  of  more  than  their 
own  diameter  will  do  well  to  i)ay  some  attention  to 
their  behavior  and  condition. 

The  making  of  liemispherical  heads  for  steel  vessels 
under  pressure,  such  as  boiler  drums,  i.s  too  elaborate  a 
process,  and  requires  too  expensive  apparatus  to  warrant 
the  individual  boiler  maker  attempting  it  upon  his  own 
account ;  but  makers  of  such  vessels  would  doubtless  be 
glad  to  be  able  to  buy  such  heads  ready  made,  and  it  is 
not  unthinkable  that  some  properly  equipped  steel  works 
might  turn  them  out  in  standard  sizes  at  an  advantage. 

Some  exception  we  feel  should  be  taken  to  the  views 
expressed  in  the  letter  on  the  above  subject,  on  page  930. 
While  a  sure-enough,  up-to-the-minute  knowledge  of  the 
machinist  trade  is  not  essentially  a  part  of  the  stock-in- 
trade  of  the  engineer,  it  is  certainly  to  his  advantage  to 
know  something  not  only  of  that  craft  but  of  tlie  com- 
position of  iron  and  the  process  of  molding,  and  how  a 
pattern  should  be  made  so  that  it  will  "draw"  from  the 
sand.  A  knowledge  of  forging  and  tempering  steel  is  al- 
most indispensable  in  all  but  the  largest  plants,  and  not 
amiss  in  any.  Similarly,  the  "first  aids"  to  boilers  must 
be  performed. 

It  is  conceded  that  steam  fitting  is  a  part  of  the  engi- 
neer's work,  therefore  why  should  he  not  have  a  knowl- 
edge of  the  proper  use  of  the  machinist's  tools  ?  In  fact, 
the  more  fully  the  engineer  is  informed  in  the  lines  so 
closely  connected  to  his  o^^^l  everyday  duties,  the  more 
likely  is  he  to  emerge  from  the  oiler  class  and  stay  at  the 
head  of  his  profession.  The  respect  of  those  with  whom 
lie  comes  in  contact  is  gained  by  his  intimate  knowledge 


of  their  occupation  or  lines,  and  not  by  trying  to  im- 
press upon  them  the  greatnesH  of  his  own.  'I'IiIh  holds 
good  from  shop  boys  to  directors.  One  must  know  the 
other  fellow's  game  to  win  out  with  him. 

Certain  it  is  that  in  either  cuse,  doing  or  supervising, 
the  more  jiositive  the  accurate  knowledge,  the  more  satis- 
factory  the  results.  What  is  more  humiliating  to  an  en- 
gineer than  to  be  obliged  to  stand  aside  in  his  own  domain 
while  a  nnichinist  from  an  outside  shop  steps  in  and 
"does  things"  which  may  or  may  not  lie  done  according 
to  the  best  ])ractice.  Surely,  there  are  opportunities  in 
abundance  to  become  so  informed  on  the;  ordinary  oi)era- 
tions  of  the  machine  shoj)  as  to  enaiih;  the  engineer  to  do 
satisfactorily  all  the  machine  work  of  the  ])lant. 


When  a  boiler  is  under  test,  tiio.se  resjjonsible  for  itft 
j)erformance  are  very  much  alive  to  the  merits  and  <le- 
merits  of  the  fireman.  They  will  pay  a  fireman  who  can 
get  results  ten  dollars  or  more  a  day,  and  be  glad  to  get 
him. 

And  after  the  test  is  over,  they  turn  the  boiler  room 
over  to  a  brawny  Hunk  at  laborer's  wages,  put  a  mark  on 
the  steam  gage  and  tell  him  to  keep  the  pointer  up  to  it. 

The  difference  between  good  and  poor  performance 
on  the  test,  the  fulfilling  of  a  guarantee,  is  a  matter  of  a 
few  hundred  dollars — once  and  for  all. 

The  Hunk  can  burn  up  this  amount  of  money  unneces- 
sarily every  month  tliat  the  boiler  is  in  commission. 

Is  it  not  as  important  to  have  expert  intelligent  work 
in  the  boiler  room  continually  as  during  the  brief  in- 
terval of  a  test?  Is  not  a  continuous  drain  as  desirable 
to  avoid  as  a  momentary  loss? 

F.  W.  Dean,  M.  E.,  told  at  a  recent  meeting  of  the 
American  Society  of  Mechanical  Engineers  in  Boston 
how  an  expert  fireman  sa\ed  the  day  in  a  boiler  test 
which  he  was  conducting  by  raising  the  evaporation  per 
pound  of  combustible  with  the  same  boiler  and  furnace 
from  8.34  to  12.84  pounds.  The  difference  in  the  cost 
of  the  coal  which  this  one  fireman  would  handle  in  a 
year  and  what  the  fireman  whom  he  replaced  would  use 
to  produce  the  same  amount  of  steam  at  the  rates  given 
would  amount  to  nearly  five  thousand  dollars.  Would  it 
not  be  good  business  to  make  it  worth  his  while  to  do  it  ? 


Five  men  were  badly  burned,  one  probably  fatally,  yes- 
terday when  a  water  tender  on  the  British  steamer  "Pectan" 
connected  a  steam-escape  pipe  w-ith  a  boiler  in  which  the  men 
were  working,  and  before  the  screams  of  the  victims  reached 
his   ears,    volumes   of   steam    had   entered   the   boiler. 

Thus  reads  a  recent  press  report.  In  an  editorial  in 
our  issue  of  May  26,  we  made  the  statement  that  mar- 
ine boilers  seldom  have  nonreturn  valves.  This  seems 
to  have  been  one  of  them.  Why  in  the  name  of  all  that 
is  humane  and  reasonable  is  the  slaughter  and  torture  of 
help  in  the  steamship  boiler  rooms  allowed  to  continue, 
when  means  are  at  hand  to  prevent  it? 

The  occasion  is  worthy  the  passing  of  an  international 
law  requiring  all  steam  vessels  to  be  equipped  with  this 
protection. 

A  coal  scoop  with  an  edge  like  a  fraj'ed  lace  curtain  is 
a  mighty  poor  tool  in  the  boiler  room.  Trim  the  edge 
or  get  a  new  scoop. 
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The  diagrams,  ¥'\g.  1,  were  taken  from  the  same  en- 
gine, a  compound-tandem  with  cylinders  15  and  26  by 
48  in.,  running  at  80  r.p.m.,  with  a  boiler  pressure  of  100 
lb.  per  sq.in.,  about  200  deg.  F.  superheat  and  25  in.  of 
vacuum.     No  change  in  the  valve  setting  was  made  be- 


The  troul)le  was  caused  by  the  lap  plates  at  the  back- 
end  valve  having  broken  off,  as  indicated  in  Fig.  2.  'i'lie 
pieces  were  found  in  the  low-pressure  steam  chest.  The 
only  remedy,  of  course,  was  a  new  valve. 

E.  Russell. 

Ifochdale,  Enijland. 


NO.  1    ac    NO.  a 


NO.  d   e&  N0.4> 


NO. 3 


NO.0 

Fig.  1.  DiAGR.\Ms  Showing  Effect  of  Broken  Cover  Plate 
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tween  taking  cards  Nos.  1  to  4,  and  5  and  6,  the  load 
being  about  eqiial  on  both  occasions. 

The  high-pressure  cylinder  is  fitted  with  its  valves  in 
two  parts — i.e.,  one  on  each  end  of  the  cylinder — the 
quick  cutoff  valve  being  fitted  to  the  back  of  the  main 
valve  and  simply  having  a  vertical  movement,  while  the 
main  valve  has  an  unaltering  travel.  The  low-pressure 
valve  is  the  ordinary  two-ported  D-valve. 


The  use  of  a  steam  ])ump  as  an  emergency  air  com- 
pressor, which  Mr.  Hudson  tells  about  in  Power  of  May 
19,  page  715,  is  an  interesting  story,  but  it  seems  to 
have  been  a  waste  of  more  or  less  iugeuuity.  Two  air- 
tight tanks  were  used,  and  the  steam  pump  would  fill 
these  alternately,  the  water  compressing  and  expelling 
the  air  and  driving  it  into  the  air  receiver.  It  is  not  at 
all  clear  ^vhy  the  pump  could  not  have  been  used  to 
force  the  air  directly  into  the  receiver  without  all  the 
paraphernalia  of  pi])es,  tanks,  check  valves,  three-way 
valves,  etc.  Of  course,  either  arrangement  would  waste 
a  lot  of  power,  but  with  that  we  have  nothing  to  do,  so 
long  as  the  pump  would  actually  work. 

Now  suppose  that  the  quantity  of  water  in  the  system 
was  such  that  when  one  tank  was  entirely  filled  with 
water — as  it  should  be,  to  expel  all  the  air  then  com- 
pressed— and  the  other  tank  was  entirely  empty.  Then  if 
the  pump  kept  on  running  it  would  simply  pump  air  in- 
stead of  water  into  the  receiver ;  this  might  then  be  kept 
up  indefinitely.  It  is  likely  this  did  occur  at  some  time 
when  the  reversing  of  the  three-way  valves  was  delaved  or 
forgotten. 

This  reminds  me  of  a  case  of  a  boHer-fecd  pump  that 


y'v'8 


]'()  w  !•:  i{ 


\'nl.  ;i!l,   No.  20 


Iiiiii>II<mI  Imtli  air  and  water  nil  the  tiim'.  It  wiis  in  iln- 
shop  of  (Jcorj;i'  \V.  UiiliartlHoii,  the  iiivciitnr  nf  llic  |pn|i- 
salctv  valvi'.  lu-arlv   forty  vt-arH  ago. 

'I'lif  l)oik'r  was  fed  hv  a  pliinj^t-r  piiiiip  ((Diiiuitid  to 
till'  I'ligiru')  of  iiion>  than  donhlc  the  caparity  n'(|uir»'(l. 
The  oju'ii  fud  of  tlif  siittion  f.xtciuli-d  into  a  cup  or  Hinall 
ImiwI.  and  into  this  Ixnvl  water  fell  steadily  from  a  faiuet. 
'This  tlow  re^fidated  the  lioiler  fe-'d,  and  the  faucet  was 
ollen  sot  so  nicely  as  to  recpiirc  no  chanjjc  for  half  a  day 
at  a  tinu'.  .\s  the  pump  had  .1  capacity  consideral)iy 
Ljreatcr  than  the  hoiler  re(piirenients,  it  would  at  each 
stroke  take  uj)  all  the  water  then  in  the  howl  and  durinf,' 
the  rest  of  the  stroke  it  took  in  air,  which  went  into  the 
hoiler  with  the  water.  l{ichardson  used  to  say  that  the 
air  facilitated  the  generation  of  steani  aiul  was  good  for 
the  boiler  generally,  which  may  or  may  not  he  aiiepted 
at  the  present  time. 

FUANK    1!U  llAIIDS. 

New  York   City. 

Sluf^g^is^   Coin\st£Mmtt°>Cuarreinit 
Traiasfonnaeir' 

The  accompanying  sketch  illustrates  the  connections 
of  a  5.5-ampere,  constant-current  transformer  a])plied 
to  a  series  incandescent  street-lighting  circuit.  The 
])rimary  coil  receives  constant  voltage  and  the  secondary 
or  movable  coil  maintains  appro.ximately  constant  cur- 
rent through  the  lamps  in  series  with  it.  The  movable 
coil  weighs  more  than  the  counterweight  and  it  tends  to 
gravitate  toward  the  stationary  coil;  unless  both  coils  are 
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Traxsformer 

energized  it  will  come  to  rest  at  the  bottom  of  its  travel. 
If  the  coils  are  energized,  however,  a  repelling  force 
exists  between  them  and  the  position  taken  by  the 
movable  coil  will  depend  upon  the  adjustment  of  the 
transformer,  upon  the  voltage  applied  to  the  primary 
and  upon  the  current  in  the  secondary.  Assuming  the 
secondary  current  and  primary  voltage  to  be  such  that 
the  movable  coil  is  in  a  given  position  corresponding  to 
the  correct  value  of  secondary  current;  if  the  secondary 
current  or  the  primary  voltage  decreases,  the  repelling 


fiinc  bctwfiii  the  iiids  hecomcH  less  and  the  excess  weight 
of  the  movaliic  mil  will  cause  it  to  in(jve  downward  until 
the  secondary  current  is  restored  to  its  former  value.  If 
the  secondary  current  increascK  or  the  primary  voltage 
increases,  either  \ariation  tends  to  increase  the  iiu.x 
through  the  secondary,  the  resulting  increase  in  the  re- 
pelling force  between  the  coils  will  overcome  the  e.\- 
<  ess  weight  of  the  movable  coil  and  will  cause  it  to 
move  upward  until  the  secondary  current  is  restored  to 
lis  adjustment  value.  An  o])erator  complained  that  a 
Iransformer  was  sluggish  in  action  and  that  too  much 
<-f  a  change  in  the  primary  voltage  or  in  the  secondary 
current  was  recpiired  to  cause  the  movalile  coil  to  respond. 
The  inspector  found  this  to  be  true,  and  with  the  movable 
coil  in  any  certain  position  if  it  were  moved  an  inch  in 
cither  direction,  it  would  lemain  there,  a  corresponding 
change  in  the  secondary  current  being  maintained.  lie 
also  noted  that  the  movable  coil  was  ruiibing  against  the 
iron  core,  which  cause<l  friction,  and  upon  leveling  the 
Iransformer  its  action  was  much  improved.  The  inspector 
then  oiled  the  two  rocker-arm  bearings,  removed  the 
clashpot,  poured  out  the  old  oil,  flushed  it  with  gasoline, 
renewed  the  oil  and  reinstalled  the  dashpot.  After  this 
cleaning  the  action  was  as  good  as  could  be  expected  on 
a  machine  that  has  ordinary  sleeve  bearings  instead  of 
knife-edges  or  ball  bearings. 

As  in  the  case  of  a  steam-engine  governor,  where  a 
( hange  in  speed  must  take  place  before  the  governor  can 
act,  so  in  the  case  of  a  constant-current  transformer — the 
secondary  current  must  show  temporary  variations,  be- 
cause such  variations  are  necessary  to  actuate  the  auto- 
matic feature  of  the  device. 

J.   C.   HOETON. 

Schenectady,  X.  Y. 

'^: 
Ana  Uimder 


_  rape  Mepair 

An  8-in.,  cast-iron  water  main  under  70  lb.  pressure 
leaked  at  several  places.  Xumerous  small  holes  within  a 
distance  of  a  few  inches  showed  at  each  place,  probably 


Cast-Irox  Pipe  Clamp 

caused  by  the  defective  casting.  The  problem  was  how  to 
make  repairs  without  shutting  off  the  water.  Several 
factories,  busy  day  and  night,  would  have  to  close  down 
if  the  water  was  shut  off.  A  cast-iron  pipe  sleeve  was 
split  in  two  lengthwise,  as  shown  at  D,  and  center-puncli 
marks  were  made  at  E  to  make  sure  of  getting  the  sleeve 
together  properly. 

Two  heavy  clamps  C  and  C  were  used.  Split  sleeves 
were  clamped  over  the  defective  places  with  strips  ot 
sheet  packing  %  i^-  thick  and  %  in.  wide  between  the 
two  parts  of  the  sleeve  shown  at  D,  shredded  lead  or  lead 
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wool  was  used  and  the  sleeve  calked  up  in  the  usual  way. 
This  is  a  job  where  tiie  shredded  lead  shines,  as  a  joint 
can  be  made  up  with  water  escaping  at  the  start.  Tliese 
joints  liave  been  in  use  several  years  and  have  never  given 
any  trouble. 

Toronto,  Out.,  Canada.  James  E.   Xoblk. 

The  nipple  in  the  boiler  head  which  served  as  the 
lower  connection  to  the  water  column  showed  distress. 
The  horizontal  pipe  was  so  rigidly  set  in  the  brickwork 


Temporary  Connection 

that  a  new  nipple  could  not  be  substituted  and  the  pipe 
connected  as  before  without  considerable  work  and  delay. 
The  demand  for  the  boiler  was  so  urgent  that  a  connec- 
tion was  made,  as  illustrated. 

This,  however,  presented  so  much  pipe  surface  to  the 
action  of  the  hot  gases  that  the  water  level,  as  shown  by 
the  glass  gage,  was  so  erratic  that  the  boiler  had  to  be 
taken  off  the  line  again  and  a  direct  connection  made. 
The  capers  of  the  water  for  the  short  time  the  boiler 
was  on  caused  anxiety  not  soon  to  be  forgotten. 

Philadelphia,  Penn.  Edward  T.  Binns. 


the  company  had  on  order  two  synchronous  condensers 
for  improving  the  power  factor. 

Some  contend  that  if  a  man  is  a  good  observer,  good 
thinker  and  a  good  mechanic,  he  does  not  need  books 
nor  technical  papers.  A  man  with  such  an  idea  will  fall 
as  far  beliind  progress  in  his  line  of  work  as  he  is  far 
behind  the  times  in  his  ideas.  As  a  matter  of  fact,  an 
observing,  reasoning  man  will  get  more  out  of  judicious 
reading  of  technical  papers  than  any  other  kind  of  man 
will. 

Schenectady,  N.  Y.  J.  C.  HoRTON. 
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una  dies' 


A  large  vacuum  pump  used  foi-  water  circulating  and 
having  considerable  suction  lift,  became  airbound  because 
of  a  leaky  stuffing-box.  The  piston,  racing  through  part 
of  the  stroke  and  then  striking  n  body  of  water,  caused 
four  15-in.  cracks,  two  on  each  side  of  the  cylinder. 
Practically,  the  pump  was  completely  wrecked.  As  we 
could  not  replace  it  witliin  a  month,  we  did  an  all-night 
repair  job;  the  pump  lasted  two  years  longer. 

The  manner  of  repair  will  be  seen  in  Fig.  1.  The 
bolts,  one  of  which  is  shown  in  Fig.  2,  were  made  of  ■%- 
in.  iron  of  suitable  length.  Holes  were  drilled  in  the 
pump  casting  and  the  bolts  inserted  from  the  inside,  as 
in  Fig.  1,  the  bolt  A  being  in  dotted  lines.  Each  bolt 
was  provided  with  a  washer  at  each  end.  Figs.  1  and  2, 
under  which  a  few  turns  of  valve -stem  packing  C,  Fig. 


An  engineer  who  was  in  the  habit  of  noticing  things, 
observed  that  the  switchboard  output  as  recorded  on  the 
watt-hour  meter  corresponded  closely  with  what  he  knew 
that  his  engines  were  doing;  but  he  could  not  imdor- 
stand  why  his  generators  were  overheating  when  the  total 
recorded  output  was  nowhere  near  their  combined  full- 
load  ratings.  He  further  determined  that  the  total  of 
his  ammeter  readings  multiplied  by  the  voltage  and  by 
any  chosen  number  of  hours,  gave  a  result  exceeding  by 
40  per  cent,  the  absorption  recorded  by  the  watt-hour 
meter  in  the  same  length  of  time. 

This  engineer  was  more  of  an  observer  than  a  reader 
and  while  he  had  dug  out  all  the  data  necessary  to  prove 
a  case  of  low  power  factor,  he  was  not  in  a  position  to 
associate  his  data  with  that  name.  Accordingly,  he  took 
his   troubles   to  the   chief,   from   whom  he  learned   that 


Details  of  Repair  to  Cracked  Cylinder 

2,  was  placed  to  make  the  bolts  water-tight.  As  the 
cracks  extended  down  into  the  cylinder,  the  bolts  D,  Fig. 
1,  were  also  made  of  ys-iii-  iron  and  put  in  place  outside, 
the  nuts  being  set  up  against  the  face  of  the  flange  to 
which  the  cylinder  covers  are  bolted.  To  provide  room 
for  these  nuts,  the  recesses  E  were  made  with  a  flat-point 
drill  in  the  inner  face  of  the  cylinder  covers.  These  re- 
cesses were  so  spaced  as  to  come  between  the  cover  studs, 
shown  at  F,  Fig.  1. 

As  the  nuts  on  the  bolts  D  were  entirely  surrounded  by 
the  packed  joint  of  the  cylinder  covers,  no  packing  was 
needed  beneath  them.  Before  setting  up  the  bolts,  some 
iron  cement  was  stuffed  into  the  cracks  from  the  inside 
and  outside ;  all  the  bolts  were  then  drawn  up  and  a 
water-tight  job  was  had. 

Kailua,  Kona,  Hawaii.  H.  K.  Scholefkld. 
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Hocking  Valle?"  Slnck  Coal 

'I'Ih-  (halt  >;i.cii  witli  the  artiil*'  l>v  Morpiii  W.  Sniilli 
in  I'tiwKit.  Mav  •*'(■>,  |!ill,  pa^'i*  7  10,  wdiild  In;  vi-rv  iiiiw- 
Icailiiij;  aivonliiij;  to  the  way  we  fiiul  Hocking'  Xiilli-y 
nlmk.  'I'aki'  the  (Jcolo^Mial  Survey  of  Ohio,  Kouitli  SerieK, 
lUillt'tin  No.  !•,  liy  lionl  and  Soniernicier,  |)ap'  2'.il: 

IVrrnit.  11  t  11.  It.l.u. 

Anh  IIiin.'IlM  Cliarl 

Kit-.i    i.'Mt    17.41  in.TiitP  f  ll.fiOO 

S.'iM.inl    teat    >5.2,S  11.100  12.000 

Third    tfitt    I'.IM  I2.0011  12,SU0 

l-uKi-   302: 

KhHt   IfBt    S.79  12.LMI0  13,000  + 

AviTiiKO   <>f   nliu-    I.HiH 7.87  12.550  13.250 

I'liKO    -'115: 

AviTiiKi'  of   65   toBtn 7.3fi  I2.5«4  12.1IO0 

From  our  experience,  and  we  burn  alioul  liOO  tons 
of  lloekiiifi  Valley  slaek  per  day,  as  well  as  these  tests 
«pu)ted,  your  chart  gives  on  an  average  of  740  li.t.u.  hifrh 
and  on  many  tests  would  indicate  our  coal  a.s  1000  li.t.u. 
lii^dier  than  it  is. 

E.  K.  .\M)iiix. 

('oluml)iis.  Ohio. 


L^esilfes^  CyliiradleB'  Joniratt 

In  re<;ard  to  d.  Stewart's  method  oi'  stopping'  a  h-aky 
joint  on  the  front  end  of  a  cylinder,  as  described  on  page 
(>0;5,  .Vpr.  28,  I  think  he  could  have  managed  it  easier 
and  n:ade  a  more  solid  job  had  he  drilled  a  liole  in  the 
frame  at  an  angle  so  that  it  would  strike  the  cylinder-face 
joint  just  outside  of  the  stud-pitch  line.  This  hole  should 
be  about  half  an  inch  gas  size,  ta])ped  to  a  considerable 
dei)tli.  and  then  filled  with  a  mixture  of  Smooth-On  ce- 
ment having  the  consistency  of  thick  cream.  Screwing 
in  a  ])hig  would  have  forced  the  Smooth-On  into  the 
spaces  wliere  the  leakage  occurred. 

On  an  engine  of  the  size  mentioned,  it  would  probably 
have  been  necessary  to  drill  several  such  holes,  but  the 
final  results  would  have  been  better,  and  no  unsightly 
olamps  would  have  been  seen  on  a  new  engine. 

E.  E.   Pearce. 

Rochdale,  England. 


An  engineer  applied  for  a  i)osition,  and,  althougli  he 
had  first-class  references  to  show  that  he  was  a  reliable 
man,  with  20  years'  practical  experience  in  large  and 
small  plants,  he  was  turned  down  because  he  was  not  a 
practical  machinist.  He  even  offered  to  work  on  trial 
on  condition  that  he  should  receive  no  pay  if  he  did  not 
make  good.  He  was  told  that  a  man  who  had  not  served 
his  time  as  a  machinist  could  not  be  a  high-class  engineer. 

I  do  not  agree  with  this  statement.  Tt  is  certain  that 
many  men  who  are  handling  our  large  steam  plants  suc- 
cessfully are  men  who  have  worked  up  from  small  plants, 
and  they  are  able  to  maintain  their  positions  hy  study  and 
experience,  and  not  through  a  knowledge  of  the  machin- 
ist's trade.  In  reality,  there  is  but  little  work  around  the 
average  plant  that  requires  a  thorough  knowledge  of  the 
machinist's  trade. 

Xot  many  plants  run  a  machine  shop  in  connection 
with  the  plant,  so  even  if  an  engineer  were  a  machinist 
his  skill  would  be  of  little  use  in  the  average  power  plant. 

Hundreds  of  engineers  can  take  an  engine  or  other  ma- 
chine apart  and  reassemble  it  as  accurately  as  could  a 


nia<  liinisl.  A  machinisl  might  linve  a  more  direct  way 
of  doing  eerlain  work,  \\v.  may  know  many  wavH  r»f  doing 
things  not  known  to  the  engineer,  lint  siieli  work  iK  not  tliu 
enginei-r'H  chief  <»e(U|mlion.  if  recpiired  to  do  this  work 
fre(|Uently,  lie  will  soon  aerpiire  a  skill  erpial  to  a  ma- 
chiniHtV.  I:  is  all  light  lo  be  a  niaeliiiiist,  but  tliirf  tratle  is 
not  iieeessary  to  becoine  a  ]iigh-clas:4  stationary  engineer. 

John  Tiioun. 
Torouti).  Out..  Can. 


TlhiC  Footl  off  ttlhie  ILadldler 

The  froiil  ispircc  in  the  issue  nl'  .June  2  appeals  strong- 
ly to  me. 

Sonu!  years  ago,  just  after  comj)leting  a  technical 
course.  I  felt  the  need  of  siij)pleiiienting  my  technical 
itaining  with  a  cour.se  in  commercial  shop  practice,  and 
so  I  put  in  many  hard  hours  building  small  engines,  and, 
later  on,  working  in  a  boiler  room  to  learn  the  handling 
oi  a  fire. 

The  experience  that  I  gained  in  this  way  has  been 
of  great  value,  and  I  strongly  recommend  that  all  young 
college  graduates  from  technical  courses  supplement  their 
college  training  by  experience  gained  in  the  boiler  and 
engine  rooms  of  power  plants. 

I  have  on  my  engineering  staff  at  this  time  a  young 
man  but  recently  out  of  college,  and  he  is  now  working  as 
a  fireman  in  a  boiler  room  to  gain  the  practical  experi- 
ence, which,  in  my  opinion,  is  essential  to  a  man  who 
^\•ishes  to  round  out  to  full  measure  his  knowledge  of 
]iower-plant  operation.  I  wish  there  were  more  like  him, 
but  unfortunately  too  many  college  men  are  content  to 
lean  over  a  drafting  board  and  gain  purely  office  experi- 
ence rather  than  soil  their  hands  at  the  work  of  a  so 
called  practical  man. 

The  cartoons  published  in  Power  each  week  are  always 
interesting  and  instructive,  and  I  hope  they  will  furnish 
an  inspiration  to  many  men  in  the  field  in  which  Power 
is  preeminent. 

Geokce  "W.  Martin, 
Vice-President,  The  Xew  York  Service  Co. 

Xew  York  City. 


Osa©   Catias©   ©f  Fl^^^^Saeel  Ess= 


In  a  paper  mill  of  2000  hp.,  one  of  the  engines  was  a 
cross-compound  Corliss  16x32x42-in.,  operating  at  100 
r.p.m.,  having  a  single-arm  flywheel  16  ft.  in  diameter. 
Passing  this  flywheel  on  one  of  my  trips,  I  noticed  that 
the  rim  was  vibrating  very  rapidly.  This  vibration  was 
not  in  step  with  the  engine  stroke  as  might  be  thought, 
but  was  actually  a  quiver,  showing  that  the  spokes  were 
springing  to  the  amount  of  about  three-quarters  of  an 
inch.  The  last  thing  a  paper-mill  engineer  does  or 
thinks  of  is  shutting  down,  so  T  tightened  both  main  bear- 
ings to  a  snug  running  position,  which  stopped  the  vi- 
bration. I  have  no  doubt  that  the  flywheel  would  have 
been  wrecked  if  T  had  not  discovered  it  soon.  I  think 
that  loose  bearings  are  responsible  for  a  great  many  fly- 
wheel explosions,  especially  on  double  engines.. 

E.  P.  Shires. 

Leominster.  Mass. 
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Overtrovel — What   is   meant    by   the   overtravel   of  a  valve? 

J.   M. 

Overtravel  occurs  when  a  slide  valve  of  an  engine  not  only 
opens  the  port  fully  but  travels  by,  and  is  the  amount  which 
the  outside  edge  of  the  valve  passes  by  the  inside  edge  of  the 
port. 


Setting  of  Fusible  PIuk;  in  Horizontal  Ketiiru-Tubulur 
Boiler — How  should  a  fusible  plug  be  set  in  a  horizontal  re- 
turn-tubular  boiler? 

J.   P. 

A  fusible  plug-  should  be  set  in  the  rear  head  and  so  placed 
that  Its  center  will  be  not  less  than  2  in.  above  the  upper  sur- 
face, of  any  of  the  tubes  when  the  boiler  is  set.  and  the  plug 
should  project  1   in.  inside  of  the  boiler. 


Utte   of   Radius   luHtead   of   Diameter  In   Boiler  Formula — In 

figuring  the  strength  of  a  boiler  why  is  "radius  times  2"  used 
in  the  formula  in  place  of  "diameter"? 

G.  H.   M. 
Taking   pressure  and   stress   in   pounds   and   all   dimensions 
in    inches,    the   complete   expression    for    bursting    pressure    of 
the  solid  part  of  the  sheet  would   be: 

Thiclcness  of  plate    X    length  of  shell    X    tensile  strength   per 
sq.in.    X    2 

(Radius    X    2)     X    length   of  shell. 
By    canceling    "length"    and    dividing    the    numerator    and    de- 
nominator by  2  the  expression  is  reduced  to  the  simpler  form: 

Thickness    X    tensile   strength 


the    bursting   pressure       p    = 


Coal    per    Horsepower-Hour — What    is    meant    by    "coal    per        q^   expressed   algebraically 
horsepower    hour"? 

G.   B. 

The  average  number  of  horsepower  developed  during  a 
stated  period  multiplied  by  the  number  of  hours  of  that  period 
would  be  the  number  of  horsepower-hours,  and  dividing  the 
number  of  pounds  of  coal  required  during  the  same  period 
by  the  number  of  horsepower-hours  would  give  the  pounds  of 
coal   per   horsepower-hour. 


radius 


Operation  of  Throttling  Governor — Does  a  throttling  gov- 
ernor change  the  pressure  of  steam  in  the  steam  chest  of 
an  engine  or  does  the  sLeam-chest  pressure  remain  the  same? 

A.    T.    A. 

The  office  of  a  throttling  governor  is  to  admit  only  enougli 
steam  to  the  steam  chest  to  keep  the  pressure  up  to  that 
necessary  to  maintain  the  speed,  and  the  steam  delivered 
from  the  boiler  to  the  governor  is  thereby  reduced  to  a 
different   pressure   in   the  steam   chest   for   each   different   load. 


Sign  Meaning  "Greater"  or  "Less  Than" — What  is  tlie 
meaning  of  the  signs  >  or  <  when  placed  between  two 
quantities? 

C.    B.    H. 

The  sign  >  is  to  be  read  "is  greater  than"  and  the  sign  <; 
Is  to  be  read  "is  less  than":  for  instance,  6  >  5  is  read 
"6  is  greater  than  5";  and  5  <  fi  is  read  "5  is  less  than  6,"  the 
opening  of  tlie  angle  always  Ijeing  placed  toward  the  larger 
quantity. 


Quality  of  Steam — What  is  meant  by  steam  of  95  per  cent, 
quality? 

E.  P. 

The  quality  or  dryness  of  steam  is  the  portion  or  per  cent, 
of  its  total  weight  which  is  in  the  form  of  vapor,  as  distin- 
guished from  that  portion  of  the  total  weight  which  is  in  the 
form  of  moisture.  Hence,  when  the  quality  or  dryness  is  95 
per  cent.,  that  per  cent,  of  its  weight  is  in  the  form  of  vapor, 
and  there  is  present  100  —  95  =  5  per  cent,  of  water,  i.e.,  the 
wetness    is    5    per    cent. 


Increase   of   Hydrant   Disehariere   for    Increase   of   Pressure — 

When  the  pressure  in  a  water  pipe  line  is  maintained  at  60 
lb.  per  sq.in.  at  the  pumping  station,  the  pressure  at  a  hy- 
drant with  the  valve  wide  open  is  16  lb.  per  sq.in.  and  the 
discharge  is  about  700  gal.  per  min.  What  hydrant  pressure 
and  rate  of  discharge  would  be  obtained  by  raising  the  line 
pressure  at   the   pumping   station   to   100   lb.   per  sq.in.? 

K.  W.  A. 
Tlie  loss  of  piessur  ■  from  friction  in  the  pipe  line  and 
also  the  pressure  at  tlie  hydrant  would  vary,  practically  as 
the  square  of  the  velocity  or  rate  of  discharge,  and  as  they 
would  continue  in  the  same  proportion,  then  with  a  total 
pressure  of  100  in  place  of  60  lb.  per  sq.in.,  the  hydrant  pres- 
sure would  become  '"/oo  of  100  or  26.66  lb.  per  sq.in.  The 
velocity  or  rate  of  discharge  would  vary  as  the  square  root 
of  the  hydrant  pressure,  but  as  the  hydrant  pressure  would 
vary  as  the  total  pressure  and  a  discharge  of  700  gal.  per 
min.  is  obtained  with  a  total  pressure  of  60  lb.,  then  with 
100  lb.  total  pressure  the  discharge  would  be 
^00 


Size  of  Line  Wires — Six  hundred  16-cp.  lamps  on  a  three- 
wire  system  are  operated  at  a  distance  of  %  mile  from  the 
station.  If  the  allowable  drop  is  5  volts  on  each  side  of  the 
system,  what  should  be  the  size  of  the  outside  wires  If  the 
neutral    is    one-half   the    size    of    the    outside    w^ires? 

A.  W.  C. 
Assuming  that  the  system  is  balanced,  with  300  lamps  on 
a  side  and  each  lamp  taking  %  amp.,  the  total  load  on  each 
outside  wire  would  be  150  amp.  Counting  both  sides  the  total 
drop  being  10  volts  and  length  of  the  line  1320  ft.,  the  problem 
may   be   solved   b,y   the   formula: 

A=:22XIXLH-E, 
and  if 

A   =    Area  of  conductor  in  circular  mills; 
I   =    Current  in  amperes; 
L   =   Length  of  circuit,  one  way; 
E    zz    Total  drop  in  volts. 
Then, 

A    =    22    X    150    X    1320    -^    10    =    435,600. 
A    400.000-circ.    mil    cable    would    probably    answer    for   the 
outside  wires  and  a  200,000-circ.  mil  cable  for  the  inside  wire. 


700     X 


V" 


00 


-    =    903   gal.    per  min.    (approximately). 


Flow  of  Steam  Through  Orifice — What  would  be  the  in- 
crease in  the  flow  of  steam  through  an  orifice  into  a  vacuum 
of  14  in.  over  that  taking  place  into  a  vacuum  of  8  in.,  the 
pressure  at  the  entrance  side  of  the  orifice  in  each  case  being 
5   lb.    per   sq.in.    gage    pressure? 

J.  H. 
The  flow  of  steam  of  a  greater  pressure  into  an  atmosphere 
of  a  less  pressure  increases  as  the  difference  of  prssure  is 
increased  until  the  lower  pressure  becomes  only  58  per  cent, 
of  the  greater  absolute  pressure,  but  the  flow  is  neither  in- 
creased nor  diminished  with  any  greater  reduction  of  the 
lower  pressure.  The  pressure  at  the  entrance  side  of  the 
orifice  being 

5   -I-   14.7   =   19.7  lb.  per  sq.in.  absolute, 
tiien  w!u>n  the  orifice  discharged  into  an  atmosphere  at  14  in. 
vacuum  or 

(30  —  14)    X    0.491    =:    7.S56   lb.   per  sq.in.   absolute, 
the  lower  pressure  would  be 

7.856 

19.7 
or  about  40  per  cent,  of  the  higher;  and  discharging  into  8  in. 
vacuum  the  lower  would  be 

(30  —  8)  X  0.491  =  10.802  lb.  absolute,  • 
or  about  55  per  cent,  of  the  higher.  Hence  as  in  each  instance 
the  discharge  would  take  place  into  an  atmosphere  of  a  less 
pressure  than  58  per  cent,  of  the  absolute  pressure  on  the 
entrance  side  of  the  orifice,  there  would  be  no  increase  in  the 
amount  of  steam  flowing  into  a  14-in.  vacuum  over  that  which 
would  flow  into  an  S-in.  vacuum. 

[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  communi- 
cations  and   for   inquiries   to   receive   attention. — EDITOR.] 
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Elementary  Meclhaimiics— -XV 

Last  Lkssun's  An.s\\i;i;s 
til.     Till'  fiirtv  of  friction  will  equal 
•.'00  X  o.-'s  =  •'■><'  ii>. 
wliiili  will  III"  tiu'  force  that  will  keep  the  castiii;j;  tnovin;,' 
III  a  iinil'iirin  rate.     The  force  reciiiired  to  move  (he  casl- 
iii-:  will  be  fjreater  depending  upon  the  time  it  takes  to 
j;cl  the  lasting  in  motion. 

(I'J.  The  force  required  to  raise  the  body  from  tiu- 
LMound  is  greater  than  that  necessary  to  move  tlie  body 
along  the  ground.  The  force  of  friction  is  the  only  force 
to  be  overcome  in  moving  the  body  along  the  ground, 
while  to  lift  the  body  the  force  of  gravity  (or  the  weight 
of  the  body)  must  be  overcome.  Generally  the  force  of 
Iriction  will  be  less  than  the  weight  of  the  body. 

(>;5.  The  coefVicient  of  friction  is  equal  to  the  tangent 
of  the  angle  a  which  in  this  problem  is  15  deg.  Hence 
the  value  of  /  is 

iait  1.1  di'!/.  =  0.2G8 
()4.    The  coefficient  of  friction 

the  force  of  friction 
the  total  normal  pressure 
In   this   i)roblem   the   friction   is   assumed   as   600    lb. 
'JMierelore, 

/  =  ^1  — 

()5.     The  tangent  of  the  angle  a  made  by  the  plane 
will  equal  the  coefficient  of  friction.     Thus 
/  =  tan  a.  hence  tan  a  =  0.3 
Prom  a  table  of  tangents  the  value  of  a  is  found  to  b>i 
Hi  deg.  40  min. 

Finc'Tiox  (Coxtixued) 

Friction  is  encountered  in  every  type  of  machine  or 
apjiaratus  used  in  the  power  plant.  The  aim  of  the  engi- 
neer is  to  reduce  it  to  a  minimum  by  using  bearing 
metals  and  lubricants  having  a  low  coefficient  of  friction, 
combined  with  other  equally  important  conditions.  The 
introduction  of  ball  and  roller  bearings  has  reduced  thn 
coefficient  of  friction  from  0.04  for  the  ordinary  steci 
journal  running  in  a  brass  bearing,  to  0.003  for  the  bet- 
ter forms  of  roller  bearings. 

The  following  laws  of  friction  were  stated  by  Morni 
and  Coulomb  as  a  result  of  a  series  of  experiments. 

I.  The  friction  depends  on  the  nature  of  the  surfaces 
in  contact,  but  is  independent  of  the  area  in  contact. 

II.  The  friction  varies  directly  as  the  normal  pressure, 
assuming  the  materials  of  the  surfaces  in  contact  to  re- 
main the  same. 

III.  The  friction  is  independent  of  the  velocity  when 
til  ere  i.s  sliding  motion. 

Recent  experiments  have  proved  that  these  laws  are 
not  absolutely  true,  more  especially  in  the  case  of  law 
III,  where  it  has  been  found  that  the  friction  decreases 
irhen  the  velocity  increases.  Also,  as  stated  in  last  week's 
lesson,  the  force  of  friction  when  a  body  is  just  about  to 


move,  is  greater  than  when  the  body  Ih  in  motion.  The 
Hidijcct  of  friction  will  be  discussed  more  fully  under  the 
iessons  relating  t(j  work  and  efliciency. 

This  do.fes  the  work  on  Static.'^  which  has  had  to  do 
with  forces  that  produced  a  state  of  equilibrium  of  a 
given  body.  The  following  lesson.s  will  deal  largely  with 
forces  that  do  not  produce  equilibrium,  but  which  tend  to 
jiroduce  motion  of  various  kinds;  and  also  with  forces 
tiiat  perform  work  in  a  more  or  less  ctlicii'nt  manner. 

r.\i(T    II  —  Ki.virrrcs 
Motion 

A  body  is  said  to  be  in  motion  rrlalirc  to  another  irhen 
lis  position  changes  with  respect  to  that  of  the  other 
body;  or  as  sometimes  defined,  motion  is  simply  displace- 
ment or  change  of  position.  At  the  outset  it  is  well  to 
r.ote  that,  in  the  strictest  sense  of  the  word,  all  motion 
is  relative,  and  the  term  absolute  motion  is  apt  to  be  mis- 
leading. Take  for  illustration  a  train  pa.ssing  a  certain 
station  at  a  definite  rate  of  motion,  say  30  miles  per 
hour.  It  is  not  fair  to  say  that  the  absolute  motion  of 
the  train  is  30  miles  per  hour,  for  while  that  is  the  motion 
"f  the  train  relative  to  the  .station,  it  is  also  true  that 
the  station  has  a  definite  velocity  relative  to  the  center 
of  the  earth  which  in  turn  has  its  velocity  relative  to 
some  point  in  the  universe,  x^s  another  example,  consider 
the  motion  of  the  crosshead  of  a  locomotive.  Here  the 
crosshead  has  a  motion  relative  to  the  frame  of  the  en- 
gine, it  has  still  another  motion  relative  to  the  crank- 
pin,  a  different  motion  relative  to  the  track,  and  an  en- 
tirely different  motion  relative  to  some  fixed  point  in  the 
universe.  To  avoid  confusion  it  is  best  to  compare  the 
motions  of  various  bodies  to  some  point  which  for  all 
practical  purposes  may  be  assumed  as  fixed.  Thus  to 
compare  the  motions  of  the  crankpin  and  of  the  cross- 
head  of  the  locomotive  both  might  be  referred  to  the 
frame  of  the  engine.  In  the  problems  which  are  to  fol- 
low the  earth  will  be  considered  as  the  fixed  point  of 
reference. 

As  stated  in  Lesson  YI,  April  28,  motion  may  be  di- 
vided into  two  general  classes:  (1)  Translation  and  (2) 
notation.  In  the  case  of  translation  all  points  of  the 
given  body  will  move  in  straight  lines  at  the  same 
rate  of  motion.  In  rotation,  all  points  of  the 
body  will  move  in  such  a  manner  as  to  remain  at  a  fixed 
distance  from  a  given  center  of  rotation. 

Speed  is  the  rate  of  motion  of  a  body,  or  the  rate  at 
vhich  the  body  describes  its-  ixith.  An  automobile  may  be 
capable  of  developing  a  speed  of  60  miles  per  hour  and 
at  the  end  of  2  hours  be  120  miles  from  its  starting 
point.  The  direction  the  machine  went  has  nothing  to 
do  with  its  speed  and  hence  the  term  speed  involves  only 
the  two  items  of  magnitude  and  time,  without  any  ref- 
erence being  made  to  the  direction  of  the  motion.  The 
speed  of  a  body  then  is  not  sufiicient  to  definitely  fix  the 
rootion  of  the  body. 

Telocity  is  the  rate  of  diyplacement  of  a  body,  and  re- 
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quires  not  only  magiiiludc  and  iiine  but  also  dirccliun. 
The  velocity  oi'  a  body  completely  specifies  the  motion  oi 
the  l)ody,  as  to  direction,  magnitude  and  time.  To  say 
that  a  body  has  a  velocity  of  50  ft.  per  sec.  means  thai 
if  the  body  were  to  move  for  one  second  at  a  uniform 
rate  it  would  pass  over  50  ft.  of  sjiace.  The  velocity 
might  change  before  the  completion  of  the  second  and 
therefore  the  velocity  of  a  body  indicates  the  speed  or 
rate  of  displacement  for  a  given  instant  only,  without  any 
prediction  as  to  what  may  be  expected  the  next  instant. 
The  velocity  of  the  body  may  be  uniform  or  variable ; 
hence  motion  may  again  be  classified  as  uniform  or  va- 
riable depending  upon  whether  or  not  the  body  covers 
the  same  amount  of  space  for  every  second  it  is  in  mo- 
tion. 

The  common  unit  for  space  is  the  foot,  the  unit  for 
time  is  the  second  and  the  unit  for  velocity  is  the  number 
of  feet  per  second.  Unless  otherwise  stated,  these  units 
will  be  used  in  the  formulas  that  follow  in  the  succeeding 
lessons. 

The  velocity  of  a  rotating  point  may  be  expressed  in 
linear  units,  that  is,  feet  per  second,  or  in  angular  meas- 
ure, that  is,  in  revolution^:  per  minute,  or  radians  per 
minute. 

Example — The  distance  from  the  center  of  the  crank- 
shaft to  the  center  of  the  crankpin  of  a  steam  engine  is 
<i  in.  If  at  a  given  instant  the  engine  is  running  at  300 
r.p.m.,  what  is  the  velocity  of  ihe  crankpin  ? 

Solution — This  problem  as  stated  is  capable  of  two  in- 
terpretations, depending  upon  what  velocity  is  desired. 
It  is  evident  that  all  points  in  the  crank  are  making  300 
r.p.m.  P]ach  time  the  engine  makes  one  revolution  the 
crank  passes  through  360  deg.,  or  through  2-rr  radians. 
(Note — the  angle  at  the  center  of  a  circle  which  inter- 
cepts an  arc  on  the  circumference  equal  to  the  length  of 
the  radius  of  the  circle  is  called  a  radian.)  The  circum- 
ference of  a  circle  is  Stt  B,  where  tt  =  3.141(i-|-;  hence 

2  t:  H 

there  are  — ?;-  =  2ir  radi;nis  in  the  circumference.  There- 


fore 


R 


radian  = 


3()0  drg. 


.  ;>  </('</.  (rfpj)ro.r.) 


Since  the  engine   is   making  300   r.ii.m.,   tlu;   crank   will 
pass  through 

;500  X  ^TT  =  GOOtt  radians 
This  is  known  as  the  angular  velocity  of  the  crankpin. 
The  second  interpretation  of  the  problem  is  to  find  the 
linear  velocity  of  the  crankpin,  or  the  velocity  with  which 
the  crankjjin  would  move  off  in  a  straight  line  if,  at  any 
instant,  the  pin  were  suddenly  released  from  the  crank. 
The  linear  velocity  will  depend  upon  the  distance  of  the 
pin  from  the  center  of  the  shaft.  In  one  revolution  the 
crankpin  passes  over  a  distance  equal  to  the  circumfer- 
ence of  a  circle  w'hose  radius  is  6  in.,  and  in  one  min- 
ute the  crankpin  moves  over  a  distance  eqiuil  to 

2  r  XJ_X  300  ^       , 

13  -J-./i- 

Hence  the  linear  velocity  of  the  crankpin  is  0  1'2  ft.  per 
min.,  and  the  angular  velocity  is  fiOOTr  radians  per  min. 
The  angular  velocity  of  a  body  is  equal  to  the  linear 
velocity  divided  by  the  radius  of  rotation. 
Let 

R  =  The   radius   of   rotation  of   the   given   body   in 
feet; 


A'' ^  Revolutions  per  minute    (r.p.m.); 
r  =  ijinear  velocity  in  ft.  ])er  min.; 
a  =  Angular  velocity  in  radians  per  min. 


'i'hcn 


and 
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==    a,r    X    A'    X    A^ 

a  =  2ir  X  N 
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(24) 
(25) 

(20) 


'I'he  space  S,  traversed  by  a  body  moving  with  a  uniform 
velocity  of  I'  ft.  per  sec.  for  a  total  time  of  T  .sec,  is  equal 
lo  V  X  T  ft.,  or  expressed  as  an  equation 

S  =V  XT  (27) 

Sti'dv  Qukstioxs 

66.  At  what  crank  angle  is  the  friction  between  the 
crosshead  and  guide  of  an  engine  the  greatest? 

67.  What  kind  of  motion  has  the  crosshead  of  an  en- 
gine, (b)  the  crankpin,  (c)  a  point  on  the  rim  of  the 
flywheel. 

68.  The  stroke  of  an  engine  is  18  in.  If  the  engine 
makes  250  r.p.m.,  what  is  the  average  speed  of  the  piston 
in  ft.  per  min.  ? 

69.  Is  the  velocity  of  the  crosshead  of  an  engine  uni- 
form or  variable  ?  Should  the  velocity  of  the  crankpin  be 
uniform  or  variable  ?     State  reason  for  your  answer. 

70.  A  fireman  walks  at  the  rate  of  4  miles  per  hour. 
How  long  will  it  take  him  to  pass  through  a  boiler  room 
v/hich  is  250  ft.  long,  assuming  that  he  walks  in  a 
straight  line  ? 

^yy'alllls 

Clinker  adhering  to  the  sides  of  the  furnace  walls  and 
tending  to  bridge  over  the  grate  is  an  annoying  trouble 
in  many  plants.  Sometimes  the  clinker  is  knocked  off 
with  a  firing  tool,  and  in  this  way  much  damage  is  done 
to  the  brick%vork. 

In  one  Canadian  plant  serving  a  salt  works,  chain- 
grate  stokers  are  used  and  considerable  trouble  was 
caused  by  clinker  adhering  to  the  side  walls  and  extend- 
ing out  over  the  grate.  The  clinker  was  removed  in  the 
manner  mentioned. 

Much  of  the  very  low-grade  salt  is  thrown  away  at 
these  works.  One  day  last  winter  the  laborers  conceived 
the  idea  of  dumping  some  of  the  waste  salt  into  the  coal 
pile  in  front  of  the  boilers  instead  of  wheeling  it  a  long 
distance  in  the  cold.  Soon  after  using  this  "salted  coaP 
it  was  noticed  that  the  clinker  on  the  side  walls  had  van- 
ished ;  investigation  and  experiment  showed  that  the  salt 
was  responsible  for  its  disappearance.  Now,  when  it  is 
desired  to  remove  clinker  on  the  side  walls  a  few  shovel- 
fuls of  salt  are  thrown  into  the  coal  hopper  feedino-  the 
stoker  and  a  little  is  also  tin-own  on  the  clinker. 

New  Anthracite  Coal  Field— An  anthracite  coal  field  has 
recently  been  discoveied  in  the  Province  of  British  Co- 
lumbia, Canada,  within  two  miles  of  the  G.  T.  P.  Railway 
main  line.  Several  seams  have  been  located,  one  apparently 
40  feet  wide.  An  analysis  of  the  outcroppinps  show  Carbon 
80.93  per  cent.;  volatile  matter.  7.07  per  cent.;  moisture,  4.02 
per  cent.;  ash,  7.98  per  cent.;  specific  gravity.  1.661.  The 
coal  makes  a  strong  and  lasting  fire,  free  from  clinker.  The 
development  of  this  field  will  mean  much  to  the  Pacific 
Coast. 
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Meclbainiical    Engineers'  Sprin|( 
Meeting 

Tlio  Hprlnfc  iiifi'tliiK  of  tlic  Aiii<-i  Iciin  Society  of  Mochan* 
Icnl  KiikIiiuoi'h  wiih  held,  ii  couplu  of  wuoUh  liitur  thnn  UNUal, 
nt  Kt.  I'uul  iiixl  .VIliinciiiiiillH  durliiK  the  week  cufiiiiKtricliiK 
June  IG.  Thi'  rcKlNtnitloii  wiih  ono  Mhort  of  400  utid  the 
nicctlriK    froni    all    Htaii(l|)oliitH    a    chu-ldud    huccomh. 

At  ItM  oiiciiliiK  HfHHlori  the  Hodoty  wan  welcomed  to  Mln- 
iiOHotii  by  Covfinor  A.  <K  lOlicrhardt  and  Max  Toltz.  c'halr- 
tii.'in  (if  tlii>  local  cuiiiiiilttcc,  the  i'i-hiioiini-  for  the  Hoclety  be- 
liiK  iiiaili!  by  VIce-l'icHlileiit  II.  1.,.  C.antt  In  the  nl)»ence  of 
l>r*-Hldvnt  llnrtnoHH  who  was  at  New  Haven  receiving  the 
honorary  dcKree  of  Master  of  Arts  from  Yale  University.  He- 
marks  were  also  made  by  I'aul  Doty  of  the  local  committee 
and   others. 

At  the  business  meeting  on  Wednesday  forenoon  the  re- 
I)ort  of  the  Committee  on  Pipe  Flanges  was  discussed. 
"Power"  rea<lerH  are  familiar  with  the  attempt  of  the  Me- 
chanical lOiiKliieers,  the  National  Association  of  .Master  Hteam 
and  Hot  Water  Fitters  and  other  Hoclcties  to  establish  a  uni- 
formity of  practice  In  this  particular,  which  resulted  In  the 
"U.  S.  1912  Standard"  and  the  promulKation  by  dissenting 
manufacturers  of  the  "Manufacturer's  Ktan<lard."  At  a  con- 
ference on  March  20  of  this  year,  these  differences  were 
reconciled  and  a  mutuall.v  acceptable  schedule  agreed  upon, 
but  a  conflict  of  ojiinion,  and  interest  has  dovcloi>cd  regard- 
inK  the  name  by  which  the  schedule  shall  be  known.  The 
National  Association  of  Master  Steam  and  Hot  Water  Fitters, 
who  originated  the  movement  and  who  have  been  particu- 
larly aggressive  In  carrying  it  through,  hold  that  they  are 
entitled  to  the  prestige,  which  will  come  with  the  recognition 
of  the  fruition  of  their  efforts  by  the  retention  of  the  design- 
ation of  the  schedule  for  which  they  have  contended  with  a 
simple  change  of  date,  and  urge  that  the  successful  schedule 
be  termed  the  U.  S.  (United  Societies)  standard  of  1"J15. 
Others  contend  that  the  modification  of  this  standard  should 
be  eini)hasized  by  giving  it  a  distinctive  title  and  wish  to 
call  it  the  "American  Standard  of  1915".  The  case  of  the 
Master  Steam  and  Hot  Water  Fitters  was  ably  presented  by 
Messrs.  Childs  and  Denning  and  it  was  voted  to  refer  the 
choice  of  a  name  to  a  committee  made  up  of  a  representative 
of  each  society  interested. 

The  interest  of  the  business  session  centered  in  the  report 
of  the  Committee  on  .Standard  Boiler  Specifications.  This 
committee  was  appointed,  not  as  some  maintain  simply  to 
evolve  a  blueprint  of  a  standard  horizontal  tubular  boiler, 
but  to  report  to  the  Council  recommendations  bearing  upon 
the  situation  brought  about  by  the  adoption  of  conflicting 
laws  by  various  states  and  municipalities  regarding  the  con- 
struction and  operation  of  boilers  and  other  pressure  vessels. 
Tliey  have  prepared  a  tentative  report  suggesting  a  form  of 
law,  which  may  be  universally  adopted  and  rules,  following 
closely  those  of  Massachusetts  and  Ohio  regarding  the  de- 
sign and  proportions  of  such  vessels  and  other  appliances. 
Nearly  two  thousand  copies  of  this  tentative  report  have 
been  sent  to  specialists  for  criticism  and  suggestion  and  its 
discussion  was  looked  forward  to  with  much  interest.  Fol- 
lowing a  meeting  of  the  Council,  an  announcement  was  made 
that  no  discussion  of  the  rejiort  in  detail  would  be  permitted 
at  this  meeting,  but  that  its  consideration  would  be  limited 
to  remarks  upon  the  broad  subject  by  representatives  and 
the  committee.  Thomas  Durban  on  behalf  of  the  organized 
boiler  manufacturers  and  Dr.  Jacobus  on  behalf  of  The 
Babcock  &  Wilcox  Co.,  urged  immediate  action.  Mr.  Durban 
said  that  his  association  had  presented  the  situation  to  the 
governor  and  leaders  of  legislatures  in  every  state  that  action 
in  many  states  was  imminent,  and  threatened,  if  the  Society 
did  not  take  immediate  steps  to  suggest  and  direct  legislation 
of  this   sort,   that   it   would   be   done    by   his   own   organization. 

Jlr.  Carhart  of  the  Association  of  .Steel  Manufacturers 
said  that  his  constituents  were  ready  to  furnish  the  boiler 
manufacturers  with  material  practically  and  commercially 
adapted  to  their  requirements,  but  that  the  reaulrements  of 
the  committee  were  excessive  and  commercially  Impractic- 
able. In  passing  it  ma.v  be  said  that  there  had  been  a  con- 
ference between  representatives  of  the  boiler  makers,  the 
steel  manufacturers,  and  the  committee  on  Monday  in  which 
the  boiler  makers  and  the  committee  had  taken  the  ground 
that  being  purchasers  they  were  the  judge  of  what  they 
wanted  and  should  be  furnished  with  it  if  they  were  willing 
to  pay  the  price. 

The  steel  manufacturers  maintain  that  steel  of  0.3  to  0.5 
per  cent,  manganese,  0.3  per  cent,  phosphorus  and  0.03  per 
cent,  sulphur  is  too  difficult  to  make  and  unnecessarily  good 
for  boiler  work,  and  claim  that  they  must  be  allowed  to  sell 
the  boiler  makers  both  firebox  and  flange  steel,  as  the 
latter  affords  an   outlet  for  the  rejecta  of   the   former  grades. 
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It  was  decided  that  the  committee  should  give  a  public 
hearing,  to  which  all  parties  in  interest  should  I^e  invited,  at 
the  United  Societies  Building  in  New  York  on  September  15. 
Those  desiring  to  present  criticism,  argument  and  suggestion 
shall  present  it  in  writing  not  later  than  August  15.  An 
attempt  to  include  representatives  of  other  societies  with 
voting  power  was  overwhelmingly  defeated. 

The  professional  session  of  Wednesday  morning  was  de- 
voted to  the  discussion  of  Pulverized  Coal,  its  use  in  the 
cement  industry  being  described  in  a  paper  by  Dr.  R.  C.  Car- 
penter, for  steam  making  in  a  paper  by  P.  R.  Low,  and  its  use 
in  industrial  furnaces  in  a  paper  by  W.  S.  Quigley.  Ab- 
stracts of  these  papers  and  their  discussion  will  appear 
in    later    issues. 

Other  papers  of  interest  to  "Power"  readers  presented  at 
this  meeting,  and  which  will  receive  further  attention  in  our 
columns  are:  "Classification  and  Heating  Value  of  Amer- 
ican Coals,"  by  William  Kent;  "A  Flow  Metering  Appliance," 
by  A.  M.  Levin;  "Power  Development  at  the  High  Dam  be- 
tween Minneapolis  and  St.  Paul,"  by  Adolph  F.  Meyer,  and 
"The  Handling  of  Coal  at  the  Head  of  the  Great  Lakes,"  by 
G.  H.  Hutchinson. 

On  Wednesday  evening  John  Hearding,  superintendent  of 
the  Oliver  Iron  Mining  Co.,  gave  an  interesting  lecture  illus- 
trated by  moving  pictures  upon  mining  methods  and  ore 
handling. 

Thursday's  session  was  lield  at  the  University  of  Minne- 
sota at  Minneapolis,  wheie  addresses  of  welcome  were  de- 
livered by  President  Snyder  of  the  Board  of  Regents  and  H. 
T.   Eddy,   Dean   of  the   Engineering   College. 

In  the  afternoon  the  society  was  entertained  by  Gebhard 
Bohn  at  his    estate   on   Lake   Minnetonka. 

Friday  was  devoted  to  visits  to  industrial  establishments, 
power  plants,  etc.,  a  large  number  of  members  going  to  Du- 
luth.  Under  the  escort  of  local  members  they  were  given  a 
moonlight  excui'sion  about  the  harbor  on  Friday  evening,  and 
on  Saturday  another  excursion  by  steamer  to  the  new  works 
of   the   Minnesota    Steel   Company    now   under   construction. 


^o  Ao  So  Ko  Stlsitl© 

From  June  3  to  5  the  engineers  of  Kentucky  held  their 
12th  annual  convention  in  Louisville.  The  headquarters  of 
the  exhibitors  was  in  Liederkranz  Hall,  and  with  the  excep- 
tion of  the  first  meeting  the  engineers  conducted  their  busi- 
ness in  Odd  Fellows  Hall,  the  regular  meeting  place  of  No.  1. 
Fully  90  engineers  were  registered,  and  34  companies  dis- 
played  an   unusually  good   exhibit. 

Wednesday  was  given  over  to  a  reception  in  the  parlors  of 
the  Hotel  Watterson  to  delegates  and  visitors,  and  in  the 
evening  Kentucky  No.  1  treated  the  boys  to  a  boat  ride  on  tlie 
Ohio  River.  Music,  dancing  and  refreshments  added  to  the 
pleasure  of  the   trip. 

On  Thursday  forenoon  the  convention  was  opened  in  the 
exhibit  hall  by  Charles  Fertig,  chairman  of  the  local  commit- 
tee. Louis  Stein,  secretary  of  the  mayor,  welcomed  the  dele- 
gates to  the  city  and  a  witty  response  was  made  by  State 
President  Carroll.  J.  H.  Saunders,  president  of  the  commercial 
club,  spoke  of  Louisville's  growth  and  business,  and  urged 
the  engineers  to  call  on  the  club  for  anything  that  lay  in  its 
power  to  give.  Robert  W.  Larkin,  general  manager  of  the 
"National   Engineer,"   responded   in   his   usual   forceful   style. 

R.  W.  Brown,  of  the  Convention  and  Publicity  League, 
made  a  plea  for  Louisville  as  the  annual  convention  city.  He 
complimented  the  state  organization  on  its  success.  It  was 
a  day  of  cooperation  in  which  men  must  get  together,  ex- 
change ideas  and  help  each  other  in  every  way  possible.  F. 
L.  Ray,  vice-president  of  the  national  body,  responded  and 
delivered  an  eloquent  address.  He  spoke  at  length  on  the 
purposes  and  plans  of  the  National  Association  of  Stationary 
ringineers  and  of  the  great  value  of  the  educational  work 
conducted.  No  one  is  more  responsible  than  the  engineer  for 
the  health  and  happiness  of  the  people  at  large,  and  it  should 
be  his  earnest  endeavor  to  make  himself  worthy  of  the  trust. 
Every  engineer  should  give  more  time  to  his  own  advance- 
ment and  in  this  way  reflect  credit  on  the  national  organiza- 
tion. There  is  a  great  future  for  the  engineer,  and  if  the 
members  will  take  advantage  of  the  opportunities  offered,  the 
association  will  soon  become  the  supreme  factor  in  engineer- 
ing progress. 

In  behalf  of  the  Central  States  Exhibitors'  Association 
President  Cullen  spoke  briefly,  calling  attention  to  the  ex- 
hibits and  requesting  an  inspection  by  the  engineers,  their 
superintendents  and  managers  and  the  public  men  of  the 
city.  The  convention  was  then  turned  over  to  State  Presi- 
dent Carroll.     Before  adjournment  the  usual  committees  were 
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npiiolnli'il  mill  tlii-  i>xhll>lt  wim  formiilly  iipi<ni>il  liy  Mr.  CulWm. 
Ill  ())•■  arirriiKiiii  Ih)'  nrat  liimlnraa  iii-iiiili>n  wim  hold.  Iti'- 
I>iirl»  I'V  Xhr  tifiiBiiiiT.  niMTPluiy  ami  viiihiiiii  <'<>iiiiiillti-<-ii  wM'v 
f.illiiwiil  l«y  II  iihiirt  tiilk  on  the  •Hi-liilloii  i>f  Sliitli.iiiiry  ICn- 
Khii'i'iH  to  till'  lloll<-r  Itmiii-ctor,"  by  I..  %.  Ilniliiiiril.  niiiiiiiKi'r 
of  th«<  St.  I.ouIb  dlatrlrt  for  th«'  Trnvi-lrra"  Inmiraiiop  <'o.  U. 
II  l^irklii  iipokx  on  "Our  Paper,"  kIvIiik  ■>><  InMlidit  Iritii  tlin 
i-iml    of   proiluclnR   It    ami   the    ponnlblllth-ii   of   thr    futiiri',   pro- 

VllllllK     It     wan    KlVrll     till-    ■■MI'IK'Hl    HUpport     nf     till-     VJIllOUM    mcMIl- 

Immh    of    ihi-    aMHorlalloii. 

.\  NiiinkiT  trtuliTril  till'  i'IikIiii'i'ih  by  tli>>  oxlillilloiH  wan 
till-  f.iilur.-  nf  Ihr  cVrnlUK.  iMiurlcH  fulliMi  WUH  llu>  Jovial 
toaKlniantpr  of  th«<  affiilr  and  wan  ably  aiiHlMti'd  by  McBBm. 
FlHkr.  Wiindor,  Jom-a  and  Htoiit.  l)cli'nat«-«  from  tht<  varl- 
oim  looalB  were  alao  rallvd  to  th«  rontrum  to  cnttTtnln  by 
stonn    or   8tory. 

.At  thi-  Hcfond  biialiK-sa  Hi-aalon  on  Friday  mornlnK.  I..t'X- 
liiKtoii  was  ohom'n  na  the  next  convention  city.  A  paper 
dralInK  with  the  dry  vacuum  pump  wan  ri'iid;  there  wna  nlKo 
considerable  dl.xeii.xsion  on  the  eiliii  iit  loniil  work  of  the  asHo- 
clatlons.  Members  from  the  various  locyls  told  what  their 
respective  lodKea  had  been  doliiK.  It  was  the  consi-nsus  of 
opinion  that  the  elementary  courses  should  be  Klven  more  at- 
tention. .\t  least,  they  should  be  taken  up  before  attempting 
the  more  technical  studli's  on  flue-^as  analysis  and  kindred 
subjects.  For  the  youuKer  men  the  simple,  practical  work  of 
the  engine  room,  such  as  setting  valves  and  keeping  records, 
was    recommended. 

The  following  otllcers  were  elected:  State  president.  G.  J. 
Jake.  HopkinsvlUe;  vice-president,  (";.  F.  Moore.  Lexington; 
secretary.  August  Pohl.  Louisville;  treasurer,  L.  N.  Lowrey. 
HopklnsvlIIe:  conductor.  R.  V.  Cason.  Central  City;  door- 
keeper. W.  G.  Russell,  Henderson.  C.  Carroll,  retiring  presi- 
dent,  was   recommended   to   the   national   body  as  state  deputy. 

The  afternoon  was  well  spent  in  a  visit  to  the  High  Street 
power  station  of  the  Louisville  Ry.  Co.,  and  to  the  Crescent 
Hill  pumping  and  filtering  station.  In  the  evening  the  Na- 
tional Tube  Co.'s  lecture,  "From  Ore  to  the  Finished  Tube," 
Illustrated  by  motion  pictures,  was  given  by  W.  A.  Fhillis,  of 
Pittsburgh.  There  was  a  good  attendance  to  hear  and  ap- 
preciate the  closing  feature  of  the  program. 

Following  is  a  list  of  the  active  members  of  the  Central 
States  Exhibitors'  Association,  who  were  represented  and  had 
exhibits:  American  Steam  Gauge  &  Valve  Co.,  The  V.  D.  An- 
derson Co..  Crandall  Packing  Co.,  Dearborn  Chemical  Co.,  The 
Garlock  Packing  Co.,  Greene,  Tweed  &  Co.,  Hawk-Eye  Com- 
pound Co.,  Home  Rubber  Co.,  Jenkins  Bros.,  H.  W.  Johns-Man- 
vllle  Co.,  Keystone  Lubricating  Co.,  The  Lunkenheimer  Co.,  H. 
Mueller  Co..  "National  Engineer."  The  Perolin  Co.  of  America, 
William   Powell   Co.,   "Power."   White   Star   Refining  Co. 

Associate  members  exhibiting  were  Ahrens  &  Ott  Mfg.  Co., 
The  James  Clark,  Jr..  Electric  Co.,  Andrew  Cowan  &  Co., 
Hafer  Foundry  &  Machine  Works,  Indian  Refining  Co.,  The 
Jenkins  Graphite  Lubricating  Co.,  Laib  Co.,  Louisville  Sanitary 
Wipers  Co.,  Henry  H.  Martin  Manufacturing  Co..  Moran  Flex- 
ible   Ste.im    Joint    Co.,    E.    D.    Jlorton    &    Co.,    W.    H.    Neill    Co.. 


T'eerleaa    Rubbi-r    MiinufHcturlnK   Co.,   United    Hliilen    i:riiplilt<i 
Co.,   Henry   Vogt   MachltU'    Co.,   Harry   H.    Wood   <'a. 

ThoHe  colli  rIbiilliiK  but  not  ahowliig  their  prodmlH  were 
A.  J.  Andi-rnoii  Co.,  ChlldeiiM  «i  Wiitera  <,'o..  Southern  Munu- 
fiietiirerH  &   .Supply   Co.,   ,Stiiiidard    Oil   Co. 

loMra  N.  A.  S.  £.  State  Con- 
vention 

At  »)i«  M(.liieH.  on  June  .1  to  Ti,  the  Iowa  state  coiiviritloii 
was  a  decidi-d  HueeesB.  The  attendanccr  was  large,  the  e»- 
lilbltH  good  and  the  program  excelli'iit.  Head<juarterM  werii 
at  the  Savoy  Hotel.  The  exhlblta  occupied  the  entire  main 
floor  of  the  Deg  Moines  Audltoiliiin  and  Ihe  HesMlonH  were 
held  In  the  assembly   room  of  the  same  building. 

At  1:30  Wednesda.v  the  first  aeaslon  was  called  to  order  by 
State  President  John  Devlne.  Mayor  Hanna  welcomi  d  tho 
•■ngineers  to  the  city,  and  was  followed  in  a  brief  a.ddreHM  by 
lion.  <;.  W.  Clarke,  governor  of  Iowa,  who  highly  commended 
the  educational  work  conducted  by  the  aSHOclatlon.  Fred 
W.  Itaven,  national  secretary,  responded.  The  convention 
adjourned  to  Inspect  some  of  the  power  plants  of  the  city, 
and  In  the  evening  the  engineers  were  entertained  at  AVhIto 
City,    Des   Moines    amusement    park. 

On  Thursday  morning  .State  Commissioner  Warren  Garst 
addressed  the  convention  on  the  "Workmen's  Compensation 
and  Employers'  I^labllity  I.,aw."  and  in  the  afternoon  an 
interesting  lecture  on  "The  Hurning  of  Iowa  Coal"  was  de- 
livered by  Prof.  W.  H.  Meeker,  of  Ames  College.  He  showed 
how  the  native  coal  could  be  used  to  advantage  by  mixing 
it  with  Illinois  coal,  and  suggested  how  some  of  the  objection- 
able features  in  its  burning  could  be  eliminated.  It  was 
Prof.  Meeker's  opinion  that  the  efficiency  problems  of  the 
future  would  be  worked  out  in  the  boiler  room.  Intelligent 
firemen  should,  therefore,  be  employed,  and  their  wage  should 
equal   that   paid  engineers. 

In  the  evening  an  athletic  carnival  featured  by  a  "battle 
royal"  was  followed  by  an  old-fashioned  Dutch  lunch. 

At  the  business  meeting  Friday  morning  agitation  was 
made  for  a  state  license  law.  Des  Moines,  Sioux  City  and 
Waterloo  now  have  local  laws  and  Clinton  and  Davenport 
engineers  have  been  carrying  on  a  vigorous  campaign  to  get 
similar  measures  passed  in  their  respective  cities.  A  fund 
accumulated  for  the  purpose  will  be  used  to  further  a  cam- 
paign  for   a  state   license   law   before   the    next   legislature. 

F.  H.  Faas,  of  Cedar  Rapids,  then  read  a  paper  on  the 
"Operation  and  Care  of  Steam  Turbines."  At  the  afternoon 
session  a  paper  on  "Stufl^ng  a  Cylinder  Head"  was  read  by 
Lafayette  Young,  Sr.  The  last  business  session  followed,  in 
which  Clinton  was  chosen  as  the  next  convention  city. 

The  following   officers   were   elected: 

J.  A.  Goddard,  president;  E.  O.  Landis,  vice-president; 
Abner  Davis,  secretary;  F.  P.  Boone,  treasurer;  A.  C.  Garri- 
son, conductor;  C.  C.  Ranzan,  state  deputy. 

In    the    evening    a    three-reel    motion    photo    showing    the 
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manufacture  of  boiler  tubinpr  from  the  ore  to  the  finished 
product  was  greatly  appreciated.  Following  Is  a  list  of  the 
exhibitors: 

THE    EXHIBITORS 

Manhattan  Oil 


Quaker    City    Rubber   Co 
Hawkeye  Compound  Co. 
Carbon  Coal  Co. 
Griscom-Russell   Co. 
Greene,  Tweed  &  Co. 
Valvoline    Oil    Co. 
Western   Valve    Co. 
Anchor    Paclcing    Co. 
Dearborn  Chemical  Co. 
Murray   Iron  Works 
George   B.    Carpenter   Co. 


National  Tube  Co. 

McGraw   Co. 

Jenkins    Bros. 

Mills-McCanna    Co. 

Crane   Co. 

Garlock  Packing  Co. 

Mark    Manufacturing   Co. 

H.   W.   Johns-Manville   Co. 

Globe  Machinery  &  Supply  Co. 

Crandall    Packing   Co. 


Keystone  Grease  Co. 
Viscosity   Oil   Co. 
Lunkenhcimer  Co. 
V.   D.   Anderson  Co. 
Highland   Park  College 
Iowa   Machinery  &  Supply  Co. 


Herf  &  Prerlcks  Chemical  Co. 

Standard   Oil  Co. 
"National    Engineer" 
Fisher    (Jovernor    Co. 
National    Ammonia   Co. 


Western  Boiler  Compound  Co.    Iowa  Electrical  Supply  Co. 


Manasas  S^atle  <CoimveiratflOir& 


On  June  3  to  5.  Kansas  engineers  held  their  second  annual 
convention  at  Atchison.  The  official  headquarters  were  at  the 
Byram    Hotel,    the    business    sessions   were    lidii    in    the    audi- 
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loiluiii  or  lh<<  AIcIiIhoii  IiIkIi  hcIiomI  uikI  tlx'  rxlillilt  In  'I'liriicr 
Hall. 

Miiyor  Kltiiii-y  dcUvi'i-cil  llii<  iiildienii  of  wi'lcniin',  itml  tli<< 
i'i<ii|ii>nii(<  Wim  iiuuli-  l«y  U  K.  Wcmivit,  utiitt'  pii'tililriil  of  lli.> 
iiHaui'liitloi).  Mr.  Wi-iiviT  Uwi'lt  nt  Monio  IciiKtli  "ii  Hi"  iiiiitiiul 
bcneflta   to   l><>  dcrlvcU   from  ■tntr   lU-onai'   liiw«   liy   hoih   imikI- 

ncera    iiiitl    ploycm.       \V.    J.    Hiilli'y,    ii    rornu-r    K"ViMinir    of 

KuiiniiM.  (iilKcil  uliiiiK  I'lllt'liMit'y  IIid'H  iiiiiI  tlii'  work  of  the  i'M- 
K'liii'i-r,  Wlllaril  MorriN,  tlmlriimn  of  lhi>  local  cotninltti'i',  then 
iiiriK'il  oviT  111!'  iiii'i'tlMK  to  I'realili'iit  Wi-nvcr,  who  uppolntvcl 
thi-   UHual   I'oiiiinltti'i-s. 

At  noon  tlio  cxhlbltM  at  Turner  Hull  wiTi>  formally  opened. 
In  the  afternoon  the  HeSHlon  was  devoted  to  bualneHR.  Thurs- 
day mornUiK  Fred  \V.  Haven  apoke  of  the  advantaKea  of  n 
Htate  lU-enae  law  and  at  the  afternoon  hchhIoii  Hum.  Shellleld 
liiKallM.  lleutenant-KOVi'rnor  of  KariHaH,  atid  Wlllliun  WaHlnr 
addressed  the  meeting.  In  the  evenlnff  N.  T.  Veach.  Hiiperlii- 
tendeiit  of  publie  sehools.  delivered  a  leelure,  with  lunturn 
slides,   on   the   "Panama  Canal." 

t)n  Friday  ollloers  were  eleeted  and  Installed,  the  conven- 
tloners  were  treated  to  a  siKht-secinK  tour,  over  the  city,  and 
In  the  evening  the  convention  was  brought  to  a  close  with  a 
banquet  at  the   Hyram   Hotel. 

"The  MiinnKliiK  Knurliieer" — This  is  a  new  Knf?liah  monthly 
niaKa^.ine  devoted  to  tlie  welfare  of  managers  and  chief  en- 
({inecrs  tliroUKliout  the  I'nited  Kinndom.  It  will  publish  all 
papers  read  before  the  enjjIncerInK  associations  and  invites 
free  discussion  of  questions  of  moment  to  the  engineer.  The 
nuiKa/.lne  is  the  oHlcial  orttan  of  the  London  Association  of 
Foremen  Kn^iineers,  and  the  Leeds  Association  of  Knj;lneers. 
and  Is  nenotiatlnK  with  other  larpe  associations  to  that  end. 
"Power"  conjcratulates  Thomas  Tofts,  its  publisher  on  Its 
excellent  appearance  and  believes  it  will  find  •»  wide  use  in 
Its   field. 


TRADE  CATAILOQS 


Lunkenhelmer  Co.,  Cincinnati,  Ohio.  Booklet.  "Renewo" 
valves.     Illustrated,  12  pp.,  3',-.x6  in. 

Spragrue  Electric  Co.,  527-31  W.  34th  St.,  New  York.  Pam- 
phlet  No.   905.      Illustrated.   32   pp.,   4x;i    in. 

Buckeye  Engine  Co.,  Salem.  Ohio.  Bulletin  No.  111-B. 
Buckeye-mobile.      Illustrated.    16    pp.,    !)XlO%    in. 

The  Kelly  &  Jones  Co..  Greensburg,  Penn.  Catalog  M. 
Pipe   fittings,   valves,   etc.      Illustrated,    444   pp.,    5x7%    in. 

Detroit  Leather  Specialty  Co..  Inc.,  Detroit,  Mich.  Catalog. 
Wear   Well   leather   packings.      Illustrated,    20   pp.,   eVixOVi    in. 

Reeves-Cubberley  Engine  Co..  Trenton,  N.  J.  Catalog 
No.   17.     Reevessteam  engines.     Illustrated,   36   pp.,   SxlO'-j    in. 

Bury  Compressor  Co.,  Erie,  Penn.  Catalog  No.  44.  Air 
and  gas  compressors,  vacuum  pumps.  Illustrated,  40  pp., 
6x9   in. 

The  Smith  Gas  Producer  Co.,  Lexington,  Ohio.  Catalog 
No.  9.  Gas  producers  for  bituminous  coal.  Illustrated,  26 
pp.,   6x9   in. 

Brown  Hoisting  Machinery  Co.,  Cleveland,  Ohio.  Catalog 
D.  Tramrail  systems,  trolleys,  electric  hoists.  Illustrated, 
64   pp..   6x9  in. 

Chicago  Pneumatic  Tool  Co.,  Fisher  Building,  Chicago,  111. 
Bulletin  No.  34-C.  Gasoline  driven  air  compressor.  Illus- 
trated,  16   pp.,   6x9   in. 

Wm.  B.  Scaife  &  Sons  Co.,  Pittsburgh,  Penn.  Bulletin. 
Underground  gasoline  storage  outfits  and  welded  tanks. 
Illustrated.   12  pp.,  6x9  in. 

American  District  Steam  Co.,  North  Tonawanda,  N.  Y. 
Bulletin  No.  133.  Atmospheric  system  of  steam  heating. 
Illustrated,   30   pp.,  6x9  in. 

Enell-Smith  Jlanufacturing  Co..  Newark.  N.  J.  Catalog. 
Lippincott  indicators,  for  steam  and  gas  engines,  ammonia 
compressors.     Illustrated.  7x9  in. 

Edge  Moor  Iron  Co..  Edge  Moor.  Del.  Bulletin  No.  53. 
"High  Boiler  EfHciency  with  Low  Grade  Coal."  Tests  of  a 
four-pass  boiler  with  Illinois  coal.     Illustrated,  20  pp.,  6x9  in. 

Link-Belt  Co.,  Chicago,  III.  Advance  Section  A.  General 
Catalog  No.  110.  Original  Ewart  detachable  link  belt  and 
sprocket  wheels.  Illustrated.  110  pp..  6x9  in.  Book  No.  190. 
Wagon  and  truck  loaders.     Illustrated,   32   pp.,   6x9   in. 

The  Bristol  Co..  Waterbury.  Conn.  Bulletin  No.  188.  Re- 
cording differential  pressure  gages  and  recording  flow-rate 
meters.  Illustrated,  12  pp.,  8x10%  in.  Bulletin  No.  1S9.  Re- 
cording differential  pressure  gages  and  recording  flow-rate 
meters,  float  type.     Illustrated,  8  pp.,   8x10%   in. 


BUSHHESS    HTl 


TIk-  Cleveliind  KliM'lrlc  llluiMlnMlInK  <'o.,  (.'leveliind,  Ohio, 
reeeiiily  <ii(lii.d  Ihlrly-oiu,  2>^-lii.  .Simplex  viilvea  from  lh« 
Yiirnall  V\  arluK  Co,,  miikluK  tlve  ordiTH  In  two  yeura  from  thia 
roiMpany,    lotaliiiK    Heventy    two    2V4-IM,    valvea. 

The  Terry  Sli'iini  TurbUn-  Co..  Hartford,  Conn.,  haa  Jual 
tlMlMhi'il  mil'  of  lh<'  laiKeHl  montliH  in  the  hiNlorv  of  Uh  I.uhI- 
rieHH.  In  point  of  ordiiH  reii-lved.  Addillotiiil  machinery  hiia 
Ixeti   iMHiulli'd    IlicieiiHlng  the  eapiiclly   of   the    plant   about   Zfj'/,  . 

On  account  of  thi-  growing  voluine  of  buHlneaa  the  HklniK-r 
Knglne  Co.,  Krle,  I'liin.,  haH  found  It  ni-ccMMary  to  run  their 
workx  at  night.  In  ordi-r  to  avoid  Hk-  night  work  In  future, 
they  have  cuntraeled  for  a  largi-  exteMNlon  of  their  ahop 
bulidlngH   and   also   ordered    the   nuci'aaury    now   c-ciulpmetit. 

E.  W.  Alderman,  an  expc-rlenced  refrlgi'rating  engineer, 
who  haH  bi'eii  connected  with  the  VHtir  .Manufacturing  Co. 
for  .1  giioil  many  yeara,  hiiH  been  a|i|ioliited  manager  of  the 
PIttHliurgh  (llHtrlet  and  will  have  IiIh  heailquartera  at  314 
Curry  liulldlng,  Pittsburgh,  Penn.  He  Mucceeda  H.  \V.  Lo.-cher. 
who  has  bei'U  tranafi-rred  and  will  be  located  at  the  main 
olllce    here    In    Mllwauk<-e. 

The  C.  Se  C.  Cooper  Co.,  Mf.  Vernon,  Ohio,  la  ahlpping  two 
conipre.sHor  unita  to  the  Columbia  Gaa  &  Electric  Co. '8 
liranclilaiul.  \V.  Va..  pumping  station,  which  will  deliver  about 
I4,r,(iii,o(io  cu.ft.  of  free  gas  per  24  hrjurs  agjilnat  a  preaaure  of 
275  lb. — la  building  a  24x48  twin  tandem  compreaaor  unit  for 
the  Logan  Natural  Gaa  &  Fuel  Co. — and  haa  received  orders 
from  the  Altoona  Portland  Cement  Co.,  Altoona,  Can.,  for  a 
21x30-ln.  single-tandem  Cooper  gaa  engine,  and  from  the 
Mar.sh.ill    El.  Id    Estate   for   three   Corliss  engines. 


■U'illiam  Floyd  Lee,  chief  engineer  of  C.  W.  Hunt  Co..  Inc., 
■^'est  New  Brighton,  N.  Y..  at  a  recent  meeting  of  the  board 
of  directors,  was  elected  vice  president  and  chief  engineer  of 
the  company. 

The  Erie  City  Iron  "Works,  Erie.  Penn..  duriner  the  week 
of  June  Sth  booked  orders  for  17  boilers.  9  engines  and  20 
tanks:  on  Monday.  June  15,  they  received  orders  for  two 
engines  and  nine  boilers. 


.VTL.ANTIC   COAST   STATES 

The  Citizens  Light,  Heat  &  Power  Co.,  Johnstown,  Penn., 
contemplates  constructing  a  central-power  plant  at  Seward. 
P.   J.   Morrisey,   Johnstown,    is   general   manager. 

The  Bucks  County  Electric  Co.,  New  Hope,  Penn.,  will 
construct  an  electric  light  and  power  plant.  W.  H.  Janney. 
Newtown,  is  manager. 

Bids  will  be  received  by  the  borough  council,  Tarentum, 
Penn.,  until  July  13,  for  constructing  a  reinforced-concrete 
power  house.  Leo  Hudson,  House  Bldg.,  Pittsburgh,  is  con- 
sulting engineer. 

SOl'THERN    ST.\TES 

The  Columbus  Power  Co.,  Columbus,  Ga.,  will  install  an 
additional   5000-kw.   unit  at   the  Goatrock  station. 

The  Union  Redrying  Co.,  I^exington,  Ky.,  is  in  the  market 
for  boilers  for  enlarging  the  capacity  of  its  tobacco  plant. 

The  C.  Lee  Cook  Manufacturing  Co.,  Louisville,  Ky.,  is  in 
the  market  for  the  following  first-class  and  second-hand 
machinery:  One  300  hp.  or  two  200  hp.  water-tube  boilers 
capaljle  of  150  lb.  steam  pressure;  two  standard  two-stage 
modern  high-duty  air  compressor  with  700  ft.  free  air  capa- 
city; one  duplex  800-gal.  fire  pump;  one  10  to-  15-kw.  direct- 
connected  direct-current  engine,  generator  set,  either  110  or 
220  volts,  the  latter  preferred;  one  standard  gage  saddle-tank 
locomotive  capable  of  140  lb.  steam  pressure  with  about  12- 
in.  cylinders;  one  600  hp.  wet  vacuum  pump,  duplex  and  fly- 
wheel type  preferred,  and  one  standard  gage  locomotive  crane 
with  approximately  a  30-ft.   boom  and  10-ton  capacity. 

The  Purified  Petroleum  Products  Co.,  Louisville,  Ky.,  is  in 
the  marl<et  for  a  20-hp.  motor,  pumps  and  other  equipment 
for  a  new  plant  which  it  will  erect  in  the  immediate  future. 
G.  A.  Shaw,  Louisville  Trust  Bldg.,  is  in  charge. 

The  Patterson  Sand  Co.,  2615  Crop  St..  Louisville,  Ky.,  is 
in  the  market  for  a  motor-driven  hoist,  with  drum  and  wire 
cable. 

The  Houston  Electric  Co.,  Houston,  Tex.,  contemplates 
spending    $2,000,000    for   improvements   to   its   plant. 

The  Louisville  Gas  &  Electric  Co.,  Louisville,  Ky.,  con- 
templates spending  about  $400,000  for  the  construction  of  an 
extension   to  its  plant  on   Washington  St. 

The  Dayton  Light  &  Power  Co.,  Dayton,  Tex.,  which  has 
been  recently  organized,  will  construct  an  electric-light  and 
power  plant  at  Dayton.     A.  E.  Kerr  is  interested. 

The  electric-light  plant  of  the  Taft  Gin  &  Oil  Co.,  San  An- 
tonio, Tex.,  which  was  recently  destroyed  by  fire,  will  be  re- 
built. 

AVEST    OF    THE    MISSISSIPPI 

Bids  will  soon  be  received  for  the  construction  of  a  munici- 
pal electric-light  plant  at  Hills.  Minn.  Earl  D.  Jackson,  Capi- 
tol Bank  Bldg.,   St.   Paul,   is  consulting  engineer. 

WESTERN    ST.VTES 

The  city  of  Nehalem.  Ore.,  contemplates  constructing  a 
municipal   electric-light   plant. 

The  City  Electric  Co.,  San  Francisco,  Calif.,  will  construct 
a  substation  a  Harrison  and  Haywards  Sts..  to  cost  $15,000. 
exclusive  of  equipment.  E.  W.  Beardsley  is  general  superin- 
tendent. 

The  Pacific  Gas  &  Electric  Co..  San  Francisco,  Calif.,  will 
build  a  concrete  power  station  at  Eighth  and  Minna  Sts. 
John  A.  Britton  is  vice-president  and  general  manager. 

CANAD.1. 

Bids  will  be  received  by  the  city  secretary-treasurer.  P.  J. 
Stephens,  Estevan,  Sask..  until  July  1,  for  furnishing  and  in- 
stalling two  250-kw..  2300-volt.  three-phase.  60-cvcle,  alternat- 
ing-current generators,  two  exciters,  one  500-kw.  2000-volt, 
three-phase.  60-cycle  alternating-current  generator  and  the 
necessary   connections.      S.   G.   Dethridge   is   engineer. 

It  is  reported  that  the  town  of  Prince  Rupert.  B.  C,  will 
install  a  municipal  power  plant  to  cost  about  $300,000. 
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